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2016 SULBUUL LUCUYGSYNME3NFL
U. UjhjuwGyumGh wijuwb mqqujhG ghnwlwb jwpnpunnphw (UUAG-L)
(GplwGh hqhwh hGunhwmnin, Gpdh)

L. LELUBNRE3NFL

Shyywljmbp. U. UipfuwlpuGh wqquihl  juwpnpunnoppwl  odwnywo I wnwldGuhunnntly
hnpdwnmpjudp L hmmpiiGGanny pupdn EGbpghwh phqghlwgh L wnnquiphqhluwgh, dhomyuihli
Phahluwyh,  bpgpuphghluwl  hbunwqmnmpyniGGbph, il wwppuphlinpjud,
ruwquuuupnudbmphljuliul mfjuplbph Jeymoni-piniGGeph,  hlswbu  Gwl Gppmpjul
rlwquyunbbpmd: Uqgquypl jwpnpunnphwl in  hbunugqmmwliul, Gppwlwl L hdngwghnd
Ghpnidny  wnwldGwhuwmnmnl pwpdp by b opuuymy <wjwuummwlmd L whnp F ownwgh Gpliphl’
wqquhl dGwyn G wndbplhn uinknotym hwdwp: Ugqquihl jwpnmumnpuw G hwpuwnpmpim G66n £
pladbpmd dinuwnnp, wldGuwiiwd L dwulwghumwliul wah hwdwn: Undnplin L wpfuwmbp wqquihl
Jupnunnphuhmd [Gupuumph pupdp  wphbunmwdupdmpuln, jqupquigbh wpuq, huuwl
dnwobyulibpuy, hisp pnyy Guw hwenpmipul hwulbing dhp wpwq thnginfuyng wpjfuwphnid:

Unwpbimpympn. bpuwhwluwglly hwdwpfuwphughld dwlhwpnugh mbGowluwl L inpdwpupulju i
hbmwgmnmpym GGGn  mwppnulul - dwoalGhlbph, wumnquphghliugh,  dhombuihl  phghliuih,
wpbqbpult dwnwquyplbph  phghluyh,  wpwqugmgsuypli L Ghpunwhul - phahluy)
rlwquyjunlbpmd, dwulwlgly wyfuwphh funpnpugnyl Qhuiwlul hwdwgnpnowlgmpim GGGphd,
wnwownlyly qhnmwlwl qnpopplhn L ownwmpmGlbpn <wjwumwGh dhoniljwhl pdr>inipjud,
wpynGwpbpnipyuwl, wyumdwdwlmpuyghl himwgnnmpniGGeph  hwdwp: Uwhidwll pupdn
sunhwlhpGhn dwohunpnulbph L wuwhpnuwGmbGeph Gppwliwl nuuplpwglbpnnid, gnigunnby, np
qhumipyniln L ppnipniGp ipunybo wpng G0 wupuwhngly <wjwounuGh qupquigdwi gnpoplipugn:

2016-p tinti & hd yuwyunGwywpiwb dwdltinh (2012-2017) ytpoht vwwphG L 2017p.-p phiptig
wqqujhl jwpnpuunnphwjh hwdwp Gop SJwpnwhpwytpGep: pulg pynd G0 hGunmhnnmuunh nipg
wmwphpwjhG fulnhpp, npulyjwy nuwlnnGhiph Wuwwup, {wjwunwind hghyjuub Yppnipjub
npuwyh whynuwip, LwjwunwGh Junuwjupmpjul Ynndhg 2018 p. ghnmwwl pjnigkh Ypdwwnnidp,
Jupswliwl ghunwiwl wwywnGGiph hwiwp Gphuwuwpn Gunpbtph wguwwup:  <tmbwpwnp,
wqqujhl Jwpnpwunphwl wbmp L wywwpwuwn jhGh jwuwpbp wGhpwdbtym, Lwlu
thnthnfunipynGGtp’ wyn nipe ywpunwhpwytinGiphG ghiwyuwjtint hwdwp:

2016 pywywGhG hGunhwmnunh pninp pwdhGGbpp pwpniGuyt) G6 htnwgnunipniGGatpp
thowqquyhl ghnwlywl funphpnh (Quybwo 1) wnwewnpynipyniGGbph, wqqwjhG juwpnpuwnnphwjh
nwqiwjupuul wyuih Kwybpuo 2), hnqupwpdmGhph funphpnh npnpmdGtph (ntu <wudbjuo
3) L UUG-L-h mGoptiGh hpwiwGGtph hwdiwdw;G:

2016-h wutGwywplnp hwpgbphg thG ° hGunhwnnunh qghunwiwlG funphpnh L Gpw
Junwywpiwb dwpiGh pGupnipynilp (ntu hwybpuo 4), ghnuwyub L pGdtGtpuluG wGdGujuqih
wwnbunwynpnuip  (ntu <wytwo 5) L qwduagnyyG ghnwlwl w)huwwnwlpltph  dpgnyph
wlglyugnuip (nbu <wuytwo 6):

2016 p.-hG UUG-L- p pupmGuykg hp ghnnwul gnponiGnipnilp wjuwlnuiul ghunwlwl
niqnnipjniGitpny L dhowgphg wlyuhynipnilip pwpép EGapghwjh dplnnpuwghG  hqhywjh
ninnmipjudp: 2016 p.-hG UUGL- h wmbopklp wyghiig CERN L hwlinhwtg funpnp ghnmwithnpatiph
GtpqujugnighsGtph htn  (ntiu CUQL-h  dwulwlygnipjul yYtpuwptpju; wGoptGh Ywnpohpp
{uwytpwo 7-nd): CERN-mud ATLAS qhunnunthnpédh ybpwptipjuy pwGulygnipniGGtph wpnnilpnid
pwpiwgybg hGunhnnighnGw; hwmiwdw;jGwqghpp, Giplujugibng 4 w)lnwnmwlpwjhG hwptp (nku
Jwybpqwo 7): ‘Lnp wwpiwlwghp bt YGpytsp CERN- h wuwpwmnlyjulbph htiwm, npny unbtnoyty t
twnwqujpwjhl pwdwlinilph htm hwdwgnpowygnipyml (nbu <wytpwo 7): <GLUGU L
OLhUMNII ghnunhnpdtinh wyjwGtph ytpmionipjuwl wjwpumhg htivmn DESY - h wywywmnGjwitpp



fulinptighG Gnp hwdwgnpowygnipjul ptidw: {tnmtiiwpwp, DESY- h htin YGpyty L unmnpugqnpybp & Gop
hwdwdwjGughp BELLE L CMS- h thnpdtiphG dwulwygtint hwiwp (ntu hwgtpguo 8): Ujuwhuny,
DESY- h wowygnipnilp pwnpén tGtpghwGtph $hghuyh nnpund PpwpnGuwyyph: SbpdwGhwjh
Unpnipjul L ghnmpjul Gwhowpwpmpyjul (BMDF) htin tpupudwditn hwdwgnpowygnipjul
Gnp opwghp t wuwunpuunynid (nbu <wydbpuo 9): <wdwgnpowlygnipjul hGuwpwynp ufubdwlbpp
qubymu GG pGawplyiwb thnynud:

Onpdwpuwpuub phghyuyh pwdwGiniGph bhqghynultpn Ghpgpuwyyud thl Large Hadron
collider (LHC) ti Jefferson jwpnpuwwnphwjh (dhpohGhw, UUL) ghuwithnpdbtph dkg: Jlab- h
hwdwgnpowlgnipjuwl htim juuwo hpwyhdwyp pupbjuyytg, ih pwih Gpndbb-h wyfuwwmwyhgGbn
wjghiighG  2udtpunGh  jwpnpuwumnphw i dwulwygbghG  thnpdtiph:  hGunhunmghnGuyg
hwiwédwjGwaghpp Jumnpugnyp hniGhup ytinohG (ntu hwybtjwo 21):
Muwpdwbwghp t YGpyYt; Uhonijujhl himwgnumpniGGtph shwuluyul hGunphnninh (JINR) htwn,
Gyhpwo Csl pyniptinGtph mpuiwswhdwln ULNR hGdtiumnph ypw: 2017p-h6 Lo Gwuwmbuynid
L Csl pyniptinGtiph  npuwiwswihiwl wyfuwnmwlpltip Mu2e thnpdh (FNAL, UUL) hwdwnp: ‘bnp
Goqphnn uvwppwynpmd  E dkpp phpdtp L thonpdwpwpuwlwl  pwdwGinmGph  hGdtGpGhpp
wwwnpwunynd GG vnniquyuthiwl wpfuwmwlpGtnhG:

Stuwwl $hghwjh pwdhlp punyugwsd t dh pwbh thnpp fudpbphg, npnlp wpfuwmmy Ll
dwiwlwlwlhg mtuwul dhqhlwjh mwnppbp funghpltnh ypw: UwuGuihglbph gnponiGnpjnGa
plngpymud E dwptidwwmpljuyuwl b mbuwlwl pwpép tGipghwyh phghwyhg dhGstr funmwgnuo
Gmiptinh wmbunmpynil, Jhdwyuwqpuywl phqhyw, pywlunwjhG dtuwGhyw L phpinghGudhlyuw:
LtunwgnunipniGGph hpdGuwywl ninnmpniGGtpp 2016 p. tnt] GG. pwpdp tGtpghwjh $hqhyw,
dtlndtilninghw, pywlumwjihl nw)nmh wmbtunpml L hGumbgptih dnghGep:  Pwdwlinilph
dhqhynultipp qupqugnty GG hwpdwpynn 9tpdwjhG pwnpdhsh Unnh, npnbtn $mGyghnlwy Jwup
htmwnwnpé Ywwh 2Gophhy ° wpdhsh  Juonmgdwopp hwpdwupymd b wdjuy  otipdwjhG
wumhdwlwywlnuyht: Ujuyhuny, ny Uh odwlnuly ytpwhulnnnipjnil L ny th wpuwphb jguiwubp
sG6 yuwhwloymy: Cwindhyp Jwpnn b oquuwgnpoty wlhwjm ntumpultpn: W06 Juwpnn £ Gube
hwpiwpyty hp gnponnnipjwl wpyniGpGtphG, npnlp nupdlnud G0 oipdwumhdwlp wytih dnwun:
Q-Gwhwwnywd GG ntunipulph hwpdwptgmuip ngpwg pnpwgnpnn ypewljw thowywph ytpwpbtipyuy
wnjuw (wuGuiuwl mtntuunynipjul htin: {wpgupylbp 66 uunwpyb ny qowjhG qquyniGnipjub
L nbgnGwluwjhG Owdwl Yupjwoph hwdwp, dwqGhuwjwl pywlwmwjhG bqghlGg vnnhh
wuwnpwiwqlihuwlwl thnynd, d6Y hwuppmpjnilnd: AGT- h hwdiwdwulnipjul oquugnponidp
wpnwhwjnytii £ Toda nupwwjhlG wbunipjul wwpquqgniG (hwpdbpnptl nhqpunugyud
wnwlwjhl nupwmbph hwiwnp, Baxter- h Q-owtpwwmnph wlwnquwjhG wmbupny, npp, pwjuwlGuwpwn,
wnwowlnid £ N =2 swthhs mbtunipjul Ynnuinud: CwpmGuyyt) t jupd-nmwpuwowul GniynGwjha
Unpptyughwltph nuniGuwuhpnipymbp nyjuwiGtph hwjupdwl opwugph ppowluyltipmd: O (N)
Bethe Ansatz- nid Gwjulhlnd dtinp pipdwd wpnynGpGtpl oquugnpoyty GG O (N) Gross-Neveu
unnbtjh hwdwp pphwlmp dlwghlG pwlwdlh dlwybpuyiwl hwdwp: SwlgwjhlG dnnbiGbpp
oquuugnpoyty GG hGumbpwlumhy pwpn dwpdGh Juppwqoh pGywpwG hwdwp: Swlgwjhl swihup
dnnbiny wnwowpyyty L numdGuuppt] ghwunndhy Julndp Gmpbpmd: MunodiGuuhpyby L
wpdwuwnh npwjh Ypw pngpyyuo uyhG-1 bghlGg-{wyqblptingh hwnympjmGGatpp: Lhpyuwyugybg
L6  hhdGwywG yJhdwlyh, dwqlhuwlywl wpngtuGbiph U wbuwuwpup  otpiniGwlympjwi
wnrynmGpGhpn:

Shtgtpwjwl dwnwqujpltiph pwdwlinlpp JwpniGuyl) E nuuntiGuuppt] wdypnuwjhG
JtpqbwmGjuw watpp” hnpujuwuwlygyuwd dplninpuujhl wpmwitnnuiGeph htn ShihjwnjuGwyhG
dudwlwyh vwlnquyph Ypw: 2016 p-h pwqiwphy ghunwpynmiGiph hhiwl Yypw pwdwlinilph
dhqhynultipp wnwehlG wlqud wnwe GG pwpt] ujdwlh wnwowgiwl vnnti, np wjG hntuwhnptG
Juwywo t dwulhlwjihG hnuptiph htin (ntu Lwytjwo 10): bpugnpoyt 6 4 qtynygGtp (Ghpunyuy
hpwyhpywo  dtyp), npnlGp GhpyuwywgybghG  FmplGuwymd” UhowqqujhlG  whbqbpulwb



Swnwquwjpltph YnGdtpwluhG L hpwdhpjwo qtynyg’ Ny qowjhl dShghiuwjh vwhiwGGhppk
dhowqqujhl ghnwdnnnynid: TEPA-2016 wjwlnuliwui vhiynghnuih pGpugpmy Ghipywjugyby ta
puqiwphy giymgnuiGtin ‘Lnp Wdptipnmud: Upwquoh tiEjumpuumwmhl npupumh swthnudGipp G lGnod
t6 UpGninpuiwghG Eiaumpuyulnpjub swihnmdGhph ginpuy gulgh pmbdwpwl (nbu {uybpjwo 10):
Uw lu vty guig k. h hwybnudG ‘vhyunpnGuwihG dnGhunpGiph gulgh (NMBD), SEVAN - UptibjuG
Bypnuyuwjh dwulGhyGtph nghntyumnpuyhG guwGgh, npp nhywyupymd £ CRD- h ti World Wide
Lightning wtinujhG gwlgh (WWLLN) Unnuhg, Juuwywd bt CRD- mud qupqugynn wplwjhG
dhghyuyh, dvplnnpunuwhG Shghyuwyh L mhtigbpuwul tnubtwyh thowqqujhl htmwqnunmpjniGGtnh
htn: ‘bnp opwghpp, npp Yhpwwlwgyh Upwquo (tnwl ypu phlGwluwynpytiint & pnuww
ghnwlwl hhiGwnpuih Ynnihg: Opwqpph yYbpGwghplG b “Uplnnpumd  pwpdp  LGapgbumply
dwulhyGtph wnpympGtph L hgnp qtppupdp hwdwpunipjul  Swnwqujpiwl hwdwwwnpthwy
htnwgnunipymG” Uju  Gwjuwghdép hwdwjuipmd b <wjwunmwlh U Onuwunwlh - bpbp
htmwgqnuujub phitp (OnuwunwGh qhunpmGitph wiwntdhwjh (:9-U) ShtgbpuyuG
htunwgnunipjniGGtph hGunphnnunp (Unuguw), 0-G-U Ghpunwlw G Shghywh hGunhwmninp (bhdGh
‘Lnyqnpnn) L GplwGh $hghuwyh hGumphwmnunp), npnlp mGEG WS thnpd L upnnnipyniGatp notjnt
pwnn fulnhpGtp pwpén tGipghwyh L dplnnpuwjhG Shqghuwyh wuyuwptiqGipnd: 2016 p. Gpdbh-h
Shtqtpwlwl MGuwnwquypltph Pwdwlinlpp uyuty L dh opwaghp, .Gpypwdbhghywywd
UnGhwnnphGgh ti Juluwwmbudwl hwjjuuG gwGgt, nph hhdGwlywl Guuwwuwyl E unbnoby
Jwjwunwlnd  Gnp  phntunpGtph, gupuwdbnpiph U quyowluwihG  nghubtlunplGtph
hGnbgpugywdo hwiwgwlg® btpypuwpwlwbhghuyul htnwgnunmpniGiaph L GpypwghG
thnpnphYyGtph, wdwypnwltph Juwlquynp htmlwlplGbiph Juwluwwmbudwl ownwympmGGhph
hwdwp: Utlp Gwpuwwmbunid GGp 2017 pywlwlhG plnuw)lh; dtp gulgp’ umbinobinyg Gnp
hwGqgnyygGtp UlwGnd, “+hihowlnd L UnbithwGuwytpumn:

Uplininpuimd pwpép EGpghwjh $hqhljugh Gwiuwghop, npp Gepyuwjugyty b Sytjgunphwynid
ntnuiupjwd Uhpwqqujhl mhbghpuywl ghwnnipjniGGbiph hGunpnnmump (ISSI) hhd Gunpudnud
(Pwpén EGtpghwjh dwuGhyGiph wnpympGtpp e hgnp VHF Swnwqujpmu EGhpgtnhy wymhy
Uplninpunnud) hwdwnyby E pwpép ghnwlwl wpdtp niGtgnn opwghp W hwumwwnyty 2017-2018pp.-
hG hpwgnpoiwlG hwdwp: 2016 p.-hG CRD $hqhynubGtpp hpwyhpyty G6 dhwlwint Gypwihnpjw
COST ACTION CAI15211AT opwqgphG® UplnmnpuuhG EEyupulwi gulGgtp. Guuwwlgnuip
tnypwjhG hwdiwywpgh, Yhiwgh U YhGuwpwlwlwl hwdwlupqtph hbwnt: Upwquoh
ghnwthnpdtipnd pwpmGuyynmd GG plngpyytp Gnp ghnwlwl fudptpn’ oquwgnpoting Gnp
thnpdwpwpwul dhpnnGhp: Upwqwoh thnpép qwy ophGwy L, pt hlyybu  suthwqulg
vwhiwlwthwl pbtumpultpny  Gpyhpp Ywpnn B oplggpygtp wnwowwmwp ghnwlwl
htunwgnunipyniGGatph dte: Lwjwumwbh pnithtiphg nuwlnnGhpp upnn 66 Gipgpuyyt; Upwquoh
ghunwthnpétiph L wyjwGeph Yepniompjwb vte:

hgnunu Gtph httmwgnunmipjul pwdhln nhinlwu vywund k18 Utd ypnunnGuwjhG thGohG" Tc
hgnunuh uvnwgiwl hwdwn: Swynp, ghinnpnth gnpownpyiwl dwiytimp hbnwaqynmd t, vwluwa
(whwyuwumpwunwyuwli w)luwnwlpGtppn JwpniGuwyynd GG ghynunpnGh Yypw nwnghnwlumpy
hgnuuiny Gtip unwGwnt dkpnnghljwjh qupqugiwl hwdwn: UnjhpntiGh phpwiuph Gnp mbfulGnnghwG
dywyyt t YphnqtlGujhl vwntigiwl vhongny: AwdGh wpfuwwmwyhgltpp dwulwygnd &G Upuquoh
ghnwthnpdtiph hwdwnp dwuGhyGtph pbnbyunpGiph L wpwq EGYumpnGhywih yquunpuundiwi
wuwnw GpGtinmy: “hjmpnGughG 0.5 x 0.5 pwn. dhnp sjwthup nhntyumnpGipp nunidGuuhpyt b
wtinunpyty &6 Upwquoh Yujwbnd L dhwgywo bl wiplnhwwn yapwhuynnnipjul gulghG:

YGhpwnwlw6  $hqhwjh  pwdhlp wpmbuwlimd E upjpynGwjhlG  pympbnGhph
nunidGwuhpnipynilp L Qywind L wpuqugnighsh thiotph yipwhuydw6 Gnp dtpnnltp: CANDLE
hGuunpunmwuh 5 Utd. wpwqugnighsh ypw Juumwnpyty £ Gop ghnwihnpd: {<tmwgnnyty L pupén
LGtpghwjh  EayupnGGiph  wqpbgmpymbpn  (3-50 Utd) wwppbp  phdwnpnpuyuGnipjudp
uhthynGwjhG pynipbinGph  hwnnpnuyulnipywl  Jpw: 8niyyg £ wpdb, np dwnwqujpwjhG



phbtiymbtph dtiwynpnuip ywhjwo t dwnwqujpiwl tGtpghwjh, hGumbGuhynipjwb, mmqujh b
uhihynGuwjhG Gdniph YnGyptn ghiwngpmpniGhg, wybhl, ghunyt] 66 Juumbpltph wnwowgnid
wytih gwop dwnwqujpdwl nnqujh phypnd L wykh 0G0 YnGyptin ghdwnpmipjnii nGtgnng
GunipGhpmd: Quipqugyty t dbmwnuup uulbpp, npp Yngymd b nbgnGuluuyhlG phpwjuwjhG
prponidwjhG dbnnwnuwqup ujwGbp, npp Yhpwnynd £ dnnnGujhl thGotph wypndpth swthdwl
hwiwp, npntn dtnmwnh ypw wpnmwgnpynn $nnnGGtpp swihymd G6 wpwq $nnngpudbh thongny:
‘Lnpuwunbind SS pwdhlp wwwhnymd b hwpuwpyuyhlG i gulgujhG ownwjynpjnillap Gpdbh
pwdwlinlpliph hwdwp' Gnp ubpybpGbip wmbnunpbni, Gonp gulgwjhG uvwppwynpnuiGhph
wmbtnunpiwlG i owbtpwghnG opwqptph pwpiwgdwl vhongny: Swynp, IT gwlgwjhl funuipp
hGuunhwninhg wmtnuhnfutinig it Jwulwynp pGytpmpniG (WEB) nqunlwinig htinn, JunpuwjhG
fuGnhpp dhGs opu sh Moynud: QGwywo 2017 p. tpym WpgniypltphG, dhlp w)fuwwnmwiph tlp
wmbtnwynnpty dhwyl vty SS dwulwqbun:

ConyuwiiJwo ghnwlwl uvwppw)hlmpnilpn wmbhlnnghwjul qupquguo dnnnypnh
hhiGwlwl gmguwGhyGtphg vyl b Utp Guwjuwqotinphg pwwmbppn ny dhwjl Ypwpdpwgltl dtp
httmwqnunmpnGGtph pwpép wmbulnnghwlwl dwliwpnuyp, wjbte Gph dhlp wpyymGuytn
dwpptiphlqujhl nwqiwywpmpinil Jupblp, gniiwp Junwbwlp hGunhmninh hwdwp: Gpdbh - p
hwjmGh L dwulhyGtph pbmbyunpiph Gwwgqoiwl tr Jwhwgnpoiwl nppumy: TUAGL- p
wupnifwimd £ wyu wjwlnnypp: Ublp pwpnmbGuynd Glp qupqugll] Gnp ghwmbliunplGbp G
EityunpnGhyw Gpulg pwhwgnpodwl hwiwn:

e Uhomyh dtnpdwlG phynpGiph (FF) nhwbyunp, tnpp  tGipghwGtph  dhonityuwjhG
thnfuwgntignipymGGtph hwdwn fughly , dnnn-dtnpdwl, pnnn-nhqhlntignugiwl i pnunl-
GtjpnG  qhwwthnpdtph  hwdiwp ° Epunptdwy  muuwghlG  GGpujunmguoplbpnd -
UhgniywjhG $hahlu (ELI-NP):

e plwlwl nwnhnwlimhynpjul htmwgnuniwl hwiwup gwon LGhipghwjh stiqnp dwuGhyGtph
uytjnpnibnptin:

e SEVAN hwiwpfuwphwjhG hhpphnujhG dwuGhyGtph nhntiunpwjhG gulgp Gyuwwmwly nilGh
pwnbjuwyt] wptiiwghG Gt mhbgbpuywl showywjph wywjiwlGtph dwuGhylGeph wpuqugiwb
niuntd GuwuhpnipyniGGtpp: ‘Lnp wtuwyh dwuGhyGbph pghntyunnpGtpp sShwdwdwGwy suthnd GG
tnypnppuyuwl mhtqpuywi swnwqupltnh d6o mbtuwyGtnh thnthnfuynn hnuptipp, npuinyg
hul nunGwmny mdbn hGnbgpdwo uvwpp’ wpbiwghG  dnpmipjughwjh  htntiwGpGhph
httmwgnuniw( hwdiwn:

e  Gpypwdbhghywlwl dnGhunphlgh L juwluwwmbuiwl hwjjuywb gwlgh, nph hhdGwlywl
Gyuwwnwll t untinot] <wjwunwind Gnp ghnbyunnpGhph, qu)unmwdtwnptph L Juwjowlwhl
ptimtyumnpGtph hGntqpugyuo hwiwgwlg® tpypupwliwdbhghjujul htmwgnunnipjmGatph L
tnypwjhG thnpnphyGtph, wdypnwlbtph Yuwlquynp hbnlwlpltph  Yuwluwnbtudwl
ownwynmpniGGiph hwdiwn:

e wpuwq hGnbgpjud tir uhGppnGugywd ubklunplGbph hwdwlupg (FISSS), puqiwynniwGh
niGhytpuw) vwppp, npl wwywhnynmd b mwppuiul dwuGhyltph quubGgiwi ti LGipghwjh
swhiwl  gnponnmpyniGGtp, Eajupuyuli t qindwqGhuwlwl gw)wbtph, nwnhn
wqnubywGbtph dnGhunnphGgnp, GPS dwiwlwyh hwiwdwiwgdw( htw;

e LIDAR hwiwlwpgh hhdwl Jpw GipudwywyhG  Layupuuwl nguywph  swhdwl
htinwjwnwywpynn dkpnn, ogqunugnpdtyny qbipd2qphwn phitinwgiwl wthuGhywG:

e Pundp LGtpgtinhy YymnGGtph dinGhnnphGq” guwon $nlGwjhG vnnpgbmGyw jupnpumnphujnid:
Unudhjuwljwl dwnwqujpltiph dyninGujhG hnuptph  dwpwipyhm qGwhwwnuip tr Gpulg
funpn Ghppwthwlgnuip uptiinpugntyG GQulwympinil mGul dwdwlwywlhg GhyuphinGhph
ghunwthnpdtiph hwdwn:



‘unp uytiupwswhhsGhph, dwdwGwlwyhg fayupnGhywjh G hwdwwnpghsGiph denppbpniip
hwpwynpnipyniG £ mwhu qupquglhp  ybpp Gpqwo opwqpbpp, hGswbtu Gwbi yuwwmpwunmby
[wpnpuwwnnp - wfuwwnwlpltn  dwghunmpwwnipwjh nwwlnnGoph hwdwp: bgqnunwwjhG
pwdwliniliph $hghynubtpp, Yhpwnwlywl $phgqhywjh pwdhGp i CRD- ( wwwpwuwnb] GG
[wpnpuwwnnp wfuwnwlplbp nuwlnnGiph hwdwp, npnGp YhGEG thnpdwpwpwljuwl dhghljwjh
nunidGuwlwl opwqgph hhdp, npp Yatipguwjwggh {wjwuwmwbh pninp hwdwjuwpwGiph hwdwp:
Onpdwpwpuwyul  dhghywih nuwuplpwglbppn hwqbgywd GG dwubGhylGlnh phwnbyunnpltnny,
LityupnGhjuyny ti hwdwlwpghyGipny: (MuwlnnGipp juunwpmd GG ywhnuiGhp, wmyjwGhph
ytipmnionipniG tir qpnud 6 hw)yytmympym GGtp hptiGg htmwgnumipjn GGaph ytpwpbpyuyg:

‘Lhpjuwjhu ghnwhtmwgnunuyju b wyfuwwmwlpltpp, thnpdwpwpwuwl phghynulbph ghnwywd
vwnppwynpmdGtinn b Yppnipjnilp yuwhwlomu GG dwdwlwlwlyhg nhntyunpGtph, EayupnGhlwjh
ti hwdwlyupgqswjhlG / gwlgwjhG uvwppwynpmiGhph dtoppipmy: 2016 p.-hG unnpgbtinGjw
guwopwdpnluyhl jupnpumnphuwymd hwqugjnun mpnhmdGhph thnpdtph hwdwn dtinp k£ ptipgb Gnp
G2qphn vybyunpnibtnp, wpuqugyuo pyuwjhl opuhinuynuGhp dtnp ptpytighG Upwqwuoh TGE-
Jujowyuwjhl yuwh nuumiGwuhpmpjwl hwdwn: SS pwdih hwdwn dtnp GG ptipyt) Gnp uvbpytplbn,
gwlgwjhl vwppwynpmuGbp, ujwltpGbp G mwhsGhp:

hGunmhunmunh Gipwyunnigyuoph wwhwywbnudp 2016p.-hG Ghpunny Ep ptlptph G juptnp
tipwjunmgywopltiph Ytpwlnpngnmibtin: UdkGwlwpbinp wpuwwmwbpltpnG thG® hGunhumninh
hhiGwlwl tGph (phy 22) Ywnnygh ytpwlnpngmip: bhGumhmmunh nmwpwoph jnuuwynpiwG
wmlwmbunn hwdwlwpgtiph wlglGtim hwiwp Juunwpyt] G0 ogqumwagnpoynn EEjunpwywl judiytph
thnthnfumpnGGtp, mtuwhuliwi it wiunuwigmpjul hwdwlwpgbph mbnunpmd® opwqpuwjhG
wywhnyiwip: Guwnmwnpyty £ 130 wunuwm ownbtphg punugwo yuwpumbtgh wGynud: ‘bnp UWipkpn
dhowqqujhlG  YnGptpwluh  YhGwmpnGh pGlptph & GGpwliwnmgywopltnh  GnpnguiwG
wpfuwwnwlplbpp Ghpwnty thG Gonp 9pwhtinwgiwl hwdiwlunpg, Jwjwlh w)wnmwpwih
npwlupnpiwmnpuyhl Glpwlujwlh wmwlhph yYbpwlnpngmd: ‘Lnp Udptpph  dhowqquijhG
UnGbtipwbuph YtGupnlp Ytpwlnpngytp L e wydd hwdwwywunwufuwlimd £ ubdhGupGiph
thnppwowyuwy upiwynghniGiph dhowqqujhl suthwGhGhphG: dbpuwlnpngyby £ Gutt Upwquoh
tipwluwjwlh mwbhpp, 2 mpulGubnpdwmnpGbpp, npnlp YGwuyby thG juyowyh hwpjwony L Bobr
wibklwqlugp 4ddtinwjhG wpwGuuynpnp hwdwp: QuwnlGuwlwl Gnp ,Oharat i ,Hyundait
dhypnwyumnpniup dtnp 66 phpylp pwptignpowluwl opwaptiph  $hGwlGuwynpiwdp "‘CRD- h
gnpownlnmpmGitph hpwjwluwgdwl hwdwnp: 2017 p-hG dhlp Gwwwmbund Glp YbpwGnpngbg
hGuunhnnunh  hwdwlupgswjhG  YhGwmpnGp G wpwdwngpt]p ognpuwydwl  Gonp  uvwppbp:
Uytpwlnpnqytil hGuunhumninh dninpp (unnmquiwl Yhwnm), dwlwuyuphGbpp, YpwpniGuyyh ptGph
wnwbhpGtph YytpuwlnpngmiGtpp, gtinnigiwl fuGwjdwl hwdwp YhnfuytlG hGumhmnmuwup (tGptiph
wwwnnthwGGtpp:

Ghunwlwl hpwwwpwinmiGbiph pwlGwyp tr dhowqqujhlG $npmiGhph Jwulwlgnpymbp
supniwynd GG pwnpdp (hGh] hwitdwwnwoe wjp hwjjuul hwunwnnpmGGtph  hbwn:
UjGnmuwdtlGu)Ghy, whwnp L npwnpnipniG nupd G, np Gpdh-h gun ghnGwlwbitp hinhGuyGtn 66
hwdwwmbtin nmywqpmpjul dt9: Gpp htinhGwlyltph phyp hwulmd & bh pwlh hwquph, ybwp k
nywnpnipjnil pupd Gty ,Gpdbht wpfuwmwyhgltinh 62qnhwn GepgpiwGn:

hGumpnnmunh  ubtdhGuplbpp  pwpmGuyytghG 2016p-hG: ‘UhpjuwjwgytghG hGumhwnnunh
wluwmnwlhgGtph Gt hpwyhpgwo dwulwqbwnGtph 10 qtyniygltp (mbu hwytpwo 11): CRD-h
cwpwpwub utdhGunGbpp pwpniGuyyby 66 10 mwph wnwlg nptck pguheuwa: UG pniyp £ mmwhu
ghnwljwl hbnmwgnumpniGGtph wlylhwjym wnwoplpwg, Wywlt) Gnp ghnwwl mnnmpymGGtp,
npnbn CRD-p hwiwpuwphwjhG wowowwmwnltphg dtYa t: Swynp, wj] funpnp pwdhGltp ;LG
Jupnnquimd  juqiwlbputy gqhunwiwl  wpyniGpGtnh  JulnGwynp  Ghpluwjugnuilbpn G
pGGwnpynuiGtp: Utlp nbn wylywmd thGp, np wmbuwywl pwdhlp JYuwqiwlbpyh yppwlwl



utithGwnpGtp CRD- h tphuywuwnpn ghnGuwlyuwiitph hwdwnp dh pwlh mwph wowy, pwjg htnn
Jupny w)G nunuwnptgytg:

Gphunwuwnny  ghnGwywGGiph wowlygtimt  dpwghpp  hwonnmipjudp  wpniwlyykg (30
tinphnwuwnn ghnGwyuwiGbp YwuluygtghG mwpptin thowgqujhl ghnwdnnnyGtpht te wiwnwjhG
nupngGtphl, wmbu {wytpuo 12); Ydpwhunwpwp, <wjwunwlimyd pwpdpugniyl Yppnipjul
wiyiwl yquwmdwnny, 2016p.-hG juy ntuwlnnGtiph phdp Gyuqby b, W aklp fulinhpGbp niGtlp CERN-
h, DESY- h ti Jlab- h dbtp hwdwgnpowlygnpjul vy (np munuibnltn Gipgpuytint dte: @tgtph
wuwyunywlnipymbp ptipquo L Qwybpwo 13-nd: 2017-h6G wnwohl wlqud dklp smGhlp
hGuunhwunnunhb hwnugyuwo 2 pujwiwynh wumhdwbh ptyGwoniGhp:

Uqqujhl jupnpuunnphwjmd dwghunpnuwul nuuplpwglbppn ujuyty GG 2014 p.-hG  (ntu
wuyhpwlwbtph ti Jwghumpuwwmnipujh nuwlnnGiph gniguyp hwytpjwo 14-nd): Spwgptipp
wuwwpwuwnyby Gl b quuuwunumpniGGatp GG ujuyt)] hnpdwpwpuyuwl pupén LGipghwih Shghyuwjh
tir wunmnwbhghujh pwquyuwnnid: Unwohl mwnpnud pGpwmp npytig dwuGhluwjhb ghnblumnpbtnh i
EityunpnGhywih mnnmipniGGinpny wpjuwwmbtint Yypw: npu dwghunmpuwlubtpp hwonnnipjudp
wywputighG wnwohl wwphG: Gpypnpn wmwupju pGpugpmd ptpwnp npytg unynptip Ytipmotg
wnyjwiltpp, Juwuwnpt] bhghjuwwl Goyp G qpty ghnwywl thwumwpnpbp: QuwlnnGhpp
wwwunpwunnd G0 qtinyg TEPA UnGdbpwlup hwdwnp G dwulwlgmd GG ghnwdnnnyp Gyniptph
wuwunpwuniwlp: GpiiwlGh ywhnwljwl hwdwuwpwGh @ wyp pnthtph pnipg 20 nuwGnnGhp
dwulwygty GG  Shugtpwgqhunipjul  wdwnwjhlG ngupnghG: MwwlnnGipp ubp GG
nuuwununipniGGtp it dwuluwygh) jwpnpumnphwGtph, hGywtu Gt Upwqwoh hbnwgnuuyjw b
JuwjwlGh wpfuwwmwlpGtphG: 2017 p.-hG dkGp PpupniGuliblp wdwnwjhG nupngp” hwjwpbing
wjwagnyyl wpwltpumbhip ponp hwjjuywl gupngltphg, ny dhwjG Gptuwlhg: hGunmhnnunmd
tnhnwuwng ghnlGwlwliipp winhynptl Ywulwlgnd G0 hwiwywunwuppwl wywltpmGhph
pGunpmpjwip, pGampymGGtph Gwfuwywwmpuwundwlp:

UUGL- h wGophGmpynilp uvwhiw6l b Gop wfuwwmnnliph  Jupdwwnpiwl  hwwmnly
JulnGwlyuwnpg b dpguygmpjmb: Uju Jupgh hwdiwdwjG, 2016 pywlwGhG 8 tphumwuwnn
ghnGwlywl ti 6 hGdtltp wphuwwmby L 3mpwpwlynipp Gepyw Ep hwpguwqpniygh hwdwp
wmbonhlnmpjwl Ghunh(:

Uwmtinoyty Gnp EtiunpnGujhlG gpunupul: Gpdbh-h pninp ypbwynphGubtpp wydd hwuwGbh Ga6
WEB Yuwjpnud: UmndwjhG EGepghwjh dhowqqujhlG gnpowunipjul (UUG-USE) htin hwdwwntn
opwagnymud £ Gnp opwqpujhl wywhnymd G wduwgptinh npnGiwG Gnp hGuwpwynpmpym GGtn:

bGunhnnmunh wyuwmwyhgltph Gt niuwlnnGiph hwdwp hGunhunninh jujpnd unbinoyty GG
wmtnbjuunyuywb dhongGtp utdhGunpltph, gpudw)lnphGiph i pphwlnip htwnmwppppnipni
Gipywjwglnn  ghunwliwl GnppymGGaph  YGpwpbpyw;:  bGuopunmwmwph dGR-h Juypmd
wuwnppbpwpwp wwhywlymd £ opjw Gywpp, opjw wmbuwhnnjuyp bt ghumpjulG Gt wyg
Junpbtinpuqgnij htnmwgnuuul GJudémdibGtph Ytpuwpbpjuw; WUAL- h wmGopkGhg unmwgyuo
wmbntmpmGGtpp: UtlGp Gwbi wmbnunpmd  GGp  ontptimpwpwlwluwli wmbntunynmpmd,
Upwquwoh ytptnd  qulynn  GpyGph  Gunplbpp, YJujowllGwjhG qonpomiGtnpniGp: Uwdn
hwnnpmugpmupymGGpG  wlplphwn  hpwwnwpuwyytp GG, wpuowgntnyg  hbnwgnuuiub
wyfuwwnwbplbpp, YnGpipwbultpn tie hGunmhnnunp pGpughy Yywbpp (nbu hwybgwo 15):

2016 p.-h dh pwGh ptpmpmGGtp. Upuwmnpnphy YeGuopnGh owtpwwunnph wnwownpiwl
htmwdqiwl wyuwwdwnny Gnp IBA ghyumpnGh 18-Uty wpnunGujhG thGony ghwmwthnpdbtpp
htimwaqytghl: IBA- h hGdulGtpGtpp ;66 Jupnnulnmd plngpyyt]; wpgtl huly wnbnugpjuo
wpwquwgnighsh gnpowpyiwb vkg:

Q0wjwo  jnipuwpwlymp wivjw ytpgnid wmbGophGnipynilGp hwwnnly pGGwpynd L Gpdh
wuwwmnwlhgltph wyfuwmwlplph hwdwjubihmpyniGp, hpuwyhdwyp htinm £ pwjwpwp 1hGhmg:

UUAQL wmGoptlp hwlnhwb & LHC- h ghnnunhnpdtph GpyuyjugmghsGeph htn: <wjuunwih
dwulwygnpjnilp pwnpdp b gGwhwumynid, vwwyl th pwlh fulnhpGbp Yub. lodph ntjujupltph



qtipwl2hn mwnphpp, niuwlnnmipjuwl yujwup, mupptp hwiwgnpowlgwjhl hwlaGwdnnny Ghpmy
hw) qhwmGwlwlltph pwjwywlwswith pny; qopomltmpniipn G ghnwwl hngpjwoGtph
wwwupwuniwl b hwuomy pbdwlbph  pwgwuynipnilp, npmtn Jdbtp  ghwnbGwlwGGkpp
hwdwgnpowlgnid 6 wnwowwmwnltinh wppnd: {wjwunwbp, npybu qupqugnn Gpyhp, Jwwn
Juptiinp L oquwqnpoty CERN- h UYnnihg Yppmpjwl, wppynibGuptpulul qupqugiwi b
Gnpuwpwpnipjul hGwpwynpmpymGGbpp: Swynp, wjn hGwpuwynpnipmiGitph  oquugnpomuip
wlywl k: CERN hwiwgnpowlgnipjul ntudupltipp ywhwlend GG wybtih dhd nipwnpnipynil
nunpdlt] tphunwuwpy ghmlGuwyubGtph te nuwlnnGiph JwuGwygnpjulp gnpohpwynpiwl b
unjuwiGbph Jbepnuompyjul dbe: Uja tw dhy wlqud wwyuwgmgmd b, np {wjwunwlnid
thnpéwpwpuwyuwl  hGunphnmnGiph  qupqugnuip  hGywtu  wpwqugmgswihlG, wjlGybu
wunnudbhghuyuwl phqghwih nnpunnd: LGGwpyYtg Gwti htinhGuiyuwjhG gmgulltph hwnpgn,
UUGL- h Ynnihg Ydwpiwl swthp (mbu CERN-YerPhl hwphyGtph dwuhG $hGwGuuui
wmtintjuwnympniGp ki CERN gnpowpwp dwlGwwywphnpnnipjul pnhwlnip owhiubpp <wybpuo
22-nui):  Ujunithtnti, CERN-YerPhl hwppyGipmid  pnnp wmbnupwpdtpp hGuunhunninhG
yatpywywglh wjwq $ShGwluwlwl wwpunlyub: VTUGL- h wmboptll n hnqwpwpdniGtph
funphnipnp dh Qwpp GudwyGhp GG hntp CERN- h wuwpunGyuGtphG, puguwmptng, np <wjwunwln
npybtiu guwop tljuwinun nilGtgnn Gpyhp' swbwp b ydwph jhwpdbp JupbdwwmpnipjniG LHC ghnwwG
hpwwwpwnuiGph htnhGwyGtph guiynd wjwq qhnbGwiwuwGitiph hwymbGytim hwdwp (ntu
Lwybtpwo 16-md ):

2017-2018 pywlwGGtphl ot witGwndjwp fulphpp hGuunhnmnh puwwpnipjul
thnthnfunipjuG hwpgl t: SGoptiGh, Gpw wmbnulwGhph, pwdhGGtnh nEjwywnGiph wwphpbtipp
dnuntiimd GG 70-h vwhdiwGhG: 2 wmwph wow9 unmtinoyt] L uvnnpuwpwdwindbGtnh ntyuwyunp
wwywunnllGtph hwjwylnn thnfuwphlGnn  dh jumdp G wnwownpyty GG wjl wGdhlp, nyptip
dwulwghwnwgty G0  dhowqqwjhlG  hwdiwgnpowlgmpmGGtphG  t YnGdtpwlubtpnhG
Juwuluygnpjudp: ‘Lpwlghg ndwlp wpnkl nGkG hGunhwnnunh Ywlupquyny Jupsuywl thnpé:
UjGntwitw)ylhy, hGumhnnmwuh wnwowwmwn wyw)wnlliph hwdiwp hGwpwynp ptyGwoniGiph
guwiyp pwwn Jupd & (ntu {uybduwo 23) L wyg phyGwonlGhpp jpugnighs yhpuuyuwmpuwumdw i
Junphp nGtG: UnwlGg 3-5 wwphlGiph plpwgpnd wqqujhl jwpnpwwmnphwjh  Gphunwuwnn
ntuywpmpjul yuwunpwundwli bt wnwownpdw, dtlp stlp Jupnnqulw hwulb nptat TUG-L
nwqiwjuwpwiul Gyuwwwlltph: Uklp syhnh YnpgGhlp vtp ybpohl tphunwuwnpn mwnuwlGnuynp
ghnGwlwGGtphG: dtpohG 10 mwphGtph pGpugpnid 29 wuyhpwwumGtphg vhwj6 6-6 66 w uwmnid
hGuunhwnninmd ti Gpulp wuwumpwuwn GG wpmtpyhp gGwint hwdwnp: CERN- h himwgnunipjyniGGapp
hhtw G Yypw wqupnuuwlwo dhwjl vty nuwlng ghinti wpfuwnmd £ UUGL- nud:

Qpw hwdwp 6o GuwlwynmpmbG mbGh wdiwnwjhG nupngGipp e YnGdtpuGulhpp,
dJwghunpnuwywl guuplpwgltph hgnpugniudp, mbulnnghwljwl hwdwjuwpwlltph gulgh Gnp
GwhiwdtnGnipjul dwulwygnipnilp (ntiu <wuybpuo 17-nd hGupwynp UUG-L-h Ghpnpnudp): UkGp
whtwnp k oquugnnpotlp dtin dhowqqujhl hwiwgnpowygnipnilp’ Gnp nuwlnnGtn hwjwptijin b
Upptnt hwdwp: Pwgh wyn, dklp wtwp L oquuugnpotlp vbp wnwownty htmwgnunipym GGhpn,
npnlp niGG thowqquihG yungh gbpuwuwynpjnGitp” Gnp munubnltp Gpgpuytint hwdiwn: 9pu
hwdiwp whwp L wyunhyugllp wpuwwmwlpp {wjwunwlh pothtph G gupngGtph  htwn:
Jwjwunwind $hghjuw wnwpwjh Yppnipjuwl htn Juwyywo hpwyhdwyp pwwnm htinm t pujupup
1hGting (mbu hwytwo 18-nd dbp Yunpohpnp):

bhwpyt, pwpdp tGpghwjh bhahywjh, wunmnuphghwjh e pupép LGpghwjh dplnnpuwihG
dhghuyh htimwgnunuwywb gnponiGbnipjniGp wbwmp E pupniGwyyh Gnpnygh, dhpm wnwye Gujbnyg
(nbtiu pwdhGatph ntwdwpltph hwyytmynipniGGtpp):

hGunhunmwmh  w)fuwunwyhgltn wpnpbiunp  Uwdhowljulp Gt wpnbtiunp  Gphgjwln
wunpqbitwnpyty G ,6pdht  dhnuny “hpklGg qhwwlywl 4dtnpphpnmiGiph ti wqqujhG
jwpnpuunnphwjhl dwinmgwo hptilg puquiwdjw Swnwjnpjwiitnh hwdwn:



2. SUMMARY OF THE SCIENTIFIC ACTIVITIES OF AANL DEPARTMENTS

2.1. Experimental Physics

In the reporting period, the research groups of the department have been taking part in the high-
energy physics experiments carried out at international research centers, such as CERN-LHC,
JLAB-Hall A, B, C, D and HESS-CTA.

In the Compact Muon Solenoid (CMS) experiment on the Large Hadron Collider (LHC) at
CERN, our researchers took their part in the search for the narrow resonances produced in (Vs)=13
pp-collisions in double-jet systems. The data on the invariant mass of double jets did not prove the
existence of resonance particles that correspond to the integral luminosity of 2.4 fb-1.
Measurement of the integral luminosity corresponding to 4.0 fb-1 luminosity carried out in 2016
did not confirm the narrow resonance with 3.4 o standard deviation discovered in about 750-GeV
photon pair system in 2015. The efficiency and clarity of selection of (VBF H—t1—1+) tagging
hadron jets in the process of Higgs boson production by vector-boson fusion in the CMS end cup
hadron calorimeter have been estimated. In the ATLAS Experiment, the simulation of the Tile
calorimeter signal in a high pile-up environment has been improved. At HL-LHC there has been
set up an experimental unit that permits to assess the use of multi-anode PMTs. The ALICE group
continued the processing of the data on the muon pair production in the invariant mass range of
M<1.5 GeV at 8 GeV pp-collisions. The efficiency of Minimum Bias Trigger has been estimated
with the help of different empiric fits — Gaussian was used to describe w(782) and ¢(1020), Voigt
function — to describe p(770) and polynomial + exponent — to describe the background. On the go
is the work on the development of ALICE’s computation environment as well as on the Monte
Carlo simulation of the processes that make their contribution into the double muon spectra. The
possibility for particle trajectories restoration by the Cellular Automata technique on the Muon
Forward Tracker has been assessed. The JLAB (Hall A,B,C,D) teams continued processing and
analyzing the 2016 data basically due to impossibility of visits from Yerevan. A prototype of a
200-channel ECAL for the multichannel electromagnetic calorimeter SBS (Super BigBite
Spectrometer) has been designed. In the Catania division of INFN, A. Shahiyan took part in the
construction and testing of GEM detector (Gas Electron Multiplier). The study of the short-range
nucleon correlations has been continued within the Data Mining program. The Patch Panels for
the High-Threshold Cherenkov Counters (HTCC) have been designed with the help of AutoCAD.
These panels will allow connection of 48 high-voltage and 96 signal cables to another system. E.
Ghandilyan successfully defended his Ph.D. thesis on “Proton-Antiproton Pair Coherent
Photoproduction on Deuterium Target at CLAS”. The electromagnetic calorimeter of SHMS and
the aerogel Cherenkov counter have been tested by exposing to cosmic rays. There were carried
out investigations related with the spectrometer (NPS calorimeter) of neutral particles that consist
of 1200 PbWO4. Our team has made Monte Carlo calculations for choosing detectors to be used
in the TCS experiment. In the commissioning run of the GlueX experiment, the Armenian team
has taken part in the testing of their designed slow control system. Scheduled Investigations have
been carried out within the themes on “The Time Processor with Extended Dynamic Range” and
“Decayed Particle Spectrometer”. As the launch of CI18 cyclotron was postponed, theoretical
estimations were carried out using the TALYS 1.8, TENDL2015, MENDL2P and EMPIRE 3.2
models and the results were compared with the existing experimental data from different authors.
The investigation of astrophysical sources with the help of Cherenkov imaging telescope arrays of
HESS and CTA collaborations went on in 2016.
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Together with the specialists from JINR, Dubna, Russia, a technical proposal has been drawn
up for the future contract to be signed between them on calibration of Csl crystals by the low-

intensity electron beam of LUE-75 linear accelerator; these crystals will be used in the experiment
Mu2e (FNAL, USA).

2.2. Cosmic Ray Physics (CRD)

The CRD have an impressing profile of the investigations in the new emerging field of high-
energy physics in the atmosphere. New designed particle detector networks and unique
geographical location of Aragats station allows to observe in last 7 years numerous thunderstorm
ground enhancements (TGEs), i.e., enhanced fluxes of electrons, gamma rays, and neutrons
detected by particle detectors located on the Earth’s surface and related to the strong thunderstorms
above it, helped to establish a new scientific topic—high-energy physics in the atmosphere.
Relativistic runaway electron avalanches (RREAs) are believed to be a central engine initiating
high-energy processes in thunderstorm atmospheres. RREAs observed on Mount Aragats in
Armenia during the strongest thunderstorms and simultaneous measurements of TGE electron and
gamma- ray energy spectra proved that RREAs are a robust and realistic mechanism for electron
acceleration. TGE research facilitates investigations of the long-standing lightning initiation
problem. For the last 5 years we were experimenting with the “beams” of “electron accelerators™
operating in the thunderclouds above the Aragats research station. Thunderstorms are very
frequent above Aragats, peaking in May—June, and almost all of them are accompanied with
enhanced particle fluxes. The station is located on a plateau at an altitude 3200 asl near a large
lake. Numerous particle detectors and field meters are located in three experimental halls as well
as outdoors; the facilities are operated all year round. All relevant information is being gathered,
including data on particle fluxes, fields, lightning occurrences, and meteorological conditions. In
one of 2016 publications in Phys.Rev. D we analyze huge thunderstorm that took place at Mount
Aragats on August 28, 2015, we show that simultaneous detection of all the relevant data allowed
us to reveal the temporal pattern of the storm development and to investigate the atmospheric
discharges and particle fluxes.

The day was stormy, electric field disturbances continuous, lightning strikes enormous, and
the electron accelerator above provided evidence on several long, low- energy TGEs and intensive
and energetic enhancements. For the first time we describe and analyze not only isolated TGE
events, but also the whole temporal history of the long duration thunderstorm, including high- and
low-energy TGEs, periods of positive and negative lightning strikes, meteorological conditions,
and disturbances of the near- surface electric field. By scrutinizing a particular stormy day at
Aragats we demonstrate operation of the “moving electron accelerator” generated high-energy (up
to 6 MeV) bremsstrahlung gamma photons when RREA is above the station and low-energy (0.4—
2 MeV) Compton-scattered gamma rays when a strong electric field moved several kilometers
away from the station. Nal spectrometers registered additional (compared to the fair weather day)
~1.8 million gamma rays in total. TGE differential energy spectra were estimated by the network
of the Nal spectrometers for 4 TGE episodes. Three of them contained only low-energy gamma
rays with energies below 2 MeV; large TGE with maximal flux at 23:19 also contain gamma rays
with energies up to 6 MeV. The spectrometer data are confirmed by the count rate measurements
of other ASEC detectors. The 1-minute time series of the CUBE detector with an energy threshold
above ~4 MeV does not demonstrate any enhancements for the low-energy TGEs. The same time
series demonstrates pronounced peaks with very high statistical significance for the high-energy
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TGE. The energy spectra are of a broken power law type. Due to the very large number of
registered gamma rays we estimate spectra for each of the TGE events. We fit our spectra with
two power law dependences that allow physical inference on the possible origin of two gamma-
ray populations.

In another paper published in 2016 in Astroparticle Physics Using 1-s time series, we
investigated the relationship between lightning and particle fluxes. Lightning flashes often
terminated the particle flux; in particular, during some TGEs, lightning events would terminate
the particle flux thrice after successive recovery. It was postulated that a lightning terminates a
particle flux mostly in the beginning of a TGE or in its decay phase; however, we observed two
events (19 October 2013 and 20 April 2015) when the huge particle flux was terminated just at the
peak of its development. We discuss the possibility of a huge EAS facilitating lightning leader to
find its path to the ground. To the best of the authors’ knowledge, this is the first study of its kind
to provide vast evidence on simultaneous detection of TGEs, disturbances of the electrostatic field,
and lightning. Lightning flashes terminated the particle fluxes very often; during some TGEs,
lightning terminated the particle flux thrice. Only a negative lightning can terminate TGEs. No
TGE is terminated by a positive lightning. Our findings need to be confirmed by measurements
with a microsecond time scale, which are planned for 20162017 at Aragats. It is very important
to correlate particle flux enhancements and lightning events on millisecond time scales. The
lightning is a powerful source of electromagnetic radiation and can affect DAQ electronics and
produce fake signals. However, the particle flux does not change immediately with a huge pulse
of electromagnetic radiation, but with the rearrangement of the electric fields in the cloud after
depositing the negative charge to the ground by a lightning. Furthermore, there is a delay of at
least several tens of milliseconds between these processes. Therefore, in order to avoid possible
interferences and fake signals in the particle detectors, we plan to add a precise time stamp to each
registration in the muon detector.

On our traditional TEPA conference (October 3-6, Nor Amberd, 2016) 30 participants from
Russia, USA, Germany, Israel, and Armenia present 20 plenary talks and 10 posters in 6 sessions:
Research of the Thunderstorm ground enhancements (TGEs) observed by particle detectors
located on earth’s surface; Research of the Terrestrial gamma-ray flashes (TGFs) observed by the
orbiting gamma- ray observatories; Relation of Lightning to the TGE and TGF; Monitoring of
TLEs and thunderstorms from the orbit; Cloud electrification and atmospheric discharges:
measurements and applications; Instrumentation, muon detection. 2 round table discussions held:
Databases in high-energy atmospheric physics: description and ways to establish cooperation; Do
lightning discharges produce relativistic particles? Visit to Aragats research station near the south
summit of Aragats Mountain coincide with the installation of new detectors measuring UV and IR
radiation from the lightning bolt (collaboration YerPhI- SINP).!

Symposia participants agree that the topic of High-Energy Physics in Atmosphere (HEPA) is
well progressing:

e There is big activity in several countries to establish surface particle detectors for research
in TGE physics;

e RB/RREA model with CR seeds rather satisfactory explains TGE measurements
worldwide;

e Planned research of TLE and TGF from orbit can be coupled with surface measurements;
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e The established links with meteorology, atmospheric electricity, Atmospheric
Cherenkov Telescopes (ACT) experiments, look very promising;

e Planned lightning mapping array will be very important addition to Aragats facilities;
e New fast electronics will reveal origin of TGE and TGE-lightning relations;

e Broad collaboration with Space and Lightning physics experiments will significantly
improve research and understanding in the new emerging HEPA field.

2.3. Theoretical Physics

Theory Division consists of several small groups, working on different problems of modern
theoretical physics. Currently we have 17 doctors of science, 21 Ph.D. and 4 students. The
activities of the members of the Theory Division cover a large area from mathematical and
theoretical high-energy physics to the condensed matter theory, statistical physics, quantum
mechanics and thermodynamics. The main directions of investigations in 2016 were: Theoretical
high-energy physics: phenomenology, quantum field theory and integrable models.

We present the contribution associated with the chromomagnetic dipole operator O-8 to the
double differential decay width d Gamma/(ds(1)ds(2)) for the inclusive process (B) over bar -> X-
s gamma gamma. The kinematical variables s(1) and s(2) are defined as s(i) = (p(b) -
q(1))(2)/m(b)(2), where p(b), q(1), q(2) are the momenta of b quark and two photons. This
contribution (taken at tree level) is of order alpha(s), like the recently calculated QCD corrections
to the contribution of the operator O-7. In order to regulate possible collinear singularities of one
of the photons with the strange quark, we introduce a nonzero mass m(s) for the strange quark.
Our results are obtained for exact ms, which we interpret as a constituent mass being varied
between 400 and 600 MeV. Numerically it turns out that the effect of the (O-8, O-8) contribution
to the branching ratio of (B) over bar -> X-s gamma gamma does not exceed +0.1% for any
kinematically allowed value of our physical cutoff parameter c, confirming the expected
suppression of this contribution relative to the QCD corrections to d Gamma(77)/(ds(1)ds(2)).

Using AGT correspondence we express the simplest fully degenerate primary fields of Toda
field theory in terms of an analogue of Baxter's Q-operator naturally emerging on the N = 2 gauge
theory side. This quantity can be considered as a generating function of certain chiral operators
constructed from the scalars of the N = 2 vector multiplets. In the special case of Liouville theory,
exploring the second order differential equation satisfied by conformal blocks including a primary
field which is degenerate at the second level ( BPZ equation) we derive a mixed difference-
differential relation for Q operator. Thus we generalize the T-Q difference equation known in
Nekrasov-Shatashvili limit of the Omega-background to the generic case.

A major limitation of many heat engines is that functioning demands on-line control and/or an
external fitting between the environmental parameters (e.g., temperatures of thermal baths) and
internal parameters of the engine. We study a model for an adaptive heat engine, where due to
feedback from the functional part-the engine's structure adapts to given thermal baths. Hence, no
on-line control and no external fitting are needed. The engine can employ unknown resources; it
can also adapt to results of its own functioning that make the bath temperatures closer. We
determine resources of adaptation and relate them to the prior information available about the
environment.

We calculate the nonlinear susceptibility and the resonant Raman cross section for the
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paramagnetic phase of the ferromagnetic quantum Ising model in one dimension. In this region,
the spectrum of the Ising model has a gap. The Raman cross section has a strong singularity when
the energy of the outgoing photon is at the spectral gap omega(f) approximate to m and a square
root threshold when the frequency difference between the incident and outgoing photons omega(i)
- omega(f) approximate to 2m. The latter feature reflects the fermionic nature of the Ising model
excitations.

We apply previous results on the O(N) Bethe Ansatz to construct a general form factor formula
for the O(N) Gross-Neveu model. We examine this formula for several operators, such as the
energy momentum, the spin-field and the current. We also compare these results with the 1/N
expansion of this model and obtain full agreement. We discuss bound state form factors, in
particular for the three-particle form factor of the field. In addition, for the two particle case we
prove a recursion relation for the K-functions of the higher level Bethe Ansatz.

