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2015 Gnpéniubmpyub Zwoytwnynipinit

U.P. Ujhpuiywmuh widub wmqquyhtt ghnnuljuts jwpnpunnphw (UUQL)
(Gplwith $hqhjuyh htunhwnniwn, Gpdh)

‘Ukpwoénipinih

Stwywlwap. U. Ujpluwmlymbh wqquypl jupnpunnphwi odnyjwd Fownwbdinwhunnniy

thnpdwnnijpyudp b hunnipiniaabpny pupdp Fabpghugh phghliuyh b wuwnmguphghlugp,
Uhpontuyhli  phghluyh  hEkwwgnuinipinibibph,  qhunwlbuli uwppuwshiniprui,
rugquuyupudbnphluluwl njuybbph JEkpnidnipinihabph, hlswlku Gwl §ppnyejwb
phuwgquyuinibpnil:  Uqquyhll  jupnpuunnphwl  pp  Aknwgnunulbwl,  [ppwulwl b
pinijughnl Spugnbpny wkwnp I dwnugh F ppulwb wqnbgnipinil pnnhlbint wgquyhb
wpdbplbph ypur: Ugquyhl jupnpunnnphwl hinupun/npnipiniabbp F pbdkninid dinufnp,
whdhwlwlh o dwubughunwluwi wdh hwdwp: Unynplp b wwhiunbip  wgquyhl
Jupnpunnphughnid Jhywumh pupdp  wphbunwywpdnippuin, [qupqugih wpug,
huwnwl dinwskjulbpup, hisp pniyy junw hwenpnipyub hwublbint Jkp wipwg hnihnin/ng
wppiuphniid.

Unwpknipiniap. Ppulwinughly hudwofnuphughll dwlupnulh hbunwgnuinipinibbbp
ZJuywunwinid, dwululgly  wopnuphh  junonpugnyl ghunwlwl  hwdwgnpéu-
gnipniibakphl, wnwowplly ghwnwlwl gnpdhphlpn b Swnuyniypmnibbbp Zuywuwnwih
Uponifughli  pdoynipjul, — wpynibwpbpnippulb,  dowlnipuyhl hEunwgnuulwb
GEinnpnabkph hudwp: Uwhdwbly pupdp sunhwihoblp dughunpnublbph b pnlinnpbbph
gppuwlwi nuupbpughbpnid, gnigunpky, np ghunipiniin b §ppnyeniap ppwwku jupng
ko wwywhnyly Zuywunwih qupqugdul gnpdplpugn:

2015-ht UUQL-u swpnibwll;  E hp qhunnwlub gopéniubmipnitip wjwinuljub
ghnwljut mnnmpmibubpny Bt winhqugpl] gnpdmiubmpmiup dhomluyhtt hghluyh
plwquyjunnid: Unwghtt mbiquud inhbkqbpujut fwnwquyptbph pudwtidniuipp hwuwnunty k
Uhypnjupjutiing  dwdwbwljughtt vwinnuih Jpuw wdypnuupkp  wdwybphg bynn
dwutihjubph htntinubph U Yuydwlubph dhot Yuwwp: Ujuwhuny, qquih wnwgptpwg
qruwigtg wdwpnuwughtt Ybipgbnyu wgtph (U4U, wbq). TGE) bhqhfulwu unnkh
unbnddwt dbe. ‘Unp dptnnpuughtt tplinype, npp pugwhwjntghtt Gpdh-h dhghynuubpp:
Onpdwpupuljutt $hqhjuyh pudwidniiph dhqhynuutipp ujuly ko wykh ks 13 Sk, thugh
tutipghuyny LHC ghwnwthnpdhg uwnwgynn ndjuyutph Jbpnsnipmniup: $npdwpupuljut
pudwindniiph  $hghynutbpp Uhwgiuy Uhomluyhtt Zhkwnwgnunmpnitttph Puunhuinninh
(Dubna) $hghynuutph htwnn hudwwnbn 2015p.-ht wpudwsuthtight Mu2e (FNAL, UUU)

ghunnuthnpdmd Yhpwnynn Csl ppoiptinubpp: Zknwgqu npudwswthdwt hopdbpp juhgws tu



Uhwgju Uhgnijuyhti Zkinwqnunnipjniiitiph Puunhinmnh htwpuwdnp $httwmtiuuynpnidhg,
npp nnus Yhuth twb Bpdb-h 50-unfjur géuyhtt wpuqugnigsh wpnhuljutwgdwn:
Stuwljutt $hghjuygh puwdwtniniipp swpniiwlnid L hbtnnwgnuinnipniinbpp $tundbiynghuyh,
pjutitnuyhtt wbumpjutt  htnbgpuy  dnpljutph pwquunmd:  bqnunnwubiph
htnwgnumpjutt b wprnunpmipyut pwdhip tnp dbkpnnutpny Tc hgnuiny unwbwno
tyunuwlny yunpuunnd L wnktninghwljut vwppudnpnidutp: Yhpunwljuit bhghjugh
pudwidmbpp owpnitwlmd E uphyntughtt poipbnubph  numdbwuhpmpiniutipp b
owlmd £ tunp dbEpnnubp wpwqugnigsuyhtt thugkph Jpwhuljdwt hwdwp: 9hpotipu
hhdtwnpqus Zwpynnujutt $hghljuyh b SS pwdhup tnp ubpdbtpubph, unp gubgught
uwppwynpnidubph nknunpdwdp b gnpénn oybkpughnt hwdwlupgh wpnhwljuugdundp®
puuyp £ Bpdb  puwdwtdmiuiptbphtt  wpdnn hwdwlwpgsuyght b gubguyht
Sunwympnitibpp:  Udwth wnh hwipnd wnbnunpjuws  vwppudnpmudp dhwgdlp E
hudwguiighti, npp httwpuwynpoipnit £ty ujuly tul dwutthljutiph hnuph uinnpgbniyw
Unthwnnphtgp:

b pnud dhoniuyhtt hqhuyh 4 twhiwgstnh, 2015p.-htt Ghwnnipniutbph yhknwlwuh
Unuhnkt hwuwnuntg wqqujhtt jwpnpuwnnphwjh bhqhynuubnh Ynnuhg wkpuyugdus
nbuwljut $hhluyh, thnpdwpuljul dhqhljuyh puquijunh 11 Unp bwjiwghs, wyn
pyYnid” wpwohtt wuquud CERN-nid b DESY-nud Epdb-h $hqhynuubph Ynjupnpughn 2
twpiwughs (Jnbu hwdbdws 6):

2015p.-hti, hwodh wnubkng btwjulhtt thnpdp, hunughnt twhwgstph jpwjuniudwi
tnwbwlp tnpudtg: udpipp jupwhniuynd Bb dhugtt twpuwghép wdupunbnig b
wipyniupubpp gnigunpkinig htwnn:

2014-ptt UUQL-mud nbnunpyué @hpun Ejljnpnt Ynpynpnghuwjh (UWUL) wwppbkph
Jbipnwdnipjun. ARL QUANT'X  nphuwbpuhy  nkuwngbiywt  dwpwquyptbph
dninptiughinnughtt uytyunpndtnptph oqunipjudp Juwwnwpyty L Na dhtish U wnupptph
Jtpnisnipinit Uh owpp juquuljbpynipmnitubph hwdwp /nku hwdEdws 11/

Zpuywpwlinudubph  pwbwlp  pwpdp  Jupluihy  mubgnn  wduwgpbipnid B
dwutiuljgnipyniip dhowqquyhtt  ghnnwdnynyubpnid swpmbwynid £ dtwy  pupdp,
wupuww byt kb wphiwphh unpnpugnyt pupdp Eutpghuyh dhqhljuyh Euwnpnuubph
htwn hwdwgnpéwljgnipiniup, hwdwgnpswljgnipjut wuwjdwbwqgpkp G Yupyt) DESY htwn
Eypnyuljut wdbbwdkd wunnudbhqhuyh htnwgnunipmitubph twpowgdnid
dwubwlglint hwdwp: Ubkjuhynh opowlw hpwpnipjuubph Udnthwnnphugh twuwnwynyg
huwdwgnpéuljgnipjut unp wuydwwghp k Jupyt) Ukjuhynh wyhnwljuwt hwdwjuwpwuh
htwn: Pwpdwugyl] G hwdwgnpswlgnipjut wuydwbwgpbipp dh owpp pnruwlub
httunhwnninubph hkw:



Gphunnwuwpn  ghntwlwutubph B nuwbnnubph  hwdwp  juquwlibpydb; B unp
ubdpiuplbp hiunpunnunh wohunwhgubpp thpupugpty kb puwidbl qblnygubp b
hpuhpyws nuuwpinumpinibibp /Ank v huddbygws 4/:

Zwonnnipjudp  owpnitwldt] L Ephnnwuwpy ghntwlwitbph wowlgdwt b
hupwhintudwt épwgph Juwnwpnidp: Phunhnnunnid pupbjudyt) B wpownwljhgutph
wnwphpwyht ujupwghpp, 2011-2013pp. Ephiwth hwdwjuupwitbphg Gpdb-nud uljuly Gu
wppuwwnky 40 Jwghuwpnu. Upwughg ndwbp pugnibdl; b htunhwnninh
wuyhpwinnipu b httunhnininh wnwppkp pudwtdniipubpp: Swynp, Zwjwunwunid
pupdpugniyh Yppnipub pinghwbngn wiljdwh wungwnm] 2013-2015pp-hit gpuiigty k
niuwbnnutph  pYh  Wjuwgnud, Jkup Juughp niukup CERN, DESY Gt Jlab
Unjupnpughwitpnid tnp fjununnidtwhg Gphunnwuwpn ghntwlwbbtp thpgpuydbne
hwpgmu:  Zwdbdwwnws  Gwhunpy  wwphibph 2015p.-htt wughpuwbnibph b
phijuwbniwjuip  wuwownwwbwsubtph  phy  Wjwuqb; kE 2014p.-ht wqquyhlb
jwpnpunnphuynid ujuykghtt dtwghunnpnuwljub puupbpwugubpp: Yppuu Spugpkpp b
nuuwpinunipniutpp tdwnwludnus tt ntuwbnnubphtt Yppl] pupdp Eubkpghugh
dhqhjuyh b wunnubhghuwjh ptwquyuenid /nbku hwdbJws 10/: Thonp ppdnud |
dwuthfubp gpwugnn phwnkliunpubph b EEjupnthiuih juwpubiipnid wugugynn
wplpnwwnwbipubphty, wdjujubph  JEpnudnipjutp, hwpbnympmitutp  gqpimit b
wojuwnwbiputpp tbpuwluwygutini: Uqquyhtt jwpnpuunnphuwjh Yppujut jEunpnunid
oqnugnpéymd k. dwdwbwljuljhg LEyupnuhumny b dwuthlutph phwnbljunnptbpny
JbEpughtjwé nwuwpwubbpp:

Ognuwninuh 17-21-p Ujhpwiywih witdut wqquyhtt ghnwljut jupnpuwnnphuygh
ghnulul U numdbwlwt jwpnpunnphwibpmd  whgugltg  Udwpwjht Qupng
“Pupdp Eubpghwbiibph $hqhju b Shhqhpuwljub &Swowquypbtp” funpugpny: 15
nuuwpinuitp nmuwbnnubtpht  tkpuyugpbght  dwdwbwlulhg wbuwljut L
thnpdupwpuwluwt $hghjwyh uphnpugnyt phdwubpp: Unyb nupnghtt dwubwlgkghti 23
ntuwbnng  Bplwth  Mhnwlwb  Zwuwdwjuwpwihg,  Swpnwpuybnniput b
Chuwpuwpnipjut Zwjwuwnwih wqqujhtt hwdwjuuputhg b Bphwuh  Shqhluwjh
bPuuwnhwnninhg:

UUQL-h wbophunipjnitip vwhdwul] E hwwnntl] juintwlwupg tnp wohiwmwnnnubph
wpnwwnwiph pugniubint hwdwp, np £ dpgnyph jud putinipjut whgugnidp: 2015p-ht
wju juinbwljupgny punnidly Bu 2 ghntwlub b 5 Swpunwpugbn:

Cwpnibwlyl) £ UUQL Eipwlupnigyuspubtph i pupdpwunhp ghnnwlwt juywbtbkph

Jbpwinpngnudp:  Qquihnpkt  pwpdpwugdl; E htwnbpubn hwuwbbihnipnion:

dhpwbinpngyt] £ dhpwqquyptt Ynudpbpwutibiph Unp Udpkpn YEtwpnup b wyu wydd

hudwyunwupmbnd b dhowqquhlt swhwihobphtt' ubdhtiwpbp b thnppudu]uy

ghwnrwdnnnyubp whglhugubnt hwdwp: Gupswlwt okuph 2-py b 3-py hwplbph hwwnwlp
6



L wwwbpp hhdunghtt JEpwunpngybtghli, dhowqquyhtt Ynudptpwutibph ‘unp Udpkpy
Jtuwnpnth 4 ukyul JEpwinpgytg b juhwiynpytg, np oqgikg hwgnnnipjudp whghugut)
TEPA-2015 dJhpwqqujhtt ghwwwdnnnyp: Cwpnibwlynid G Eipwlupnigusputph
Jhpwinpngiwt wouwwnwupubtpp” 4-pp dwubwobiuphtt Jhwgylkg opwunwp junpnduy”
onipgonjw opuwdwnwljupupdwt hwdwnp:

unp Udpbpnpmud b Bplwbinud  hwdwyuwnwupowt  Spugpuyhtt wyywhnddwdp
nhuwhuljnnujut b whdunwignipjut hwdwlwpgbiph mEknunpnudp htwpwynpnipiniu
nytg hpdwnt] 10 ywhwlukph:

2015p. pugpnnnidutnh dwuht. Gphunnwuwpn bhghlnuubph b Swpunnwpugtnutph
puguljuynipjul, husybu twb vhuppninpnth hbnnwqu gnpswpljdwb nddwupnipniuttph
wuwwndweny thwldtg wpwugqugnigswihtt hqhuyh pwdwtdnitpp, hull uhuppnupnup
nputg Ynbubpjugdwt ntdhuh: Fdpwpunwpup, dhenijuyhtt pdolnipjutt Yhuwnpnuh
qnpswpluwt hhinwdquul wuwngwnn] suljuykghtt unp IBA ghlnpupnuh 18 ULd
ypnunbuuwght thigny ghnuthnpdbpp, hulj 22 ghnnipjut wknwlwt Yndhnkt hknwdqkg
4 wppbkt ujuwd twhwgstpp: IBA fwpunwpugtnutph judph qup b wpwuqugnigsh
pnnuplinidp hinwdqytg wtinpny dudwtiwyny:

Quujwsd tpwl, np wbophtunipjutt junphnipnp nipwpwibynip wdhu, hwwnnily
Uhunbphtt putwpynud L Gpdh wolnwmwnmwlhgutph hwdwjubihnipmniup, uwwluyu
hpwyhdwlyp htpnt E pwupup hubnig: Uhpwqquyhtt hwdwgnpéwlgnipniuttpp
unyuybu (ujugnyt Jpdwljnud sku: UUL-h dninph hquitph dkpddwt yuwndwnny
Epdh  wohuwunmwlhgutpp skt jupnnutnid hptug twpwgdwés ghunwhnpdtpt
hpwwuwgut) JLAB-nid: 15 wunudubphg punjugus UUQL-h bhghlynuttph funidpp sh
Jupnnutnid oqunwgnpsédt] hp dnnwynp ubthwuwinipjut hpwynitpp: Snpstwjunid
CERN-h L Jlab-h huyjulwt pudpiph $hqhynuttpp Gpdb-nud ubkpgpuydus skt wyp
woiwnwbpubpnid: Uw bu db wiqud wyugnmgnid E, np Zujwunwitnd whwnp E
wpwqugnigsuyhtt - bhghjuyp b wuwnnuwdhqhluyh pwquyupnid  unbindly
htwpwynpmipnititp  thnpdwpwpuljut  wrwwnwbtpubpp  juunwpbnt hwdwp b
wnweunipintl tnw] wpnkt $htwbvwynpynn twhiwgstph:

Zuwpwynpnipjnit nibktwny dwubwygl) CERN-h Ynnuhg juquultpyws RRB-
2016 hwunhwydwup, UUQL-h wbopkup hwunhwytg LHC L COMPAS ghwuthnpdbph
ntjwuputph htwn: Zujwunwih dwubwlgnippiip owwn puwpdp b quwhwwnynd,
uwfugh Yuwb npny futmphtbp, wy pyomd judph nkjwupttph pupdp waphpp,
niuwinnubph wwlwup, ghunwlwt hnpdusubph wwwpwundwt dbky b wwppbp
Unjupnpughntt wphtmwnwpwihtt fpdpipnid dbp dwubwljgnipjut wuljuup, hsybu twb
hwwnnil] phdwubph pwguluwynipniup, npunbkn dbp ghntwuwbtbph hwinhuwinud Gu
Unjwpnpughwjh njuwdupubp: Swwn Juplnp E np Zwjwuwnwbp jhtubng qupgugnn
Epyhp, gnpStwlwtnid Yhpweh Yppnipjub, wppynibwpbpnipjutt qupgugdwut b



hunJughuwjh wjtt htwpwynpnipniutkpp, npnup wnwewplniud £ CERN-p: *dpwjuwnumpun,
wju  htwpwynpmipnittiph  Jhpwenudp  hkpmt o pwdwpwup  (huknig: CERN-h
Unjupnpughnt ntjwdupubpp pugpniud Bt wydbih dES npwngpnipnit qupdub) dbp
Ephnwuwpny ghnbwljuwiutbph U nuwbnnubph dwubtwlgmpuip vwppwynpnidubph
unbnddwt b wnujubph Jbpnsmipyui dkp: UUQRL-h wbopkup pununwguy SS
pwdwidniupnid  unbnst] wjjuiitph Jbipmidnipjutt junwdp b qhul] wyt  ponp
wwhwheynn uvwppudnpnidibpny] ndjuybph Jhpnisnipmnitp Epdb-mud whglughtynt
tyuwwnwlny:

2. 004l USNrUfUSULNRULEMP GhSUUUL GNrONRLENRE3UL
uvoNenNkrU

2.1.¢npAwpupuljui $hghjuyh pudwuininiip

2015p.-htt hpwgnpsdt] E wouwwnwtpubp thnpdwpupuljut dbpnnutph qupqugdwt
huughputpng (GUQL) b swpnitwll] E ghnwljut hbnwgnumpniuttpp  dhowqquyhte
JEuwnpnuutpnud: 2015-htt @npdwpupuljutt bhghljuyh pudwtdniph juqund pungplytght
budtljunph swhwgnpéudwtt b uwyuwuwpluwi (100/9) b Uhlpnupnuh swhwgnpsdwt b
uywuwpydwi (100/10) fudpkpp:

Zupytinn dudwbwjuhunyusnid wpnhwljuugyty kb sowhwgnpsyty UUQL-h (JTYD-
75) gdbuyhtt HEjupnuughtt wpuqugnigsh 10-40 UL Eutipghwyny gniquhbn mbtnuthnpuus
HEyunpnuughtt thugwnwpp dhtish 1dyU. hunbttuhynipjudp, npp poyp B wiwjhu hudbuwn
dhtwtvunpududp - dhomluyghtt dhghjuyh nppumd hpwljuwbtwugil] wpphwljub
thnpdupupuljut wopwnwbputp: npdwpupuljutt bhghjuyh pudwidniiph bt Fnpliugh
UzUP  dwutiwgbnitph dwutwlgnipjudp 2015p. juwnwpdt) ki hwdwntn wpppuwnwiipbp
gdughtt  wpwqugnigsh guép  hunbbuuhynipjut  HEjupntught thuony, udhpusd
wnbunnwynpynn hup  Csl piptnubph  wpudwswithdwip Mu2e(FNAL,USA) ghuviwuthnpdh
hwdwn: Unwugjws thugh htnbtuhynmpmiup (Uhwhkjunpnuughtt nkdhd, 10-20 e’/Aply., 50 Zg
hwlwjunipnil)) hwdwyuwunwupwimd tp poipbnutph wpudwswhdwt ywhwbetbpht:
Uunugyl Eu gnidwpughtt uyblupubpp hup pomptnutph dwnphguyhg dunwquypdus 30
Ut 1 40 Ut Eljinpniutpny:

20Cf L ®°Cf Uhgmlyubph  o-inpnhiwl wwklpnplitph dwipuduut nunmdiwuhpm pyub
wpryniupmu quuthwun by Eu wyn Uhoniljukiph, hudwyuwnuwujtwiwpwnp,
ubpunnutitjinpniught bt ojunwtjupnughtt pughnwljnhynipjutt hwpwpbpuljut
hunjubwluimpmibitkph (hwdbdunws e-inpnhdwh htwn)  Jbphtt vwhdwbibkpp 4-10°
6.3-10" : dkpohtu qpliphk ptp wiqud wikjh gusp k, pul y-uybljunpusutuljub Wkpnym]
Jtipotipu hpwlwbwgwé ghwnuhnpdh wpynipp, npl, punn htnhtwlbbph, Ywpnn kp
wuytwiunnp]us (hul] 2°Cf dhomlhg 1.74-10° hwpwpbpuljul  hudwiuljubm pyundp
ojjrnutitjinpnth wnwpnuuny:



Uduith winh hwtph guspdntughtt jwpnpunnnphuynid junnupgws y-uybjinpnuljnuhly
sunhnufubipnud. npnin]ly ko 2°Cf dhomljh gbnpuwt huqunbyy wpnghulbpnd wnwewgus
Uph pupp bpupulyug  gouuinp-dhgnilyubp: Yhuwplply B2 Eu pnuonp-uhemlh wimiurg
pupdp p  (1.8440.17)-107 , hisp qpliphk snpu Yupgmy ghpuquitgmy E jubuugniowlypdws
wipdtipp: Unwghtt whiquid qwthunndby B *#°Sh, ***Cs, 1**Pm, ®°Eu, ™Eu 1t *™*Tb hqnunwjuikiph
Ynuniunpy Epbph Yipht vwhdwibbpp: Zudbdunws e-punghnwljinhynipjub htwn, 2°CF
Uhonijh Juwunbpughtt nunhnwljnhynipjut hwpwpbpuljut hwjwiwlwinipyut hwdwp
(hurdtdunnws e-npnhdwl htn) uinugyly i hbnbyuy vwhdwbauymdbpp < 1.6-10° b <
35-107, hudwyunuupwupup,  twinphmuh (¥*Na) U ynpupnh (PCo)  hgqnunuglikph
Utpupbpuy:

Uhgonijuyhtt htlnmwgnunmipyniiibph dhwgyuy htunhinmunh (Mniptiun) htin hudwintn
FBRELEL  hwdwgnpéwlgnipyutt  oppwtiwljubpnid  swpnitiljdly B wppuwnwitiptitipp
$nunbumpupwibpmud 45 Qb umlynt tubpghumnd %Si dhemljbph b 158 Qk]uniynh
tutpghuym] *®Pb themlubph whphdbphl hnpugqpbgmpmibtbpmy enpuwh dh puih o-
dwutihljubiph wnwpnudng mnklgynn puqutinnugdut nhyptph npnunudt nt gpuitignudp:

Onpdwpupuljutt  bhghjuyh pudwtdniiph wohiwnwljhgubpp wojawphh  wmwppkp
wpwqugnigsuyhtt JEnpnuutph htn junupguws hwdwntn wphiwnutpubpnud Yooty
kb UkS Swduyh thnpdwpupulju ndjuyubp pupdn b gbppupdn tubpghwitph (kynnuutph b

hwinpnuubph wnnduyhtt dhpnijubiph htwn thnpuwqnbgmpiniuitiph Epupbpyuy:

Cupnitwljyly o wpluwphh junpnpugnyt wpuqugnigsh™ CERN-h Uks hwunpnuught
Unyuyntph (LHC) Jpw ATLAS, CMS, ALICE ghumuthnpdbph ufjujubph Ynunwufdwi b
Uowljdwl wpppwnwtipubpp, npunkn UUQL-h ghnbwljuwttbpp niubt bywbwluhg ukpypmd:
Zufjujut  judpiph Yonquhg uuwpdl] Bb wpphwljuwtugdwi, JEpuhuljdwt i1
thnpdupupuljut ndjujutph dowljdwt wypwnwpubp:

USLUU huyjuljut jadph Ynnuhg wipyty G dh pupp wojawwnwupubp: SCwpnitwlyyty Eu
8 SEY. wpnuntu-yypnunt pwpunidubph njuyutiph dowynudp, dwutwynpuytu dniyjinh-okipe
puquiiuny - hwpniughtt gkptph  Eubpghugh wpudwyudhnudp b hipymapy] - fupfwusph
suthnudp: dbEpmsyly Bu dbs swjwih (puphwinip 25 hwljunupd ednnpupt) pupdp
tutpghwttph (Uptsh 4 SE4 + 4 SEY) wypnuntwypnunnbughtt pupudwt hnpdwpupuljut
ujuubp’  quuiigdus ATLAS phnbtliunph dhongny ULs Zwungpnuughtt Ynjuynbpnud:
Quunuipyl u shptph wpudwsuthdwt wpjuwwnwuputp ATLAS-h "Combined Performance-
JetEtMiss" u "Standard Model" fudptipmd’ Jbpudowltngd 2012-h 8 SEY, wypnunt-ypnunnt
pufunidubiph ndjuyubpp multi-jet balance Utpniny: Logphn mpudwswhyus Eukpghuyny
2hptipl oqunugnpaty Bu ptipymiqhy] Yphtrarh nhdtpkughur Yunpiuidph sunpifut hunfwp,
ptoliu spruntdbwuhpdws Jhubkdwunhly nkdhund (Uhtsh 2 SEY. pun shpbph juytwut
huwnuuh): Upmyniuptpp ohptph npudwsuhdwt dwuny oqunuugnpéyty Eu wdpnne ATLAS
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ghunnuthnpdh Ynnuhg quiwquit wy) suhnudutiph dpwynidubpnud: Quihws Jupdwsputpp
npby kb nwppuljut duutthubph $hahljugh dhowqquuyhtt nndjutbph puquymu’ HepData,
utpwnyuy Jhdwjugpujut b vhunbdwwnhly Ynnkjjughwitph Jipupbpuy hudnpdwughu :
Qputp Jupnn Lo oquuugnpdyly  Yuipdwopubpp, NMwpuntughtt  Fugludwdnipjub
dniuljghmibpp b dwwnphgujut wwwpptph hwodupldwt wkjubhjuwbtpt nunidtiwuhpnn
nbuwlut Ynjwpnpughwtph Ynnuhg, htsybu twl Unbnk Yunn gqhubkpunnpubph
qupqugunnubph §nnuhg: Yunwpyt ku junphdbnphl hwdwlupgh Online htppuithnjutp
ATLAS ghuuthnpdh nijudupdwt uktyulimd b offline  Zwnpnuughtt Quynphutnph
wnjuiiph npuihh YEphuljdwt hipputhnutp GWUQL-nud:

Cupniwyty E wohtmnwiipp USLUU ghnnuthnpdh puthupygws, GRID hudwljupgsuhe

guugh qupqugdut b vyuwuwpdwt njnpunmd, nph dhongny Juwnwpynid £ ghwnnwthnpdh
hwoqunlutph b Unpbjudnpdwt woptwwnwipubph dks dwup:

Tunudpp dmutiuljgly) | Zugpnuughtt juynphudtnnph gusp jupdwt uinigdwt wnpniptitph
JEpujutqudwt b nknunpudwb wopiwnwiputpht