Lattice models are useful for understanding behaviors of interacting complex many-body
systems. The lattice dimer model has been proposed to study the adsorption of diatomic molecules
on a substrate. Here we analyze the partition function of the dimer model on a 2M x 2N
checkerboard lattice wrapped on a torus and derive the exact asymptotic expansion of the
logarithm of the partition function. We find that the internal energy at the critical point is equal to
zero. We also derive the exact finite-size corrections for the free energy, the internal energy, and
the specific heat. Using the exact partition function and finite-size corrections for the dimer model
on a finite checkerboard lattice, we obtain finite-size scaling functions for the free energy, the
internal energy, and the specific heat of the dimer model. We investigate the properties of the
specific heat near the critical point and find that the specific-heat pseudocritical point coincides
with the critical point of the thermodynamic limit, which means that the specific-heat shift
exponent lambda is equal to infinity. We have also considered the limit N -> infinity for which we
obtain the expansion of the free energy for the dimer model on the infinitely long cylinder. From
a finite-size analysis we have found that two conformal field theories with the central charges ¢ =
1 for the height function description and ¢ = -2 for the construction using a mapping of spanning
trees can be used to describe the dimer model on the checkerboard lattice.

Diffusive radiation generated when a charged particle crosses a disordered stack of plates in
the infrared region is considered. The main mechanism causing radiation is multiple scattering of
electromagnetic field that is more effective in a medium with near to zero average dielectric
permittivity. To obtain such a system we suggest using a stack of plates with a negative dielectric
constant that, with a positive vacuum value, makes the average dielectric constant near to zero.
Numerical estimates for realistic systems are presented.

We study the properties of the generalized spin-1 Ising-Heisenberg model on a diamond chain,
which can be considered as a theoretical model for the homometallic magnetic complex [Ni-
3(C4H204)(2)-(mu(3)-OH)(2)(H20)(4)](n)center dot(2H(2)O)(n). The model possesses a large
variety of ground-state phases due to the presence of biquadratic and single-ion anisotropy
parameters. Magnetization and quadrupole moment plateaus are observed at one- and two-thirds
of the saturation value. The distributions of Yang-Lee and Fisher zeros are studied numerically for
a variety of values of the model parameters. The usual value sigma = -1/2 alongside an unusual
value sigma = -2/3 is determined for the Yang-Lee edge singularity exponents.
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2.4 Computational Physics And IT Division

The activities were distributed in two main directions:

1.
2.

Computational physics and data analysis
Support and development of computing and networking infrastructure of YerPhl

The following works related to the point 1 were performed:

Studies of statistical features for the new pseudo-random numbers generator MIXMAX
Developing and creation of the new effective approach (algorithm) with essentially lower
time and memory consuming for multidimensional Kolmogorov-Smirnov test numerical
computation

Studies of thermodynamics and statistical physics problems for systems following the
Markov chains behavior

Monte Carlo studies of the cosmic rays physics problems with GEANT4

Analysis of data collected by HERMES and OLYMPUS experiments:

Studies of multiplicities for neutral (n°,n) mesons in deep inelastic scattering with the data
collected by HERMES

Studies of medium induced change of kaons spectra electro-produced on various nuclear
targets (HERMES)

Studies of spin asymmetry in exclusive electro-production of mesons with unpolarised
beam and polarized target (HERMES)

Independent analysis of data collected by OLYMPUS in order to estimate possible
systematics

The following works related to the point 2 were performed :

The YerPhl local network development, replacement of old hubs with the new ones
(Layer2) in order to increase the efficiency of network functioning

.New powerful cluster (SuperServer 7047GR-TRF: CPU 2 x 8x2-Core Intel Xeon
Processor E5-2665 2.40GHz, Memory: 8 x 16GB PC3-10600 1333MHz DDR3 EC) was
installed as a main element of the YerPhl computing global cluster. All necessary system
and applied software were installed: Mathematica package, ALPS package for parallel
arithmetics, CERNLIB including GEANT4 etc. The loading of this powerful server is
mainly done by CT&IT , also TH and CR divisions.

All 6 main YerPhl buildings are covered with WiFi

The safety of YerPhl mail server is increased by means of hard checks against viruses like
:”Spam, Phishing”, the limits for “ssi” users is installed

By help of INIS (IAEA) experts the “Invenio” repository was installed which is basis to
create the YerPhl electronic library, the most of YerPhl preprints are already included in
this repository

New optical segments were added for cosmic stations network (3 on Aragats and 2 in Nor-
Amberd). The CP&IT experts provide systematical monitoring and support for all CRD
servers

The new collaboration is started with DESY IT in direction of newest information
technologies (OpenStack Cloud Platform), which has already become the basic
components (CERN) and will become the stabdard for all high energy physics centers.
Also YerPhl has to move from pure GRID technology to the cloud like architecture.
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2.5. Applied Physics

1. Radiation defects formation in silicon crystals with different specific resistivity

Silicon crystals are basic elements for technology of electronic devices, which are using in
environments with different radiation and it is important to study their radiation hardness. The
influence of high-energy electrons (3-50 MeV) on the silicon crystals conductivity with different
resistivity was investigated. It was shown that radiation defects formation depends on irradiation
energy, intensity, dose and specific resistivity of silicon sample, moreover, clusters occurred in
samples with higher specific resistivity at lower irradiation dose).

2. Investigation of optical and photoelectric properties of semiconductor single crystals.
High-energy electron irradiation caused defect energy levels within band-gap are found based
on investigation of photoconductivity spectra of silicon single crystals.

Besides, exciton absorption spectra of high-energy electron irradiation on GaP single crystals
with nitrogen (N) and zinc oxide (ZnO) as an isoelectron mixture has been investigated. The
obtained results show, that there are two types of excitons related with nitrogen atom: fast
quenching and radiation resistant.

3. Spectroscopic study of wide-gap materials

During 2016complex study of silicate compounds has been performed using low-temperature
high-resolution spectroscopy methods. Particularly the luminescence properties of these
compounds, energy transfer mechanisms, influence of electron radiation has been investigated.
All these compounds are important structural materials for application in such fields, as protective
layers in cosmic industry, etc. and obtained experimental results are important not only for
application, but also for theoretical studies. The results of these works have been published in local
papers.

Besides these works the works done before concerning 1) MgAL,Osu MgA1,04:Mn?* materials
and particularly the role of neutron irradiation on these materials, 2) discovery of F* point defects

in hafnia and zirconia nanopowders, 3) thermostimulated luminescence processes in Li2B4O7
(LTB),LTB:Cu,LTB:Ag and LTB:Cu,Ag crystals.

4. Fast resonant target vibrating wire scanner for photon beam

We propose a new type of wire scanner for beam profile measurements, based on the use of a
vibrating wire as a scattering target. Synchronous measurements with the wire oscillation allow to
detect only the signal coming from the scattering of the beam on the wire. This resonant method
enables fast beam profiling in the presence of a high level of background. The developed wire
scanner, called resonant target vibrating wire scanner, is applied to photon beam profiling, in
which the photons reflected on the wire are measured by a fast photodiode. In addition, the
proposed measurement principle is expected to monitor other types of beams as well, such as
neutrons, protons, electrons, and ions.

A new method for fast transverse beam profiling, where a vibrating wire is served as a resonant
target, has been developed. The speed of scan up to a few hundred mm/s provides opportunity to
make a set of beam profiles at different directions of the scan within a reasonable measurement
time. This profile set allows us to reconstruct 2D beam profile by filtered back-projection
algorithm. The new method may be applied for proton, X-ray, gamma, and neutron beams, and
can also be of interest in tomography including medical applications. The method has been tested
experimentally by means of laser beams
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5. The Modeling of Space Biology Certain Problems in Earth Conditions.

Goal:

Using the technical capabilities of CANDLE Institute investigating the results of the effects of
3.6 MeV electron beam, ultra-low temperature and vacuum on the survival of number of bacteria
(strains E. coli K-12 AB-1157, AB-2463, BL-1114 and Pseudomonas sp. A-27).

Main results of the reporting period:
It's shown that after incubation of the strain E. coli K-12 AB-1157 during 96 hours at deep
freeze (-196 °C) about 65% of the total number of cells stays alive.

The preliminary data for dose-effect curve for the same strain are obtained. The works will be
continued for data collection to ensure the statistical accuracy and also the collaction of data for
other strains.

2.6. Isotope Investigation and Production

1.

The new technology of molybdenum target cryogenic cooling has been created and
development. A test experimental measurement has been carried out by heating the target
under powerful laser beam and heating using liquid nitrogen. Shown the principal
opportunity of such a method of cooling. As a theoretical base of that the calculation of
thermo physic processes has been done using Finite Element Methods (ANSYYS).
Calculation has been done for no uniform distribution of particles inside the proton beam.

To obtain *™Tc¢ the enriched isotope '°°Mo should be irradiated under proton beam. This
isotope consists in the natural Molybdenum by only ~9% so it is very expensive — costs
around 2000 US$ per gram. Therefore after irradiation and *™Tc extraction it should be
recovered until metallic consistency for multiple use. Preparation of special layout based
in particular on very high temperature oven (~1400 °C) has been mounted, the technology
of recovery was completed, and test recovery has been successfully carried out.

The preparatory jobs were continued to obtain medicine intended radioactive isotopes
using proton beam from C18 cyclotron. High-voltage and signal cables have been installed
between experimental and remote control room. Special metallic support have been
repaired and installed in the experimental hall for experimental layout.

Previous years study of scintillation crystals for use in High Energy Physics were started.
An investigation of GGG:Ce monocrystals absorption and irradiation properties has been
carried out, spectra of photo luminescent of Ce’" transient in 5d-4f area has been obtained.
The dependence of light output on Ce*" consistent is shown under 22.16KeV X-ray
influence .Results are submitted to Materials Chemistry and Physics journal.

The neutron scintillation counter with 0.5x0.5 sq.m. sizes has been studied for ARAGATS
Cosmic Ray station. The registration efficiency and time resolution have been measured
under cosmic ray in 9 section of counter plane. After testing that counter has been installed
on ARAGATS station and so far on-line raw data from this counter are presented in
Internet.

For Master courses of YerPhl two lab. works have been prepared and students studied
methods of registration and data analyzing of some physical processes. These laboratory
works named “Compton scattered gamma-quanta investigation using Nal(Tl) detector”
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and “Gamma-quanta interaction with matter”. One more lab. work is under preparation
targeted to measure dependence of cosmic muons rate on zenith angle of registration.

7. PhD student Gevorg HARUTYUNYAN successfully defends his PhD thesis titled
“Accelerator based methods of Technetium99m production — target preparation and
processing and beam monitoring technologies”.

8. 3 articles were published, one article is accepted for printing in Nuclear Medicine and
Biology(April 2017), and one article is submitted to Materials Chemistry and Physics.

2.7. Center for Cosmology and Astrophysics

The studies were concentrated on the following problems:

http://cosmo.yerphi.am)

Satellite testing of General Relativity; the resulting paper was highlighted on the cover of
European Phys. J. C (March, 2016);

Dark energy and the arrow of time;

Conformal cyclic cosmology;

PLANCK’s view of galactic halos.

Results of the test of General Relativity via the measurement of the Earth’s dragging of inertial
frames were obtained using about 3.5 years of laser-ranged observations of the LARES, LAGEOS,
and LAGEOS 2 laser-ranged satellites together with the Earth gravity field model GGMO05S
produced by the space geodesy mission GRACE. We measured p = (0.994+- 0.002) +- 0.05, where
u 1s the Earth’s dragging of inertial frames normalized to its general relativity value, 0.002 is the
1-sigma formal error and 0.05 is our preliminary estimate of systematic error mainly due to the
uncertainties in the Earth gravity model GGMOS5S. The obtained result is in agreement with the
prediction of General Relativity.

The arrow of time and the accelerated expansion are two fundamental empirical facts of the
universe. We advanced the viewpoint that the dark energy (positive cosmological constant)
accelerating the expansion of the universe also supports the time asymmetry. It is related to the
decay of metastable states under generic perturbations, as we show on example of a
microcanonical ensemble. These states will not be metastable without dark energy. The latter also
ensures a hyperbolic motion leading to dynamic entropy production with the rate determined by
the cosmological constant.

Then, universal compression and decoding mechanisms, e.g. the Lempel-Ziv-Welch
algorithm, were considered that could reveal non-random structures in compressed bit strings. The
efficiency of Kolmogorov stochasticity parameter for detection of non-randomness is illustrated,
along with the Zipf's law. The universality of these methods, 1.e. independence on data details, can
be principal in searching for intelligent messages.

Cosmic microwave information can contain encoded signals on various physical processes,
including e.g. considered within the scheme of conformal cyclic cosmology (CCC). The latter
concerns the information transmission from aeon to another. This was considered in relation to the
Fermi paradox. The PLANCK satellite data on the cosmic microwave background were shown to
confirm the previous results on the low variance patterns obtained with WMAP data.

PLANCK’s data have been used to study the M33 (Triangulum) galaxy and a substantial
temperature asymmetry was found with respect to its minor axis projected onto the sky plane. This
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temperature asymmetry correlates well with the HI velocity field at 21 cm, at least within a
galactocentric distance of 0.5 degrees, and it is found to extend up to about 3o from the galaxy
center. We conclude that the revealed effect, that is, the temperature asymmetry and its extension,
implies that we detected the differential rotation of the M33 galaxy and of its extended halo.

Talks at conferences, seminars at several Universities, as well as lectures in series Frontiers of
modern physics and ANNL Summer School have been delivered.

3. THE AGE STRUCTURE OF THE AANL

Total number of employees above 70 years is 22; below 35 years — 68. See, age distribution in
Figure 1 and Table 1. The employee age based Key performance indicators (KPI, see attachment
2) equals K =N <35/ N>70 = 70/21 = 3.1. Before start of hiring of master students this number
was below 1. Overall number of employees decreases from 2009 to 2015 by 158 persons: 499 in
2009, 416 —in 2013, 367 — 2014. 341 — 2015, 332 — 2016. However, the age distribution proves
that in 5 years, when the major peaks in the age distribution will move above 70 years area YerPhl
scientific activities will dramatically shrink. We have very few senior scientists in age 35-55 to
take over and continue scientific activity in all contemporary directions. Therefore, we have to
think from now which directions (where we have international recognition and priority) we should
support to remain a major player on the worldwide scientific map.

Figure 1. AGE distribution of the AANL employees; red — all employees, blue — scientific personnel.
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Table 1. Age structure of AANL employees

(1.012017)
[Rewn] Division (department, service) Breakdown on age TOTAL
[ i35 | 36-40 41-45 46-50 51-55 56-60 61-65 66-70 71-75 76-80 81-85 (person)
7 |Directorate 1 0 0 0 0 0 0 3 [1] 0 [1] 4
2 |Administration 3 1 2 0 3 6 3 4 0 1 0 23
[ 3 |Experimental Physics Divizion 20 1 1 0 2 10 11 13 8 2 1 69
4 [Theoretical Physics Divizion 14 9 2 0 4 7 8 3 2 0 0 42
5 |Cosmic Ray Division 7 1 5 1 1 5 8 12 0 2 0 42
¢ |computati physics and IT divisi 8 1 0 1 0 2 1 2 0 0 0 15
7 |Applied Physics Department 3 7] [7] 0 1 0 11 3 0 ) ! 0 19
8 |Isotope Research and Prod. Department 5 0 0 0 1 2 2 6 1 0 0 18
9 [Cosmology and Astrophysics Centre 5 0 [7] [7] 0 0 1 0 0 0 0 6
0 [ ial and h hold services ] 3 3 4 8 18 13 14 1 . ] 0 69
T {Swcariy v 71 1 0] 2 3 5 6 7 0] 0] 0] 25]
| INTOTAL] 69 10 13 8 23 55 65 67 12 9 1 332

4. AANL PUBLICATIONS AND CITATIONS

The mission of A.Alikhanyan national laboratory as it was declared in its strategic plan is to
perform world-class research in Armenia in the field of high-energy particle physics and
astrophysics, in theoretical physics and material science. To achieve these goals scientists of the
national laboratory perform sophisticated experiments on own experimental facilities and
participate in worlds biggest scientific collaborations. Number of articles published in peer review
journals by YerPhl annually is the ~35% of the country’s overall published articles (Fig. 2) and,
what is more essential, over 76% of citations to all Armenian scientific research belongs to YerPhl
scientists (Fig 3).

Web of Science - Thomson Reuters
Publications

Armenia 2016

IFOCh, 28 AUA, 1
IAPP, 18 RAU, 33 ?MB, 20

MSRC, 16
80, ﬁEUA, 5

YSMU, 30

Asht.(IPR,IRE)
80

YSU, 165

Figure 1. The diagram of the distribution among major institutions of scientific papers published by
Armenian scientists

Web of Science - Thomson Reuters
Citations

Armenia 2016

YSMU, 242 SEUA,B84 MSRCh, 68
Asht.(IPR, AUA, 77
IRE), 540
YSuU, 1710

Figure 2. The diagram of the citations to scientific paper published by Armenian scientists
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5. AANL SCIENTIFIC COUNCIL MEETINGS, SEMINARS, PHD DEFENDS,
BUSINESS TRIPS, AGREEMENTS

The 2016 AANLSs seminars are listed in the Attachment 11. Only few International grants are
currently active in institute (see Attachment 19)

Among 89 business trips made by AANL employees in 2016, 67 were for joint research
(including 22 CERN/DESY/JLab), 22— participation in the conferences and schools.

In 2016 AANL Scientific Council held 6 meetings. In 2016 AANLs Professional Council #
024 approved 4 PhD theses and 2 doctor of science thesis.

AANL have very wide international collaborations (see Attachment 20). New letters of intend,
MOUs and agreements are signed in the 2016 (see Attachment 21).

6. AANL BUDGETARY ISSUES
The AANL budget is more or less stabilized in last 5 years (Table 2).

Table 1. National lab income from state, own profits and international grants

2,093,750%

Cluwununbkp

YerPhl income 2016; AMD; 2015; AMD; 2014; AMD
Gndhh Eljwimmbhp 1$=480.45AMD 1$=477.83AMD 1$=415.65AMD
Base funding 806,760,500 AMD | 835,500,000 AMD | 752,000,000 AMD
PwqujhG phGwGuwynpnid 1,679.177% 1,748.500% 1,809.200%
Project funding 81,549,400 AMD 73,158,800 AMD 73,317,600 AMD
Ohiwwnhy $hGwlGuudnpnud 169,700% 153,100% 176,400%
Scientific conf. from Base funding | 6,100,000 AMD 2,340,000 AMD -
Qhwnwdnnny PuqujhG 12,696% 4,900%
dhlwlGuwynpnuihg
Conference ICTP 7,702,000 AMD - -
Q-hwnwdnnny ICTP 16,000$
DESY (salary) 25,561,000 AMD 30,450,000 AMD 31,687,400 AMD

53,200% 63,7308 76,200%
Rent of space 27,477,000 AMD 30,419,000 AMD 29,710,600 AMD
Swpwoph yupdwwympni G 57,200% 63,660% 71,500%
Sales 1,520,000 AMD 3,050,000 AMD 94,497,200 AMD
Jwdwnp 3,200% 6,400% 227,300%
Other 28,056,200 AMD 25,538,000 AMD 23,067,800 AMD
Uy 58,4009 53,4508 55,5009
YERPHI INCOME 2016; AMD; 2015; AMD; 2014; AMD
GLYPh GUUUNRSLER 1$=480.45AMD 1$=477.83AMD 1$=415.65AMD
Base + project 894.409,900 AMD | 911.000,000 AMD | 825,300,000 AMD
2Gr. £ymothg 1,861,609% 1,906,500$ 1,985,600$
Own profits 90,316,200 AMD 89,457,000 AMD 178,963,000 AMD
6. utthwlwi Gwimm 188,000 187,220% 430,600%
State + own 984,809,900 AMD | 1,000.450,000 1,004,300,000
L6n. £jmot + ublthwljwG 2,049,766% AMD AMD

2,416,1008
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Table 2. National lab expenditures

Owfuukp
YerPhl expenditures 2016; AMD 2015; AMD 2014; AMD
tpdhh dwjuubp 1$=480.45AMD 1$=477.83 AMD | 1$=415.65 AMD
Salary 656,977,000 AMD | 625287000 AMD | 632,714,800 AMD
Upluwmnwupd };3h6j;f‘\20$ 1,308,600$ (65.3%) | 1,522,2308 (62.0%)
Electricity 65,303,000 AMD | 69,875,000 AMD | 65,659,000 AMD
E(tunputGbpghw 135,900% (6.5%) 146,230$ (7.3%) 157,9708 (6.4%)
Gas 23,589,000 AMD | 21,865,400 AMD | 18,271,200 AMD
Quq 49,1008 (2.4%) 45,7608 (2.3%) 43,960% (1.8%)
Phone 3,394,000 AMD 2,893,000 AMD 3,594,000 AMD
Zknwunu 7,100$ (0.3%) 6,050$ (0.3%) 8,6508 (0.3%)
Water 8,886,000 AMD 11,746,000 AMD | 13,087,000 AMD
Qnip 18,5008 (0.9%) 24,5808 (1.2%) 31,4808 (1.3%)
Internet 216,000 AMD 1,826,000 AMD 3,692,000 AMD
hwntptn 450% (0.02%) 3,820 (0.2%) 8,9008 (0.4%)
Taxes 14,926,000 AMD | 34,473,000 AMD | 21,972,600 AMD
Zwplkip 31,1008 (1.5%) 72,1408 (3.6%) 52,8608 (2.1%)
Business Travel 24,331,000 AMD | 34,685,900 AMD | 40,083,000 AMD
Qnponnud 50,6008 (2.4%) 72,5903 (3.6%) 96,4308 (3.9%)
Fuel 9,207,600 AMD 10,415,500 AMD | 13,805,800 AMD
Jdwntjhp 19,2008$ (0.9%) 21,8008 (1.1%) 33,2108 (1.3%)

Materials & equipment
‘Ujniptip L uvwppunnpmuiGhp*

93,091,700 AMD
193,7598$ (9.7%)

95,985,700 AMD
200,8808 (10.03%)

144,525,200 AMD
347,700$ (14.1%)

Capital & current repairs

31,076,600 AMD

14,433,000 AMD

19,587,500 AMD

Yuuhunw b pGpughly 64,682$ (3.2%) 30,2109 (1.5%) 47,1208 (1.9%)
Andamavchar i i 20,000,000 AMD
Uanwiwydwn 48,1008 (1.9%)

Scientific conf.

13,802,000 AMD

2,340,000 AMD

Qhwnwdnnny 28,7278 (1.4%) 4,9008 (0.2%)
gj?grwnwjmpjmﬁ dtp L 17,152,000 AMD | 31,213,500 AMD | 29,079,300 AMD

V) o o
oustuubn 35,700$ (1.8%) 65,3308 (3.3%) 69,960% (2.8%)
Total 961,951,900 AMD | 957,037,000 AMD | 1,026,071,000 AMD
Canwskip 2,002,189% 2,002,890$ 2,468,600%

Dbyl dhonglbnh L gmulg hwdwpdbpbaph dGugnpnp’
wn 01.01.16p. — 154,686.5 hwgq. gp. uyn pylnif”

101210,6 hwgq. gp. unjuulin

25585.0 huq. np. wupqLunjdwn

wn 01.01.17p. — 177,544.5 huq. gp. wyn pynuf’

110354,8 hwgq. gp. unjuulin

3300.0 hwgq. gp. wupglunjdun

14510.0 hwq. np. dbop [ pbpyly vwppwynpnidGep 17p-p6, npp wmnwgnpjwo b Uwpp, uvwppunfnpmidGeph

wnnnnid

*Uymplp, vwnp, vwpuninpnidGan - 93,091,700 g, wyn pymd vwpp, wwppunfnpnidGhn — 67,660,720 pgpuid:

Shu hunjbpuo 1
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Huge losses due to finishing of international grants support (mostly ISTC and CNCP) were
compensated by the RA funding. AANL scientists are making efforts to win scientific grants (RA
thematic funding and “best” scientists awards). Currently there are 18 thematic projects
performing in institute (funds received 81,549,400 AMD) and 17 scientists enter the most effective
Armenian scientists made by National committee of science (selected by ~20 parameters,
additional funds 9,180,00 AMD).

The fraction of funds spent for equipment and materials makes ~10% of budget (Table 3). It
allows purchasing of modern fast electronics and computers for advanced research and scientific
instrumentation development in institute and for equipping classes for teaching master students
and for establishing the experimental physics-teaching center for participating in Network
University. Communal expenses stabilized on the level of ~10%. Simultaneously the quality of
water supply, Internet speed, and phone connections is significantly improved in 2016. The
electricity expanses in the AANL campus were 52,078,000 AMD ( 80%) and on the high altitude
research stations Aragats and Nor Amberd — 13,225,000 AMD (~20%). Gas expenditures in the
ANNL campus were 20,589,000 drams (~86%) and on the high altitude research station Nor
Amberd — 3,289.000 (14%).

According to the World Bank, Armenia has a level of the lower middle income country which
leads to Armenia getting reduced of any fees by 51.2%. Thus, we have to pay reduced fees to all
collaboration, journals and other international organizations. After the negotiations of institute
director with CERN officials and a letter from chair of YerPhl board of trustees (see attachment
14) the expenses for CERN fees dramatically reduced. In 2017 we expect income of CERN
collaborations: 10,000 SF from beam department and 6,000 from ATLAS experiment. The funds
from ATLAS-YerPhl account (previously hidden from YerPhl administration) were used for
purchasing equipment and establishing PM testing lab. The master student performs important
tests with this equipment in YerPhl, now continuing in Geneva. Thus, we return to main policy of
YerPhl: not to spend money for international collaboration, but profit from them both scientifically
and by obtaining free equipment materials and funds! Unfortunately, Armenia now is not in the
situation to give money abroad only for having some families in the author list of thousands of co-
authors. Surely, expenses for business travel of young scientists and engineers to CERN were
fulfilled completely but we try to avoid double funding from CERN and institute that was common
in the previous years.

Attestation of scientific and engineering personnel performed in 2016 allows significantly
enlarge salary of institute scientists and engineers and active young scientists (see Table 4). Six
yang scientists were moved to the senior positions. Minimal salary of institute full time employees
(scientific, engineering and technical personnel) was established 100,000 drams. Minimal senior
scientists salary was established 140,00 drams and leading scientists — 160,00 drams. It allows
apparent growth of mean month salary including additional payments reaching ~162,700 drams.
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Table 3. Institute employees’ salaries change after attestation in 2016 (thousand of AMD)

Category empl::(;);ees Without additional payments With additional payments
Mean Salary Mean Mean Mean Salary
Before att. After attestation Before att. After att.
Scientific 119 112.3 128.9 2111 222.1
Engineers/tech 130 98.5 119.6 122.5 141.1
Support 83 81.8 95.6 99.0 111.2
Total 332 99.3 116.9 148.4 162.7

The distribution of the funding between AANL departments is shown in the Table 5 and

distribution of purchased equipment and materials in Tables 6 and 7.

Table 4. Distribution of the AANL department funding

Department AMD %
Admin. 24,044,216 3.66
Maintenance/Accountants 79,062,693 12.03
Exp. Physics 133,263,398 20.28
Theory 126,296,956 19.22
Astrophysics Center 11,878,069 1.81
CRD 82,884,340 12.82
IT 29,259,503 4.45
Applied 40,086,187 6.11
Isotopes 35,458,781 54
Supporting personnel 94,742,857 14.42
Total 656,977,000
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Table 5. Distribution of the purchased materials among institute departments

g |funding |PESY [veu | isasodsamn |
Iﬂogfe'rials 22,624,979 | 588,500 | 2,000,001 | 217,500 gg:gggisoAMD
:”dp 12058 90 L20B0AMD. | 175,
s | 7122014 TAZBUAMD |
NA.,Aragats
5:;’ Phys: | 582787 236,500 ;:;ggf?AMD 4.4%
Theory 329,808 | 35,000 217,500 i?zzl'g?AMD 2,3%
IT 526,992 277,000 | 996,917 ;:iggﬁogAMD 7.0%
I'izeOJOpeSJ'App 1,703,498 | 40,000 | 1,003,084 3'57.38’918%% 10.8%

Table 6. Distribution of the purchased equipment among institute departments

tmiing | funding |PESY [yeu | isasodsamn |
ng}:omem 54,013,620 | 9,518,400 | 3,092700 | 1036000 izg’:gg;ﬁOAMD
Storage 4,666,697 3673613;6 JIANE 6.90%
Adm. 358,000 245000 ffﬁ-;ggOAMD 0.90%
5:;’ Phys. 117508510 | 2,948900 ig:ngOAMD 30.30%
Theory 1,837,000 1,036,000 g:g;ngOAMD 4.20%
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20,679,860AMD

CRD 16,906,360 | 3,773,500 430436 30.60%
IT 10649951 2847700 ;g:gggsmMD 20.00%
Q)‘igbzhys T 12453700 | 959,000 ?‘11(1);7 00AMD | 595
Service 1,450402 ;:gslsggomlvm 2.10%

The distribution of equipment and materials between institute departments reflects research
activities and requests of the department leaders. According to policy of strengthening
experimental research in AANL, the directorate highly encourages orders to modern equipment

and satisfies almost all request that were received in 2015-2016.

26



ATTACHMENT 1. Recommendations of Scientific Council
According to identified key components of overall strategy of National Lab., the Scientific
Council recommends the following main areas of activities for coming 10 years:

The participation in experiments at CERN and JLAB, in existent and planned Atmospheric
Cherenkov Telescope networks (HESS, MAGIC, and CTA).

Participate in the data preservation and analysis activity using databases from high-energy
physics (DESY, CERN, Jlab) and astrophysics (PLANCK, LARES, FERMI, LOMONOSOYV)
experiments.

Investigations at the cosmic ray research stations of National Lab. Research on theory of
elementary particles.

Investigate possibilities and perform nuclear physics experiments on modernized electron
synchrotron ARUS and on Cyclon-18 cyclotron.

Provide high-tech services to different branches of Armenian science and industry.
The brief description of overall activities of the National Lab for the coming 10 years is the

following:

Experimental Physics on Accelerators Abroad

e Physics beyond standard model, structure of matter, three-dimensional picture of the
nucleon, quark-gluon plasma, electric and magnetic form factors, nucleon-nucleon short-
range correlations, hadronization in nuclei, Drell Yan processes, etc.

e For achieving these goals, research groups from national lab will continue participation in
high-energy physics experiments on accelerators abroad: CERN LHC (ATLAS, CMS,
ALICE, COMPASS — hardware upgrade, data analyses, and continuation of experiments
in 2015).

e DESY (HERMES, HI, OLYMPUS, - data analysis in DESY, 2013, after 2014 — participate
in data preservation stage, mostly in national lab).

e JLAB (Halls A,B,C,D -hardware upgrade, data analysis, development of physics projects
for CEBAF 12 GeV machine to be commissioned in 2015) .

e JINR (BECQUEREL — emulsion microscopic treatment, NICA — spin physics).
e Participation in joint programs in nuclear physics with Notre-Dame University, USA;

e MAX-lab, Lund, Sweden, participation in the nuclear physics experimental program,
detector development;

e MAMI, Mainz, Germany, detector development, experiment proposals; Nuclear Physics

e Proton-nucleus interactions, photo-fission, cluster structure of excited light nuclei, stellar
nucleo-synthesis, isotope production and research, etc. For achieving these goals research
groups from national lab will explore possibilities to modernize electron synchrotron
ARUS (launch 75 MeV acceleration mode on the accelerator injector and use 216 m long
synchrotron ring as stretcher as well as design and introduce the automatized beam
parameters control), and will prepare and perform nuclear physics experiments on the IBA
Cyclon 18/18 cyclotron.

e Accelerator Techniques and Research
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Modernizing the electron synchrotron to provide beams for the low energy nuclear physics
experiments. The LINAC 75 MeV electron beam of duration 0.7 usec will be stretched up
to 3-5 msec.

Automated testing and control of all accelerator subsystems including the electron beam
parameters will support operation of the ARUS in new regime.

Developing of the nonlinear Raman spectroscopy diagnostic methods. Experimental
research of interaction of the laser beams with the electron beam in the homogeneous
magnetic fields.

Accelerator diagnostics and instrumentation based on the vibrating wire technology:
transversal profiling and diagnostics of charged and neutral particles and hard photon
beams.

Theoretical Physics

Heavy Quark and Flavor Physics

Spin in QCD and Related Hadron Phenomenology Neutrino Physics

Physics Beyond the Standard Model

Higher spin interacting quantum field theory, AdS/CFT and and dualities in gauge theories

Investigations in low dimensional physics (d=1,2,3,4): Applications to non-critical strings
and condensed matter physics

Quantum and Classical Phase Transitions in Spin Systems Statistical physics of disordered
systems

Quantum Information Theory
Integrability in d=4 super Yang Mills theories

Powerful coherent radiation sources and new effective methods of acceleration Cosmology
studies including general relativity theory.

Electrodynamics of complex form cavities and waveguides, the electromagnetic field
interaction with relativistic electron bunches.

Cosmic Ray Physics

Research of fine structure of all particle energy spectrum in energy region above the first
knee.

Registration of the Extensive air showers initiated by primary gamma rays.

Investigation of the solar-terrestrial connections and solar accelerators by the networks of
particle detectors located in Armenia (ASEC network in Aragats, Nor Amberd, Yerevan)
and worldwide (SEVAN network, Armenia, Croatia, Bulgaria, Slovakia and India).

Research of Thunderstorm Ground Enhancements and atmospheric electricity by the
networks of particle detectors with low threshold, electrical and geomagnetic field meters,
and lightning detectors.

Search of rare processes in underground laboratory of Avan salt mine.

Participate in the HESS and MAGIC collaboration, and started CTA collaboration.
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Material Physics

e Investigation of the materials and devices in extreme physical conditions; in-situ study of
the crystal modification induced by electron and ultraviolet irradiations in the temperature
range 120 to 450K and high vacuum; radiation stimulation of materials by protons (18
MeV Cyclotron).

e Research of the radiation defect formation in condensed materials, research of the
mechanisms of electron excitation in doped crystals.

Nuclear Medicine

e Production of the 99mTc isotope with 18 MeV proton beam from C18/18 cyclotron.

e Investigation of the production possibilities of the medicine intended isotopes such as
Cobalt-57, Copper-64, Gallium-67, Gallium-68, Indium-111, Indium-114m and others.

Services

e Development of the technologies for the processing of highly active radionuclides with the
use of natural Armenian minerals (zeolite, clinoptilolite, basalt) for the Armenian nuclear
power plant.

e Development of physical methods for the express analysis of organic and inorganic
materials, dating of archaeological evidences and objects of cultural heritage.

e Element/isotope diagnostic bench on the basis of EMAL-2A energy-mass-analyzer.

e Comprehensive monitoring and prediction of potentially dangerous atmospheric and extra-
atmospheric processes; global climate change research.

e Monitoring of the cosmic ray variations for obtaining information on Space Weather
conditions and alerting on upcoming radiation storms.

e Development of techniques ensuring precise welding of materials used in particle
accelerator technologies.

High Productivity Calculations and Data Analysis

e Launch high productivity cluster; support GRID system.
e Support data preservation activity.

e Support storage and access to databases with information from high energy physics,
cosmology and astrophysics experiments, as well as from ASEC and SEVAN networks of
particle detectors.

e Create “Knowledge Center” for analysis of huge amount of data collected at different
e HEP centers, Plank observatory, as well the data on cosmic rays.

e Create and maintain advance tools for data storage, multidimensional complex statistical
analysis and physical inference.
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Scientific Instrumentation

Construction of silicon strip detectors with readout electronics for low energy nuclear
physics experiments.

Construction of the variety of calorimeters, Cherenkov detectors and neutron detectors for
experiments at CEBAF 12 GeV machine.

Fabricate and test RF phototube, low-pressure MWPC. Fabricate and test of radio
frequency photomultiplier tubes, RF PMTs, RF timing detectors of secondary electrons,
detectors based on low-pressure MWPCs.

Fabrication of the radiation detectors and electronic devices (thermoresistors, heat sinks)
on the basis of diamond and diamond for high temperature applications.

Fabricate Csl based low threshold particle spectrometers.

Fabricate hybrid particle detectors for the Space Weather monitoring.

Technological/Business Applications

Production of the biomedical instruments for investigation of the effects of ionization
radiation.

Production of the biosensors for environmental monitoring.

Production of chitin/chitosan systems, synthesis and research of their new modification.
Technological lasers applications. Industrial furnaces production.

Solar energy based electrical/heating systems.

High-pressure vessels repair/attestation.

Liquid gases production.

Development and creation of high spatial resolution X-ray image detectors for the medical
diagnostic systems.
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ATTACHMENT 2. Strategic Plan for A.Alikhanyan National Laboratory
(Yerevan Physics Institute)

Executive summary

The Strategic Plan of the A.Alikhanyan National Laboratory aimed at the declaring the mission
of the national lab, developing of increased laboratory capacity; requiring policy adoption and
strategic planning and implementation of activities appropriate for Armenia.

The development of laboratory capacity within Armenia is a long-term endeavor, which
requires the support of the government and industry, as well as in- country stakeholders,
multilateral agencies, donors, the private and public sectors, communities, and others.

Vision: A. Alikanyan national lab has distinctive expertise and insights relating to high-energy
physics and astrophysics, nuclear physics, scientific instrumentations and multivariate data
analyses, as well as in education. National lab should serve for the positive influence and impact
to national values through research, education and innovation programs. National lab provides
opportunities for intellectual, personal and professional growth. Learning and working at national
lab will foster high professionalism, quick, well-rounded minds, well equipped to succeed in our
fast-changing world.

Mission: Perform world-class research in Armenia, participate in world-biggest scientific
collaborations, and offer scientific instruments and services for Armenian nuclear medicine,
industries and cultural studies. Establish high standards of education in master and PhD courses;
demonstrate that science and education can really provide development of Armenia.

The key components of overall strategy:

e Focus on high impact research that advances knowledge and its application, and in which
national lab has major achievements having international recognition and leadership.

e Inject a spirit of enterprise into education and research, and develop impactful between
education and research, within a dynamic “no-walls” environment.

e Develop advanced services for the Armenia industry, environmental monitoring and
preserving cultural heritage.

e Develop advanced technological processes and high productivity computation facilities for
Armenian science and industry.

e Nurture committed alumni to be key members of the lab community, who will actively
support national lab towards its Vision and Mission.

e Adopt and adapt best practice governance and management, for optimal administration,
management of resources, staff and student services.

Brief summary of the scientific activities

Brothers Abraham Alikhanov and Artem Alikhanyan founded in 1943 Yerevan Physics
Institute (YerPhl) as a branch of the Yerevan State University. Later high-altitude Cosmic Ray
stations were founded on the slopes of Mount Aragats. Among the key results of YerPhl in the
early years were the discovery of protons and neutrons in cosmic rays, and the establishment of
the first evidence of existence of the particles with masses between that of muons and protons.
The high altitude research stations have remained the main research base of the Cosmic Ray
Division (CRD) of YerPhl until now. Among the CRD achievements there were: discovery of
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sharp knee in light components of primary cosmic rays, detection of the highest energy protons
accelerated on the Sun, and the creation of the Aragats Space environmental Center in 2000 for
studies of the solar-terrestrial connection, where CRD becomes one of the world’s leaders.

The 6 GeV electron synchrotron was accomplished in 1967. During 1970-1991 synchrotron
was operated with energies up to 4,5 GeV and in Experimental Physics Division were obtained
significant results, including: hadronic properties of photons in - meson photo-production on
nuclei; structures of nucleon resonances in multi-polarization experiments, structure and
characteristics of nuclear matter, important properties of X-ray transition radiation and channeling
in monocrystals. Thanks to these achievements physicists from Yerevan Physics Institute started
from 1985 are successfully participating in the large international collaborations.

Traditional topic of YerPhl is the development of new particle detectors. Wide spark chambers
and transition radiation detectors are examples of the experimental techniques developed and
implemented in YerPhl. During the last years groups of scientists from Yerevan Physics Institute
have actively participated in intermediate and high energy physics experiments abroad (JLAB,
DESY, CERN-LHC, MAX-lab, MAMI), exploring the meson and nucleon

structures, electromagnetic interactions of the nucleon, quark-hadron duality, short range
nucleon-nucleon correlations, quark hadronization in nuclear medium, physics beyond standard
model, Higgs boson searches, quark-gluon plasma, fission and fragmentation of nuclei and
hypernuclei and many other topics, as well as constructing experimental hardware and develop the
software for data acquisition and analysis.

The theoretical department assure major achievements in the following areas: B-meson
physics, QCD and Related Phenomenology, Neutrino physics, Quantum Field Theory, String/M-
theory, Integrable Models, Statistical physics, Condensed Matter and Quantum Information. These
results are internationally recognized and highly cited.

In the mid-1980s in YerPhl was developed the concept of stereoscopic approach in Very High
Energy gamma-ray astronomy using multiple Imaging Atmospheric Cherenkov Telescopes
(IACT). This concept was materialized in the very successful IACT system (HEGRA). After first
success, Armenian physicists successfully participate in operation of the IACT systems on the
Canary Islands (MAGIC) and in Namibia (H.E.S.S.).

In the course of many years, the Applied Physics Department of YerPhl successfully
investigates electron-energy structure of new wide-band laser materials using synchrotron
radiation in various spectral regions. The investigations were carried in DESY and will be
continued in MaxLab- II (Sweden).

Organization structure and human recourses management

1. Lab board appoints director of national lab and chair of the board signs contract with
director for 5 years.

2. Director of the national lab appointed two deputies, chief accountant, scientific secretary
and five assistants of director (human recourses management, security, economics, office
management, international connections) and sign contract with them.

3. National lab adopted two-level internal organizational structure, consisting of departments
where relevant scientific and technical groups operate.
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ADMINASTRATION
DIRECTOR A. CHILINGARIAN
DEPUTIES S. TAROYAN, E. MNATSAKANYAN

DIVISIONS

EXPERIMENTAL THEORETICAL INFORMATION APPLIED PHYSICS EXPERIMENTAL
PHYSICS PHYSICS TECHNOLOGIES WORKSHOP
V. HARUTYUNYAN
A.SIRUNYAN R. MANVELYAN N. AKOPOV M. MARTIROSYAN
COSMOLOGY & COSMIC RAY SERVICES Ré:g:ggﬁ B
ASTROPHYSICS
A. CHILINGARIAN E. MNATSKANYAN PRODUCTION

V. GURZADYAN
A AVETISYAN

\ |
ARAGATS NOR - AMBERD SEVAN NOR AMBERD
STATION STATION HOLYDAY INN HOLIDAY INN

Figure 4 . Administrative structure of AANL

4. The appointment to the position of the heads of departments should be realized for up to 5

years period and they should sign contracts with national lab director. The contract with
heads of groups is realized for up to 3 years.

The age limit of 65 years is stated for the heads of departments and groups; in exceptional
cases (started from 2014 no contracts are signed with older candidates to group or
department leader positions) until the age of 70. The limiting age for other national lab
employees is 65 years, for doctors of science— 70

6. The age limit for consultants/advisers is 85 for academicians and 75 for doctors of science.

National lab adopted following list of scientific positions.

intern

researcher

senior researcher

leading researcher

Scientific /Consultant-Advisor Notification:

a) Intern position is assigned to the young professionals currently engaged in higher
Educational system (master courses) and those who are doing their PhD in national lab.

b) Intern-researcher position («Postdoc» status) is assigned by competition to young
scientists, having PhD degree; prior to postdoc competition the competition for opening
postdoc position should be hold in the national lab departments.

¢) Lab’s director in accordance with the recommendations of the Scientific Advisory
Committee decides distribute the intern-researcher positions among lab departments.

d) Researcher, senior and leading researcher positions are assigned by depending on the
overall score based on several criteria (H-index, leadership, work with students, etc.).

e) To the scientific /technical/consultant position are appointed scientists and engineers
with age above 65 years old (no more than 5 persons in each department).

33



10.

11.

12.

13.

Special commission appointed by lab’s director makes the attestation of the national lab
employees periodically. Each employee should present to commission following
documents:

Filled standard attestation form

List of publications with abstracts during last 5 years Best 3 publications (according to
author's opinion) List of graduate students

List of reports on the international conferences, invited talks List of organized
conferences

Title and date of last thesis, place of defense

Total list of publication

List of managed grants.

In exceptional cases department leaders can employ personnel for the period up to 6
months for work of strategic importance (not more than 2 employees).

Director reserves the right to appoint his advisors, doctor of science, academicians.

The business trips of national lab employees to foreign countries are organized according
special regulation; duration of business travel should not exceed 6 months.

The hours of workweek are fixed to 40. Automatic system is calculating the working
hours according to which the actual salary is assigned.

According to the national regulations administration provides 24-day vacation to all
employees; vacation may be provided in two parts; in exceptional cases vacation can be
given additional vacation without payment.

National lab affords all measures to increase the professional skills of young scientists
(send them to summer schools and conferences, invite professor for lecturing, organize
summer schools in Armenia) and to provide proper working conditions (repair office,
seminar rooms, provide modern computers).

Administration obligations, economical and property management issues

1.

NS w kW

9.

10.

Provide full and timely logistical support for the implementation of the linear functions of
the National Lab, such as:

Ensure efficient utilization of the office spaces, carrying out necessary maintenance and
repairing activities

Purchase modern equipment for high precision measurements.

Install modern security equipment for the offices and experimental laboratories.

Organize the efficient provision of irrigation water for the whole territory of the National
Lab to guarantee the green and clean environment.

Select an operator, through a competitive tender, for establishing restaurants and cafes on
the lab’s premises.

Optimize and manage the vehicles’ park, giving priority for smaller number of cars but
with appropriate power and environmentally friendly engines.

Optimize the workshops and provide it with modern tool kits and technological equipment.

Organization of workshops and conferences (logistics).
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11. Develop and implement non-current assets (immobile property) management strategy:

12. Establish criteria for selecting the buildings requiring capital restoration and build up a

renovation and restoration long-term master plan.

13. Ensure energetic efficiency of the buildings.

Establish procedures for providing the premises for short time (up to 1 year) lease to the third
parties. Provide assistance to CRD employees in preparing grant applications and develop a
sustainable fundraising strategy:

Provide timely information to the staff about relevant funding opportunity announcements.
Negotiate with Republican agencies to open funding possibilities for the researchers.
Reduce dependency on a single income stream; improve chances to operate independently.

Create a sustainable funding base and build up reserves to safeguard financial future.

Organize international expertise of the projects submitted for funding, form commissions and
project accepting committees; provide recommendations for republican funding bodies for
selected projects.

Implement the financial management of the National Lab:

Prepare annual budget. Discuss with national board the priorities, and due to the board
decision decide ongoing expenditure, which must be met from ongoing income streams,
and reserves.

Provide accounting and material resources “house-keeping” according to the best
corporative standards.

Each year prepare comprehensive report for the annual audit.

Provide access to national lab information, Internet recourses, high productivity computing,
scientific publications, and libraries of applied programs, printers, and telephones.

Establish small business innovation research (SBIR) and small business technology transfer
competitive funding.

Provide secure storage of the isotopes and radioactive materials according to MAGATE
standards.

Providing touristic and recreation services

Key performance indicators (KPI) for organizational performance evaluation

The national lab is guided by a sharp programmatic vision, by a strategic plan formed by this

vision, and by a constant striving for managerial excellence and effectiveness in implementing the
plan. A systematic program to refine work processes is underway with the aim of achieving the
greatest programmatic output for a given funding level. Management has renewed their efforts to
continuously strengthen a culture of high performance that extends to all areas of work, and
underscores the importance of safe operation as a core institutional value.

Among the major KPIs to be used to evaluate the national lab performance are:

Number of publications in the peer reviewed journals each year and the sum of the impact
factors of the journals.
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Number of citations made to publications of national lab employees made in the assessed
year.

Number of master and PhD students, defends of PhD theses.

The ratio of the numbers of employees under 35 years old to number of employees above
70 years old.

The percent of the funds spent to the new equipment and materials relative to the total
budget.

The percent of funds spent on business travel relative to the total budget. The percent of
funds spent for repairs relative to the total budget.

Total income from high technology services.

Number of new agreements with Armenian and international organizations.
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ATTACHMENT 3. The Board of Trustees of AANL
N. Yeritsyan — Deputy president of Central Bank of RA (Executive board member)
K. Harutyunyan — Deputy minister of Science and Education (Board member)
S. Harutyunyan - Chairman of the State Committee on Science (Board member)
A. Ghukasyan — Chief executive officer of “Byblos Bank Armenia” CEO (Board member)

A. Papoyan - Director of Institute for Physical Research of the National Academy of
Sciences of Armenia (Board member)

Kh. Nerkararyan — Professor at Faculty of radio physics of Yerevan Physics Institute
(Board member)

7. Baghdasaryan — The President and CEO of “Tahoe Associates”, a private investment
entity in USA (Board member)

A. Kaplanyan - The Chief Executive Officer of Memoir Systems (Board member)

. R. Strauch - Chairman of The Roda Group (Board member)
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ATTACHMENT 4. Election of the AANL Scientific Council and it’s Governing Body
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ATTACHMENT 5. Attestation of AANL Scientific and Engineering Personnel
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ATTACHMENT 6. List of Winners of the Best Scientific Papers Competition
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Uqyuhypyyut Updtl, fupugwbyub Uwbwuwn, Uupnhpnupub Vupkly, - “Adaptive Heat Engine”

Nnnnuywtb Onuphly, Mnnnuywt Swpphby, - “VEV of Baxter's Q-operator in N=2 gauge theory and the BPZ
differential equation” .

2hhtiquipyut Upmn, Znjubthjut Quighy, Ulugwlywbywh Ennuwpn, - “Mount Aragats as a stable electron
accelerator for atmospheric high-energy physics research”

Nnnnuny Yuqkph, Gnupuityut Zpwitnn, Upuqub .U, Mnnnupwb Lunk, - “Search for rare decay modes
of Californium”

Uhtwuywl 2uyly, - “One-step Solution Processing of Ag, Au and Pd@MXene Hybrids for SERS”
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Nujupub Swuwly, - “Synthesis and characterization of new chitosan-based Schiff base compounds”

Puipmgymbi Zpuisjw, - Probing strong correlations with light scattering: Example of the quantum Ising
model” :

Ulypwgjub Zundy, - Precision Electron-Beam Polarimetry at 1 GeV Using Diamond Microstrip Detectors

QSmpquyub Juhk, Musunnppub Zupmpim, Uhpqonjwh Ubpghy, - A test of general relativity using the
LARES and LAGEOS satellites and a GRACE Earth gravity model

- ZoJhwbhujwb Ynpyml, - “On some possibilities of Felwi realization”

Ujkpuwbyut Enmuwpn, - “Recombination luminescence of Cu and/or Ag doped lithium tetraborate single
crystals”

Guwhhlywl Ujpbpw, - Measurements of d(2)(n) and A(1)(n) : Probing the neutron spin structure

UUSQL-h intiopkl U.2hjhtquipyuly

Yunn. fupnjuh
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ATTACHMENT 7. CERN Collaboration Agreements and Directors Opinion on CERN
Activities

ATLAS AGREEMENT
atLAs | . (@)

KE3543/ATLAS
ATLAS AGREEMENT No. 575/2017

30 January 2017

Technical Support for ATLAS

BETWEEN

The ATLAS Collaboration
Represented by the ATLAS Resources Coordinator

on the one hand,

AND
The Alikhanian National Science Laboratory (ANSL), Yerevan
Represented by its ATLAS Team Leader

on the other hand,

hereafter collectively referred to as the “Parties” and separately as “Party”;
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30-January-2017 ATLAS Agreement 575/2017 Page 2 of 5

CONSIDERING THAT: A

»  ANSL has signed the “Memorandum of Understanding for Collaboration in the Construction of the
ATLAS Detector” (MoU, ATLAS RRB-D 98-44 rev.);

L]
e ANBSL has signed the “Memorandum of Understanding for the Maintenance and Operation (M&O)
of the ATLAS Detector” (MoU for M&O, CERN-RRB-2002-035);

e ANSL contributes to the ATLAS construction and M&QO common items and activities (MoU Annex
10C; MoU for M&O Annex 9).

IT IS AGREED AS FOLLOWS:

ARTICLE1  SCOPE OF THE AGREEMENT

1.1  The purpose of this Agreement is to define the work packages assigned to experts from ANSL in
the domain of maintenance and operation of the ATLAS detector (the “Activities”), as well as the
related financial arrangements. It is understood that this Agreement is subject to the provisions of
the ATLAS M&O MoU. In case of divergence, the provisions of the ATLAS M&O MoU shall

apply.

-ARTIQLE 2 BLIGATIONS OF THE PARTIES

2.1  ANSL Contributions:

ANSL shall provide qualified personnel (ANSL experts) with the necessary skills and competence
to execute the work packages detailed in ANNEX 1.

The ANSL experts shall at all times comply with the rules of conduct and safety in force at CERN.

2.2 ATLAS Contributions:

ATLAS shall provide the technical infrastructure and necessary tooling for the execution of the
Activities.

Subject to the provisions of CERN’s Staff Rules and Regulations, each ANSL expert based at CERN
shall be appointed as associated member of CERN’s personnel for the duration of his or her agreed
stay at CERN and shall receive a subsistence allowance at standard rates in force at CERN, to be
funded by ATLAS common funds.

By way of contribution to the costs incurred by ANSL for the execution of the Activities, ATLAS
shall pay to ANSL an amount of 4200 CHF per three-month interval, funded by ATLAS common
funds. ANSL shall invoice ATLAS for each three-month interval and payment shall be made by
CERN within thirty (30) calendar days from receipt of a corresponding invoice from ANSL.
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30-January-2017 ATLAS Agreement 575/2017 Page 3 of §

ARTICLE3  AMENDMENTS AND DURATION
a

3.1  This Agreement may be amended in writing by the Parties. It may be terminated by either Party in
writing with at least six (6) months notice, but shall otherwise remain in force as long as ANSL is a
member institute of the ATLAS Collaboration in accordance with the MoU for M&O, CERN-RRB-
2002-035.

ARTICLE4 COORDINATION

41  All documents concerning this Agreement shall bear the reference:

ATLAS Agreement No. 575/2017
42  The performance of this Agreement shall be co-ordinated by the following persons:

For CERN:

Fido Dittus, email fido.dittus@cern.ch
ATLAS Resources Coordinator
Phone +41 22 767 1211

For ANSL:

Laura Sargsyan, email Laura.Sargsyan@cern.ch
ATLAS ANSL Team Leader
Phone +41 22 767 6530

ARTICLE5  DISPUTE SETTLEMENT

5.1  Any differences arising from the execution of this Agreement that cannot be settled amicably shall
be submitted to the ATLAS Spokesperson who shall propose solutions in the best interest of the
ATLAS Collaboration.
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30-January-2017 ATLAS Agreement 575/2017 Page 4 of §

. Signed in Geneva,
for the ATLAS Collaboration for the ATLAS-ANSL Team
S , :
........ ’Cg%ﬂ f//// /’
Fido Dittus o Laura Sargsyan
ATLAS Resources Coordinator ATLAS-ANSL Team Leader
pate..?L.:.0 L. 2017 ate. 1902, 2017

for the Alikhanian National Science Laboratory
(Yerevan Physics Institute)

for the ATLAS Collzboration

............... 147? WA
ar

Prof. KarFJakobs
ATLAS Spokesperson
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30-January-2017 ATLAS Agreement 575/2017 Page 5 of 5

‘a
ANNEX 1 WORK PACKAGES

WP1: Tile Calorimeter activities (0.5 FTE):

Studies of the down-drift of PMT response during Runl and Run2;

Use of MA-PMTs for HL-LHC (optics and electronics feasibility studies);
Data analysis of the MA-PMTs using Cs source;

Work on Tile Offline Software;

Maintenance (Aux boards consolidation, LVPS, etc).

: TDAQ System Administration: computing infrastructure support at Point 1 (1 FTE):

Monitoring and maintaining the SLIMOS (Shift Leader In Matters Of Safety) desk — computer
hardware and software, and application of necessary patches;

Installation and configuration of the ATLAS media-streaming server to display safety
information on monitors distributed throughout the experiment;

Maintenance and troubleshooting of computers in the Point 1 Design Office;

Installation and maintenance of safety cameras distributed throughout Point 1, both above and
below ground;

Support, maintenance, and troubleshooting of the numerous ATLAS systems critical to safety
operations.

WP3: Support for the ATLAS Technical Coordination (1 FTE):

Participation in all Opening and Closing of the ATLAS detector during annual maintenance;
Participation in mechanical consolidation work on ATLAS detector or infrastructure during
maintenance periods; v

Machining of parts such as supporting structure for detectors in ATLAS (Muons, AFP, etc.);
Fabrication of tooling dedicated to detector installation: access platform, lifting and handling
tools;

Participation in the maintenance of the sniffers (gas detection and fire detection);
Participation in the installation of additional Muon chambers (BMG);

Participation in the integration of the New Small Wheel.

WP4: Design Office activities in the ATLAS Technical Coordination (1 FTE):

3D design and fabrication drawings of various devices and structures in order to consolidate
access and detector movement;
As-built 3D models of many systems to keep up to date the ATLAS CAD database.
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COLRABORATION AGREEMENT
REFERENCE KE3564
(THE “AGREEMENT”)

BETWEEN: ALIKHANYAN NATIONAL SCIENCE LABORATORY (“ANSL”), established at
Yerevan, Armenia, duly represented by Ashot Chilingarian, Director,

AND: THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (“CERN”), an
Intergovernmental Organization having its seat at Geneva, Switzerland, duly represented by
Fabiola Gianotti, Director-General,

Hereinafter “Party” and collectively “Parties”,

CONSIDERING:
That CERN, an Intergovernmental Organization, is a leading global laboratory in particle
physics, providing for collaboration of a pure scientific and fundamental character, with

participation by scientific institutes from all over the world;

That ANSL is a research laboratory working in the fields of high-energy physics and
astrophysics;

That the Parties have successfully collaborated in the development and maintenance of CERN’s
Accelerator Control Systems though Collaboration Agreement KE2886 and wish to continue
their collaboration under the provisions of this Agreement;

The mutual benefit that the Parties would derive from collaboration between them;

AGREE AS FOLLOWS:

Article 1
Purpose

1.1 Under the terms of this Agreement, the Parties shall collaborate in the development and
maintenance of CERN’s Accelerator Control Systems (the “Project”). The Parties shall

use the results of their collaboration for non-military purposes only.

1.2 Except as agreed otherwise by the Parties, each Party shall bear the cost of its
participation in the Project.
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2:1

22

3.1

3.2

3.3

4.1

4.2

Article 2
ANSL’s contribution

ANSL shall contribute to the Project by performing the activities set out in Annex 1
which sets out the scope, including the required resources and duration of the activities
and any deliverables, milestones, acceptance procedures, the management of the Project
and other relevant information.

On the date of signature of this Agreement it is foreseen that shall make its contribution
through up to three (3) qualified specialists (the “ANSL Experts”) who shall have
experience in database-related infrastructure, software development and system
administration in the Linux and Windows environments and in virtualization
technologies.

Article 3
CERN’s contribution

CERN shall contribute to the Project by making available office facilities, equipment
(including computers), materials and services (the “Facilities”) on the CERN site as
required for the execution of ANSL’s contribution. They shall remain the property of
CERN and are made available without any warranty or liability relating to their use.
ANSL shall take proper care of them until the completion of its contribution. The Parties
shall agree on the cost of the repair, or the replacement of any item that cannot be
repaired, and such cost shall be deducted from any amount payable by CERN to ANSL
under this Agreement.

In consideration of the administrative overheads to be incurred by ANSL in the execution
of its contribution, such as the temporary replacement within ANSL of the ANSL Experts
and their training, and taking into account the number of ANSL Experts involved in the
execution of ANSL’s contribution, CERN shall assist through the payment to ANSL of
an amount not exceeding the amount set out in Annex 2.

CERN’s contributions under Article 3.2 shall be subject to receipt of an invoice in
duplicate, and where payment is subject to completion of a specific activity, to its
acceptance by CERN. Payment details are set out in Annex 2.