CMS —ghnuthnpd

2012 p. zhgqu pnqnup huynbwpbpnudp CMS L ATLAS ghuiuthnpdbpnid  Jtpghtu
wnwnphttph wewydl] ywtwynp hopdwupupujutt WJwdndu E wwuppuljut dwuthljutph
dhaghjuymid: Unuydd Zhqqu pngnup wthpwdbon wpunuwhwynsmpudp hwyntwptpdly
Uhuyytt pngniiughlt wpnhdwh Juibnibppoud” bplne quuidiw-pduitnntph (H->yy ), Jud bplym Z-
pngnuttph (H->ZZ*->4l), quuqush unnwynpuytiu 125-126 QL9 nhpnypoud: 2011 b 2012
p-R- CMS-h 7 L 8 Std, Lukpghwutpny wypnunt-wypnunt pwpunidubph nfjuyubph dpwlnudp
(hudwypunuuumbwpup 51 $pt U 197 $p 0 hlnbgpuy  muuwnnynipymibpm])  wju
Juwtwyttph hudwp wndtg wybjh put 5 o siqgmd Pnubphg Gdu Eptp Jubwjubpnd
hupintupbplg Zhqqu pngnith qompput Jyuympmi H- W W Hstt* uH-bb 47,
38 6 U 2.1 ¢ phgnulubpny hwdwyuwunwupiwpwn: 2015 p° LHC-h wnwohtt Epljupunl
nunuphg htwnn (Long Shutdown 1: LS1), npp wnlkg Unwn Epymt wwph, LHC-ht Ypyht
owhwgnpéudwb £ wugk] b wpwehu tpkp wwphubph pupwugpnid wwywhnybine E pp-
puunidubp pnnp thnpdbph hwdwp whibwhwunby 13 SEY, Eubpghwyny: 2023 p twpiunbugws
E Utd hunpnuuyght Ynjuyntph (LHC) 3-niy Epupuwnb uunuipp (Long Shutdown 3: LS3): Uju
thnymd  hpuwubwugdbnt Eb wppuwwnwtiptip, npntp pnyp bt LHC-htt pnipu phply
muunnnipput inp dwiljupnuly ( High Luminosity LHC- HL-LHC) * 5-10 x 10** w (™, 13-14Sk
Hubpghwlikpny: 8npupwbymp pp-puumdibph phpwugpnid (25W]* hwdwhwuljunpjudp)
twppwinbuymd £ 140-200 pp-pupuntdutp (PileUp ~140-200): Uju wuydwtiitbpp pny) Juwb uky
nwupmd ok 250-300 $pt hlunbgpuy  muuwnndmpegnit, npp LS3-ht hwenpnnn 10
wuphubph pupwgpmu LHC-h hunkgpuy jmuwwnympibp Yhwugth 3000 $p* : LS3-h
pupwgpnid hpujuwtwgytnt E CMS-nnkljinnph wpnhwjuwgdw 2-pn thnyp (CMS Phase2
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Upgrade): CMS-EndCup YJuwynphubnph wpphuwbwugnidp hpujubwugdbine b ubpluyghu
Yuynphutwpp "High-Granularity Calorimeter” (HGCal) -nJ thnpuwphubyng: HGCal-p hpkuhg
ubpwluygubnt E thubipnupugmipjut n = 1.5 - 3 mhpnypp swdlnn, swwn dwtp juytwljub
ubkqubinughuyny Juynphdbnp punjugus 3 Lipwhudwljupgtphg, EE (Electromagnetic
EndCap), FHE Ju FH (Front Hadron EndCap), BHE ljuid BH (Back Hadron EndCap):

Bubughll kqpuyhtt hunpnbughtt Juynphdtnph BHE-h, juyiwljul ukqubiinughwh
ubpuynudu . nuumdbwuhpmpyut. wowpu £ b wthpwdbion £ hpuljwbuguly
htnmwgnuumpmuitp  tpw  owywhdwyugdwt  hwdwp:  CMS_Phase2_Upgrade  dpwgph
oppwtwjubipnid  Juunwpynd G hbunwgnuinmpiniuttp, npntlg twuunwljn £ 2023p.-hu
wpphwljuiugqus CMS phnblunph Enbughtt Eqpuyghtt Juynphdbupbph  juyuuut
ubquEiinughugh  oyunpdwjugnudn £ CMS-UUGL  Iunudpp  dowlly)p E dbpnn, npp
httwpwynpmipmtt £ tnwjhu qul) BHE owunhdw) juytwlut ubqubiinmwughwt: Ubkpnnu
ogqnnuugnpdnid £ LHC-h pupdp nuuwwnygnipjutt nhdhudnd  (HL-LHC) pp-puwjunidubpnid
huwdbtnpyughtt  thnpjuwqpbgnipniuttph (PileUp ~ 140 & wdbjht) wpyniupnid  Sudws
hwnpntiughtt  Jet-tphg  wquuybine  wignppdh  EpPEjnpymput bt BHE jujbwlub
ubgubiinughugh Juuwp:  Uunwgws wpymupubpp puquhgu  ubpuyugdl)  Bu
HE_Phase2_Upgrade, HGCAL simulation and performance wupptpuljwt dnngndutpmd b CMS-
RDMS-2015 ghnnudnnnyubtpniu:

Tunidpp twh dwutulgly E HCal Upgrade wippawinwiipitphty, dwutiwynpuytu TB2013
ujuubph pwljdwip dE/dn b dN/dn witiwhqutipht: TB2013 (HCal L ECal wpnunwunhutiph)
njjuyutiph wdtjh dogphnn dowljdwt hwdwp oquuugnpéyty i wpuwdwswthdwt  unp
Ubpnnubp  Umnulkph oquuwgnpsuwdp Ukpphll npudwsuhnd: 13 Sk Eabpghugny
unjuyiiph hwdwp padujuthtt htwwppphp b uplinp jpughp Ehwinhuwinid ypnnnuutph
pujuntdutiph wpyniupnid wnwewgws dwutthlubph (punn thuinnupugnipjuiy) Fukpgtinhy
pupfudwt sunhmup CMS uwppunnpiwl pnpnp Juynphubnpbpmy psybu wowgbught,
wyiybu b Jhunpniwfui’ -6.6 < [0 < 5.1 mhpnypnud: uvnudpp dwutuygl)  jEunpniujut
Yuwnphutwpkph (HB, HE, EB, EE) winunijutiph quwhwwndwip” oqunuugnpsting wnhtkqtpulju
Sunwquyptbtph dninuutpp: Oquuugnpsting PYTHIA 8 MC ghubpuwnnpp hwpdqus E
wypnunb-ypnunt - (13 SEA)  pupunudubpmd $udws  (hgpuynpyws  dwuthlubph  n-

thulinnupugnipjuitt nt Wpnunninid yupunnuth X-BnpyEl hnhnjpwutiubph Juup:

Zupytbinnt dudwbwljuhunyusnid UUQL-h ghntwuuutpp dwutwlgl) Eu CERN-h

Uts hwngpnuughtt Ynyuyntph (LHC) {Jpw pupwgnn ALICE ghunuthnpdh  wjuyubph
ntnuljdwin b dpwljdwitp, ghunwthnpdh Spwgpuyhtt wwywhnydwt  unbpddwbt m
qupqugduip:

Cupnitimljby £ 8 TeV Eutipghuyh pp pupjunidubpnid thnpp huphwiinn qugusutph
(M < 15 ak]) whpnypnd stdws dmnbughtt gqouygbphtt ykpwpbpnny CERN-h ALICE
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ghunnuthnpdmy gpuitgdus  ndyuyutiph pwlnudp: Yuwnwpdty L Epdjnintughtt mphgbputph’
CMULS8-S-NOPF-MUON 1 CMLL8-S-NOPF-MUON  Unnuhg hwjwpwgpué wdjujutiphg
Jupnigws tpyunintughtt quuqush uvyblunph dhn: dhunp juwnwpdl) £ wwppkp pr
Upgwluwpbpmu: Pnpnp  wpngbulibph  uhdnqugmup  Juwnwpdl] B onpubu  phupbph
ghubpuwwnnputp  oquwgnpsting  AliGenMuonLMR 1 AliGenCorrHF  hwidwjuipgsughtu
dpwgpbipp: Zwoyh B wntdl] Uninbughtt uybkljnpusuthh wbuthjujuwt punpwugptpp
mipuwpwitginin run-h pupwugpnid (wyuwtu Ynsgws Run-by-run jud Realistic uhuntjugnid):

2013p-hg uljuws UUQI/ALICE Junudpp dwubuljgmu b ALICE upgrade plnhwinip
dpwignh dwu juqunn Uminuubph Unwgtughtt Zkwnwgswswth, UUZ (Muon Forward Tracker)
Unsynn  Spwgph Jpu  Juuwpynn  wpppwwnwbpubpht: Upintughtt - Uwgblnpusuthh
ntjudupnipjut htwnn npnodt) k' np Gplwtth fjunwdpp Yyuunwph UUZ-h hghuljut
Juunupnpujuinipjutt hblnwgnunnmudukp Monte Carlo uhunyjugdwi dhongny: ‘Ukpluygnidu
uljufly E htanljuy hwpgbph dpwlnudp

e ThuUjmntwjhtt uyklnphg n(549), p(770), ©(782) L ¢(1020) dkqnuutph ukpppdu
wnwbdbwgduwi EhElnhynipiniup.

e I U K dkgnuubkph wpnhnudubpnid stdws ny Ynnbjugws nhujnintubtph
wpunwpudwb Ehnhynipiniup.

e [Pwg hduyph (charm, c¢) b qtnkgynipjut (beauty, b) dkgqnuubph wpnhdwb
Epypnppuljuit ququplbpnid Sujwd Uninuubph nwpubowindwi
EbEyunhynipjniup:

CERN-h Zwpynnuljut (*humpuubph Zulnnnipjut vdph (CERN Computing Resources
Scrutiny Group, C-RSG) wwhwtgny LHC-h pnnp ghnnuthnpdbpp 2015p-hg punhwinip duny
whwnp £ npudungpbku ndjujubph hwipudwtwsnipyut twuhtt hudnpdwughw: Uju punhwiinip
Alip tyuwunuudnus L huynbwpbptint b tkpluyugubine wyt hnpdwpupuljuit jud
uhunyugdws wndjuyubpp, npnp wuwhymd ki wuwhnguyhtt pbuniputbpmd, vwfuyt sk
oquwugnnéynuu:

ALICE ghvnuthnpdh wndjujubph ogqunuugnpsdwit dmuhtt tdwtnhy Jhdwljugpuijui
hudnplughw unnwbtwynt hpuwwnwy jaunhpp ALICE-h Offline twjuwgsh nhljwdupnipjut
Ynnuhg hwtdtwpwpyl) £ WUQL pudpht: Munph nsdwt tyuwnwlng wthpudbynnipinii
wnwowgwy qquihnpkt Jtputhnjuty] 2013p-htt untnéwé ALICE ghwwwthnpdh Swylph
Juilskph pumupphunuplwl Sdunugnmpnué (wuq tptt’ “File Access Monitoring Service”, FAMoS)
Spugpuyhlt Ynnp b Jpundpuljly duygitph Juibskph dwuht hudnplwghw wjupnitulnn log
duytpp: dEputhnjujus FAMoS swinwynipniup wbtjuinkg FAMoS 2.0 L npu hwdwp
Uowljytig tnp YLp-hunbpdbtyu, nptt wydd wyyuhnynid £ wndjuyikph b pputg ogunugnpédw
dwuhtt wbh dwpudwut hunpdwghw (http:/famos.cern.ch/):

12


http://famos.cern.ch/

DESY- h H1 — ghnuthnpdnid hugjujutt junidpp dwutiwljgl) £ wyypnuintughte thugh
Wquundwdp swwnn wnwy pnsnn $nunbiubph L ubpnpnuubph (it Jupdusputph
hwodwpljutphtt dEjdwu-x thnthnjuwuh hwdwp’ junpp ny wpwdqujut  wynghwpnt
wpnunt gpnudubpnid HERA-h Jpui: Quthdws juyjut fupguspubpp hudbdwndus B
lunpp ny wpwdqulijut gpdwtt dnphjubph b whbkqbpuljut funwquyptbph hwnpnbughb
thnhiwuqntignipniutiinh Unpbjutph htwn:

Udupunylyp ot HERA  wpwqugnigsuyhtt - hwdwhph HERMES ghunwuthnpdnid
Juunupus 27.5%Ed, Eubpghugh  Eplugwljut  phtnwgws  Hhjwpnuubph funpp  ns-
wnwdquljut gpnudubph tplnyph oqunipjudp undynuutph (ypnuinuubph b tbunpnuutph)
uyhtughtt  Junmgwéph muntdbwuppdwt wuyupbgnd - widjuyikph doujdwn b
ghnnuthnpdh wpnynitpubph Jbpnusdwt wpppnwnwiputpp 0.0041<x<0.9 Jhubdwnhlulwut
wnhpnyph hwdwnp: Ghunwthnpdmd npuytu phpwu G hwinhuwgl) Epuytwlh pbbnwgdws
ntwh wpwqugnghy tkpuplynn gpwsth b nhpnkphnudh ququyht ohptpp: Pnpdupupuljub
htunwgnuinmpiniuttpp juunwpydt] Bu Uh pwth viwppbp niqpnipjnibutpny: Uwtipudwut
nuunidtwuhpydl] o tmlpnth uwyhtughtt vnpniljunipughtt $muyghwitkpp, hwnpnuubph
Uhonijuyhtt pnywgnudp, pn dbkqnuubph wnwowgnuup b junpp wnwdqujut Jhpuniuyg
nuuunniyut gpdwt uyghttughtt wuhdbnphwbkpp:

2015p.-h pupwugpnmid (JLAB, Hall AB,CD) hujjulwl fudpbpp, owpnitwlbng
hudwgnpbuiligty QEdPbpuntt jwpnpuwnnphuyh htwn, dwutwlgh; b CEBAF-h 6 Gk,
dudwtwljuopowth ghvnwthnpdbph wnjuutph dpwljdwit nt Jepnidnipjuip: vdptpp twl
dwutulgl) Bu 12 QEd, Bubpghuyh bwdwp unp ghnwdhnpdbiph wowewnpldwip b unp
vwppuynpmidutph jupmgdwip: UUQL-h fudpbpp twb dwubwljgnid Ea ponjnp - upwhttph

thnpdupupuljut Spuqpbpht:

A thnpdwpwpuljut upwh

1. Lwjuwgdyt) b unnigyby k 16 Jubwjwih juynphdbwnp, npp hwunhuwbnd £ SBS-
h (Super BigBite-Spectrometer) hhdtwlwt phlwntlijunputphg puquujubwjugh
EEyunpudwuquhuwuwi junphdbnph™ ECALL-h twhuwwnhup: 2015-h qupbwip
thiogh wnwl] unmqyl) b obpduyhtt JEpuljwbqudwt wppynitwdbnnipniup b
Wwljyusd nktuninghwt: Upyniupubpp gnyg tu tnwhu, np Epk junphdtnnph
Juwupk wywhubpp ghrnuthnpdh pupwugpnid ywwhnid Eup vnwp Jhdwlnid”™ 190
— 250 CO,www Yuwnphdbwnph Eubkpghnhl nusnqulijubmpmniip nunhwghwihg
dudwbtwlh pipugpnid thnpuynid pwwn phs:

2. Bplhwunud twpwgdyt) E ECALL juwnphdbwnph tnp, 200 jubwjwih twpwnhy, b
pninp gdwgplpp niquplyt) Eu JLAB: Lwjuwnhwh  jupnigdub dudwbwl] ybwnp
E dowljyh Yuynphdbwnph mwpwgdwi tinp mbjutininghw:
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3. 2400 jwtwjwuh Ynnpphuwwnughtt phntlnnph hwdwp twhwgdyws géwgpbkpp
unnigyl) Eu b nuqupldl; E JLab Jupnmighni. Bplwind twjhuwgsdl) k
puqUuwingujhtt SEL-h bptiph wqnubswiph hwjwuwpbkgdw LEjunpnuihlu b
niquplyl; £ Jlab wpuunpbint hwdwp: Uwubwlgnd Gup Ynpphtimwnught
nphnkjunnph Jupnigdwip whpduws pnnp pubwpynmudubphtt: YUnpphtwwnwht
ntnbklunpp SBS-h phwnbklwunputphg E b oguwugnusybint k. GEP (wpnunuh

EEyunpulut dnpd-dwljnnp) ghnnwthnpdnid:
4. Bplhwuyut jundpp dwubwlgl] B GMP (ypnuinuh dwquhuwlut $npd-duljnnp)
ghunnuthnpdh twpptwljut wpnyniupbph pubtwpydwn:

B thnpdwpwpulub upwh

CEBAF (Continuous Electron Beam Accelerator Facility) wpuqugnigsh CLAS (CEBAF Large

Acceptance Spectrometer) qpuiighsh CLAS/gl0 ghwnuthnpdh opowtwljubpmid  unnwgyws
unjuiytph Ypw 2015 . Bpliwbimd hpuljubig by i htnlyw) wohunmbplbpp

v [kn Ukgnuubkph Ynhtpkun dnnnstudwt Eplinyph ntuntdbwuhpnipynd,

v Yyupnth Jpu o dbkgnuubkph Ynhbpkun $nunndtdwtt Gplnyph
niuntdbwuhpnipjnil

v Uludlyp o wppwwnwbpubpp  CLAS-mid  gpuwigdwsd  dwuthyh Lubkpghwh
JEpuwlwiqudwt hnnJush ypw:

1. CLAS/eg3 ghwnuthnpdh opowtwlubpnid unwgqus wjjujukph dpu 2015 p.
Gplwind hpuutgyt) tu hbnljw) wphwwnwtpubtpn:
Cwpnitwlynid Eu wndjuutph dowldwt woptwunwuputpp: Uwubwynpuytu
Ununb-Bwpn dnpbjuynpdwtt dhgngny uwnbtnédby E dhqhuljub wndjuubkph
qkukpuwwnnp’ npybku hhdp Ykpgukny |phy Epulpnighy ¥d = dpP phkwlghwyh
hwdwp vnwugdwsd hwpdunplutpp:
Oquwugnpstiny GPP (GEANT Post Processor) 1 RECSIS (Reconstruction System)

dpuwgpkpp b hwodh  wnbbnd gqhwwthnpdh  Ynulpbin wguydwbubpp,
hudwywwnwupmbwpwup Jepujuiquyl) Gt hpunupdnipnibiubpp: Unwugyl)

vd-dpP |phy tpuipmahy nbulghugh bpbpp b wdd  hwpuplynd E
hujwwljutnipjut wpdtpp (cross_section):

2. HTCC (Higt Treshuld Cherenkov Counter):

Pwpdp Chduwghtt  2kpkuynduit  Zwpdhsh (BT2Z) punlugnighs dwubph
twhruwywnpuunnd b hwjupnid: (RG22-u uqunid k B thnpdwpwpuljut upwhh
CLAS12 thnpdwpwpwuljut vwuppuphunipjut dwu b twppwnbudws L gputighint
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wpwq owpdynn (hgpuynpyws dwuhlubpp tpwig Ynnlhg Swpwquyypusd
Qpkulnyjut jnyup qpuigkint Uhongny:
C thnpdwpupuljui upwh

. SHMS Ehjunpudwuquhuwljut junphdbnph mnunpnudp uygblpndbnpnud:
Zupytunnt dudwbwjuhwnyuwénid wdwpunydl] t junphdbnph wbnunpnidp
SHMS dwquhuwlub uvyklunpndbnpnud: Cuinhwinip wedwdp wnknunpdty k224
Unnni): Ywunwpyl] B ponnp wthpwdbon wqnuipwbught b pupdp jupdut
dwynijuibph dhwgnidubpp: Zwodhsp wuwwnpuwun b pwhwgnpddwt: Gunphdbkwnpp
SHMS-nud mbknuljuyjwsé wnwehtt hwpyhst kp:

. SHMS dwqihuwlwt vybhwpndbinph twiwhbnbnuht hwodhsh imbnunpnudp:
Lwhiwhbtntnuyhtt Zwodhsp twpwnbuws £ SHMS  EEjupudwquhuwlub
Junphdtnnph htn hwdwwnkn oguugnpddwt hwdwp: Juwnwpyl) £ hwoghsh
nbnunpnudp SHMS  uybtupndbnpnud: Ujt, yuwunjwinwih hbwn  hwinbpg,

jwpnpunnp nwpwsphg nknuthnpyty E C thhnpdwpupulut upwh b nknunpdtp
uyklunndbnph pbhnbkliunpubph jugh hbwnht wwwunht, Lhjpudwuquhuwlut
Juwnphdtinph  wnoli:  Upjuwwnwtpp Jwwwpdl] b upwhh  wnkutuhljulwub
whduwjuquh odwtnuynipjudp: Qpuughsp dhwgdlky b pupdp jupdwt b
njuutiph gpuugdwt hwdwljupght b yuwwnpwuwn k owhwgnpsdw:
D thnpdwpupuljui upwh

. Untndyt) Lt dpwghp EPICS I0C ubkpykpubph Jtpwhuljdwt b pEjudupdwi
hwdwn:
EPICS 10C utpytputph pwtwlp wugunid L 6 nmwulyuljhg b yyuwuwynpynid kp
tpwig phyp Unnwynpuuybu Ypluuygunlb; U tyguwnwlng unbndyl L
dpwghp, npp procServ-h dhongny Yuwnigh Jupquyhdwlyp b Ynkjuwduph 10C
ubipytpubpp:

. Untndyt) E nEjudupdwt dpwghp Linux Oz-tph hwdwp:
Struck SIS3820 hwpyhsutiph hwdwp gopénud Ep phjwupnn dpwghp vxWorks

oywkpwghntt  hwdwlwpgtph  hwdwp, puyg sjup o>wn  wybh b
httwpwynpmipinitubpny odnygws LINUX Oz-tph hwdwp: Fw htwpwynpnipini £
wnwhu hpujut dudwbwynid dnipjkh dbwthnjunipniuitph dhongny wjuubkphg
hwt) hnuwtph 60 2g mwnwunidubpp:

bPuunhnmunmd juwnwpdl] o dbpnnhl] hbnwugnunmpmibibp “Cbhwy b Jhpunniug

$nunntiubpny vhpnijutinh dknpnidp b $puqutitnuughw” dpugpny: Uswiljyt), yuwnpuwuwnyt) b
thnpdwplyt) i wpuqugnps mdbnugnighsutp, puquujup hwdbdwwnwlut  jughljutph

hwppnipnitutp: Uju dudwbtwljuhwnguwsnid hppujutwgdl] £ puguuwljut b ppujub

Unuinptpny 30 wpwqugnps mdbnugnighsutph mdtnugdwi gnpswljhgubph wnkunuynpnid:
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Pninp  mdbnugmighsubph Epbkpp nwjhu Bb puguuwujut wqnuipwt 50 ohd plinh Jpu:
Lwith np winnhg unwgdwsd hdwniukph wdyhnninub puguuwljui L b hwdbdwwnwpup
uUts £ (0.5 Upjhdnqun) tpw nudbnugdwt gnpswijhgp hwdwuwnptgyty] Eunn G =200-h, huly
Juunnnhg unwugdus hdyniutbph wdyjhuniut ngpujut £ b hwjuuwp £ dnn (0.08
Uhthynjwn): Uy hul] yuwndwnny Juunnnhg unwugws hdwnyuubph hwdwp  hpugnpsytg
unp nhyh mdtnugnighy Unwn G = 700 nidtnugdwt gnpdwligny: Fnnp wqnubpwtbpp
dvhugynud Eu hwunwnmt  $puljghuny  pghujphdhtwnnputpht (CFD), pugunbjnt
wdy himuyh  thnthnpmpniuiph woqpbgmpmip  dudwbwlughtt swhnudubph Jpu
YUUUY uhunbtduwih dhgngny hwjupyly Ethnpsh HEjunpnuughi jnghjuwt: Ugqnutpwbbtpp
hwupduws |nghjuyh hwdwduy thwugdmd tu wdwjhunniy-phy ADC(Lc2249A) L dudwtiuly
— phy TDC(Lc2228A) thnfjuwytpuhsutpht: Unnwnhunhut hwwpytinig htinn  wdpnng
unuguws wnjjuyutph quuqduédp,  Lc 8901A Unuwpnptph (Ykpwhulhy) dUheongny
tnpuwtgnud £ hwdwlupgsht: - SYjuy wppiwnwiph hwdwip gpduws  LabView  spugph
Uhongny Juwnwpynid L ndjuyubiph pugniuncd (DAQ), npp gpynid £ dugh db:

Cl8-ghljnupnih wpnuntughlt thion] twpwnbudmd E - osunhly 71, "™w, ™Gd
phpwjuttpnid  ntnh nmubkgnn phwlghwiubph gpgndwt nituljghwititpp, oguwugnpsting
tbpUméJuws wlynhymput dbpnnpp: Lkpdmddws  wlnhympiniop swhdmd £ HPGe
nhnkljunph dheongny qpuighing phpwpjuutph dwpwquypwé  y-pjutinttpp:  Npuybu
wnwolughtt thnpd  twpwnbuymd £ junwpl] dopbpudh  phpujuh  dwunwquygpnudp:
SRIM/TRIM spwgptph dhongny Juuwpdl] b thwpbph Untnb-Ywpn hwodupyp, npp
wprgniupnid npnoyl) B wpnunnuh Eubpghwtbpp Cu 1 W 20 pm hwuwnmipnin niiignn
thwjjuphptnutpnid ghnunpnuh Ti b Al yuwnnthwbibph nhypnd:

Nuunudtwuppyty E ghljninpnt C18/18-h wpnuntuyht thugh vhongny ukjupntught hnup
unwtwnt httwpwynpmipiniipn: GEANT4 spugqph oguntpjudp Juunwpyty tu hwpdupyutbp,
udhpywé wpnuintughtt thgh wwppkp  Eukpghwibph phypmd  thjupntughtt hnup
unwbwni, nph  Jdhyngny huwpunp Yhth nundbwuhpl]  bbpunpnb-hwpnigdws
ntwljghwititp b dh pwpp Jhpwpwlwib jpuinhpbp: Vupuwgdyt) b wunpuuwndty E nhnklunp,
nnph hwdwp junwpynn wpuwnwbpubpp nkn pipwgph dbye thu: Guwnwpyty G hwpduipyubp,
quwhwwnbint  hwdwp  tnpuuwntns phnblunph  hwpwpbpuut  EpEjnhynipmitn:
Nunhnwljnhy wnpmph dhongn] swihmdubp Juunwpbne wpymbpnd punpdl) Bu
nhnbkljnnph wohrnupuyhtt wupwdbnpbpp:

Onpdwpupuljutt $hghjuyh pwdwitniniiph Qbpkulnjutt ghwnwlubph oqunipjudp
wunnubhqhuljutt wnpmputph nuumdtwuhpdwi (HESS & CTA) padph 2015 pyuljuih
hhdtwjut wphiwwnwupubipp Jepupkpynd B
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e wuwpphkp nuubph wunnudphqhujut wnpnipttpnid mbknh niubkgnn $hqhlulu
tplnyputph niuntdbwuhpmipyuiup” H.E.S.S. (High Enenrgy Stereoscopic System)

opowtwljutipnud,

¢ uhu-Ynwnwnb (Davies-Cotton) b wyyupwpnihly hkuptpny wuwwnltpuyhte
Upluninpuuyght skptuljfjut phnwlukph (MU2Y) oyynhjuljut wpdwqupn
Unnbjuynpnn thupkptbph dowldwtb nt dpunjnpunwghtt hkntnh qupqugnudp
ujupugnpny MOCCA (MOnte-Carlo CAscades program by A.M.Hillas) Untuwnn-Ywunin
dpwignh httvn dhwutwjut Ukl hwpkph unbnddwup” CTA (Cherenkov Telescope
Array) twjuwugsh opowtiwljutpnid,