Article 4
Technical co-ordination and contact persons

The overall responsibility of the Project lies with CERN, it being understood however
that ANSL shall remain exclusively responsible for the proper performance of its
activities.

The Parties shall each nominate a technical coordinator, who together shall coordinate the

technical execution of this Agreement, as well as contact persons, including a designated
safety correspondent. Their names and contact details are set out in Annex 3.
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5.1

52

6.1

6.2

7.1

72

7.3

Article 5
Experts

Each Party shall ensure the selection of experts with the necessary skills and competences
to execute the Project on its behalf, taking into account the nature and the environment of
their activities.

During their presence at CERN, the ANSL Experts shall be appointed as Project
Associates pursuant to the conditions set out in the CERN Staff Rules and Regulations
from which it follows that, for the entire duration of the association of the ANSL Experts
with CERN (i) the ANSL Experts shall be employed by ANSL, (ii) ANSL shall be
responsible for their social insurance, (iii) the ANSL Experts shall maintain medical
insurance cover adequate in Switzerland and France for themselves and accompanying
family members, which shall include cover for occupational illness and accidents for the
ANSL Experts, and (iv) the ANSL Experts shall have adequate financial resources to
support themselves and accompanying family members. ANSL shall hold CERN free and
harmless from liability in connection with the subject matter of this Article.

Article 6
Conduct and safety

The experts shall comply with the rules of conduct and safety in force at the host Party.

Any activity, equipment or other item contributed by a Party to the collaboration shall
conform to the safety rules, including any specific safety. requirements in force at the host
Party where such activity will be performed or such equipment or other item will be
installed and operated.

Article 7
Intellectual Property

The disclosure of information under this Agreement does not create any proprietary right
for the receiving Party.

Title in all intellectual property developed in the execution of the Project shall be vested
in CERN. CERN shall grant to ANSL a free, non-exclusive license for the use of such
intellectual property in the execution of its scientific programme.

The providing Party provides no warranty in respect of intellectual property made
available by it under this Agreement, and the receiving Party shall hold it free and
harmless from any liability arising from its use (including, as the case may be, by its
partners and contractors) of such intellectual property.
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8.1

8.2

8.3

Article 8
Publications

The Parties shall strive to jointly publish the results of the Project as Open Access
publications.

Insofar as the Parties do not jointly publish the results of the Project, publications by one
Party involving results developed by the other Party shall be subject to the latter’s prior
written approval, which shall not be withheld unreasonably.

Publications shall acknowledge the Project between the Parties including, whenever
appropriate, the experts having taken part in the development of the results covered by the
publication.

Article 9
Confidentiality

The Parties agree to execute the Projects in a spirit of openness. However, where, exceptionally,
confidentiality is required, the following provisions shall apply:

9.1

9.2

9.3

Each Party shall treat as confidential any information provided to it by the other Party that
is designated as confidential. Except as agreed otherwise in writing, this obligation shall
continue for a period of five (5) years from the date of termination of this Agreement.

The receiving Party shall:

(i) not use confidential information for any other purpose than for the execution of this
Agreement;

(i) limit the circle of recipients of such confidential information on a need-to-know basis
and ensure that the recipients are aware of and comply with the obligations as
specified in this Article.

No confidentiality obligation shall apply to information which:

(i) the receiving Party demonstrates was in the public domain prior to its
communication by the disclosing Party;

(ii) became part of the public domain after such communication but not through any
fault of the receiving Party;

(iii) was already in possession of the receiving Party at the time of signature of this
Agreement;

(iv) has been lawfully received by the receiving Party from a third party without any
confidentiality obligation; or

(v)  has been developed by the receiving Party independently and outside the scope of
this Agreement.
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10.1

10.2

10.3

11.2

11.3

12.1

12.2

Article 10
Liability

Except as provided in Articles 5.2, 7.3, 11.2 and in this Article 10, each Party shall bear
its own loss and damage in connection with this Agreement.

Subject to Article 10.3, the responsible Party shall indemnify the other Party for its loss
and damage resulting from gross negligence or from willful misconduct by the
responsible Party, or a violation by the responsible Party of the rules of conduct and
safety in force at the host Party.

Notwithstanding the foregoing, the Parties shall in no event be liable to each other for any
consequential loss or damage, such as loss of income or of availability of data or
installations.

Article 11
Entry into force, duration and termination

This Agreement shall enter into force on the date of signature by the last Party to sign. It
shall remain in force for as long as necessary to give effect to the Parties’ respective
rights and obligations under this Agreement.

In case of a substantial breach by a Party, the other Party may terminate this Agreement
in whole or in part if no corrective action satisfactory to the other Party is taken within
one (1) month of the issue of a letter of notice by the other Party to the breaching Party.

Articles 5.2, 7, 9, 10, 11.2, 11.3 and 12 of this Agreement shall survive its termination,
howsoever caused.

Article 12
Governing law and dispute resolution

The terms of this Agreement shall be interpreted in accordance with their true meaning
and effect and as a consequence of CERN’s status as an Intergovernmental Organization,
independently of national and local law. Provided that if and insofar as this Agreement
does not expressly stipulate, or any of its terms is ambiguous or unclear, then in those
circumstances only and not in respect of this Agreement as a whole, reference shall be
made to Swiss substantive law.

The Parties shall settle any difference concerning this Agreement amicably. Where this is
not possible, the Parties shall resort to arbitration in accordance with a procedure to be
specified by the Parties. Notwithstanding reference of the dispute to arbitration, the
Parties shall continue to perform their obligations under this Agreement.
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Article 13
Amendments

Any amendment to this Agreement shall be made in writing and signed by the authorized
representatives of the Parties.

Signed on/gz‘ DC( ...... 2017.

Alikhanyan National Science Laboratory The European Organization
(ANSL) for Nuclear Research (CERN)

Ashot Chilingarian Fabiola Gianotti
Director Director-General
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ANNEX 1: Activities and Acceptance Procedure(s)

The ANSL Experts shall execute on the CERN site tasks defined in the Work Packages (WP1,
WP2) described below in collaboration with the CERN Beams department.

rption

System administration of the CERN Accelerator Control System:
Installation of servers and desktops including X Windows
configuration, virtual machine (VM) creation and optimization,
WPI1 evaluation of future server, desktop and VMs, monitoring and
diagnostic of the systems on a daily basis, testing of modifications
before deployment to operation, user suport and documentation of
procedures for other members of the team.

Maintainence and support of Atlassian applications: JIRA,
Confluence, Bamboo, Crucible, Fisheye, Crowd.

Development of the Control Hardware Installation Service Portal,
service management, user support and training.

WP2

. The work will be performed within the BE-CO Group.

Acceptance procedure:

CERN shall grant acceptance of a deliverable within WP1, and of WP2, after the successful
completion of the deliverable within WP1 and of WP2, respectively, and the provision by
ANSL of the associated documentation, within two (2) months from the date of such
completion.
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ANNEX 2: CERN’s Financial Contribution

In consideration of the administrative overheads to be incurred by ANSL in the execution of its
contribution, and taking into account the number of ANSL Experts specified in this Agreement,
CERN shall assist through the payment to ANSL of a total amount not exceeding 86’400 CHF
(eighty six thousand four hundred Swiss Francs) over three (3) years.

ANSL shall invoice CERN at six-monthly intervals, it being understood that the amount of the
invoice shall be calculated on a pro rata basis, taking into account the volume of the tasks
completed by ANSL and accepted by CERN. Payments shall be made by CERN within
thirty(30) calendar days after receipt of a corresponding invoice in duplicate from ANSL.

In accordance with CERN's Staff Rules and Regulations, CERN shall pay a subsistence
allowance to the ANSL Experts.
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On the Participation of the AANL groups in the LHC (CERN) experiments

CERN has made major contributions to our basic knowledge of the world we are living in.
That itself is a major cultural achievement, and it has taught us much about how we have arrived
at this point in history: right from the moment it all began, 13.6 billion years ago.

CERN’s second major area of impact is the education, having educated many generations of
top-level physicists, engineers and technicians. Thus CERN as well is providing skilled people to
advance the economies of collaborating nations

A third important contribution of CERN is the innovation that results from research that
requires technology at levels and in areas where no one has gone before. The best-known example
of CERN technology is the World Wide Web, magnet technology, cryogenics, electronics,
detector technology and statistical methods. Advanced of the photon and lepton detection have
had profound impact in medical imaging.

CERN is increasingly taking a proactive approach towards transferring its innovation,
knowledge and skills to society and provides low-entry-threshold mechanisms for companies to
engage with CERN technology.

The Large Hadron Collider (LHC) resumed operation (run 2) in end of April 2016 after the
year-end technical stop (YETS) started in December 2015. During YETS 18 magnets in the Super
Proton Synchrotron (SPS) were changed; an extensive campaign to identify and remove thousands
of obsolete cables was performed; 12 LHC collimators have been dismantled and reinstalled after
modification of the vacuum chambers and others.

The YETS also gave the experiments the opportunity to carry out necessary repairs and
maintenance work with their detectors. In particular, this included fixing the ATLAS vacuum-
chamber bellow and cleaning the cold box at CMS, which had caused problems for the
experiment’s magnet during 2015.

The goal of this second part of Run 2 is to reach 2700 bunches per beam at 6.5 TeV and with
nominal 25 ns spacing. In 2016, the focus of the operators will be on ensuring maximum
availability of the machine to discover new physics beyond the Standard model. The goal is to
reach an integrated luminosity of around 25 inverse femtobarns (fb—1), up from the 4 fb—1 reached
by the end of 2015. One fb—1 corresponds to around 80 million collisions.

The 13TeV data open up a new kinematic region of investigation. The final states observed
from hard scattering tell a story of which partons participated in the collisions: e.g. top-quark
production is related to the gluon composition of the proton, whereas Z-boson production provides
insight into the quark sea, and W-boson production on the relationship between the valence quarks.
Via hard scattering, one can also test the predictions of perturbative QCD — a key component of
the Standard Model.

At 13 TeV centre-of-mass energy, new particles heavier than 1-2TeV could be produced over
10 times more frequently than during Run 1 (8 TeV). The perfect candidate analysis for these data
is the search for resonances in the diphoton final state. Preliminary results for this search, shown
by CMS and ATLAS in December 2015, generated significant interest within the HEP community
because of a simultaneous excess of data with respect to the expected background seen by both
experiments at a diphoton mass of about 750GeV. However, only additional data will tell us
whether this is an early sign of new physics.

The ALICE collaboration has found a clear signal for what appears to be photoproduction of
J/P mesons, the lowest vector state of charmonia in collisions with significant nuclear (Pb nuclei)
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overlap.

ATLAS (2900 scientists including 1000 students)

Atlas Spokesperson (Dave Charlton), Resources Coordinator (Fido Dittus)

The agreement with ATLAS was signed confirming that 2 technicians and one computer
engineer (non staff YerPhl employees) will work for ATLAS experiment till 12/31 2016. The
Atlas group is the bigger one among CERN YerPhl groups; unfortunately after passing of
Hakobyan Hrachiya we have problems with nominating of group leader. After discussions with
ATLAS leadership I decided to nominate as ATLAS group leader for 2016 Sargsyan Laura. For
2017 we have to consider one of our young post-docs experienced with the LHC physics to be
nominated as a group leaders for ATLAS (later also for all three LHC experiments we are
collaborating). This will partly solve problem with the young qualified people leakage from
Armenia. New young leaders will pass the most essential for modern HEP experiments knowledge
to the next generations (master diploma and PhD students) in order to provide high level of our
collaboration with CERN in future (next 15 years at least).

For clarification and control of the Yerevan-ATLAS account I nominate Kotzinian Aram as a
Team Account Manager (TAM). The debt of YerPhl contribution to ATLAS experiment was
waved and fee of 6,000 SF will be paid to YerPhl-Atlas account. This money were already used
for equipping experimental class for ATLAS students in Yerevan. Yerevan ATLAS group will
participate in 4 working packages, see updated agreement with ATLAS experiment above.

SMC experiment

RDMS-CMS 283 members from 27 Russian and Dubna Member State institutions created an
organizational structure providing the necessary strength to take responsibility for the construction
of detectors for CMS and appear as a single scientific body.

Russia and Dubna Member States CMS collaboration is going to concentrate the most of its
efforts at design optimization, building commissioning and operation of substantial part of the
CMS detector in following areas:

e Endcap Hadron calorimeters,

e Forward muon station MF1,

e Electromagnetic calorimeter based on PWO crystals,

e Preshower,

e Forward calorimeters,

e MSGC:s for Central tracker,

e First Level Trigger and Data Acquisition.

CMS Spokesperson Tiziano Campores, Deputy Kersten Borras,

Spokesperson of CMS collaboration Igor Golutvin;
Viktor Matveev, Head of the collaboration board, representative of JINR at Resource Review
Board (RRB) meeting.

CMS Yerevan group (group leader Sirunyan A.) activity encompasses CASTOR calorimeter
calibration and data analysis, proposal of optimization of the segmentation of the front-end hadron
calorimeter for the phase 2 LHC upgrade (2024) and others. Unfortunately 2 postdocs involved in
CERN experiments simulations and data analysis do not participate in the YerPhl experiments and
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have only nominal connections with institute activities. No knowledge transfer from CERN to
YerPhl is visible. If we do not interest young scientists working in the international collaborations
in domestic research they will leave when find appropriate contracts abroad. Many institutions
collaborating at CERN open postdoc positions and it is only question of time when our postdocs
win one of these positions. To prevent this “leakage” we need to nominate new yang group leaders
for the YerPhl LHC groups.

CMS debt and financial situation will be clarified after | meet with RDMS spokesperson.

ALICE

Alice Spokesperson Paolo Giubellino, new elected Spokesperson Federico Antinori,
Chairperson of the financial board Adriana Telesca

ALICE group (group leader Grigoryan A.) was involved in GRID computing and optimization
of GRID infrastructure. ALICE-GRID node is functioning at YerPhl.

However, present tendency of computing do not favor GRID bright future. More and more
collaborations are turning to CLOUD computing. Of course, the existent infrastructure will be
supported by CERN, however future of GRID is depending on the successes of the ALIEN
platform development. Therefore, I do not foresee successful continuation of GRID activity. The
ALICE leadership is interested in participation of the YerPhI-ALICE group in track reconstruction
task. Responsible of this task is our former employee Shahoyan Ruben, now CERN staff member.
He is interested in teaching and incorporating in his group YerPhI-ALICE group members.
Another activity of the YerPhI-ALICE group is connected in analysis of di-muon final states.
However, this work needs huge simulations and I do not see experts capable of this sophisticated
work.

The debt of ALICE group is largest among our CERN groups. I have to understand how funds
that were allocated on the Yerevan-Alice account are spent. [ was told that most of the funds are
charity, however why not to use this charity for closing ALICE debts?

BEAMS department
Head of Department: P. Collier; Deputy: M. Lamont

In beams department we have one YerPhl employee. According to agreement signed in 2015
CERN transfer salary to Sargsyan Laura and also salary for student that performs her duties when
she 1s abroad.

COMPASS experiment (~240 collaborators from 13 countries and 22 institutes)

Present: Spokespersons of COMPASS Collaboraion Gerhard Mallot (CERN) and Oleg Denisov
(Torino),

COMPASS is the oldest of still running fixed target experiment (more than 25 years) at CERN.
Main goal of COMPASS is the study of (UN) polarized nucleon structure in deep inelastic
scattering of polarized muons and study of hadron spectroscopy with pion and proton beams. With
muon beam, COMPASS obtained very important results on the parton distributions in nucleon.
New physics program of COMPASS was discussed during International Workshop "Beyond
2020" (CERN, February 2016). The possibility of delivering anti-proton and kaons beams from
CERN SPS opens a new and unique opportunities for better studies of nucleon structure and
hadron spectroscopy.
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The leading role of Armenian physicists (Aram Kotzinian and Bakur Parsamyan) in
COMPASS physics program development, data analysis and physical inference was underlined
by the spokespersons.

Standard monthly subsistence payments at CERN vary from 4100 to 5200 SHF (1 SHF ~ 1EU).
2 technicians and one computer engineer (ATLAS) get whole year subsistence. For each ATLAS
employee collaboration transfers to Yerevan-ATLAS account (T226800) 2,000 SHF, now there is
13,794.66 SHF.

Beam department transfer each month 400 SHF for salary paid by YerPhl to computer engineer
and for student hired as substitute.

The Yerevan-Alice account is formed by the donations of Gulbenkyan foundation and Swiss
Armenians, now the balance of T243700 account is 1,254.68 SHF.

Additionally for the visitors from Armenia LHC collaborations allocate funds equivalent to
1.5-2 month allowance. This money is distributed between visitors according to collaboration
spokespersons and RDMS spokesperson agreement with YerPhl group leaders.

The price of accommodation at CERN varies fro 16 to 35 EU.

Using opportunity to participate in CERN-RRB-2016 I met with LHC and COMPASS
experiments spokespersons. Armenia participation is highly appreciated, however several
problems exist: group leaders rather excessive age, lack of students, rather weak activity of the
Armenian scientists in collaboration commissions and in scientific papers preparation, and absence
of special topics where our scientists are among collaborations leaders. Also there is a debt of in
Armenia contribution to CERN. For Armenia as developing country it is very important to use the
possibilities offered by CERN in education, industrial development and innovation. Unfortunately,
our use of these possibilities 1s far from being satisfactory.

We agree with collaboration leaders to pay much more attention to participation of young
scientists and students in instrumentation and data analysis. I promise to organize data analysis
groups in our IT department and support it with new servers and large memory storage and spent
for it a part of our current CERN funding.

I brought to LHC financial coordinators attention on the World Bank regulation concerning
Armenia. According to the World Bank, Armenia has a level of the lower middle-income country,
which imply for Armenia the 51.2% reduction of any fees payed in International Organizations.
A letter to Director General of CERN Dr. Fabiola Gianotti is send suggesting take into account
this World Bank regulation.

Dr. Gianotti as well as Dr. Elsen, who is the Chair of the RRB recommend to negotiate with
LHC collaborations (independent entities from CERN) for the reducing of the fees. This, ATLAS,
CMS (via RDMS-CMS) and ALICE group leaders should as soon as possible start negations for
reducing the fees.

The business trips in 2016 should be organized with transparent justification of all financial
sources, including YerPhl support, personal allowance from CERN and YerPhI-LHC accounts.
Group leaders should present the annual plan of visits for whole group with scientific goals and
financial justification, including all sources of support, collaboration debts and request of funds
from institute. Only after approval of the plan, visits will be actualized according to update
regulation of business trips to CERN and assign YerPhI-LHC group leaders to start negotiations
with LHC collaborations for reducing fees (responsible for updating Taroyan and Mikaelyan).
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If positive result will not be achieved YerPhl will significantly cut CERN activities. In any case,
a new agreement with CERN should be prepared and signed.

The most efficient way to keep our postdocs in institute is to actively include them in the
ongoing research in YerPhl. Of course, experiments should be internationally competitive.
Calibration of detectors for another party experiment could not attract yang scientists participating
in world-largest experiments at LHC. Thus, having competitive and interesting experiment at
YerPhl is of vital importance. The ongoing experimental program on high-energy physics in
atmosphere is an example of such a program. It use modern particle detectors and electronics;
Cosmic Ray division (CRD) of YerPhl is world leader in this very fast developing scientific
domain. CRD seminars now attract physicists from almost all YerPhl departments. Aragats
particle “accelerator” provides many tens of interesting events each year; research results
exploring new physics are published in journals with high impact factor; the annual conference on
this topic hold in Nor Amberd attracts many researchers worldwide.

Due to continuous shrinking of YerPhl staff and mean-age physicists “catastrophe”
concentration on the topic where Armenian physicists have historical and modern advantage seem
to be reasonable and timely. The formal collaboration creation is now under consideration.

Another option is program of experiments in low energy nuclear physics. However, providing
of 18 MeV proton beam from IBA medical accelerator is delayed and is doubtful if YerPhl
physicists can reach level of world leaders in this domain. However, we will keep this option open
and will educated master students for experiments in low-energy nuclear physics.

The master courses on experimental physics started in YerPhl are the best way to educate
students and to attach them to experimental work in YerPhl. However to attract students we need
to select experiments having internationally recognized importance and broad collaboration or at
list having such perspectives. Among experiments having international impact and unique
conditions we select ongoing research on high-energy physics in atmosphere on high altitude
research stations, experiments planned in low background underground laboratory, medical
isotopes production, LIDAR (Light Detection And Ranging) construction. We started to
modernize computing and networking equipment in the framework of new-established IT
department. We declare 2 calls for hiring qualified personnel for data analysis group in IT
department. Appropriate lessons are hold to prepare students to perform diploma theses using
mentioned facilities. Working with modern equipment and obtaining world-class result as we
hope, will facilitate their joining to experimental work in YerPhl and in Armenia, what was the
goal of the program started in YerPhl 5 years ago. This will be more efficient way for keeping
young scientists in Armenia comparing with specially preparing students only for international
collaborations.

We have many examples that students working only abroad are using this opportunity to get
post-doc positions in other institutions and very rarely return to home institution.

A.Chilingarian

10 June, 2016
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ATTACHMENT 8. Establishing an Institutional Partnership between DESY and YerPhl

Appendix 9

to the Cooperation Agreement
‘e

between

Deutsches Elektronen Synchrotron, DESY
D-22603 Hamburg, Germany

and

A.L Alikhanyan National Science Laboratory, AANL (YerPhl)
0036 Yerevan, Armenia

1. Introduction

The Yerevan groups are actively involved in present directions of the High Energy Physics (HEP) and
Astrophysics Programs at DESY. After fading out the activities in the frame of H1, HERMES and
OLYMPUS experiments the main physics activities will be done in the frame of CMS and Belle.

2. Scope

HEP experiments are one of the main consumers of the High Performance Computing (HPC) in area of
e-Science, considering numerical methods in real experiments and assisted analysis using complex
simulations. Data collection from HEP experiments generates a huge volume with a high velocity, variety
and variability. The HEP experiments represent a new challenge for big data science.

The Monte Carlo simulations are important computational techniques in many areas of natural sciences
and have significant application in particle and nuclear physics, quantum physics, statistical physics,
quantum chemistry, material science, among many multidisciplinary applications.

The Yerevan CMS group together with the DESY CMS group will continue necessary Monte Carlo
production and data analysis to investigate the processes of the Higgs boson decay into fermions using
the improved computing infrastructure at YerPhl as well as the kinematic studies of the Higgs boson in
the vector bosons fusion will be continued. Also necessary works for CASTOR calibration will be
continued.

The physics program of the Belle II is complimentary to that one of the LHC experiments. YerPhl is
progressing to become a collaboration member of Belle II. YerPhl will contribute in the studies of
machine learning which is the base of the analysis techniques. Also the understanding of one of the main
sources of background contamination in many channels is crucial. YerPhl will contribute to
developments and tuning of the Monte Carlo packages simulating that background: e+e- — qqbar.
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One of the important tasks for Belle II collaboration is the tuning of PYTHIAS Monte Carlo for the
fragmentation functions. The parameter list should be tuned requires a huge amount of disk space and
CPU time (which is the main limitationato enlarge further this list). YerPhl will contribute to this task
providing computer resources as well as qualified experts to work on Monte Carlo tuning.

The physics analysis based on data accumulated by HERMES/OLYMPUS experiments will be continued
in according with the agreement between the DESY and HERA collaborating institutes. The CP&IP
department will provide all necessary operations for the transfer and storage of the HERMES/OLYMPUS
data and realize the effective access to it. Also the CP&IT data analysis group will perform necessary
GEANT4 simulations for the experimental studies of high energy atmospheric physics based on data
provided by the YerPhl cosmic rays department.

YerPhI will continue the practice to send the master and PhD level students to work at DESY with the
CMS and Belle groups, especially for hardware works. Within the activities toward the upgrade of silicon
detectors in the detector assembly facility (DAF) at DESY contributions are envisaged, enabling an
excellent opportunity to get training in the field of modern technologies at DESY.

Local infrastructure at YerPhl for applications in HEP

The computer center will continue to provide all necessary services to the YerPhl CMS group connected
with kinematic studies of associated HIGGS production of the vector boson fusion process. As well all
necessary services will be provided for a new activities related to the Belle physics. Some additional work
should be done by the YerPhl computer center for installing and supporting the HERMES/OLYMPUS
experimental data base and providing access for Yerevan HERMES/OLYMPUS group physicists.

The AANL Computational Physics and IT (CP&IT) department is supporting all aspects for IT and
computing services for YerPhl staff and different directions of activities related to common researches in
HEP and Astrophysics. The CP&IT infrastructure for HEP research activities at AANL consists of:

e  Central computing devices, including 80 servers granted from DESY
e LAN infrastructure in Yerevan connecting more than 400 computers and servers
e Core IP services (mail, www, ftp, voip)
e  Control and storage for physics data
e  Communication infrastructure with manageable switches
Ongoing activities include:
e Support and updating of the installed GPU servers and corresponding software;

e Support and updating of the installed YerPhl servers EPOS, PYTHIA8 CERN based codes to
provide the massive Monte Carlo simulations;

e Support and updating of the installed multivariate visualization programs for preserving and
statistical analysis of multidetector multi-channel experiments;

e Developing of special “imaging” servers for storage and treatment of the imaging information
according to the “Big Data” concept;
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4. Technical Activities at AANL

Improvement of necessary hard/soft systems for supporting all necessary calculations and
simulation for the DESY groups (LHC/CMS and Belle) and remaining of HERA experiments.

Local YerPhl network extension and optimization

Continuation of the multivariate visualization system and statistical analysis (ADEL)
development and enlarging ‘

Continuation of activities with enlargement ad refining of a fileover system related to servers,
network switches and services

Development of cloud like (Open Stack technologies) systems for the clustered and shared
(GRID) computations, also for communications in cooperation with the DESY IT.

5. Common Physics activities

The common physics activities are planned in three areas:

a) CMS related points

Higgs physics at CMS :

o Measurement of the couplings and CP quantum numbers of the Higgs boson through the
vector boson fusion (VBF) mechanism followed by the H—tt decay with the CMS detector
at centre-of-mass energy of 13 TeV.

o Investigation of the Drell-Yan process with leptonic decays of Z boson as a major
background for the Higgs boson production: measurements of the Z boson production in
association with two jets in via VBF process.

o Validation of various event generators (POWHEG, aMCatNLO, Madgraph) of the Z boson
production to be used in the studies of the Higgs boson properties in the H—tt decay mode.

QCD physics at CMS:

o Start a new analysis: measurement of dn/dn vs pseudorapitity of the particles produced in
pp collisions at 15 =13 TeV.

b) Belle II related points:

Tuning of PYTHIA8 Monte Carlo to study the continuum spectra for Belle II physics. YerPhl
will contribute providing computer resources as well as qualified experts to work on Monte Carlo
tuning.

Besides the MC tuning, YerPhI will contribute also to the future Belle II data analysis.

¢) Remaining physics analysis points:

Continue with the physics analysis of the data collected at HERMES/OLYMPUS experiments to
study key items of hadron fragmentation and distribution functions for nucleon and nuclei.
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6.

Cost and compensation:

The effort provided by AANL (YerPhl)-gt DESY in Hamburg and in Yerevan will be compensated by
DESY. DESY will contribute to the CP&IT, CMS and Belle II activities of AANL an amount of 2000 €
per month, including a 10% overhead for the local administration. The grant shall be used in equal parts
for the technical and for physics analysis activities.

Any payment of DESY will be done by bank transfer to an account specified by AANL (YerPhl).
Payments are done 4 times a year and are due upon receipt of a call of funds as well as the report
mentioned below.

Local activities at AANL (YerPhl) are co-ordinated by Prof. N. Akopov, who acts as budget holder.
Dr. A. Avetisyan performs the reporting, Dr. M. Fleischer will act as contact person at DESY. The budget
holder and the reporter prepare a short-listing of activities and expenses at the end of each quarter.

Duration and Amendments

The Appendix will become effective upon signature by both parties. It will terminate after 2 years unless
extended by mutual agreement in writing.

Changes of this Appendix have to be agreed upon in writing and shall be signed by both parts.

DESY and AANL (YerPhl) reserve the right to terminate or propose a modification of the agreement at
any time if the progress of work cannot be assured in a proper way.

Hamburg, / : g 2047' Yerevan, /{, 0S . 2-0-/‘]’

On behalf of DESY On behalf of AANL (YerPhI)
I
// /
Ny

Prof. Dr. Joachim Mnich Prof. Dr. Ashot Chilingaryan
Director of Research Director

|

|
{ ,\ -
Yvi &é\gmkh‘\:yb
Legal Officer

(. o

Dr. Manfred Fleischer Prof. N. Akopov

Deputy Director of Research Budget Holder
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ATTACHMENT 9. MES-BMBF Call for the Establishment of the Armenian-German

Ministry of Education and
Science RA

Institutes Partnership
Appendix 1

MES-BMBF Call For the

Establishment of the German Federal Ministry of
Armenian-German Institutes  Education and Research
Partnership

Project code
(filled at SCS)

Project title: Establishing an Institutional partnership between DESY and YerPhl

Research area: Astroparticle physics, High Energy Physics in the Atmosphere

Keywords: Imaging Atmospheric Cherenkov Telescopes, Very High Energy Gamma Ray
Astronomy, Cherenkov Telescope Array (CTA), atmospheric monitoring, atmospheric particle
acceleration, LIDAR sensing, particle detectors, fast electronics, multivariate visualization

Armenian project coordinator:

German project coordinator:

Title/position/degree: Prof. A.Chilingarian Title/position: Dr J Knapp
Institution: Institution:
A.Alikhanyan national laboratory Deutsches Elektronen-Synchrotron (DESY)

(YYerevan Physics Institute)

Telephone: +37410352041

Telephone: +49 33762 77349

E-mail: chili@aragats.am

E-mail: johannes.knapp@desy.de

Project Summary (up to 500 words)
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ATTACHMENT 10. Case for Support: Global Coordination of Atmospheric Electricity
Measurements (GIoCAEM)

Background and Scientific Rationale

Earth’s electrical environment has been studied since the 1750s but its more recent applications
to clouds and climate highlight the incompleteness of our understanding, in part due to lack of
suitable global measurements. Research has shown that Earth has a “Global atmospheric Electric
Circuit” (GEC), through which charge separation in thunderstorms sustains large scale current
flow around the planet and into fair weather regions (e.g. Rycroft et al, 2000). The GEC sustains
the fair weather electric field, which is present globally in regions which are not strongly
electrically disturbed by weather or pollution, and can be measured routinely at the surface using
well established instrumentation such as electric field mills (e.g. Nicoll, 2012). Measurements of
electric field are fundamental to our understanding of how thunderstorm activity may be varying
within our changing climate, which is something that cannot at present be assessed by global
lightning networks (due to changes in sensitivity of the lightning networks over time). The global
nature of the GEC means that in order to fully understand the processes within the circuit, many
measurements must be made at different locations around the world.

Significance of international collaboration to project

Investigating the scientific questions posed in the previous section requires the collaboration
of scientists around the world and cannot single handedly been achieved by any one research
group, nor at the national level. International cooperation in terms of data sharing is essential to
understand the global nature of atmospheric electricity, which, as mentioned previously has
received renewed interest in recent years in terms of its effect on aerosol and cloud microphysics.
To date no global network of fair weather atmospheric electricity measurements has ever existed,
therefore, given the growing number of groups now involved in atmospheric electricity
monitoring, such a proposal is timely. The need for an international network is clear from the
strong letters of support by a number of project partners and it is expected that once formed, the
network will attract many more researchers who are actively making fair weather atmospheric
electricity measurements. From the 6 project partners and the University of Reading, it will be
possible to collate electric field measurements from at least 12 different worldwide locations, the
likes of which has never before been attempted. The international network will provide a forum in
which focused discussion on measurement techniques, including standardization of practices,
instrumentation and calibration, as well as definition of fair weather conditions, can take place, as
well fostering future scientific collaboration beyond the end of the project.

Contributions from Project Partners

The following section details the various project partners involved in the proposal who have
committed to becoming actively involved in the network, either through provision of data, staff
time, or computer resources:

e Russian Academy of Science (Russia): Prof. Eugene Mareev
e Interdisciplinary Center Herzliya (Israel): Prof. Yoav Yair
e Democritus University of Thrace (Greece): Assoc. Prof. Konstantinos Kourtidis
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e University of Evora (Portugal): Dr Hugo Gongalves Silva

e Polish Academy of Science (Poland): Dr Anna Odzimek and Dr Mareck Kubicki
e Aragats Observatory (Armenia): Prof. Ashot Chilingarian

e Network Legacy

The main legacy of the project will be the data archive that has been generated as a result of
the international collaboration of the project partners, which will ensure the long term preservation
of rare atmospheric electrical data. Secondly, the community of researchers which have been
brought together as a result of the network will provide ample opportunity for many future long
term scientific collaborations. Only through a dataset such as this will studies on the global
influence of space weather events on atmospheric electricity be possible, and short term variations
in the global electric circuit (on the scale of minutes and hours) relevant to clouds will be able to
be investigated in detail for the first time. During the second workshop a strategy to ensure the
continuation of the network will be agreed upon, such as setting up an international society or
organising sessions at conferences, which will prolong the life of the project beyond its proposed
end date.

ATTACHMENT 11. List of AANL Seminars 2016

The ALICE Muon Physics: selected items from the current analyses, and future perspectives by
Antonio Uras

Optimization of Back Hadron Calorimeter segmentation using tagging jets reqgistration properties
in VBF H->1t process by A. Tumasyan

Pseudorapidity distributions of charged particles in proton-proton collisions by the CMS and
TOTEM experiments by V Khachatryan.

Study of coherent hadron-antihadron photoproduciton on deuterium with CLAS by Yeranuhi
Ghandilyan

KOMAC accelerator facility (Korea): precise out-vacuum proton beam monitoring system based
on vibrating wire by Suren Harutyunyan

Common problems of Space Weather by Jean Lilensten

Extreme light infrastructure nuclear physics (ELI-NP): present status and perspectives by
Dimiter Balabanski

Testing General Relativity with LARES satellite by VVahagn Gurzadyan

Vector mesons polarization vs color transparency by Sergey Gevorgyan

Experimental hint for gravitational CP violation by VVahagn Gharibyan
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http://www.yerphi.am/index.php/seminars/620-pseudorapidity-distributions-of-charged-particles-in-proton-proton-collisions-by-the-cms-and-totem-experiments
http://www.yerphi.am/index.php/seminars/620-pseudorapidity-distributions-of-charged-particles-in-proton-proton-collisions-by-the-cms-and-totem-experiments
http://www.yerphi.am/index.php/seminars/652-study-of-coherent-hadron-antihadron-photoproduciton-on-deuterium-with-clas
http://www.yerphi.am/index.php/seminars/654-komac-accelerator-facility-korea-precise-out-vacuum-proton-beam-monitoring-system-based-on-vibrating-wire
http://www.yerphi.am/index.php/seminars/654-komac-accelerator-facility-korea-precise-out-vacuum-proton-beam-monitoring-system-based-on-vibrating-wire
http://www.yerphi.am/index.php/seminars/655-common-problems-of-space-weather
http://www.yerphi.am/index.php/seminars/656-extreme-light-infrastructure-nuclear-physics-eli-np-present-status-and-perspectives
http://www.yerphi.am/index.php/seminars/671-testing-general-relativity-with-lares-satellite
http://www.yerphi.am/index.php/seminars/679-vector-mesons-polarization-vs-color-transparency
http://www.yerphi.am/index.php/seminars/680-experimental-hint-for-gravitational-cp-violation

ATTACHMENT 12. List of Young Scientists/Students Who Were Supported For
Participating In Conferences And Summer Schools in 2016

Vachik Khachtryan
Vardanush Papikyan
Hripsime Mkrtchyan
Narine Manukyan

Roza Avetisyan

Vahan Hovhannisyan

Tigran Karapetyan
Vahagn Ivanyan
Hayk Gevorgyan

Gevorg Nazaryan

ATTACHMENT 13. List of The PhD Theses Defended in AANL ( 2016)

Name Academic Title of PhD and supervisor’s name
Degree
Shamamyan Anahit | Phd “Peculiarities of the undulator radiation of charged particles and
beams with modulated density”
Supervisor: Dr. L. Gevorgyan
Harutyunyan PhD “Accelerator based methods of Technetium99m production —
Gevorg target preparation and processing and beam monitoring
technologies”
Supervisor: Dr. A. Avetisyan
Gyurjinyan Armen | PhD “Studying atomic nuclei based on symmetry and clusters
models”
Supervisor: Academician R. Avagyan
Ghandilyan PhD “Coherent photoproduction of proton anti-protn pair on
Yeranuhi deuterium with CLAS”

Supervisor: Dr. S. Stepanyan

Also 2 Doctor of science thesis were defended in 2016 by Sargsyan Gor and Oganesyan Koryun
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ATTACHMENT 14. The List of YerPhl PhD and Master Students
Smguwly

01.01.16

U b. UipfuwGuih wijwl wqquiphl gumulpu G nupnpunnnpfuu

Uuwhpwlwmbtpp

Unljw niunignif

1. G ymipohbyw G Uputl dwpnubh 2013-2016 (k. Ujwqud,

2. Qwpnipjniljwb G-unpg UniptGh 2013-2016 U.Udtwnhujwd,

3. Pupwowlyul UwlGwuwp GunpGhyh 2014 -2017 U.Upwhytipnuwd,

4. UwpwhpnujwG Lupky {tGphyh 2014 -2017 “u. Uynwny,

5. Eppuyyul <wyyy dwywqubh 2014 -2017 U. Uwpqupjud,
6. Mnnnujw G <wjly Oniphyh 2015-2018 L. UGwGhYyjwd,
7. Mnnnujw b QGuwpnphby Onphyh 2015-2018 (-.Uwlytyjuw,

Gnwlw niumgnif

1. Mnnnujw6 Upditl Omphyh 2012-2016 ‘L.hquuwhyjwd,

2. Mnnnujwl {<wudhy Okniphyh 2013-2017 Q-. Uwpyhujyw,

3. Uypungjwb <nhthuhit dwpnuih 2013-2017 U. QhthGqunywd,
4.Uyntivywb GitGw Uanpwlhyh 2014-2018 U. Utinpwlywa,

UwqhumnpnuGlpp

Unlhjw munigmy

Pwnupyw6 Uany <nypyh 2015 -2017
Q-nhgnpjuwl UpdhGt Upnnh 2015 - 2017
Uwlpwjwl Uhtip Upwpwwnmph 2015 -2017
Uwlnljjwl UGnpwGhy UpdikGh 2015 -2017
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ATTACHMENT 15. Press Releases of AANL in 2016-2017

_________________

1 |
- ' Press Release N-1, 2016 :
|

A.ALIKHAN
NATIONAL LABORATOR
08 April, Yerevan. Azerbaijan continues attacking Armenia, now in hyperspace: Yerevan

Physics institute site was hacked

On April 8 the Yerevan Physics Institute site has been hacked by the Azerbaijani flags of
different Muslim countries and insulting slogans against Armenians. At this moment YerPhl site
is closed and restoration attempts are carried out. These attacks will not harm the ongoing project
at A.Alikhanian National Lab.

! |
. : Press Release N-2, 2016 :
! |
R L o o e e e e e e
A.ALIKHAN
NATIONAL LABORATOR

23 May 2016 Prof. Jean Lilensten’s Visit At A. Alikhianian National Laboratory

On these days A. Alikhanian National Science Laboratory is hosting Prof. Jean Lilensten,
research director at the Institut de Planntologie et d’ Astrophysique de Grenoble (France) and one
of the founders of the Space Weather discipline in Europe.

On May 23, 2016 prof. Lilensten delivered a lecture titled “Recent advances in auroral physics:
the polar light polarization to the YerPhl master and PhD students. The audience was very
interested in the Sun influence on different aspects of life on the Earth.

Next lecture was held on May 24, 2016 at YerPhl seminar hall and was titled ,,Common
problems of Space Weather,,.

During his visit, prof. Lilensten will visit some of the YerPhl divisions, discuss the cooperation
between two institutes, the possibility of joint master and PhD program. His visits will also include
Nor Amberd and Aragats Research Stations and Sevan.

Cosmic ray Division of YErPhl has an intensive program of the Space Weather research
creating the world-wide network of particle detectors named SEVAN (Space Environmental
Viewing and Analysis Network).

The nodes of SEVAN on Aragats, in Bulgaria, Slovakia and other countries are uninterruptedly
follow Sun to report large eruptions and dangerous solar bursts.
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Fig.2. Prof. Jean Lilensten delivering lecture to YerPhl master and PhD students
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. : Press Release N-3, 2016 :
| 1

A.ALIKHANYA
NATIONAL LABORATO!

30 May 2016, Yerevan The First Master Courses Thesis Defense At A. Alikhanian National
Laboratory (YerPhl)

On May 30, 2016 the first student Tatevik Sargsyan of Master Courses at YerPhl has defended
her master thesis “Study of elemental composition of obsidian by X-ray fluorescence method”.
The study was performed by using an advanced energy-dispersive X-ray fluorescence
spectrometer ARL QUANT’ X, which was commissioned by the help of the State Committee of
Science of RA. The supervisor of this thesis was Dr. Suren Soghomonyan (YerPhl). After listening
to the report of the student, reviewers’ comments and student’s answers, examination commission
assigned a master degree to Tatevik Sargsyan.

Next year 4 master students of YerPhl are going to defend their master thesis at YerPhl.
The primary goal of the Master’s program started at the Yerevan Physics Institute (YerPhl — A.
Alikhanyan National Laboratory) in 2014 was to impart expertise in current research topics based
on a deep knowledge of the fundamentals of experimental physics. YerPhl physicists with broad
international expertise teach research methods, data analysis and modeling, critical evaluation of
scientific findings, and the ability to proceed methodically in high-energy physics and
astrophysics. Building on the knowledge gained during the first two semesters, these abilities were
strengthened during the one-year-long research phase of the third and fourth semesters.

We congratulate Tatevik Sargsyan and wish her fruitful work in this field at the national lab.

Fig. 4. Master thesis supervisor Dr. Suren Soghomonyan makes some comments about the thesis
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A.ALIKHAN
NATIONAL LABORATC

1 September 2016, SUMMER SCHOOL AT A. ALIKHANIAN NATIONAL SCIECE
LABORATORY

On August 29 a Summer School titled “High-Energy Physics In Atmosphere And Cosmic
Rays” launched and were carried out from August 29 through September 1 in seminar halls and
teaching classes of A. Alikhanyan National Laboratory — Yerevan Physics Institute (YerPhl).

10 lecturers were introducing the students the hottest topics of cosmic ray and atmospheric
physics, cosmology, applied research and IT technology and others. 20 students from Yerevan
State University, Armenian State Pedagogical University and Armenian State Slavonic University
were participating in this summer school.

During laboratory works, students assembled systems of particle detectors and calculated
proportion of generated medical isotopes.

The last day of school students visited high altitude research station Aragats of YerPhl. On
altitude of 3200 m world-largest center for monitoring of the secondary cosmic rays is located.
Students were being demonstrated the networks of particle detectors registering charged and
neutral components of cosmic rays and other precise equipment for research in the fields of
Galactic cosmic rays, Solar physics, Space Weather and atmospheric physics including
investigations of enigmatic lightning initiation.A.Alikhanyan national lab provides to student
modern experimental facilities encouraging them to be a part of scientific endeavor.

Mission of the National lab includes as one of most important segments anticipates
establishment of the high standards of education in Master and PhD programs for demonstrating
that science and education can really provide development of Armenia. National lab has already
started Master courses in 2014 for physics students. The formal aim of the MSc in Physics is: "To
provide a high quality education in Physics which prepares students for research in an academic
environment, national research laboratories and industry."

Fig 1. YerPhl Director Ashot Chilingarian opens the summer school and delivers the opening lecture.
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6 October 2016, Lightnings and Particle fluxes from the Thunderclouds

Thunderstorms and Elementary Particle Acceleration; Yerevan, Armenia, 3-7 October 2016.
The problem of how lightning is initiated inside thunderclouds is probably one of the biggest
mysteries in the atmospheric sciences. The relationship between thundercloud electrification,
lightning activity, wide-band radio emission and particle fluxes has not been yet unambiguously
established. One of the most intriguing opportunities opened by the observation of the high-energy
processes in the atmosphere (so-called Thunderstorm ground enhancements — TGES) is their
relation to lightning initiation. Lightnings and TGEs are alternative mechanisms for discharging
of the atmospheric “electric engine” and synchronized observation of both phenomena helps to
understand better the both. To discuss these high-energy phenomena, the conference on
Thunderstorms and Elementary Particle Acceleration was held at the Nor Amberd International
Conference Center of the Yerevan Physics Institute (YerPhl) in Armenia. The Cosmic Ray
Division of YerPhl and Skobeltsyn Institute of Nuclear Physics of Moscow State University
organized the workshop; YerPhl and the Armenian State Committee of Science sponsored it.
Thirty scientists and students from the United States, Germany, Israel, Russia, and Armenia
attended. Presentations focused on observations and models of the high-energy emissions in
thunderclouds; on termination of particle fluxes by lightnings; multivariate observations of
thunderstorm atmospheres from the earth’s surface and from the space; radio emissions produced
by atmospheric discharges and particle fluxes; influence of the Extensive air showers (EASes) on
lightning initiations and others. Discussions covered questions such as the following: Do particle
fluxes initiate lightnings? Do EASes helps to unleash -CG lightnings? Is TGE and TGF currents
competitive with lightning current? What is mechanism of particle flux termination? The
workshop participants agreed that it would be useful to compare vast amount of experimental data
on TGE observed by Armenia, Japanese, Slovakian and USA in various conditions by different
particle detectors to check the models of particle origin in thunderclouds. The presentation slides
and discussion videos are available on the conference website,

http://crd.yerphi.am/Conferences/tepa2016/home .

TEPA 2016 participant
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A.ALIKHANYA
NATIONAL LABORATORY

13 January 2017, International Atomic Energy Agency (IAEA) provides technical support to
YerPhl in organization of Electronic library.

On January 13 YerPhl director A.Chilingarian met with Wei Huang director of Planning,
information and knowledge management department of nuclear energy and Michail Chudakov,
Deputy Director General, head of the department of nuclear energy. Both IAEA leaders express
strong interest in helping YerPhl to establish modern scientific library. IAEA gathers nuclear data,
information and knowledge resources on the peaceful use of nuclear energy and makes it available
to its Member States, contributing to advancing research and development and helping countries
achieve the United Nations Sustainable Development Goals.“The project has not only allowed
YerPhl to acquire and reuse the scientific information, but has also introduced modern
technologies to support the operation of Armenia’s research facilities,” said Zaven Akopov, INIS
coordinator at the IAEA. Installation on the servers of the YerPhl IT department of the digital
repository “Invenio” will not only provide access to YerPhl preprints and other scientific
information, but also provides possibility to develop special data bases with scientific data
collected during experiments in high-energy physics worldwide with participation of YerPhl
physicists and unique data collected at Aragats stations.

H| |||n||uuh M1l,..;.|, _
| J. b el et *

The head of IT department of YerPhl N. Akopov and YerPhl director A.Chilingarian visiting IAEA
headquarters in Vienna

More information on https://www.iaea.org/newscenter/news/armenias-physics-research-
legacy-saved-through-pixels
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3 February 2017, ANEW EUROPEAN STRUCTURAL FUNDS RESEARCH PROJECT ON
HIGH-ENERGY PHYSICS IN ATMOSPHERE STARTED IN CZECH REPUBLIC

Prague, 3 February, 2017: The first meeting of the international Scientific Advisory Committee
(SAC) of the project “Research Center of Cosmic Rays and Radiation Events in the Atmosphere,
CRREAT” took place in ReZ and Prague on 1-3 February 2017.

The project named “Research Center of Cosmic Rays and Radiation Events in the Atmosphere,
CRREAT” started in December 2016 within the structural funds Operational Programme
Research, Development and Education (Strengthening capacity for high-quality research). The EU
promotes enhancing research and innovation (R&I) teams, infrastructure and capacity to develop
R&I excellence, and promotes establishment of new centers of competence, in particular those of
European interest.

The project is led by the Nuclear Physics Institute (NPI) of the Czech Academy of Sciences
(CAS) and gathers research groups from partner organizations, the Institute of Atmospheric
Physics of the CAS and the Faculty of Electrical Engineering of the Czech Technical University
in Prague The project is gathering around a key international scientist, the project director, who in
this case is Karel Kudela (Slovakia), seconded by his deputy Ondiej Ploc (NPI).

The SAC, composed of international scientists from seven countries, will oversee the overall
direction of the project and partial R&D activities. Its members will provide feedback on the
project's objectives and its interim results, especially with regard to the latest trends in international
research.

The project is focused on

e Deepening knowledge about the relation between the atmospheric phenomena and ionizing
radiation (IR);

e C(larifying phenomena causing variations of the secondary cosmic rays (CR) in the
atmosphere;

The next meeting of the SAC overlooking the first project results will take place in the Czech
Republic at the end of the year 2017.

Project research objectives largely coincide with ongoing research on Aragats Mountain
performed by physicists of Cosmic Ray Division (CRD) of Yerevan Physics Institute. CRD
physicist last years in all details investigate new physical phenomenon, named TGE -
thunderstorm ground enhancements, i.e. intense fluxes of electrons, gamma rays and neutrons
originated in the thunderstorm atmospheres. The first results on the relationship between the storm
activity and TGE, on lightning initiation process obtained by CRD physicists in 2016 are now
prepared for publication in the proceedings of annual symposia “Thunderstorms and elementary
particle acceleration” (TEPA 2016).

After SAC meeting a special session was devoted to SEVAN particle detector network
operated in Eastern European countries developed by CRD in the framework of UN program
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during international heliophysical year 2007. One of the projects outcomes CRREAT would be to
become a node of SEVAN network. As Armenia is now eligible to participate in the Horizon 2020
the project, CRREAT opens new areas of cooperation.

Project and SAC members in Prague near the building of Department of radiation dosimetry of
Nuclear Physics Institute of the Czech Academy of Sciences
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A.ALIKHANYA
NATIONAL LABORATORY

6 March 2017, Next step of collaboration between UNIST, Ulsan, Korea and Yerevan Physics
Institute

The Memorandum of understanding between Ulsan National Institute of Science and
Technology (Ulsan, Republic of Korea) and Yerevan Physics Institute was signed in July
2016.”The purpose of Memorandum was to establish a general framework of collaboration in
building strong science programs of mutual benefit to advance the research goal of the UNIST and
YerPhl and to promote cooperation between the institutes. The base for collaboration was
cooperation between Accelerator Diagnostic Group (head - Dr. S. Arutunian) of YerPhl and Dr.
M. Chung (head of Intense Beam Accelerator Laboratory, ULSAN) in successful installation of
Vibrating Wire Monitor with large aperture in the Korean Multi-purpose Accelerator Complex
(KOMAC) in March 2016.

In the frame of Memorandum a visit of the graduate student of IBAL, UNIST Dongnyung
Choe to YerPhl took place in February-March of 2017. The aim of visit was to involve Mr. D.
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Choe into a new concept of Resonant Target - Vibrating Wire Monitor that essentially raises the
speed of profiling process. This type of monitor is planned to use in new accelerator facilities in
Korea (e.g. in DIRAMS, Dongnam Institute of Radiological and Medical Sciences).

In order to investigate further research on Beam loss Monitor many types of scintillator and
other detectors has been covered during his visit with the help of Dr. Albert Avetisyan and Dr.
Levon Poghosyan.

Visit to salt mine low-background hall: Ella Lazareva, Dongnyung Choe, Dr. Levon Poghosyan
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Dr. Tigran Karapetyan presents an advanced Cosmic Ray detector of SEVAN
(Space Environmental Viewing and Analysis Network)
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A.ALIKHAN
NATIONAL LABORA

10 March 2017 MUON FLUX MONITORING STARTED IN UNDERGROUND
LABORATORY (SALT MINE)

Physicists from Yerevan Physics Institute restarted experiments in the underground low-
background laboratory with updated modern equipment. The laboratory is placed in the Avan salt
mine, which is located within Yerevan limits, at the depth of 240 m.

Very low background counts due to low-radioactivity of the salt gives big advantages in the
research of the rare nuclear processes. The new purchased High Purity Germanium Detector (HPG
- GCD-20180) with its multi-channel analyzer BOSON (both are products of Baltic Scientific
Instruments, Latvia) will highly enlarge the scientific potential of the underground laboratory. We
plan to use the developed scientific infrastructure for the started nuclear physics research program
on the 18-MeV proton cyclotron located on premises of Yerevan Physics Institute.

The depth of laboratory determines the rather high muon energy threshold of 150 GeV. The
estimated value for mean muon flux at the depth of the laboratory is about 0.05/m2/s. Muon
detecting system consisting of two pairs of 50 x 50 x 5cm3 scintillators. Each pair is registering
coinciding muon traversals to eliminate the environmental noise. The mean value of muon flux
registered by a pair of scintillators equals to ~47 per hour. The further increasing of detector will
allow to investigate the correlation between the underground muon flux and the upper air
temperature, including, so called, sudden stratospheric warming (SSWT). The muon-induced
events are one of the main concerns regarding background in deep underground facilities where
modern neutrino experiments are located. The careful estimation of the muon flux created by
cosmic rays in the atmosphere and penetrated deep underground is of crucial importance for the
neutrino experiments

The Internet connections established in salt mine allows on-line correlation analysis between
highest energy muon events and muons registered on the Aragats high-mountain stations (energy
range 1 — 5000 MeV). The muon count rates from the salt mine on-line enter the Cosmic Ray
Division’s database and are assessable for the analysis via user-friendly multivariate visualization
platform ADEI.
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Fig. 2. The staff of underground laboratory. From left to right: S. Amirkhanyn, A. Aleksanyan,
T. Kotanjyan, L. Poghosyan

Fig. 3. The new HPGe-detector with its analyzer BOSON
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23 March 2017, NEW VEHICLE FOR ARAGATS WINTER OPERATION

Cosmic ray division of the Yerevan physics institute purchased a Japanese vehicle “Ratrak
Ohara Caliber” manufactured by the Ohara Corporation.

Ratrak is a tracked vehicle equipped in front with a dozer blade. It is driven by diesel engine
provided velocity up to 20 km/hour. Due to their mobility and low ground pressure (~0.040
kg/cm.sq) and low centre of gravity accompanied with large contact area Ratrak can handle very
steep gradients. The weight of vehicle is 3.5 t and it can transport up to 8 people and a lot of
luggage.

The transportation of Ratrak from Japan to Batumi (Georgia) started on 18 March and will
took a month. The Ratrak was purchased by the money collected by USA Armenians to support
CRD high altitude station operation.

Ratrak Ohara «Caliber»
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NATIONAL LABORA
10 April 2017, Cambridge-Yerevan Sister City Association (CYSCA), MIT Armenian Society,

and the National Association for Armenian Studies and Research (NAASR) to Host Lightning,
Climate Change and Other Exciting Scientific Challenges Panel

Cambridge, MA: The Cambridge-Yerevan Sister City Association (CYSCA), along with
the MIT Armenian Society and the National Association for Armenian Studies and Research
(NAASR) announces a panel discussion on lightning, climate change and other exciting scientific
challenges.

This event is being held as part of the annual Cambridge Science Festival on Monday, April
17,2017 from 7:00-9:00 pm at the Massachusetts Institute of Technology’s (MIT’s) Building E51,
Room 315, 70 Memorial Drive, Cambridge. The moderator will be Mike Wankum, meteorologist,
WCVB-Channel 5 Boston.

The distinguished panel of scientists will consist of Prof. Ashot Chilingarian, Director of the
Yerevan Physics Institute and head of its Cosmic Ray Division (CRD) in Yerevan, who has been
invited to Cambridge specifically for this event. The five other panelists will include: Dr. Areg
Danagoulian, Assistant Professor, Nuclear Science and Engineering at MIT; Dr. Joseph Dwyer,
Professor and holder of the Peter T. Paul Chair in Space Sciences, Department of Physics,
University of New Hampshire; Dr. Bagrat Mailyan, from the Cosmic Ray Division in Armenia
and the Geospace Physics Laboratory, Florida Institute of Technology; Dr. Ningyu Liu, Associate
Professor, Department of Physics, University of New Hampshire; and Dr. Earle R. Williams,
research scientist at MIT whose studies include physical meteorology, cloud microphysics, radar
meteorology, and volcanology.

The discussion is intended for the general public and will explain recent research topics dealing
with atmospheric physics, thunderstorms, lightning initiation, and the influence of powerful solar
storms on the near-earth environment. Much of this research is intended to allow prediction of
dangerous weather events such as lightning, hail storms, radiation storms, and geomagnetic
storms; all of which can cause immense physical and economic damage.

Admission is free and the public is invited. Refreshments will be provided after the
program. For questions or more details, contact Alisa Stepanian at asteoanian@aol.com or 617-
501-1215.

This event is sponsored by the Cambridge-Y erevan Sister City Association (CYSCA), the MIT
Armenian Society and the National Association for Armenian Studies and Research (NAASR).
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ATTACHMENT 16. Letters of Nerses Yeritsyan and Ashot Chilingarian to CERN officials

Ju3uUsSULk IULrUMGSNRR3NML REPUBLIC OF ARMENIA

A.l. ALIKHANYAN NATIONAL
u29uskbL 4hsULUL LURAMUSNACPU SCIENCE LABORATORY

(6rG4dULP 3h2PUU3P PLUSPSNRS) ) (YEREVAN PHYSICS INSTITUTE)
FrULUANUY - FOUNDATION
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ALICE spokesperson Paolo Giubellino
(paolo.giubellino@cern.ch)

Chairperson of ALICE Collaboration Board Peter Braun-
Munzinger (p.braun-munzinger@gsi.de)

Chairperson of ALICE Financial Board Adriana Telesca
(Adriana.Telesca@cern.ch)

Dear ALICE collaboration leaders,

I would like to extend our gratitude for long standing cooperation with the ALICE experiment. After
an extensive international review and advice we revitalized our cooperation in 2009-10, which
served our esteemed institutions well. Now, in light of some new adverse challenges I am writing this
letter to request your reconsideration of fees for our participation in the CERN ALICE experiment.

With an estimated per-capita GDP of USS$ 3,830, Armenia is considered as a low middle-income
country by the UN institutions. The impact of the external shock, including the 2008 global financial
crisis, on rural and urban poverty has been dramatic—the poverty rate increased from 27.6% in 2008
to 32% in 2013. In spite of these adverse circumstances and conflict with neighboring Azerbaijan,
Armenia continue to fund fundamental research and allocate more than $250,000 as fees for
participation in the CERN LHC experiments by supporting business trips of AANL (YerPhl)
employees to participate in LHC current activities of 2010-2015. This year we have already supported
Mrs. Papikyan and will support Mrs. Manykyan and Mrs. Abramyan for working in the ALICE group

in Genéve.

However, now we request to reduce fees according to our country classification by the World Bank
(starting from 2015). Our correspondence with CERN General Director Dr. F.Gianotri suggest that it
is the sole privilege and responsibility of Collaboration team leaders to reduce countries fees unable
to pay full fee. ATLAS collaboration has already agreed to waive full fees for 2015 and 2016.

Thank you very much for understanding.

Sincerely yours,
// .
Nerses Yeritsyan R )
i/

Chairman
AANL (YerPhl) Board of Trustees,
Deputy Governor of the Central Bank of Armenia
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Director General of CERN Dr. Fabiola Gianotti

Dear Dr. Gianotti

Thank you very much for inviting to participate in CERN-RRB-2016. I use this
opportunity to meet with LHC and COMPAS experiments spokespersons.
Armenia participation is highly appreciated, we discuss several problems: group leaders
rather excessive age, lack of students, and absence of special topics where Armenian
scientists are among collaborations leaders, etc... For Armenia as developing country it is
very important to use the possibilities offered by CERN in education, industrial development
and innovation. Unfortunately our use of these possibilities is far from being satisfactory.

We agree with collaboration leaders to pay much more attention to participation of
young scientists and students in instrumentation and data analysis. I plan to organize data
analysis groups in our IT department and support it with new servers and large memory
storage and spent for it a part of our current CERN funding.

In this regard, the Chair of the Board of Trustees of the Yerevan Physics Institute Dr.
Nerses Yeritsyan who is also the Deputy Chair of Central Bank of Armenia suggested
bringing to your attention the World Bank rule for developing or a lower middle-income
countries (Armenia is such a country). According to the World Bank, Armenia has a level of
the Jower middle income country which leads to Armenia getting reduced fees from
international organizations by 51.2%;

://databank.worldbank.org/data/r

and http://data.worldbank.org/country/armenia.

Dear Fabiola, please, consider if this regulation can be applied to Yerevan physics
Institute contribution to CERN experiments.

Ashot Chilingarian
Director

9 May 2016
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ATTACHMENT 17. Establishing of New Experimental Physics
Eductional Center of YerPhl

Unwohlw wmwphGtphlG GpuwGh $hghlwjh hlGumhwmninp juhwlw hbnwgnunuwyuwi
(nthulnnghwyw6) hwiwjpuwpwbh vntinobtint gnpopGpwghl L Yplngpyyh GiwGwwmhy
hwiwjuwpwGGbp gwlgh dto: Fw pniyp Juw hGnbgptp ghumpynilp, YppmpniGG nt
wpunwnpnipjnip  dh pGhwlnp  phGwdhy  npwyh  dhky:  “w wnweohlG htpphl
wuwyiwlwynpywo b Gpulng np  pGunhunmnmunp nmGh pwpdp Jupubhy, dhowqqujhG
wuwwnptignid Uto htinhGwlnmp niG L upnn £ guniw; htnwgnuuwljwl hwiwjuwpwGGtph
guigh Ynphqp:

GplwGh $hghywjh bGumhnninmd htnmwgnuujul hwdwjuwpwGh EpuybphitiGuwg
pwqwjh  umbnomuil nmnqnuyh  nwquiujwpwlwi - Gulwinmpjul  wGhpwdb)n
(whiwdbnlnipyniG E {wjwunmwlh hwdwn, npp pnyp Yuuw Gipupytine dtinGupyumhpulwl
hnghG Yppnipjul L htmwgnunnipjul dt9, qupquglty thnfultipgnponipjniln Yppnipjwub L
htimwgnunipjul pGpugpnid’ pwthwlghy ghGwihyjuwywb showywjpniy:

Unidtinugyh GplwGh $hghywjh hGumhunninh gbpp <wjwunwlnmyd ghnnipjul b
Uppnipjul qupquguiwl qgnpond, oquwgnpobtiny G(pw wywlnuyul Yuwwbtpp Gpyph
ghnwwmbtjfuGhwlywb L Yppwlwb Junnygltnh httm b quyG Jwulwlygnipynilp showqqujhb
ghnwywl GwhiwqotpphG, UUL L Bypnwywjh wpwqugnigswihl hwdwihpGhpnid
hpwjwlwgynn hwiwwmbn ghnwihnpdbphG:

U. UjhfuwGjwbh wijwl wqqujhl jwpnpuwmnphwynid pwpniuwytlt dwghumpwwmni -
nwjh nuuplGpwgltpp, npnlg GuuwwmwlGbpG GG GGplwjhu hbnmwgnuuwub fulnhpGtph
hhdw( Ypw wvwpwob] thnpdwpwpuwyuwl dShghwyh hhdGwpwp, funpp ghwmbihpGtn:
bGumphunninnid wpfuwwmnn pupdp npujuynpnud niGlgnn 30 ghwnnipniGGph gnuinpltinhg
L 87 ptjiwmoniGtnhg Jwwmbtipp nuwlnnGtphG YunynptigGhlG htinwgnuuwyul dtpnnbtph,
nyjwilGtiph  Jbpmompjulp W dnphjwynpiwl, gqhuniwlwl pwgwhwjmmdbtph
plwnuuuyuli qlwhwwmdiwl, pwpép LGipghwih $hghywjh L wumnudbhghlwjh
dtpnqupwliwlwl nuuntdGwuhpnipjwG hhdm GpGhpn:

blGunhunnmund  Ppuwpniulytlt nbulinyupyh unbnodwl w)fuwwmwiplbpp npnlp
hwlnhuwlnmd GG htnmwgnunuljuwl hwdwuwpuwiiph pwnunpphs Ywup b npnlp pGuwyud,
wmbfuGhjuwlwl qhwmpniGiph  nmnopubhpp  plngpynn Juwenygltp GG, npnghtinl
wnpyniGwptipnipjuwl hwiwnp wyn ghunnipniGGupt GG fupwlhy:

JwiwpfuwphwjhG  Jwiwppuyh jwpnpuwnmnp  wpfuwwnwlplbph  Juqiuytpynuip
hGuumphunnunmd  Jwywunmh nwuwlnnlGiph wGshowlwb  Ghipgpuwydwlp  ghnwlwh
htmwgnuunipniGGtph dkg: UUGL-h nwuwlnnGtph, wuyhpwlwbGbiph L Gphunwuwnpn
ghnlwlwGGiph  nunuiGuwiwl  gnpoplpwgp  Jwuwmwpbjugnpobny,  Gphunwuwnpn
dwulwqbnltph npuwywynpndp pwpépwglbnt, nuniGuwyuwl GGpwljwnnigwopltph
puptjuyiwl Gyuwwuwiny hwjnwpwpytyp £ WUGL-h ghnnwluwl pwdwlinlpGbpnud
(wjuwgniyG jwpnpunnp w fuwwnw GpGbph juqidwtpuydwl dpgnyyp, nph ywjdwGGupl EhG

Lwpnpwwunp thnpdtinp ywhnh hwiwwywwunwuhuw b nyjuw) ngnnepjniGGtipny wfuwnphhp
htnhGwiwynp numilGuwiw6 YaGunpnGaipmd  wligyugynn jwpnpwwnp  thnpdbph
dwlwnpnuyhG:

Lwpnpwwnp  thnpdpp wywbwp nmntygytl  wnmbuwhnnjuylbpnyg, uhubdwibpny,
gnigunpuluwl  Gmpbpny, nmGhGwG hptlGg wbpunmwyhlG  GwpwgpmpniGGhpp,
pwgwwnpnpjniGGbpp, uwhwyw il wijunwlgnipjub ubnGatpn:
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Ungnypwypl hwGdGuwdnnnyh wnwowpynpjudp hGumhwnninh pwdwliniGpGhpnid
untinojwo jwjwagnyyl jwpnpuwwmnp wpuwnwlplipn wwpptpwpwnp Gipuwjwgymy t6
wwnpglwwnpiwG:

Lwpnpuwwunnp wpuwwmnwGpbph guGy

Sht26MUIUUL USNAMULULEL D HESEUSNMIT

LUMEN - LjnuihGhugtlGghnG Uwblyupnuynwhwjh jwpnpuwumnp vwppwynpnid: Mhin

dwnulwjhb ghtitunhy Gympbph qpgndw6 b ymushGtugtiighwjh uybyumpbph swhmdGhpp
wnwpptin oipdwumhdw GGhpniy:

Nal(Tl) nmtiyunpny quidw-pywlumGtph Yniyunnlyjub gpiwl niuntdGuuppnipjniGp

Guidw-dwnwqujpiwl thnfuwqnbgnipynilp Gjniph htim

UghGuhjwughnG nhwmbyunnpny 1hgpwynpywd dwuGhyGtph gnwlgiwb
wnpyntGwytnnipnilp

UjninGh YywlGph dhohl mlnnmpjub swhnuip

Pupnitimpuywb gqnpowlhgGtph hwygwpyp SEVAN ptmtyumnpnd qpulgnn mwppbp
GpypnnujhG dwuGhyGtph hnuptiph hwdwn:
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ATTACHMENT 18. Our Opinion on Physical Education in Armenia

UGhGwp | wwmlbnuwglly npll  Gpgph  pGwlwlnlG  qupqugnid, wnwlg plwlwl
qhunmpniGGaph: U ghunmpimilGlhph pwppmd phghliwl hwilnhuwlmd Fowyl qifuwng
owndhys nidp, npny wwydwGwynpngwo F hwdplnhwinip gunw i wnweplpwgn: bhqghljul
gy hwumbph L hwjuwuwpmpiniGGbpnh hwjwpwom sk,  wyl wmplbqbpnph qupqugdwl
hwybguiliuungl E, nph dhongny dblp dquinud Glp hwuljuGuy hlplGhpu Ubq.

bhghjw wnwnpywjh ntunigdwb Jhswlp {wjwumumbniui

Jwjwunwlnd  phqyujh qupqugnidip hpdp L gty 1933p-hg GML-md L
Uwlywyuwpduljul hGunhnnunnd bhquwp dwlnyutinbtinh hhdGuwnpdwdp: Ghunnipjw
wju G§ynup uljutg qupqubw) 1940-wyw6 pywlwGGtph uyqphG, Gpp UihfuwGyuG
tnpwjnGtpp uwwptighG ghnwnpwy nhiyh Upwqwd vwp wmhtqbpujuwl dwnwqupltph
nuuntiwuhpmpjul Gyuunwyny: Uju ghnwnpwiyhg htimn hhdGwnpybg Gplwbh Shqhlwjh
hGuumpwunnunp, huy GNL-md unbtnoytg vhonuwjhG $hghwjh wdiphnG: 1940-wlwGGtph
ytinohG wpntG huy Wpnmwwbu gnponn Gpdbb-h Upwquo pwpép tnGwjhG ghnwuywlinid
Juwuwpjwo  whbqbpuiwl  dwnwquwjpltph  numiGwuphpmpymbGitpn qquihnptG
fupwltighG wmbuwywl duph qupqugniip L wyn huly wywwndwnny GNL-md pugytg
wmbtuwuwl phghuwgh wiphnG: 1950-wwGGtph yepohG 6ML-nd wpntil huy qnpomy thG
wbuwywl dhghljwjh, pnhwinip dhahywjh, wumnubhghljwjh, nwnhnphghywjh L whin
UwniGh phghljujh wiphnGGpp:

LpiGwywlnd Gpdbh-h Guwhyhl wyfuwmwyhgltph owlptpny untindytghl Gnp bhghywyh
hGumhunmuGtn, ophGwy

e [(rwnhndhghlwih b EjtyupnGhuwih hGunmhwnunp (1960p.)

e  Dbhghwlywl htmwgnumpiniGGtph hGunmphwmninp (1968p.)

e Dbhahwih yhpwnwlwl wpnpitidGinh hGumhumwmp (1980p.)

JwjwunuwGh ghnwub Yyulpmy pwwn dEd hpununpdnipyniGG tp 1967p. Gpdh-h 6

Q.td tGtpghwyny “UCNRU” BiayunpnGujhG wpuqugnigsh gnpownynudn:
bhghywyh pwgquyuenid gpulguwo dto GJuanuiGtph 2Gnphhy GNL-h L wyp AOR-tph
dhahuwyh pwynyymbtimbGtph nhinppbtph L ppwlwywnpwnbtph phyp mwptg nmwpbh wénid
tp, $hghyw wnwpyuyh Guuiwdp htunwppppnipnilp dkowlnid.  hwdwjuwpuGnid
hhuiGytghl 9 Gnp wdphnlbp L Gnp nwnhndhqhwjyh wynyntinnp: Uju wiphnGGtpp mytkghl
vhowpw lwly mwnuinuynp powGuuwpumGbp, nyptip pngniGytght <wjwumnwGh hghlyujh
hGunhunmwunbbp’ /witkGwito pwlwyp 1970-wywl uyqpGtphG tp, npnGp  wn wjuon
wyfuwnnid GG L hwlnhuwlmd GG <wujwunwGh $hghuwgh hpdGuwywl ubpnigpp /wjun
otipwgnn/:

Uwlw)G wpntG 1980-wyuGGtphG $hghwyh Gumdwdp hbnmwppppnipnilp uljunid L
pnyqwlw L pb tphunwuwpnltpp L pb wpntil wpuvwnmwlph wigwo bhghynultph qquih
pwlwynpmlb wlglnd GG qupqugnn “phqGtup” nppup: <{bnmwquynd plghwGnip
hwuwpwlwpgh pwnwpwyuwlwgnip ptpmd £ ghumpjul L Yppmipjul hGnmwqu
(utdwgdwlp:

FULU thinignudhg htimn $hghyuwjh b hwpwyhg ghmnmpniGatph Jhdwlp vnwlnid k
nudwl hwpywo: Gphunwuwnpn b thohl mwphph mwnuwlnuynp $hghynultipp wfuwmwlp
Ll qulmd wy GpypGpmd, huy dGwgwop thnpdnd GG dhw)G ywhwywGt] phghuyua
gnjmipnilp’ bhGwlGuwynpiwl pugujuynipjul wwjdwbatpnd: Uyn hwpjwohg nhin kG
Jupnnugt] ybpwlwlqlyty ghnwlwl hGuunhunnwunibph dhowdwulmpnilp. dh pwbh
ghnwlwl nunpngGtp wiytpwwwh Ynpty G6: Awyg b wjGwtiu, phghywjh pGuguywnh npnp
hGuunhwmnmwuGtp * ophlGwly Gpdh-p, wwhywltghG U ntn jwupniGuwymd GG ywhww ity
Jwjwunwind hghywjh puquyunnd ghpuquignipyul ghnwlwb YaGupnGh hp nbpp’
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nlGtlwmny ghnwywl Gquyh Gapwlwnnyglp L gqhumwlwl thnpdwpGlnipjwb
hinmpjm GGtin:

Gndbb-h yhipuyulqliiwb gnpond vk nbip pwnug {wjwunwth junwjwpmpjwud
ynnuihg hpwyhpywo dwulwqbinbGbph thowqquwjhG hwiédGwdnnnyp, npp Gpdbh-h ghnwjub
nnnmupjnGGipp  nunuiGuuhptiing  htnn, wijwihg Gpdb-G {wjwunmwlh hwdwnp
Jnipwhwnniyy ntunipu U wowownpltg Ypylwwywnmyty pymotii L hhilh; wqquyhG
(wpnpwwnphw: Ujlnithtml GpuwGh $hghlwjh hGuumhummwunp qquihnptl wipwwlnby k
JwjwunwGh ghunipjwl wnwowwmwph hp yupquyhdwyn' pwpép ghnwywl JupywGhp
niltgnn wduwgpbipmd  nwpbuwl hpwnwpwynd L Gpyph wdpnne ghnwlwG
hpwwmwpwyniGiph  wytih pwl 30%-p, L np wytjh Jupltnp £, <ujuunwGh wdipnng
ghnwwl wpyniGpGtph Yypw juunmwpguwo hnnuiGiph wytih pwl 70%-n pun Thomson
Reuters htinhGwlwynp wwppbpwywbh pwdhl E pGylnid hGumhnmuh wpuwnwlpGtnhG:
QOuuunnpbl Gpuwlh $hghwih hGumhumnmwunp hp dhowqqujhl dwlwsdwdp, ghnwlwb
Gipnidny L Juumwpynn wpuwnmwlpGhiph Ywu)mwpltipng mt npuny wnwGdGuwhwnniy
wtn & qpuntiginid <wjwumnwlnd: Gpdb-h pupén (tinGwjhG ghnwywl jujyuGGtpp nGba
wmhtqtipwuwl dwnwquw)pltph, wptqulyh, whbgtpwiwl tnwlwlyh L dplnjwpunwjhb
dhahywjh thnpdwpwpwywl htnmwgnuumpyniGlGeph hwdiwp dwdwlwlwyhg vwpptp L
nhmbyunnpGtph gulgtp npnlp qunGynmd GG {wjwunmwlnid L wy Gpypltpnd: Qupquguid
ghnwlwl tipwywunnygltinn pny) G0 mwihu wnwelwlwnpg wmbtn qpuntiglt] w)fuwphnid
(2Jwo Jupunp ghnwlwl ninnnipyniGGtpnud:

MGtiwny qupqugwo ghnwlwl Gipwjunnigwop, wpfuwnphh witwqupqugwo
ytlGupnGGtph htn ghnwlywl Juwbp b wjwq $hghynulbph wpfuwwmnng Yuqd, Gpdbh-n
hwulwlwny ubpplnuihnfunmpjwl wlhpwdtpmmpynilp, pwgbg Jwgqhumpwwmnipw
nwnulnuynp nuwlnnGbphG hnpdwpupuwywl phghiuw unynptigGbnt Gyuwmnwlyny: Lwl
wtimp L Gy dhowqqujhl nupngGhipnid b ghnwdnnnyGbpnid dwuGwlygtin b juywagnyyi
YtGunpnGGatpnd wfuwnbtine hGwpwynpnipyniGGtipp, npp Gpdbb-h6 pGdtnnd L tphunwuwnn
ghnlwlwGGEphb W nuwlnnGephG:

Uuuwjl {wjwunwbh ghnwul pnnp hwumwnnipniGGapp nGhG nmwunuinuynp
tphnwuwnpnGiph ywlwu b wju fjunghpp muptg mwph funpuwnd £: Muwnmdwnep $hghwjh
L hwpwyhg ghnmpmGitph Gundwdp hbnmwppppnipjwl pugwlwynipjnilp, npp, pplu,
wwjiwlwynpwo L nupngnid’ wpwlbpnlbph wnwptg mwph ppuuli dwwpnquiyh
(ywquiwup:

2016p. plnmiGnmpyjul  dhwulwlwl pGGnpmGGiph  dwdwlwl witGwgwon
qwhwwnwluwbGtpp  tnteG  hghyuw L Jwpbvwwmhiw  wpwpulGbphg: Ujuybu
dwpbidwwmhlw wnwpujhg nhinpnGiph pwGwyl tnty £ 5198, nphg GJuquqgnyyG ptdp sh
hwnpwhwpty 672, 20 Shwynp unwgt GG pnwdtln 87 hngh, hul dhohl qGwhwwnwlwln
Juquity L 12.01: hGy ytpwpbpnd L phghiuw wnwplujhl, wyw wuwmytpnG wytih Jun b
nhinpnGtph pwGwyp 1770, nphg GuquqgniyG ptdp sh hwnpwhwpty 20.85%, 20 dshwynp
unwgh 6 41 nhinpn, dhohG shwynpp uquinwd E 11.79:

Gndbh-h Uwghunpnuwywl opwgph nuuplpwgh Guuwwuwwyl b <<Swy $hqhlhwjh
plwquyunnid  pwpépwlupg YppnipyniG, npp Yewywunh qhunwlwl dhowywjpniy,
wqqwjhl htunwgnunuwiwl jwpnpuunphwlibpnd, Jwd  wpyyniGwptpnpjul  dbg
httmwgnunipyniGGip  Juwwpnn  pwpépwliupg  dwulwgbmGbp  ywwumpwuntind>>:
Uwqhumpwwunnipwynid 2015p.-hG unynpby GG 4 ntuwlnng, hul whw 2016p.-hG wnwohl Ynipuh
nuwlnn squw’ pyniGtnipywl pGGnpyniGp whpwjwpwp hwGéGtint unmdwnny:

PujwlwGhlG wpunip wuwwuytp t 6NL-h bhghyuwyh pwlynyunbtinnd, tpt 2010p.
nlnmiGyty GG pGnhwlnp 126 phdinpn, huy dwghumpwmnipw’ 56, wwyw 2016p. 76 nhinpn
pwjjuyphwun, 44-n° dwghumpwwmnipw:
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2014p.-hg uvklp JuqiwybpybghlGp Yppwlwl hwwmny dopwaghp nupnguwl tptjuwltph
hwiwp: Opwqgphpp pwyjwlwlhlG dwwmgbih tp, hwpdwpbigJwo Ep wjwq nupngh
wywytpmbtph hwdwp, vwlw)G Gpwp YPulp mbGhguy wpwytpmbtph L nplG wyth
qupiwlwih £ Gpwlg nmumghsGtnph gngupbpwo wihtmwppppjuonipjul b htnmlwpwn
2w phy Gipgpuywonipjul wwwndwnny:

3nipwpwlyjnip mwph GLODP-md juqdwytpyymy G0 wdwnwjhG nupngGtp ANRL-
tnh $hghyuwyh dwlnyumbmbGbph nuwlnnltph hwdwp: Uwlwjl wju nupngltpp Lu
thwuwnnmd GG, np Yppwwl dwlwpnuyp fuhun GJugnid k:

‘uny 0 wwwuytpp Juptjh nbult]p wuyhpwlnnmpuynmd, tpt 2010p.-hG Gpdbh-nd
ptynioww b wntGwununipniGGiph yw)mwwlnpjul phyp juquind kp 10, wyqu 2016-
hG" plnwutGn 4-p, huy wju nwpju pgniGhnipjwb pGGmpyniGGtpp gniyyg mytghG wytih
Juw wwuwultp, wuyhpwlunnpwih 2 nphdnpplbph  plgmGh Gp  wywjiwlwlwb
uljqpnilpGtpny, pwGh np Gpulp squpnnugul wiglt) GnyyGhul witGuwgwon 2tup:

Wu pnnp fuGnhpGipp hwpdh welbnd, Ywpbih b bqpuijuglh, np o hghlujh
plwquyunnid dwulwgbmGbph ywwpwumnuip Yulqlh Juwnm pwpn funph wnol. w6t
2w pwpn b hGhnt qun G ptiyniq GJuqugniyG pyh mwnuinuynp wpwytpnGbp: AOR-tpp
Jthwuwnbtb, np ytpohG wmwulwdjulmd nuwlnnGiph htnwppppjwonipynilp nudwl
(uuniwdp uwpuwihtih Gduqgb) £, hu] wjl nuwwlnnGbpp, ndptin hwonnmpjmGGtp GG
gpulgnmu nuudwl vk, guynp, pwwn wpwq pond GG hwipwwbwmnipyniln: Ujuyhuh guonp
Uppwul dwjuwpquyh ywwndwnny dtnn wywqund Lwjwunwlih AOR-tpp L ghnwluG
ytGupnGGtpp YuuGqlhl pnilnuwdtbtunw; b jhpwnwlwl ghunipjul yhpuwgdwl fulnphp
wnoli:

Jdhpotinu "U3L" nunngn nhiby & hghwjyh hGumhnninGtph(, npytiugh hwjuwpwaqnptb

wnwpptin  plwquyunlGtph  nmumgpsGtph, Ytpwwwwpwuwnty  GpuGg L gnponinby
{wjwunwGh nupngGtp’ Yppuwywb opwghpp Gnpnyh dwwnnighijnt b niuniguGhnt hwiwp:
Uw wlpnyn nnoniGbth L, vwlwjl sh Jupbh vyuwuty wpwq wpyniGpGtnh: UG hag
pwjpwyyby t Gpup mwphGbp, uyywhywigh tpyupunb yeipuuiqlnud: Uju Guhuwghoh
wnpynilplbpp Yyuwpnnubwlp nbtull] 5-10 mwph htnn, L wyn dwdwlwly Gpdh-p dho
nipwjunipjudp  YplnniGh wyG Gnp  ubpGnhG, npp  hGwnwppppnipymG gniyyg YJuw
Inilinuiblnmw) L Yhpwnwuwl ghnmpyniGitph Giuumdwdp:
Ujwlwynp $hghynu 3niph {nyhwGhujwlp wepwownpytg untinot] hwummly wwjdwGGtp
nwnuinuynp powlwywpumliph hwdwp' hbnbbing GpuwGg YepohG nupnguyuG
wniwphGtph  hwonnnipynmGGuphG:  UjGnhbtwnb  dpgnypwjhlG tnulwlyny jwywagniy)G
mowlwywnpunltphg Juqubt] hwnnl] nuuwinqujui-nwqiuyui onjuwnmitp” wquunting
JunpqujhG ownwjnpniGhg L YGpt; Gpwlg htin 10-nwpjuw ywjdwlwgpbp, np unynpbl
hwunmly nwuplGpwglbp $hghuwyh, dwpbiwwmhywih U hwpyhsy wbuGhywih qony L
httnmwquwnid wpvwwmbtb ghlGynpuwjul ghnwhbtinmwgnunuwywb hGumhmninbGtpniy:

XL ghunipjuG YndhnbtlG wpnblG Gpiup wwphGip yuwlwynpnd b unbtinoty
httmwgnunuwijwl hwdwjuwpwGGop:

Ujn hwiwjuwpwlitpnmd quwuwhunultph phyp hwdwpjw hwjuwuwn £ niuwwlnnGtph
pyhG: <tnmwgnunuliul hwiwuwpwip ywhnh hwgotgquwd (hGh wikiwdwdwGulyulyhg
uvwppwynpnuiGbpny b nuwlnnGipp wnwohlG wwphGhphg ujuwd Juwumwptl Jwplnp
httnmwgnunuwywb opwagntn:

Pwgh npuihg Juwl pwqiwphy wnwownlltin wihwwltphg L juquwltpunmpnil-
Gtphg “Gpyty” hwguyub ghnnipyniGp: Uwlw)G ng ponp wnwowpynipjmGGbpp Jupbh £
nGnniGh). ophGuy, Yytipotinu hGswo wnwownyp wpnbtpyphg <wjwunwl mnunpyt hGugwo
uvwppwynpnudlGbp” nu sh uptih wit) ng Uh nphypnud:
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by upohpny, “wpuq owiGhph” nwqiwupnipnip puunwuyupunywd b dwfunniwl
dhwjl by wywwdwnny. dvhlp wwpquubtu ynltlp hhdp, nph Yypw hGwpwynp YihGh
wpwqugllb] ghnwnbtuGhjuyui qupqugnuip <wjwunwlnd: {wdwp pwnnpn nup
lonphpnwjhG UhnipjwG thimgnuihg htimn dblp qquihnptiG hotgpti tlp JwpnlwjhG
Jwwhwwih npwyp L hhdGwynpwwtiu nyGswgnty Yppwjwl hwdwlwpgp, npp wwpquuytiu
hGwpunp sk wpuq JpuyuioG:

Cuwwn Junwlquynp td hwdwpd hwdwjuwpwGGiph niph wintuwdp: 1y pb wbhwnp E
wjpGunpulpwjhl ninhGhp riwmpt] wpwq “pnhsp” hpuwgnpotint hwdwp, wj) pnjnp nudtipp L
uhongltipp whwp t nGh; hwiwjpuwpwbGtph nidtinugdwl gnpohG: Mbtwp E hwuwlwy, np
tnpyph wlumbuwlwl qbpwlwympnilp wpymiwpbpuul wpununpmpjul nppuond
ulwgh] E wlgyumui: Ush hhiGuwiwl jwpdhy nidp wjuon hwlnhuwlnd L dwmwynp
utithwlwlnipjnilp untinotint L oquuwgnpotnt hdmnipyniln, npuntin wnwGgpwjhG wmwpptip
hwnhuwGnid GG hwiwuwpwGGtpp: ‘Lpwlp punbnid GG hwppwly ghwnwhtl nGntunipjwG
hwdiwn:

Pwjg tpt wyuwphh hwiwuwpwbGbipp dshwynpmd G6 dwpnujhG L ShGwGuwljuwd
Juwyhwwih hnupp, Jwwwpmd GG hptGg nbpp  gnpoplGpwgltpp  dtinGhptignipjwG
onowlwylGtpnid L Eynhwiwwpgh Gnpupwpnipjul npnpund, wyw <wjwunwind wjn
gqnpoplpwgn ntnbu sh £ ujuytp: Ubhq whwp L hwjjuyuwli hwiwuwpwbabpp Jopwoty
qupquguiwl Gnp  dnpbjGph  dLwynpiwG  YaGupnGGhph, npwlp  Ytpwobtny
hwidwfuwphwjhG pmuwynmy Gnpupwpnipjul YwulGwyhgltph, nupdGbnyg ngpwlp qpuyhy
tphnwuwnn mwnuinltph hwdwp:

Juwlquynp blp hwiwpmd jujugwd L nbp wwpnn ghunwlwl nwpngGtph
wlwmbundp Gnpwlnp  “hwjulul ghunipjul thpyhsGiph” Ynndhg. wtwmp L hphlg
pwgwunby, np Gnp nunmipyniG, Gnp ghnwlywl nupngh unbtndnidip Wywhwbenud L tplup
wnwphGtin, pwjg upnn kL dtnlh) 2wn wpwg: 04wgnn hbpm hppwluwiwih b wpwq gnudwpbbn
ptipnn nunnipymGGtpp fuwpniupy GG, wpyn®p nuw ghwnipymG t, L wpyn®p nu Junpnn k
vwwnwnpti] hwj wqgh dwwnwn utinlnh thwpdtp Yppnpjwlp wywqw nmwphGbphG:

Utip hwGpwwbnnipjul L hwuwpwynipjul wnol dwnwgwod fulnhpltpp pwqiwphy
G0 m pwpn: Pwjg sytinp L dnnwGwy, np dhwjl Yppywo wqqp 2wlu nilGh gnyjuunmbbtint puwn
wnpuwgq thnthnfuynn b pwqiwphy dwpnwhpuwybpltp wnwownpnn 21-pn nuipnid:

U.b. UjpfuwGyubh wGwb wgqqujhG ghnwjub jwpnpunnphw@ (Gplwbh $hghuwyh
hGuunhwnnin), npp plwnfutip L hp ywundmpjwl 75 wijuyp, wwwpwuwn b Ghgnly 1hGbg
Jwjwunwlmyd bhghuwyh numgdwl qnpohG’ oquuuwgnpdting hp hwpniun ghnwyw
tipwlwnnyygGtpp, htmwgnuuwijwl L nuumilGuliwl jwpnpuumnphwltnn, dwqhumpwwmnt -
pwlwl b wuyhpwliunwlwb opwgntpp L nbin wfuwmniGwy nt ipgniGwly ghnwlwb juqip:

Nputiu yipowpwl dh ny nipwjuwih nip Lo, wju mwph sh juyuGum {ujwunwih
‘Lwfuwqwhh hwjnwpwpwo dpgnypp bhghywjh pwquyuwnnid. nhinnGtp sjuwd ...

U. OhthlGqupju,

Gndb wmbontl
11.02 2017
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ATTACHMENT 19. International Grants

2016 p. U. UipfumuGnubh whjulG Uqouiphl hunmlul Lupnpunnnphuyynnf gnponng
npmuduplnphlbph gniguly

“Lbjujuph Yuwuwnwn
(Otdwjh dhGwluwynpnn wlmd, O bwgh wagwndp Swi
hwdwpp Juqiwytpunp G wqqulmd,
duniljtinn
hwjpwlnG
612707, 11}%1;1;15 ggiﬁ_ czt(l)(;r;s_, UlwGhljw Dynamics of and in 2013-
DIONICOS ‘LUtiputu U. Complex Systems 2017
IRSES
Statistical Physics in
Marie Curie Actions, Diverse Realization,
295302 | FP7-PEOPLE-2012- i‘lll‘j‘“hu‘”cﬁ within the 7th European gg}é'
IRSES, tnpwj ©- Community Framework
Oscillations

©CoN O wDdE

R e N el
~No O~ WNREO

18.
19.
20.
21.
22.

ATTACHMENT 20. List of Scientific Institutions with whom YerPhl Has
Signed Agreements or MOU
Thomas Jefferson National Accelerator Facility
Deutsches Elektronen-Synchrotron (DESY))
The European Organization for Nuclear Research (CERN)
Stanford Linear Accelerator Center (SLAC)
Notre Dame University
Cherenkov Telescope Array Consortium (CTA)
Institute for Structure and Nuclear Astrophysics (University of Notre Dame, USA)
Warsaw University of Technology
Heidelberg lon-Beam Therapy Center (HIT);

. The Universidade Federal de Lavras (UFLA), Brazil

. O6penunennsii Mactutyt Anepusix Uccnenosanuit (OUSUN, [{yOHa)

. Mockosckuit Unxenepuo-®usnueckuit Muctutyr (MUDU, Mocksa)

. Armenian Anti-hailing center of ministry of Emergency.

. Armenian meteorological center of ministry of Emergency.

. Lund University — MAX Lab accelerator center.

. El Instituto de Fisica de la Universidad Nacional Autonoma de Mexico (IFUNAM)

. HayuHo-uccrnenoBatensCkuif MHCTUTYT sijepHoi ¢usuku umenu J[.B.CxoGenblibHa

(MI'Y Mocksa)

HERA/H1 Collaboration Agreement (DESY)

Collaboration Agreement Reference KF 2886 (CERN)

“Horia Hulubei” National Institute of Physics and Nuclear Engineering, Romania
Nuclear Physics Institute of the CAS, Czech Republic

KE35/43/ATLAS Agreement
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ATTACHMENT 21. New MOUs, Letters and Collaboration Agreements Signed with

AANL in 2016
a
Ju3uusuLh JULrUMESNkR3INML REPUBLIC OF ARMENIA
U. h. ULAUL3ULK ULYUL A.l. ALIKHANYAN NATIONAL
u2qushrL ahSUYUL LURNLUSACPU SCIENCE LABORATORY
(6r64ULP $h2hUUSh FLUShSNKS) (YEREVAN PHYSICS INSTITUTE)
rvLuIruy FOUNDATION

0036 by, Uy bnpwinGiiph 2, htin (37410) 341 500, $wipu(37410) 349 382 « 2 Br. Alixhanyan str., 0036 Yerevan, tel.(37410) 341 500, fax, (37410) 349 392

«3F_ 03 201&p. NQL/-/é/Zg

Spokesperson of MAGIC collaboration
Prof. Mirzoyan R.
Chair of the MAGIC collaboration board
Prof. Maria Victoria Fonseca

Dear Prof. Mirzoyan, dear Prof. Fonseca,

From the very beginning of the MAGIC project the Yerevan Physics Institute participated in
MAGIC, working on the Monte Carlo data analysis, AMC- and some slow electronics
developments as well as doing shifts in La Palma. Several years ago we froze our participation due
to the lack of young researchers for doing shifts. Together with the newly established group from
the International Center for Relativistic Astrophysics Network of National Academy of Science

( ICRANET of NAS RA), we want to activate our membership in the MAGIC collaboration. In
YerPhl we are working on an atmospheric physics program, which could be considered as
complementary to MAGIC physics. We would like to resume our activities in the MAGIC
collaboration and ask you to consider YerPhl consortium becoming an active member-institution in
MAGIC. Our possible contributions could be:

1. YerPhI — Atmospheric physics:
monitoring of the atmosphere above MAGIC ACTs;
research of high-energy physics in atmosphere;
detection of electrons and gamma rays from the TGEs (thunderstorm ground enhancements),
intense fluxes of particles of atmospheric origin.

2. International Center for Relativistic Astrophysics Network of National Academy of Science
( ICRANET of NAS RA):
Multi-wavelength data analysis;
theoretical modeling of the gamma ray point sources;
analysis of the MAGIC experimental data.

Me and Dr. Narek Sahakyan, head of ICRANET NAS RA, are planning to attend the
MAGIC physics workshop at CERN on April 26-28 for clarifying the scientific and organizational

issues of resuming our active collaboration in MAGIC.
2 A
4

With warmest wishes, / / -—//,_—7
Prof. Ashot Chilingarian ’
Director - 2/

!
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<U3uusuunr <uvPumssnka3Ntu

«<{U34UyUUL USNUU3hUL ELEUS,PUUU3BUL»
hwly pwdbtnhpwywb pbybpnipintl

LwjwuinwOh hwopwwtwnnienia, Updwdhph dwpqg, 0910, p. Ukéwanp, htin. 374 10 28 42 32, 28 85 80,
$wpu 374 10 28 85 80, t|. thnun anpp@anpp.am
Ne j "j/ y

S L 2017,

Jupextopy EpeBanckoro ®usuueckoro MHcTHTyTa
I'-ny A. YnnuHrapsgy

YBaxkaeMsii npodeccop UumuHrapst

PykoBoactBo ApmsHckoii ADC  paccmotpen Bame mnpemioxenue o
TEXHHYECKOM coTpyaHuuyecTBe Mexay ApmsHckoit ADC u Ep®U no Bompocam,
MPEACTABNSIOIMM B3aUMHbBIH MHTEPEC, X TOTOBO 3aKJIOYUTh COOTBETCTBYIOLIMH
JIOTOBOP O TEXHUYECKOM COTPYHUYECTBE

Haneemcsi, 4To HayuHBIH ONBIT W 3HAHHS, HAaKOIUIEHHble B Bamem
UHCTHTYTe, OyIyT MOJIe3Hbl TNpPU PENIEHHMH HEKOTOPhIX MPAaKTHYECKHX 3ajad,
crosumx nepea Apmsanckoit ADC, a Takxke co3faayT MPeANOChUTKH 1is Oy Xy mux
COBMECTHBIX JIOrOBOPOB M IPOEKTOB AJIs MOTYYEeHHUsS] MEX/lyHapPOJHBIX IPaHTOB.

C yBaxxeHHeM

["'eHepanbHBIN AUPEKTOP Bapnausa M. I'.

. Upnjwl
3363
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Memorandum of Scientific Collaboration
on the implementation of the
Extreme Light Infrastructure — Nuclear Physics (ELI-NP) Project
between

“Horia Hulubei” National Institute of Physics and Nuclear

Engineering, Romania
and

A. I Alikhanyan National Laboratory (AANL), Armenia

Preamble

The Extreme Light Infrastructure — Nuclear Physics (ELI-NP) project, under implementation in
Bucharest-Magurele, Romania, aims at reaching extremely high photon field intensities, for new
experiments in Nuclear Physics and related areas, with two large research equipment, a high
power laser system and a high intensity gamma beam system. Both pieces of equipment are
significantly beyond present-day state-of-the-art. The new research infrastructure promises to
break new ground in many areas of science and technology, such as fundamental physics,
nuclear physics, astrophysics, accelerators and related technical developments, laser physics
and engineering, medicine, and materials science.

The institution responsible with the implementation of the ELI-NP Project is “Horia Hulubei”
National Institute of Physics and Nuclear Engineering (IFIN-HH). The Project was approved by

the European Commission in September 2012 and the infrastructure will be operational in 2018.

1. Purpose of this Memorandum

The purpose of this Memorandum is to establish a proper framework for cooperation between
the signatory parties regarding the implementation of ELI-NP and the development of its

scientific programme.
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2. The parties

“Horia Hulubei” National Institute of Physics and Nuclear Engineering, hereinafter IFIN-HH,
and "China IFSA Collaborative Innovation Center”, hereinafter “C-IFSA” are the sole parties to
this Memorandum.

IFIN-HH is a national institute for research and development in engineering and nuclear
physics, an autonomous institution engaged in non-profit research activities, in the coordination
of the Romanian Ministry of Education and Scientific Research.

AANL is a state foundation engaged in non-profit research activities, according to its strategic
development program.

Each signing party designates a representative person responsible for the present
Memorandum.

3. Areas of cooperation

The undersigned parties agree to cooperate on research topics relevant for the ELI-NP project,
- for:

- developing the ELI-NP experimental areas;

- defining the experimental programme;

- developing instrumentation;

- training high-skilled human resources in the field;
- promoting ELI-NP as an international user facility;

The signatory parties can customize their relationship so that cooperation may include other
areas found necessary for maximizing the success of ELI-NP implementation.

3. Forms of cooperation
The forms of cooperation between the parties shall include:

7

- Mutual consultation on relevant matters regarding their research programmes and
specifically, the ELI-NP and AANL research topics;
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- Concerted actions, such as performing joint experiments, either on the premises of one
of the parties or by applying for beam time at other infrastructures;
- Common projects and research programs.

and other forms of similar cooperation.

5. Validity and other Terms governing this Memorandum

This Memorandum will be valid for three years from the date it is signed by both parties and
automatically renewed annually unless written notice of intention to terminate is given by one

party to the other. Either party may terminate this agreement based on 90 day notice.

Done in Bucharest-Magurele in two original copies, one for each party.

SIGNATURES
"IFIN-HH/ELI-NP AANL
W
. A
Nicolae Victor Zamfir, Director Ashot Aghasi Chilingarian, Director

“%WQWA / ,/é/ccfygﬂ/v‘dw/

Dimiter Loukanov Balabanski Amur Tevatros Margaryan

1. 09. 216

Date Date
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@ YEREVAN PHYSICS INSTITUTE

MEMORANDUM OF UNDERSTANDING
BETWEEN
YEREVAN PHYSICS INSTITUTE,
YEREVAN, ARMENIA
AND
ULSAN NATIONAL INSTITUTE OF SCIENCE AND TECHNOLOGY,
ULSAN, REPUBLIC OF KOREA

The Yerevan Physics Institute, Armenia and Department of Physics, Ulsan National
Institute of Science and Technology, Republic of Korea (UNIST), collectively herein the
“Parties”, agree to pursue programme of cooperation in accordance with this Memorandum
of Understanding (MOU) towards forging a durable cooperation in graduate-level education
and research collaborations.

Article 1: Purpose

The purpose of this MOU is to establish a general framework of collaboration in building
strong science programs of mutual benefit to advancing the research goal of the Parties and
to promote comprehensive cooperation between the Parties.

Article 2: Collaborative Activities

Collaborative activities can be arranged with responsibilities agreed between the Parties.
These activities will be implemented through the following forms:

Exchange of scientific and technical personnel (including graduate students and
post-docs) and co-opted experts between the Parties in mutually agreed areas of
interest.

Exchange of technical information and materials, especially in the areas of beam
and accelerator diagnostics.

Technical assistance, training and consultation.

Participation in meetings, workshops, conferences and symposia hold by
respective Parties.

Implementation of joint research.

Facilitating use of scientific equipment, technologies, software and facilities
between the Parties.

Other activities that the Parties deem to find appropriate.
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Article 3:

1;

Article 4:

1.

Article 5:

Financing

Each Party delegates personnel to the other Party to the extent agreed in Article 2.
The cost of each delegation under this MOU shall be provided as follows:

As a general guideline the local costs will be the responsibility of the receiving
institution; if funding permits, the receiving Party is going to provide travel and
accommodation support for the experts from the other Party, invited to perform joint
research programs agreed by the Parties.
Each institution agrees to provide visitors with the appropriate office accommodation,
computer and library facilities, and the full range of other services usually available
to visiting scholars.
In support of this agreement, no bench or tuition fees will be charged for
postgraduate students, in visits for periods up to three months.
The host institution will assist visitors to find suitable accommodation.
The sending institution will ensure that any visitor has appropriate medical and
hospital insurance.

e Any visit should be confirmed by accepting institution in advance.

Each Party shall bear the respective costs of carrying out the intentions of this
MOU. Neither Party shall make a claim against the other Party for any
expenditure unless such expenditure has been agreed upon in writing among the
Parties.

Intellectual Property

If an invention or a discovery is made or conceived by the personnel of one Party
(delegating partner including co-opted experts) while working in an establishment
of the other Party (receiving partner), all the patent rights, title and interest thereto
shall vest jointly with both the Parties and its exploitation will be subjected to a
separate arrangement.

In the case of inventions made jointly by delegated personnel and personnel
employed by the receiving Party, both the Parties shall be entitled to all the rights
arising from the invention equally. All details shall be settled amicably by
consultation or negotiation between the Parties in each specific case of joint
invention.

The delegated personnel under this programme including co-opted experts shall
be obligated to disclose jointly to the Parties any patentable ideas that are
generated as a result of this collaborative programme.

As regard expenditures relating to the protection of Intellectual Property Rights,
they would be shared jointly by both the Parties.

Regulation

Any disputes, disagreement, or questions, which might arise between the Parties relating to
this MOU, shall be amicably settled by the Parties with the understanding. Regarding the
disputes related to scientific or technical issues, they will be amicably settled by the Parties.
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Article 6: Amendments
The Parties may modify this MOU as jointly determined by written agreement.

1.  No Amendment or modification of this MOU shall be valid unless the same is
made in writing by the Parties or their authorized representatives and specifically
stating the same to be an amendment of the MOU. The modifications/changes
shall become part of this MOU and shall be effective from the date on which they
are made and executed, unless otherwise agreed to.

The Parties undertake to maintain strict confidentiality and prevent disclosure
thereof, of all the information and documentation for any purpose other than in
accordance with intent of this MOU.

Neither Party to this MOU shall assign any rights and obligations to any third
Party without consent of the other Party to this MOU.

Article 7: Duration

This MOU shall take effect on the date of signing by the Parties and remain valid for five
years. Three months before the date of expiration, the Parties shall consult with each other
about the extension of this MOU. This MOU may be terminated by either Party giving not
less than six months” written notice to the other Party. The termination of this MOU shall
not affect the validity or duration of projects under this MOU, which are initiated prior to
such termination.

IN WITNESS WHEREOF, the undersigned duly authorized there to have signed this MOU

in two copies in English, both copies being equally authentic. The respective institute will
signed the MOU in their native place.

For Yerevan Physics Institute For UNIST
Yerevan, Armenia , Ulsan, Republic of Korea

@%

Ashot Chilingaryan Jae-Up Kim
Director Department Head

Witness" S[en Arutunian Witness: Moses Chung

Date: sy | D -
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Jeffe?son Lab

DThomas Jefferson National Accelerator Facility
Exploring the Nature of Matter

June 14, 2017.
Dr. Ashot Chilingarian, Director
Artem Alikhanian National Laboratory
0036 Yerevan, Armenia.

Dear Dr. Chilingarian,

The U.S. Department of Energy operated Thomas Jefferson National Accelerator Facility (Jefferson
Lab) is the major and largest international facility in the experimental study of nuclear and hadron
structure with electrons and photons. Jefferson Lab’s user community includes well over 1,500 user
scientists, of which about 1/3 come from international institutions representing 37 countries. We have
prided ourselves on a longstanding and very successful scientific collaboration with the Artem
Alikhanian National Laboratory (AANL) in Armenia.

Scientists of AANL have played active and visible key roles in Jefferson Lab research as members
of collaborations in the experimental Halls, often in leading positons. They have participated in the
design and construction of experimental equipment; in providing for proper operation of various
experimental equipment, including on-line and off-line support, in data taking, calibrating, and
analyzing of experimental data; and in publishing of physics results and presenting at conferences
and/or workshops.

In 2017 Jefferson Lab will have completed the 12-GeV Upgrade project, a 338 M$ investment of
DOE/Nuclear Science that includes a doubling of the beam energy, a new experimental facility Hall D
and major upgrades to Halls B and C. In addition, we have completed a smaller-scale upgrade to Hall
A. We are excited to continue our strong scientific collaboration with AANL in this new era of
precision electron scattering studies of nuclear matter. ;

For successful collaboration, folding in the duration of nuclear science experiments from conceptual
design through equipment construction and experimental data taking towards scientific publication, it
will be necessary in some cases for AANL employees to be at Jefferson Lab for long periods of time,
which can be up to about six months per year.

We will provide an appropriate on-site work environment including space, computer access, necessary
training, and other items to allow the AANL user scientists to be successful in their scientific research
while at Jefferson Lab. We will provide as budgets permit travel support and emergency medical
coverage for AANL scientists while working at Jefferson Lab — any such support is to be implemented
under an appropriate written contract.

/’,o.u.%sincerely,
| &

Rolf Ent
Associate Director for Experimental Nuclear Physics at Jefferson Lab

12000 Jefferson Avenue, Newport News, VA 23606 - phone 757.269.7100 - fax 757.269.7363 * www.jlab.org
Jefferson Lab is managed by the Jefferson Science Associates, LLC for the U.S. Department of Energy Office of Science
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ATTACHMENT 22. Financial information on CERN collaboration

CERN Expenditure Tracking Toolkit (CET)

27.04.2016, 13:46

Team Information

Query Date:
Search Criteria:

27 Apr 2016
Team Account Number T226800

2000 0.00 638.22
2001 0.00 554.42
2002 0.00 554.42
2003 0.00 554.42
2004 26.17 528.25
2005 -19.31 547.56
2006 -3,083.33 3,630.89
2007 468.07 3,162.82
2008 41.32 4,121.50
2009 -1,376.39 5,497.89
2010 46.43 5,451.46
2011 -181,696.77 187,148.23
2012 0.00 170,314.56 -170,314.56 16,833.67
2013 -188,760.00 205,593.67
2014 191,783.00 13,810.67
2015 16.01 13,794.66
2016 0.00 13.794.66

=
CERN - Organisation Européenne pour la Recherche Nucléaire
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CERN Expenditure Tracking Toolkit (CET)

27.04.2016, 13:45

Team Information

Query Date: 27 Apr 2016
Search Criteria: Team Account Number T243700

2000 0.00 1,051.00
2001 0.00 0.00 0.00 748.68
2002 0.00 624.12 62412 1,129.91
2003 §53.58 1,527.33
2004 2,132.08 39525
2005 4,593.60 1,019.65
2006 2,006.54 1513.11
2007 2,108.80 2,404.31
2008 1,104.28 2,800.03
2009 41572 3,884.31
2010 967.59 2,916.72
2011 1,316.36 3,600.36
2012 529.30 3,071.06
2013 937.59 2,933.47
2014 1,081.39 1,852.08
2015 597.40 1,254.68
2016 0.00 125468

CERN - Organisation Européenne pour la Recherche Nucléaire
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Sknkljwlp

Shyghlugh plwguwdwnnod wNpwlwb ghowlub bEDncd b wewbndnod dNwgp pRwlwiwgdwb Gwdw whondpeb hoghy
NDwdwpbnNEp dhny inDwdw Ny g Pplebivw ol wyw gt ol b Gw-pNwbupw bl ghuwluwl GudwgnDowlgnedpul
2DNgwinuluENnud ENLGnnd thnjugnDowlgnfd pul gnufwUEDh oguwygnNadwl B Dwph D g
2010 - 2016 pufwyprud

22 nput
Ul wilanodd
2010 2011 2012 2013 2014 2015 2016 Cununfip
1| U Tarpuad g fiwe 1 23 141500,00 [ 22 800 000,00 | 20 000 000,00 | 20 000 000,00 [ 20 000 000,00 - - 105 941 500,00
2|%npéninnud 8bMY 4305 198,00 7 165 987,00 10 770 387,00 10 664 763,00 7 267 287,00 8 055 249,00 2942 328,00 51171 199,00
) plod
Quilynp b 2. 293 117,00 1003 530,00 366 029,00 542 150,00 540 440,00 247 839,00 2993 105,00
Uppnc i U, 434 864,00 659 574,00 1185 263,00 1435 546,00 941 234,00 232 893,00 613 476,00 5 502 850,00
YNl $. 732 300,00 1 696 000,00 1314 220,00 426 609,00 433 346,00 4 602 475,00
oy wn D 0. 1540 142,00 1625 745,00 2529 409,00 2147 754,00 1 584 006,00 1522 328,00 10 949 384,00
@ redwuguls U, 1364 757,00 1295 581,00 1895 697,00 2 305 000,00 1445030,00 | 2068 587,00 594 300,00 10 968 952,00
FpygrDuts U 209 919,00 246 725,00 267 847,00 637 433,00 216 270,00 266 885,00 1845 079,00
UpDod s U, 182 399,00 1602 532,00 2 059 755,00 1617 897,00 1443 663,00 1207 418,00 572 316,00 8 685 980,00
Tualyrgats L, 280 000,00 280 000,00
Nuwngplyguits 4.* 770 387,00 664 763,00 670 035,00 829 665,00 589 920,00 3524 770,00
Uiyl v.* 1246 288,00 572 316,00 1818 604,00

*Muyplypwl 9. - 3,524,770 NDwd, nNpy 2,934,850 N 2o-powb frolpu e uyu pfwbog Dng
*Uwlindyguls . - 1,818,604 NN, nNpy 1,246,288 NNwd 2w p-pN b roljuls uyw pfwliwg g

15.06.17f.

CET Team Transactions
https://cet.cern.ch/cet/TeamTransactions
Last CET Data Extraction: 15 Jun 2017, bookclosed for May (Stores: May).

Date: 15 Jun 2017

Query: Category of A All Categories ¢ Budget Code T243700 and Time Period between 01.01.2016 and 31.05.2017
Approval A : 2 Running balance
Order Code Date Order Description Debits CHF Credits CHF
document CHF
01.01.2016 Starting balance 1254,68
TTID TIDO7784! 6437610 30.06.2016 Book 34,65 1220,03
Total 31.05.2017 34,65 - 1220,03

CET Team Transactions
https://cet.cern.ch/cet/TeamTransactions
Last CET Data Extraction: 15 Jun 2017, bookclosed for May (Stores: May).

Date: 15 Jun 2017
Query: Category of Accounts All Categories anc Budget Code T226800 anc Time Period between 01.01.2016 and 31.05.2017

Order Code fppreva Date Order Description Debits CHF Credits CHF BanningRalance
document CHF

01.01.2016 Starting balance 13 794,66
CL6669682 6669682 31.01.2017 Arduino (1701-) 13 794,66
CL6669691 6669691 31.01.2017 Microprocessors for experiment automatio (1701-) 13 794,66
CL6670698 6670698 31.01.2017 Interface Card (1701-) 13 794,66
CL6669682 6669682 03.02.2017 Arduino 13 794,66
CL6677121 6677121 06.02.2017 Arbitrary Function Generator (1702-) 13 794,66
CL6677124 6677124 06.02.2017 Oscilloscope numérique, ISO-TECH 200MHz, (1702-) 13 794,66
CL6669691 6669691 22.02.2017 Microprocessors for experiment automatio (1701-) 77,20 13 717,46
CL6669691 6669691 22.02.2017 Microprocessors for experiment automatio (1701-) 13 717,46
CL6670698 6670698 29.03.2017 Interface Card (1701-) 476,23 13 241,23
CL6670698 6670698 29.03.2017 Interface Card (1701-) 13 241,23
CL6669682 6669682 03.04.2017 Arduino (1701-) 111,79 13129,44
CL6669682 6669682 03.04.2017 Arduino (1701-) 13 129,44
CL6669682 6669682 03.04.2017 Arduino (1701-) 13129,44
CL6677121 6677121 28.04.2017 Arbitrary Function Generator (1702-) 692,39 12 437,05
CL6677121 6677121 28.04.2017 Arbitrary Function Generator (1702-) 12 437,05
CL6677124 6677124 28.04.2017 Oscilloscope numérique, ISO-TECH 200MHz, (1702-) 1497,29 10939,76
CL6677124 6677124 28.04.2017 Oscilloscope numérigue, ISO-TECH 200MHz, (1702-) 10939,76
&155 04.05.2017 Frais transport facturer par fournisseur (réservé compta.) 23,77 10 915,‘_1_9_‘
Total 31.05.2017 2 878,67 - 10915,99
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ATTACHMENT 23. Potential AANL Future Leaders

B R T T T O T T T A e

U p. ULPRUL3UGE wijnwi UQQU3RYL ¢hSULYUL LULALUSArhU
(GELEIULR $Sh2PYU3h hUUSPSIFS)

hUVU2ruUU

e .
T T T T T T T T T T T T R N T T T T T T T T T T T

ruutdu

11.03.2015p. N36/u.

UUGL (Gpdb)-h wpnilwjujul qupqugnuip wwywhnytjn hwdwp, Gphunwuwpn
ghnlwlwGGtph Jwulwghmnwlywuwl wnwonlpwgh hGwpwynpnipjniGGbp uvnbnotynt, hGywtiu Gul,
wlhpwdb)unpjul nhypmd, Jwnmgywopwjhl uvnnpwpwdwliwl nbjwjwphl wGhwuywun
thnfuwphGnuip wywhnytijn Gyunmwyny

rUUU3NRU BU.

1. {wunwwnty UUGL (6pdbh)-h wnwohyw 5 mwphGiph ppugpnmd thnjuwphGiwb tipwlju
ghnw-juqiuybpyswiul ntyuyup yw)unGiiph gulyp, hwdwdw)l unyyG hpwiwGhG Yhg
hwybtwoh:

2. GQunptiph pwdGha, dsEjudujw dwdnnd dywlt L Gepiujug it hwunmwndw 6’

e (OLylGwonihG ywhniumwjhl uqind (ntigtpynid) gpubgtint b pngpybnt ywthwhpGepp
(qpunbgpuo  wuwpunlnd wfuwwmwlpwjhl gqnponGtimpjul wpnymbpGhpp, ptllGwonth
gnpolwlwl L wGiGwliwl hwwnlwbhpGepp, Gpw  pgniGuympmnGGipp vwywuynn
w2fuwwnwlph  hwlntw, wnwbtlghw; hGwpwynpmpmGGtpp, ptyGwonph  Ytpohl
wnbunwynpiwl wpyymGpGhpp L wyG:)

e UUGL-h ghunw-juqiwytipyswyui ntuwdup ww)wunllbpp thnfuwppltmn GGpwlw
Junptiph nbqtpgh dLwynpiwl b Jwpdwl gnpoplpwgh htwn juwyywo wfuwwmwlplbph
Juqiwlbpyiwb upgp.

e UUGL-hp hnunmnuiGuwihg gqhwmbGwlwGGtph” qhunw-juqiuibpyswuwi ntiudup
wwyunbGtpp thnjuwphGbne Gipwlw YunpuwjhG ntgtipgh piyGwoniGiph wijwlwgniguyp.

4. UnyjG hpwdwGp nudh db9 L unmnpugpiwl wwhhg:

UUG-L-h mbontl U.QhhlGqupywl

Guuw. Uhpwbjw
Swifbpjuo

11.03.2015p. N36/4

hpwdwlh
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JULY

tnfuwphGiwG tipuwyw UUGL (Gpdh) hhiGunpuwih ghunw-

Juquiwlbpyywju b nhuywnp yquw)unnGGtph

uuaL (6pdh) hhiGunpuuih mGonpt

ulaL (6Gpdbh) hhiGwnpuuih mionptlh mbnuywy ghwnnipjul qony
uuaL (6pdh) hpiGunpuuih mGoptih mbnuljw] pnphwinip hwpgtpnyg
uuaL (6pdh) hhiGwnpuih ghnpwpumnimup

Anpéwpwpuyud phahuyh pudwinilph Juphs

Shtiqtpwlwb dwnwquplGph Phahlwjh pwdwbinilph Junhy

Stuwwl $hghywjh pwdwGiniGph Junphy

dhghywjh yhpwnwlw b htnmwgnunmpjnGGaph pwdGh Junhy
hgnunwGtph htmwgnuniw b L wpmwnpnipjwl pwdih yuphy

{wdwyupgswyh YabGumpnGh Juphs
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duvolduvuduuvy

UUA-L (6pdh)-h hhiGuwnpuwidh ghnwjuqiuybpyswliul nbjugun
wuwpwnbGtph yunpujhG ntiqipdh’ pun pwdwGinGpGtph (pudhGGtph)

Uqqulnil, wlniG hwjpwGnG OGlnywl | Qpuntgpwo ywpwnlp | Ghunwjuwi | Swinpw-
SLOrhuLNrMe3NFL
oNeAULTNrtUlL dh2hulsh AUFUTLUNRLL
1. wswunpuwl Jwpnul Uppwinijuh 1984 ghumwfuwwmnnn db.u.q.p.
2-Lwnjul Q-Lnpg Unwpuwinh 1983 ghunwpfuwwmnn db.u.q.p.
SEUULUUL dh2hUUSh AUFULUNRLL
L. GQuwpwfuwlGruld “dFwhp (kninbh 1964 wn. ghnwfuwwnn db.u.q..
2.Ujpwhybpnul Updbl Ennuupnh 1973 wy. ghnw)fuwwnnn db.u.q.p.
3. UlGwbhinul LL Ghpubuh 1981 ghumwfuwwmnnn db.u.q.p.
4.Gnhwqupul Upubl Quqhlh 1987 ghunwfuwwnnn db.ui.qp.
Sht2ruulL auNUGU3ELELR ShORLUUSR AUJFULUNRLL
1. Qupnuy bl Shomul Owpnijh 1979 ghunw)fuwwmnn db.u.q.p.
2.Uwwhpjwul Pugmumn 9-nipngliGh 1985 ghunwpfuwwnnn db.u.q.p.
Gh,UNUUUL PhQRYU3R AUJKFUL
1. UibpuwGul Fnnuwupn 1983 ghmnwfuwwnnn d.u.q.p.
UliwguwljuGh
hansnMuerh ULSUALNMESUL AUDTL

L. 4wygpup il (kniphl Gnpjugh 1987 ghumwfuwwnnn d.u.q.p.

JUUU4ULG-EU3PhL UELULLL

1.Yapdbloyul <wpnipyn b <wlnph

1980

gwlg. Swpmwpwgbn
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