¢ MOCCA Unuwunn-Ywnn thuptph utp MU2Y-h oyyuinhljujut punniuhsh
Inunnpuquuyunlhsutph wohtmwnwtputnh wytih dwipudwut Ungjwynpdwip,

e MNUM-uknh Ynnuhg gpuigyny skpkulnyjut wuwnytputnph Alpha b Dist
wuwpwdbnpbph wnwbdtwhwnlnipniiutph ntuntdbwuhpnipjubn:

Quunwpyl) i twb  wpppwnwupubp  CTA  twjuwgsh  ghunwlub  dpwgph
hpujuiwugdwt mnnmpudp,  dwubtwynpuybe”  dwpbdwunhjuiut &y pughwingp
thwptph Uk punplt) W dpunnpuughtt htinknt m tpwt mntygnn skpkuynfjui jnyup
Unptjwynpnn dpwghpp, U wwppkp swhubph b Yntuwnpnilyghwtph ghnwljutph (SST, MST
b LST) owwhjwlhwb wpdwquipttph unphjudnpmudp, W ghobpughtt Gpluph  $ntp
Unnbyuynpnudp, U skpkundjut yunbpubph yupudtnptph hweyquplp: Lodws hwpbtph
pinp punljugnighy dwubpp dpun]by G, pugh ghgtpughte kpljuph $nuih dngtnpdwib dwuhg,
husp wuydwwynpdws £ upwting, np CTA  tplnt phnwjuyutttph nknujuydwi Juyptph
punpnipjut hwupgp dhuyte bpotpu b Jbpptwjutiuytu npnpdty (wnwehtt' hwpuduyhte
nhunwluywip, (hubne B 2hthh Unujudw wiwwywnnd, huly Gpypopn  hnruhuwgh
nhinwjuyutp’ Puywthugh Lw-NMwpdw §ngne Jpu) b tkpuyniudu. ppujutugdnd B wyy
dwuh Unpbjuynpdwt wphtwnwtipibpp:

2.2 Shiqbpujut Swnwquyputph Fudwuiiniup

U.b. Ujpjpwtywth  wqquyhtt  jwpnpuunnphuyh Shhighpujut  S&wnwquyptbph
Pudwtidnmpmd pupnittwmljdly b tpipuyhtt Uptnpnpuumd pupdp tubpgblnhl tpinyputph
bhdtmpuwp  hbnwgnumpmitubpp Upwqush, Unp  Udpkpny  puwpdpugbntiught
htnwgnunuljut juywbttph Jpw, dowldl) b untnsyty G tnp ghnuljub b mkjuuhjuljub
Eupwljunnigqusputp, wyny pynid tnp nhnblunputp, tnp GEyupnthjuw, hudwlupgsughte
hgnp gutg, nfjujutph jnunuljdut (DAQ) b htnbkgpuwit dudwtwljuljhg hudwljwunpgtp,
niunignnuijutt jupnpunnphwittp b wyte

Cupniiimpdt; B dmpdwpwpuwluwt wdjuibtph jonrnwlpdwt b dowljdwb
wpliwnwiiptitipp, npnup YEpwpbpymd Eu tnp  hEwwppphp  nuynnipiniiubphtt faupdp
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tutipghuyh $hghjut dptnnpuinud, wpth bhghjutt b nhkqbpujut Equwbwlh pughputpht:
U ghnnwthnpdbpnid owpnitadty Eu qupqugnmudubpp dwuthubph tnp hhpphnuyght
phnkljunputph  twpwnhwbph, dudwbwlulhg LHEjupntuhjugh  unbnsdwt b wy
huunghputph JEpwpbpuy: Uwuthljutp gpuiignn  dnthunpubpp” nbnujuydws 3200 1 2000
pupdpnipiniiibpnud,  npnup suhnud Bu Bpipoppujut mhkqbpuljut funwquypttph
lhgpujnpws b shqnp pumunphsbpp, Upuquisp qupdimd & wppuwphh ungnpuigniu
Euwnpnuitphg, npuntn nuunidbwuhpoud Bo wplwgh--bpipuyhte juw bpp:

U. Upppwiyuth widub wqquyhtt ghvnnwljubt  jupnpuunnphwt hwinhuwimd  k
Sutisywd wnweunwnitinhg uklp, npp Epypudhghjujut bBplnyputph
htunwgnuinmpiniutph dby uljuly E oqunuugnpsdty mhbqbipuljut Sunuquypttpp: Upugqush b
‘np Udpbpnph (intughtt juyupwbbbpnud nbnujuydws nnbljunnputph guugkpp, npnup
gqruwugnid kb fEYunpntubkp, dninbbbp, quidw dunwquyptbp b bbpupnbubp, nuwhu Bu
Juplnp  wbpbimpmniuttp wwpptp  Epjpudhghjuljut gnpépupwgutph dwuhte
Lwpnpuunnphuynid - dowljdus ghunnquljut b ¢opdwpupujutt wdjuyubph
puquuyupudbinphjuut Jepmsnipjut dkpnnubpp hwennnipjudp oquuugnpdymd Eu
wpb-tphhp Juwbtph hbnwgnuinmput b Eppughtt dpunnpund pupdp Eubpginhljuljut
Eptinyputph niuniduwuhpnipeniuutph dke:

Ujuyjhuny U. Ujhjuwtywith widwt wqquyhtt jwpnpunnphwt Ynunwljly B wpdtpudnp
thnpd dplnnpunmd pupdp Eubkipgbhnhly tplinygpubph hblnnwgnunnipnitubph ptuqudunnid,
npnup mnblgynd Eu dbwynpynn b qupqugnn hgnp wnnippoybunughtt Bplingpubpny
Uptnnpunud, husp hwdwh hwtighgumd E ninpiwnntitiph b mdghtt wdwpnwubph: Zwoytwnm
dudwtwljuhwwnygwsénid Upuquish b ‘Lnp Udpbpn juyubibpp hwdwpdty B BEjunpujut b
dwquhuwljutt quownkph, optpimpwpwtiwmut wuydwuubph &>qphwn swthhs uwwpptpny
Juydwljuyht Epiinyputph ntuntduwuhpnipjut hwdwp: Uju hblnwgnuunmipniuutpp tnuhu Ba
Juplnp nbntjunympnit wdypnuyughtt wdybpoud dwutthljubph hnupbph funwquypdwt
b pwthwbgdwt, dbnpnnghwlub wwpwdbnpbph Jpu BEjunpujut b dwquhuwlub
nuonkph wbnuljut  nhnjumpmitibph - wonigmpniuuiph  JEpwpbpu;: fwownbph,
nwnhwghujh b hnuptph puqUuuyuwpuwdbnphjuljub JEpniswljut hbnwgnunmpiniuttpp
Jupnn L wnuwy tnp ndjuyttp dpunppunud wdypnuyuyhtt windwjhwibph qupgqugdwit
YLpwpkpyuy, hwpyh wntting wyny Eplinyputph wntwnwh hbnbwbpubpp:

Bpypuwputwbhghjujuts hbnwgnunmipmittipmd vhpnitjuyht $hghljuyh mkjuuhluygh
Yhpwndwt vh tnp ke E hwtinhuwinud JEpgbniyu nintljunnputph b gupnwdbnpbph Jpu
hhduJwué guighph uwnbnénudp, hugp pny; £ wndl) Gpipuqunh  ubjbunhwy Jhuwgqunnd
Juunwpbnt dh putth nimqnmpnibatbpny dwuthlubph hnuptph dhwdwdwbtwljw gputignidp
Juydwljuyhtt Epiinyputph dudwbul Zujuunuth vwhdwbbphg Uks hbpwynpnipniititiph
Ypw, npnobnd wdwypnuuyghtt wdwybph wpwgnipmoiip b ninouipiniip, Juydwlubph
wnbuwljubpp, hvybu twl puquuphy wy onkpimpuwpwiwut wwpudbtnptp: Unweht
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wbqud £, np wplughtt thopophljubph b wdypnyuyghtt Gpinypubph JEpuhulnudp b
Jutjpwwnbunidp juunuwpynud £ Jkl Ynhg b tnyt gutigh dhongny: Uwnbnédus guugny
swthnwdubpp  Yoqukt qgnipwgubmt  uyuuynn dwnwquypdut b ghndwquhuwljut
thnponphlutph dwuhtt qnpuwy dwjuwpnulny, htsybu twb wywhnybnt tpjunupuswuljub
wuwnltpny Zuyuuwnwth onipe dptnnpumd pupwgnn nhtwdhly gonpdpupwugubph dwuht
nbntjunympmniip b twpiwgqgniowgibint hwdwp httwpwynp pun nidtn wdwypnuutph
dwuht, npnup Jupnn b Juwul) gmiquntnbunputp b wy) npnpuubphttc. Uyguhuh tnp
nbntimpmniuutpp dptnnpunh Jhdwljh dwuhtt wdbh ks nupwsputphg, buwbu punjuyuncd
E wwppkp dptnnpuughtt wijupgnipmitiutbph b wnunbkughwy Juwbgh dnuhwnnphugh
httwpwynpmipnittpp: Unjw b unp dowljus dwutihubkp gpuugnn pbwnblunpubpp m
Upwqush Juywuth kquijh wpiwphwgpuijut nhppp poy) Enwihu ghnwpljim puquuphy
dwutihjubph ponwhnupbp, npnup Ynsynid G TGE- wdwypnujughtt YEpgbntyu hnupbp: TGE
qruigué Upwquénid punjugws £ ns dhuytt quddw Suinwquypttphg, wyb qquih pyny
HEyunpnuttphg, U hwqunbty, twb ubupnuubtphg, npybtu Juint 10 b wdbh poyb
nbnnmpjudp:  2015puljuth  pupwgpnid  Upwqwsh  dhghynububpp  punguyubl;  Eh
httwpwynpmipitttpp TGE htnwgnunmipjut hwdwp, dhwdwdwbwljju nhunwpynudubpny
HEyunpulut b gbndwquhuwut nuwpownbpp, wbdpth pwtwlp, ebpdwuwnmhdwip, onh
hwpwpbpuut junttwymipniip b wyp opipmpwpwtwuljut yuwpwdtnpbp, hsybu twb
Jugowlhh gpuugnudp: Cunpmiudws puquuswth dnnbgnudp pny; £ wwuwghu hpup juwby
wnwpplp  hnuptp, nuownbp Juybwljutph hwlwjunipnitiutp  hhduwgpting TGE
hudwwwpthul dnphp: Ldwt Unnbgnudp pny; B uwhu dhwipwbwlnpit wywgnigly
ubjunpntughtt hnupbph gnjnipynmitip juwwsé TGE-h htwn, npnup juwy hwdwlgynid i quddw
Sunwuquypltph htwn:

2015p.-htt wqquyht jupnpuunnphugh Upwqush, Unp-Udptpnh, Uhwtw 1&h b Gplwth
Juywtubpp, npnup qhtws B wnwppuut Jwubthlfubpp gputgnn  dudwbwljuljhg
hudwlwpgbpny, Juuwpl) b dbs dwduh  swihmdubp nhbqbpujut  EEjupnuubph,
Uymintiibph b quudw dwnwquyptph hnuptph Jbpwpbpuy: EiEjupntughtt uwwppbpp
gruwbugnd b juywbibph JEpbnid wnuw BEjupuuwt quownp, hull juygdbwl] gqpuitignn
nhnbklpnnpitpp. Yuydwlhh  uwpdwlnudiph wnuympmip b hEpudnpoppobp:
Zknwugnuuljut hwdughpp Juunupbuwbtu hwupdwp E dpunnpund papdp Eubpghugh
dtundbup nrunmdtwuhplyn, hsybu bwb jugbwluughtt Jepghniyu wdkph puguhwjndwt
hwdwp, npnup puwthwnnn LEjupntughtt Ynynbph b wy dwuthfubph wnbndjuwduyght
pouljnudubp B inuljugulglus juyswlh htn: Ubs, pupdpunhp Juywbibkph jppophiualy
wnbnuupp  swhwqutg pwpbiyuun  E o Gpyph dplunppund,  hntnubbpuymd b
dwqubnnudbpuynid pupdp Eubpghuygh tnp $Eundbuh puguwhwyndwt hwdwnp:

Upwquséh, Lnp Udptpn pupdpuintiughtt hElnwugnunuljut juyubiipnid supniualyyty
Eu mbnunpdl] dwuthlubph gpuugdwt pbnblunputp, npnup swhnd Eu Eppnppuyght
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wnhbqbpuljuwt dwnwquyptbph hnupbpp ujuws 2-3 UL tubkpghwubphg b nubkt quddw-
Sunwquypttph  qpuugdwt  pupdp  (90%) EdpPLjnpymipmt: Cwpmbwldl; G
wpluwnwiiptiipp uywtttpnmd nbnunplinme hwdwp unp, dogphwn ubunptp b pupéap
wpugqmipjudp  dwubhlubp gpuignn phwnbklunnpubph  gwigkp, nuownwdbnpkp, tnp
dpwgpuyhtt thwpkp FPGA twinduplubughtt LEjupnuhugh hudwp, qupgqugubing
njjuyutph puquubtpp U hugtjuyhtt Yuypbpp, wwywhbng wpwg hwuwbbjhnipmt b
wpuugnuut htwpwynpmipmitttp oqunynnutph hwdwp, wpudwnpting oguynnutpht
hwuwbjh htunbpdbu” Juptnp Epypudhqhjujut yupudtnpbph dudwbwluyhtt wpph
puquuswth hwdbdwnwljut JEpnisnipjut hwdwp, ponqupltny twpwggniougnidubpn b
whwqugbp tpjpuyhtt b nhtgbpujut tnuwtwlh Juwbqutph ghypmd: Unwehtt wtiquad
pupdp  Eubpghugh  hahljuyh  gnpdpupwgitpp  Uptmnpunud - Yubpljwyugdh  hp prgnp
npubnpnudubpny, dbknp phpdwd puquuphy thnpdupupuljut  dbkpnpubpnd:  Sjugutph
hunnwugdwtt  hudwljupgp pny; B wwhu gpuigl) phnblunpubph  hwdptynudubpp 1
Uhypnyuyplyutth pupwgpnid, nph punphhy htwpunp £ hwuwnwnty dwuthyubph hnuptph
Jupdwwnlb pouljnudubpp, npntp wpnbt hwynbwpbpdt] Gu nphy ghwnnwthnpdbph uwpptiph
Uhongny: Unp phwnblunputph wwpptip huwdpuynudubpp htwpuynpmipmit o tiwghu
wnwpphpull]  jhgpuynpgws b skqnp  dwuuhfubtpp, twb  unwbw)  TGE-pbuptph
EEjupnuughtt hnbgpuy uykljnpp dptish 30 UL, Eubipghwubph wnppnypmd: dbEpnusyly Bu
gnugqus TGE-wdtpp dptnnpuiughtt BjEjunpuljut gusnbtpnid dwuthubkph wpuqugdut
Unntijh unbnddwt tyuwnwlny, npp Jpugunph swihyws dwutthljubph jpugnighs hnuptph b
phnws Juydwlubph Yuwp Yuuwpbugnpsytp Eu  HEjupnubitph b quddw
unwquyptbtph  hnupbph  wwppbpuldwt  dkpnnubtpp”  oguuwugnpsting  ughtinhjughn
nnkjunputph hwjwhwdpundutpp b Untnk Qunn dnpbjudnpdwt vhongny unwugdus
quulw-gunuquypltph gpuugdwt Epdtinhynipmtutpp: Ughtnhjuwnnputpnid swthdus
Eubpquupwindwtt  uyblunpttph hhdwt Jpw, Untnk Ywnn dbpnnh oqunipjudp
Jhpujubqly Bu bwplhund  ghunwpws ks wdypnwuyhtt ghwpbph  quddw-
Sunwquypttph uwwybupubpp: Swpdlp Bb nuundbwuhpoipeymibutp yupgne  hudwp
ubjnpnuubph  wpwowgdwtt hpdbwlwt  dbjuwthquubpp, npnup gnyg Eu wughu, np
ubjunpnuutph wnwewgdw hhdttmjut yuwndwnp Jupnn i hwinhuwtw $ninndhenijuyhta
ntwljghwtitpp:

Cupniiupymd B wppawnwtipbpp, np nyjuyubph hwjuwpdwt b yyuwhbununpdwu
HEyunpnuhut niubbw junwduwpdwt hntuwh b wpuqugnps minhukp b junwph hbnunp
pugnmid nhnblnnpubph ndjujubph qpuigmd: Unwowunpus futnhptt hp nisnud £ qunly
CPLD, FPGA l dpljpnntunpnytiph ogunuugnpédwdp: Zknwljunuwjupmut hpugnpsdynud £ RS-
485 huwnbpdbjuny: Lpwgmghs HEjupnthju b dowldl] dplunnpuughtt  gupdwl,
hintunipjutt b obpdwunhdwt  suhnn uwpph hwdwp: Updws pnnp  Unpniubph
ognnuugnpéyt] L htnwljuwnwdupdwdp odndws  Shtghpujut  Swnwquyptbph
“Yhnblunnputph HEjunpntwghtt vwppuynpnidubp junmgbint hwdwp: Unwghtt wbquid E, np
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unwgyt] b ndjujitp nuppujut dwubhlubp gputignn nnbunputphg b dhbitngh
dudwbiul] uwnwgd) Gu  Upwqwsdh  ghnwhbnwgnuujutt Juywth — Eplupnud
hudwyuwinuwupowt jnruwttljupubp:

Cupnmbwll; & swihmdubpp Upwquénd b Bphwbimd  wbqunpjusd  pupdp
hwdwpujuinipyut (HF) nunhndunwquypdut phnkljnnputpny, npntp  tkpunmd tu 300
KHz uhtgh 200 MHz hwdwpwjuinipjutt wmhpnypny wljnhy wthwujuputp (MFJ-1022),
huppephptgu  wkhunjup, pdught oughnuyny /Nhynulyny 3206/ 200MS/Jwplyuinud
pYuytugdwt hwdwpwluwimpudp b wnguitlg hwdwlupghs: Uju uwppp poylk tiwhu
qpuiigh] HF nunhnfunuquypdwi wihpibpp 5ns &oumpundp 1 Hz hudwhuljuimpyuh
Unyunipjudp, b 5 ms mbinnnipjudp nidjuytitiph gpuigmd: (funhnswthnudubpp hwdbdwunynid
tu dwljtiptuptt Unn GEjupuljut quonh wpwpnudubph (swhnwlubpp junwpdnud B
Boltek EFM-100) 1 gpuugws Juybwljutph dwdwbwluyghtt puppbph htwn (gpuigqué Eu
Boltek ®npnphll Qpwiignn YFhwnblnnp): Boltek 2 uwpptph gpuugus nhwypbph b wdjuyutkph
hwwhujuinipjut Uhob nhugnid jud wpunuwhuwyngus ubppustwynud:

Udypnwuwpbkp wdwybph HEjupulwbwgdut, juydwltughtt wjnhynipjul, pupdp
hwdwjinipjutt punhndwnuquypdut b dwuthlutph hnuptph dholt juwp putiwplbne
tyunwlny Gplwtth $hghjuyh htunhwnnmunh Lnp Udpkpnh dhowqquyhtt ghtnwdnnnyutiph
JEuinpnunud 2010 pywljuithg wdkl mwuph juquubpyynud Bu “Udwypnuibkpp b woppuljut
dwutthljutiph wpuqugnudp” wijuinidny ghunnwdnnnyutp: Uju tnupyu hnljnbtdpkph 5-hg 9-p
Juyugws 5-nr ghvnwdnnngh (TEPA-2015) juquulbtpyhsutpt tht Gpdb-h Shhqipulu
Sunwquypltph  pudwtudniupp b Unulduyh whunwut bhwdwjuupuih  Jdhenijuyhtt
dhqhjuyh htunhwnnunp: Ghnwdnnnyhtt dwubtwmlgtghtt 30 ghntwlwuttp nt nuwtnnubp
UUUl-hg dpwivhughg, &wwnuhughg, Pupugbjhg, Qbpdwthughg, Oniuwunwuthg b
Zuyuuwnwtthg: Bnyputpp wdhpdws Eht wdwypnuupbkp wdybpmd pupdp tukipghwljut
wpunuwibinndubph dnpbjutph ghunwpyndubph niumdbwuhpoipyutp, Jugdwljutph dhongny
dwutihubkph hnupbph nunupbigdwtp, dpunmnpunid whbkqtpphg U Gpyph dwljkplinyphg
wnwewgnn wdwypnuyubph  puquuswth  phunwpymdubpht, wdwypnwwpbp  wdwybpnud
Auynpynn  (hgpwynpyus Jupmigwspubphtt b ppuwitg  swihbph quwhwwndwip,
Upunnpuught - Ejupujut wpunwubnndubph punhndwunwquypdwtp,  Juyswlh
wnwewgdwl Ypu juytuswdu) wdypnuyuyghtt hnuptph wgnbgnipjut ntuntdtwuhpdwn:

Luttupynudutiph hquljtinnid Ehn htnlywy hwpgbpp bl]_’&ulhIlLDlI El wipmynp nmuppuljut
Uwutthukpp Jugdwlh wnwgwgdwip, unsplnnunn U ki wprynp juyusun]uy widupnuughb
hnuptpp JbEpgtnyu juybwljubph wnweowgdwp, htsywbku twb nmwppuljut Jwuthljutph
hnuptph nunupbkgdwt dbjuwthqup: Ghunwdnnniph dwubtwlhguibpp hwdwdwyubghy, np
tyunwljwhwpdwp E hudbdwnt] Zuuunwinud, &uwynuhwynid, Undujhuynd b GUL-
nd nnupplp yuydwbubpnud nuppuljut dwutthljutph ghntiunputph dhongny unnwugdus
wdypnuyuyhtt dwuthubph nunidwbwuhpnipmiubph thnpdwpuwpujut njugutph ks
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pubulympniip. uinnigynt hwdwp wdypnuyupkp wdybpmd nuppuljut duathlubph
wnwewgdwl Unpbjubpp: Zuy qhntwfubtpt wnwewpytghtt Upuquénmud wbnunpby wy
tpypubpmd dpwjdws ubkunpbpp, npunbn qupbwtp b wptwbt wnwdl] hwdwh B
qpuiugynmu nidtn wdwypnuyukp:

Ogqnuuinuph  17-21-p Ujhjowiyuwuh wbduwb wqquyhtt ghrnwlfut  jupnpuwnnphugh
ghnufui b mumubwljwh jupnpunnphwittpmd wighuglty Udwnwihtt duypng “Pupdp
tubpghwtiittnh  $hqhjm b Shhqbpuwljut Swrwquyphtpn” pjunpugpny: 15 nuuwjunuubp
nuwtnnubphtt ubpjuyugptghtt dwdwbwljuljhg nbuwfut b thopdwpupuljui $hghljugh
Juplnpugnyu pdwtbtpp: Unyu nupnghtt dwutwljglightt 23 nuwting Gphwth MEnwljut
Zudwjuwpwihg, Swpnwpuybnmputt b Chtwpuwpnipjutt  Zugywunwth — wqquyhb
huwdwjuupuuhg b Gplhwth dhghluyh Paunhwnninhg:

Lwpnpunnnp  wphuunwiipibph plpugpnid’ nuuwtnnubpp undnphghtt wohnunnughity
dwutihubph nbwnbunpubph hwdwlupgp, swtht)] htwghnwlwt hpbkph  puqUunwpp
wupnibwlnipmiup, swinpugut JPU dudwtwljuljhg ukpytiputphtt b GRID hudwljuipght,
hsytu b hwpyby pdojuljutt hgninnutiph hwdwdwubnipiniup:

2.3. Skuwljut Shqhuyh Fudwininiip

ZEnwugnunmipmiitkp Bb Juunwpdly wwppulubtt | dwubhljuiph $hqhluygh
putwqujunnid, np hp Uk ubpunnud E Uh swpp mnnnipinitubp:

Tputghg b uyt mynmipmitip, npp wdhpyws b unnwbtqupn dngbjh hbn juuydws
tplnyputph ntumdtwuhpmpyup, npp tywnwljunnnus £ yupgbnt uvnwbnupn dnghbh
Yhpunthmpjut  uwhdwtuttpp @ nuunwdbwuhpiine wvnwtngupn dnglijh - htwpudnp
punhwipugmuubpp b tputg hbnbwtpubpp (ophtwl” untypuhdbnphugh Jpu hhdugws
wnbunipnibibpp, s dhwynpdwitn nkumpymubkpp b wyy), tyyunwl niubbugny junnigly
wnbunmpniuttp, npnup Jupnn ko thnpjuwphtl] vnwtunupn dngbtp TeV-h upgh b wydth ks
Etubpghwtph nlypnud:

Ujunntn uh pwpp YJuplnp wpymbpubp o uwnwgdl) B-dkgnuubph  $hghluyh,
tbpnphtntbph - $hohluyh,  plwlwnught  pponghtundhiugh b tpw Bt Guuglws
dtundtuninghuyh ptwqujuenud:Yupinp woppwnwbpubp Eo juunwpdl] twb mbuwljut
$hqhuyh Uniu ninnmpiniutiipnud, npnip tu juptph nkunipjut b gusp suhnnujutnipjut
&ogphwn mdynn Unpljutiph htn Juuydws puughpubpp b npnug twuwunwli £ unwbuyg
wnbunipinil, npb pinhwipugqué ding wtwp kL ajupugnph ponp thnjowgnbignipmmiinbpn (uyy
pyYnud b pjuttnught gqpuadhuinwghwt):

Quplnp wpyniupttp B uvnwgyl] twb nunktiuwugdus dhowduyptph wnbunipjut
htnlyuy ninnmipmittubph hwdwp  Jhdwjugpujutt $hghju (hwjuuwpulongus b ny
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huwjuuwpulonqué hwdwlupgtp), pJwlnnughtt  oyughtt - whgnudubp,  ghuwdhy
hudwlwpgtp, Jhtuwpwiwluwt hwdwlupgtp, jhgpunpgws dwubhlubph  thnhowg-

nhgnipnit  dhowJuypbph  hbwn, dwnwquypughtt bhqhjw, pJwtnughtt  hwpynnuljut
nbumpmnil, hvybu twlb Ynudninghugh wuwwpbgmd: Uju popnp wpjawnwtpubpp niuk
1wyt Uhpwqquyhtt Swbiwsnid bt puapdp hnbjhnipnii:

2015 pyuiuuhtt Gplhwth $hqhluyh htunhinniinp & Bphwuh  whunwlwub
huwdwjuwpwp  hhdul o wnbuwubt  dhghjuyh hwdwwnbny  jwpnpuwnnphw, nph
hudwntuwduputpt Bu Ompkt Uwtdbpjutp Bplwth $hghjuyh htunnhunniinhg b Updkl
Ubkpuhywtp  Bplwth ywhunwlwt hwdwjuwpuihg HYyntdptph 17-ht Upgny Uwjudh
widut Stuwjut hghjuyh thowqquyht JEtnpnuh Ynndhg wyn jupnpunnphut Swtwsyty
E npuybu wupunbwwbu gnpénn  Yhuwnpn: tw htwpuwdnpmipmt £ wwhu plguygly
hudwgnpsuljgnipniipn mwpwswopowth  dhqhlnu wnbuwpwkph htwn, pungpytnyg twb
nuwtnnubphtt b wuyhpwinubpht: Uyuuymd Bt wpbidinyuwt wtduh ghntwfjuuttph
wyghnipniutp Gphwt:

Pupdp Eubkpghwikph $Eindbiuninghw

Uojuwnwiipbph owppp udhpjwsd E B-Uubkgnuubph hwqugmin wpnhmdutpht b
oughjjwghwuttphtt utnwinupun dnghmd b tputthg nmipu: Uwubwynpuytu, dkup hwodty
kip £87%h  O(c) Ywpgh Yuplnp monmuttp B — X,y wpnhnuttbph hunfuwp, B
ubqnubph Ywitiph wlingmpjul hunfwp b O, owbpunnph htn juwdwd O(e,) Yupgh
ukpgpoudp B — X7y wipnhdwt hwdwp: Unp wipgymitpttp B uvnugly B — X7
unpnhdwtt hudwp O(af) Jupgh hudwp hwpdh wntbing  ponp mgnoudubpp, npnup
hwpjupljgt) i 2006 pyhg htwn (O, - O, oybkpuinnpliph htnkpdbpkughugh dgpunyws
ubkpnpnudp, dpdhntughtt onuljukph tkpnpoudp wwppkp owybpunnputph hwdwp, O, - O,
owkpunnnpibiph hnbpdbipkughugh tbpypoudp b wyb):

Zugjuplpfws ku $hpuhnbiughtt na? mnnmuubkpp Byg) Ukgnuubph wnpnhnudubph
wunpnibibph  twppbpmipyut hwdwp: Munhpp whpqwsé £ pun o, -h wnwgunwph
ujuundwdp hwgnpnh-hwenpny  (U22) Jupgnd ng -ht hwdbdwwnwlub (f=u,ds,cb) £LL}
nunnidubph hwpqupyht, Eptjnhy mbunipjut kg suhnpujuinipjudp oybpuwnnpubph
Ihjunuth gnpdwljhgubph hwdwp: Upn hwodupljubphg uvnugws b quuwhwnwljub jphy U22
mnnmuttph hwdwp b oquuwugnpsyty £ wyn wpymbpp B, dUkqnuubtph wnpnhnudubph

Jwyunpiniuitinh muppipnipyut hwdwp tinp mbvwfjub jutthunbund vnwbwne hwdwnp:

Unwghtt wquud N(1675)5/2, N(1680)5/2+, N(1710)1/2- ntgnuwtuttph EEjunpngpgnudui
wdy hnniuitikpp unwugyly) B thnpdwpupuljut CLAS hwdwgnpsuiljgnipjut € p -> e pi+ n
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unp wnjuubphg: N(1675)5/2. nkqnuwtuh HEjupngpgndwt wnwbdtwhwnlmpmtu k np
pyuplughtt wbugdwt udhyngny tpw qpgooudp mdhn dupdws ko Uy hwnlinipmiup
ognnuugnnpéyt] £ mnnuihnpbt npnpobint ny pdupuyhtt tkpgpnudp: Lntuughti-dwljunh
phjwnhyhunhl pJuplughtt Unpimd hwpduplyl; tu Delta(1232)3/2+ L Delta(1600)3/2+
nhgntwbiutitinh LEjunpngpgndwt wdwjhinmnuitttipp: Uju hwpdwplubpp uplnp G wyguqu
CLAS12 nijjuyitiph dbjuwpwtidwts hwidwip:

Npnuinbtwghtt b puquuuupophtiw/inwpophiwly A, =, Q  -puwphnuubph
hudwyuwinwupowt wtnhpwphntiubph uyblnputph hopdtwuit ndjuikpp hudbEdwnd gy
tu Unwinupun Ldupl-Qpnintughtt Lwpuyghtt Ungljh (QGSM) hwodwpljutiph htw: Lwpuyght
Zwgnygh nhdmghugh ubpypoudp, dhgniught jwunbpbph ojowqpbgnipmp b ny
Huwuwnhl] quudwt mnnnudubpp hwpygh B wntnud nbuwjut hwpguipjubpmud: - Unnbijh
Jutjpwwnbunidutpp pp b pA pufunidubiph hwdwp juunwpgws tu dhigh LHC Eubpghwttph

wnhpnype:

Uhpokpu, JLab-h b YerPhl-h hwlwgnpsulignipjutn spgwbnuljukpnid’ oquiylyn CLAS-h
013 wyjujubphg, Juwnwpyly £ géuyghtt pitnwgué $ninntiughti thgny nhjinpnuh tpnhdwu
wqhUdmunwy  wuhdbnphugh  swihnwdp: 2006 pdwluwtht  hwdwgnpswlghing  9npe
Juphtiquinuh witjut hwdwjuwputh (dwohtugqunt, UUL) Ynjkquittph htwn, yuwnpuundty
E hnipwghp wyu twpuwgsh Jpwpkpuy, npp hwuwnwngty k Jefferson Lab PAC 30-h Ynntthg,
LOI-06-101:  Ujunthtwnltt  dbp  Ynnquhg  wowewpydus TINAF  g13b  wdjujubkph
nuunidtwuhpnipiniup thnpdtwjuinpt hwuwnuunytg CLAS Yninpupughuyh Ynnudhg:

Tupwnh pyuttnuyht mkunipynit b hinnkqpynn Udnpbyukp

Yhpuntywtt onujubpp bt Yhpwy Ynnbjjunnputpp punwsuth fhyunhputpmd phduyng
nuunidtwuhpdws Bu N=2 0 N=4 umwbtpuhdbwnphl wpudwswthughtt wbumpniuttph
wyiyhuh juninnpmdukp, npnup unwugynid Eu gnpénnnipjutt Uk N=2 untybpnuownh pupdp
wunhfwbwghtt thnpjumqnbgmpiniutitp pingpltnte dhgngny: Ogunugnpstiny jnjujhqughuyh
Ubpnnp hwpdyuws ku juninnpdws nbkunipjutt hwjugpuljutt gnidwipp (2) b oppwtiugduyghe
dhjunuh onuljutph Jhghtuttpp (W) pwnwswth ubnujwsd bhwyunhnh wnbup mubgnn
nwpwdnpniu-dudwbwlnud:  N=4  wbumpjut  pbwypmd, oquybiny  thnjuwgynn
dwinphgujut Unnbjuyhtt tbpuyugnidhg, wyu dkdnipimiiutph hudwp uvinugdws u £ogphin
puttwdlitn: Oqudbnyg UG wntismpiniihg gnyg E vipgws, np Jkpnhhojuy janinnpnudutipp
ubpunpbt Juuydws bu Eplswh Ynudnpd nbumpjut  Ynnbjughnt  mulyghwbponud
owipddwit htigpuyjutph tbnpuwt htwn: VEjpuuny-Cuwnwsyhint vwhdwimd Jujninidughe
Uhghtitph nng Yhpuy onulp wprnuthwpun]ws & plutnwyhte Quiyptpg-1hptuh Ynph dhgngnd:
Nputu nmnblgnn wpynip wupqyl] E np Odbqu-dnuh wwpwdbnpbph pwughntiuyg
wipdtputph phypnid SUR) nnpudwswthughtt mbumpnitubpp gnuuy Bu Bplswth Ynudnpd
wnbunput Uhuthuw) dnpbjubphte
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Puguuwljul jnudnnghuljut hwuwnwinniing Ujtpunuu-8witig-Uhjuh tnbunipiniimud
Junnigyws k tughh hwpp hnphgnuny ull junens , npp wuhdnnunhl dung dquamd E AdSd
nwpuwswdudwbwluht $ntht( d>4 ghypnud): Uju jmdnudubpp hgnuinnyghly G, uyuhlip
huununnmt sunwynuyhtt b dudwbwluyhtt Ynpphtwnitpny hhybkpdwytptuh ypu poinp
ninmpniubipp hwdwpdbp tu , hwnljubpwluwbh £ np tpuwbp wwpmbwlnd Bu b
HEjupujut b dwquhuwluwt pguownbp: Uju vl punuupbbpp otk ny  qpuoyufjut
dwquhuwljut nuownh jupjudnipmnit hwppe dnttughtt mupuwsnipjut nhwpnwd, npp phpnud L
nwpwuhwinn quiuquény nusnidutph: Qtuyws wyu wdkht, fEun nupusududwbuljuyht
swthnnuljwimput nhuypnid wuwnlbipp wy E wju phypmd Jupkh £ qnpdnnnipjuip
wybjugul) ny wpkput QEnu-Uwypuntuh winuuny: Uju hwiqudwipp pny £ wiwjhu ul
punuipttph nusnulutp, npnug twquhuwut nupwntpp tugnid Eu wuhdnnnhly duny:

Thunwpldws £ huynuh wpudwsuthught qupnbp — jupbp pnuwgmpiniip Qbtpb-
Uuwguntiup b mnwninghwljut jupbph hwdwp b gnyg E vipdus (wpughtt wiquid), np wyg
wuwhywiymd E twb ny wyhpunippunhy dujuppulny: Gntdws ko dgphn putwdlitp
unuwnhuwnhll gnidwnh ny whpunnippunhy wingudubph hwdwp: Oppngntiug b uhdihjElnhl
hwtpwhwohdubph hwdwp qupquglt] t Snpput-Cyhugbph qhubpuwnnputph junnigdwb
hunnijunhy Uninkgnid, npp twipunpn wohiwnwupubpnud Yhpwndty kp gl(n)-hwudwswdhnipyut
ntypnud: Uy Junnygh ogunipjudp swpph Ybpniénipjut inbkupny qgunuidws E uyhinpuyghtt b
Uk Ejunhl RLL-wntsmpniup:

Ihéwqpuljut $hohlu , hntigburuglus Uhguduypbph b fupmguypiut bhahlm

“Cognphwin jmusynn uwhu-1 bghug-Zuyqbuptpngh unpbp sknuunitwdl onpuyh Jpw
unnuy uwhutbph dholi hwenpny Unnulju hwplwt thnpuwgnbgnipjudp” wouwnwiipnid
Yhpwntiny mpuwtudptp dwnphguljut dkponp &ogphwn 1nusyty | uyhi-1 bqhtg-Zuyqtuptipgh
Unnbp ohnuibilymiwdl onpugh Jpw tnnuy uuhlithph dhol hwenpy Unnulju hwplhwh
thnpuiugptignmipyudp: Lkpjuyugyl) tu hhdtwljuwt dhdwlh, dwquhuwlut wypngtuubph b
nbuwljupup obpuntbwlnipyutt wpynmitpubpp: 8nyg E wipdws, np tnnuy uyhtiubph dholt
hwonpn Unwnwljuw hwplwbt thnjowgpbgnipmiip wnwe L phipmd tpkp tnp  hhdtwjub
Jhdwljuinh wpwowgdwl, uwfuyt, dhbtngt dudwbwl, nu sh dkdwgund punhwbnip
Uhowliljjuy hwppwlubph php qpoyuljui obpluwunh&uith dwqihuttph Yoph hudbdun:
Stuwlupup  obpumbiwlmpembip  wpnwphtt  twqihuwljul  quonh  puguluympub
nhwypnid, gnigupbpnud £ hknnwppphp obpduyhtt juppjusnipmitt dkl- jud tpl-ququpuyghb
Junngjusdpny:

Yhunwnpldl b opyugh dhwswth bquljh-wnnd wthwdwubpmpjudp uyht-1 Pghtig-

zuyqtptingh dnpbp obnuilniiwdl sonpugh Jpu: Unphh dogphwn jmiskihnipjutt oinphhy
Junpmgyl) Gt hhdbwlwt Jhdwljutiph thnybpp, npniip wy) thnybph hbwn dbjntn gnigupbply
Eu twl pnrunpniugdus thnybp: Uwqthuwgqusnipjut ypngtutiiph hbnwgnunipniup

25



gnyg L wdlp  dwqbhuwlub hwppwlubph weumpmoip dwquhuuluinpjub
hwglgdubdnipjutt qpn, Ukl-tppnpn b Gpni-tppnpn wpdtpubpnud, npnud kS nbp B owunnud
Equjh-wunnd  wthwdwubnmpiniiup: Puguuwljuinipmip  npwbu  pJuttnughtt
huddqubnipjutt swth, nhunwplyly E gwdp obpdwunhfwtunbpmd: Zhdtwlut  Jhdwljh
huddqubnipjut  Lowgphin - wpnwhwjnnmpiniutkpp gnyg tu wndl), np Zuyqbupbpgut
uyhtubph  GEquih-wund wbhwdwubpnipmip  wWwqbgimd - hhdtwut  dhdwljh
huddqubnmipiniin:  Unnhjh  wpynitipubpp hwdbdwndly Bu hpuubtt  [Niz(COCH)-(us-
OH)2(H20)4]n*(2H20)n  hnun-dbnunujutt dhwgnipjut wpnyniuputph htnn b ghudlp Bu
pajujutt juy hwdpbjunudutin:

Thuwplyl i bwb uyht-1/2 b uyhb-1 bghug-Zuyqtuptpgh dUnpbjh  obpduyhtu
hudgdudnipjut,  dwquhuwluit b pJunpnyn;  dndbunubph  hwnlmpmniuttpp
obnuuynitiwdll snpuyh Jpu: Zujwdtendwquhuwlut thnpowgpbgmpnititph phwpnid
nhundl] Bt hwppwlutp dwqthuwlut b pjunpnuyn) dndbunubph Ynpbph Jpu vunp
uwhtiughll hudwlwpgh hunfwp hwpguplfly b obplughtt puguuwljuimpniin’ npugbu
pjutitnughtt  judddudnipyutt swth: Fuguuwljuinipjut hwdwp uwnwgyl) B wwppbp
Juppbp Ywhws  Zwyqbbpbpgh  phwnjwp b plunpnunpup - hwununnmbbphg:
Puguuwljuinipjutt. hwdwp  nhudlp £ dhowtlpuy hwppwl — Equih-unnnd
wihwdwubpmpjut b pjungpnunjup  hwunwnnitttph  puguljuwmput nhuypnid:
Puguuwljunipnup b pjunpnuyn) dndbtint mubt hwdwbwdwt Jupp, Epp ghuynjup b
pjunpnunjup hwunuinm tutpp hwjuwuwpynud Bu hpwip:

“Gkps dwqbhuwlul nuownkpp ppulwl wohnuphnid” wownwipnid jupshp b
huyintiws Jtpotipu nmuyyugpyws X. Peng, H. Zhou, B.B. Wei, J. Cui, J. Du, R.B. Liu, “Experimental
Observation of Lee-Yang Zeros’, Phys. Rev. Lett. 114, (2015) 010601 wphiwwnwtiph dwuht:
Uuwutuynpuytu Jupbnpynud £ uytt hwuwnp, hnyughtt wbgnudubph - $ntinudbiinug
nbumpudp jutjunbuduwsd Yins dwqthuwlwt guonbpp Jupnn b hppuljubugyty
thnpdtwljuwtnpki:

‘Lujuljhtimd uinwugdws nhuytpuhntt hwjuwuwpdwb oppwtiwljutipnid nmumdtwupyty k

nhjjuwnhyhunpl fEjupntuwghtt thugh unhynnujut Udhp NMwpubjjh Sunuquypnudp wnwbg
nhgntwnnph: Unwowpldwsd b mnnuilnit guugh phypmd dwubtwlh wdwjhnngutph

qnpéwljhgubtph hwpddwit tinp Ubpnry:

8nyg k mipjwd gudp Eubkpghwubpny phjuwnhyhunhl ynghwnpnbubph jubwugdwi
httwpwynpmipmitip  hnbwljwt pipbnutph  npnpwljh wnwgptbph onipop: Twtipudwut

nuunidtwuhpyws £ wnghwnpnuubph wuhhhpughuyh wypngbup dhowduyph HEjwunpnuttph
htn: Fuiwhwwnydws E yynghnpnuh Yyutph inbnnnipniip jubwjugdut nhdhunud:
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ZupyJuws Lu nhdbljinnught stpunny junjtuntiphly htnniy pniptinutph (VZE) poohoitinnid
ubthwut pidinugmdubph (UR) Jh&wljutiph dnuinntthl ppnmpynitiutpp () Unugdws tu

nbdtjunyg  obpumd  JuwhiJwénmipniiubpp Juimdp b mdbnugnudp  punipugpnn
wuwpwubinpbiphg 95 b jnyuh hunbkuuhynipjut hwdwp:

Munduwuhpjws £ 99 b hwdwlupgnud jnuinwljdus  Eubpghugh dhol juwh
httwpuynpnipnip: Zknwgninus b phdtljnughts skipnh b vZR sbkpinh wgntignipeniup 4div
Ypuw: Snyg kE npdws, np 9D dwpuhduy E Epp nhdtljnnp qunugnud £ hwdwljupgh fEunpnund:

Zupyyus L wthudwubn dwqhuwljut gupnny hwuppe hgitpnid (ounnijjunnpnid)
owipndyny LEjupntutph uwyntunwt Lwnwquypdwt uyblnpuy pughinudp b nudbnugdut
qonpéujhgp: 8nyg E wipdws, np fEjupnuttpp junupmd B pupn owpdnd punjugus
nuinun (unpndnpntiught) b wpwg (ouymijunnpuyhty) dwubphg: Uhghtimgubyng
owpddwt  hwjuwuwpnidubpp punn wpwg dwuh  wnwgdus B juyduws  swpddwt
huJuwuwpnudubpp: 8nyg E vipdws, np dwquhuujut npupnh wthwdwubnmpmiup phpnud £
uynnuwtt Swpwquypdutt uyklnpuy puphidwtt b nidbinugdwt gnpduiljgh jpugnighs

whibtph wpwewgdwnp:

Qunupyty ks b p puknugnidutiph injujhqughnt tpjupnipjut dwtpuyjpihn puyght
b wbuwluwb Jbpoidmpmt  dhwsuth  hpwp  hwenpnnn hgqnuipnuw-tpygnighs b
dbnwdwnbtphwjughtt - yuunwhwlut puuudnpjws  okpntph hwdwlwpgh  hwdwn:

Thuwpll) B nhppuyht, hiswbu twh punugpughtt wwpgnipyut nhwptpp: <Epgtpu
wnwowgwd htinmuppppnipmiup yepp wygws hadwljupgtph tjundwdp yuypdwbwynpus L
p-pitinuugdué  wyhputph Ppmunbph  njuhqughntt  winduwjhwt  gupknt  tputg
nttwlmpjudp:  8nyg £ wpdl np  dbnmwdwunbphujubph  weunmpmoiip  phpnd |
1njuhqughnt Epjupnipjut tuquui:

Yhuwnpldl Eonguh tmwpwdnudp btwtnguth  wigpkp  wupnitwlnn  dbnwnuljut
phptnh dhony: Ythunwpldl ki wuppbpuljut, wnwbdwigqus b yquunwhwlwh whgptph
nhwpbtpp: Unwugyl) Eu wtwjhnhl wpnwhwypnmpniuttp wigdwt gnpswljgh hwdwp pojnp
nhuypbpnud: Uwwgmgyl] £ wigdwt gqnpéwljgh whwjunpmop puljung nyuh wihph
Epjupnipiniithg dhwswith, tnup dbnwnuljub nhuypmd:

2.4. Zmpynnuju dhghjuyh b mbintjunjuljui nkjuuninghwutph pudhu
Zwpinm durdwuljwhunyuwdnid hpuljwinugyty Eu htnbyuy pipwghly uimhpibpp’

o Swiguyhl vwpplph ubpykpbbph b ogununbpph wohtunwluywiubph
wuppkpuju nkthjulwut wewljgnipni
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e VOIP/IP mdpnnowljus PBX huntgpdwt onipgopju hknwhinuwjhtt mkuthljuljut
dwnwynipiniubph dwwnnignid 400 gpuigyus oginunbtptph hwdwnp

e Zwdwppuwuphuwyht Eduroam swnwynipjut dwwnnignid

e HERMES/OLYMPUS thnpdwpupuljut Spugpuyhly, wyn pynid ROOT, HMC —
HERMES Monte Carlo, HRC thuptputph wohtmnwljuyutubnh b ukpytputph
nbkjuthjujut wowlgnipjniu

e Batch Cluster ogqnuuuntptph junphpnpuwwnynipini

JEpughunud/Fupdwugnid

e UUQL-h tkppht gwugh (Upwuqus, Pqnunnyubph puwdwudnip)
oywnhljwdwupwpbjuht kpuqhund

o  Jupswluquh guighph JEpuhnpunid, hhtt whskph thnpjowphinudp anp
Junwywptih Laer2 ughsutpny

e UUQL-h guugnid wykjugykg tnp, 20 wpjowwnwljuymutp

e  Gpdb-h 6 hhduwjut dwutwpkuptpnid punupdwlyt) & Wi-Fi gmuguyjht
dwslnypnp

e  GRID hwdwljupgh EMI-2-hg EMI-3 thnijh ykpuqhumd ALICE b ATLAS fuupkph
wwhwbetpp tkpwuntiny hhdpnud ptjwsd wdpnne spugpuyhtt wywhnyyddwi,
dwnwynipiniutbph gpunuputtp b wyuh yipughtnid

EjEyupniughtt tudwljubphtt wntipgynn gnpéniibnipini

e Uwuwd yipwhulnnnipju OS-h yEkpwghtnud, b Jhpniuh hwynbwpbpdw
dpwgpuyhtt pupdugnid

e Uwuwd b wy] wuthuwyn nkuwljh hwpdwuynidutph hwdwljupgh wtdunuwtgnipju
pwpdpwugniu,

e Luwdwlubkph ogqnnuuntpbph hwdwp mbnunnpydky kE unp "OwnCloud” dpwughpp:

‘Lnp Swinuynipnibibph duwnnignid

Epdb-nud b Unp Udpbpynud inbuwhulnnnipjut b wijuuwbgnipyutt hwdwljupgbph
nbnunpnud:

5 duutwpbuptpnid nknuinpyty) Eu 21 mbuwjughljubp 3-p Gpdb-h wnwpwspnid, 2 ‘Unp
Udptinn ghnljuyutind):

Lnp Udptpgh b ©Bpdb-h  wywhwlulbnbpmd wbnunpdl; b wppynibudbn
Uuntthuinphigh b wbhkuwhulnnmpjutt hwdwlwupgbp: Fpwbp wwywhnymd — Bu
puquudmilighntiuy  gnpswnnypitp  wn  pymd ppuljul  dudwbwlmd  Yhnkn
tWqupwhwinud, htpwjuwnwdupdwi npnund, duptph  Yplhuophwtynud, wqnuipwih
unwugmd b wyt, npybugh pupbjwyydh Unthinnphigh b wtdunwbgnipjub jpunnphp:
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2015p. Unjtdpbp widuhg uljuws pudhip wunwupwiwnn b SKA-h wdpnnowljwh
wwwpunugh b Spugpuyhtt wyywhnydwt hwdwnp:

e S&F-h gwugh hntuwhnipniup b ytpwhulbjhnipjniip pupdpugubint hwdwp
uljulp Gu  Quupdbk] wbhpwdbon wpluowwnwbpubp guwbgwjhtt  uwwppbph
oywunhuwjwugnid b yipwughunid:

e Utpykpukph, gubguwht udhwsubph b Swpwmpmnitbitph hbn  juydws
hwdwljupgbph pungujund

e Gplyuph unthwinphtigh ppwlwiugnid owwmhlfwlwu wkuwpughlutph uvhongny
(AllISkyCam)

Upwqusé ghnwhbnwgnunuljut juyuwinid mbnunpgus wmbuwpughljubpp tnujhu B

Linux spugph hhupny punjupuip spugpuyht wupuhngmu Juygswljabph b wy) nupuighly
|nuwponn phwpbph hbnwgnundwt hwdwp Jhgniwy duing dhghjujut tpunyputpp dtnp
phpbnt byywwnwlny:

Zupynnuijuit phghjuyh b vjutikiph Jbpnidnipjut gnpéniiinmipinit

e Unjungnpny-Udhpuny puquuswth wthwdwyuwnwupwinipjut phunbph tdwt
hgnp phuwnbp Yphpwnbing Juuwpdl; Gt Jhdwjugpuijut JEpnidnipnibutp
MIXMAX tnp, Ytns-yunwhwlut pytph ghutpuwwnnpp uinnighnt tyuwnulnyg
(Znphqnt 20 twwghs):

e HERMES  OLYMPUS Unjupnpughwubph Ynnuhg Ynunuljyus thnpdupupulju
njubph  Jbpismpymb, wyy  pymd Monte  Carlo-h  qubiqudwyht
niuntdtwuhpnipnibubp:

2.5. Uhpwnwljut $hqhljuyh pudwtndniip

Zbnnugnunmipniitbp i junwpdl) Swnwquypughtt wpunbbph  Juunbpugh
gnyugnidibiph  wnwowgmup  uhjhghndh  poiptinubpnd phduynd nuumedbwuhpdty
Juunbpuyhtt gnyugnidubph wnwewgnudp ujuws Jhwnuwghtt Smnwquypuyhtt wpunubphg,
hwogyh wnubny tpwbg wpwowgdut shduyhtt tubpghwt, Yupdwsépp b Ejnpnighwit
uhihghnudh pniptinubpnud BEjunpntuwghtt fumwquypuhwpdut ghupnud:

Uju htnwgnuumpnitibpp juunwpdl) o dwbipuduuinpbt’ hwpdh wetbng husybu
qnuljutnipjut Uk hwpintih, wytytu b dbp Ynnuhg uvnugdus ndjuyttpp: Uwubwdnpuybu
gnug Ewnpjus

1. &wnwqujpujht  wpwwnibph  Juwunbpughtt gnjugdwt  otdwjhtt  Eubpghwt
uhjhghnudh pnipbnutph hwdwp qunuynud £ 9-10 UE, spowljuyypnid Eunpntwght
Swnwuqujpwhwpduwb nhypnd, vwjuyt gt guynnit wpnwhwynyws sk, putth np
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Juwpdws pnipbinh twppbwlwi wuwpdwbubphg Jupng b wpwowbiu) wuljuynit
Jjwmuwnkpubkp, npnup hpkug Enpnighwjh plupwgpnid dbwgnpynid Bu ndjuyg
obpdwunhdwtinid juynit gnjuugnidubip:

2. Quuunbpuwjht gnjugdwip bwpnppmd B dks Yntghunnpughwyny jEnwlut
wpwwnbbp tnyuhull 50 UL tubpghwny Ekjupnbubpnd dwnwquypuhwpdut
ntypnid, hull tpwughg Jyuunbpughtt Jhwgnipmniiubiph wnwowgnidp wnknh k
niukunid gdwyunpbi:

3. Quwhwndws L Juunbpuht gnugdwt hwjwbwlwinipemniop’  juybulut
Jupquspp, npp Ea >> Eq nhugpnid hwutimd b uhish 102

4. Quuuubpuhtt gnjugdwt dbky dUkd nhp B fjowunnud phywlwuhwubkpp, npntp
wnwowtnmd k. Jhnbkjwt wpwwnbbph gqnignppdudp b jupnn Eu hwinbu qup
nputu hupunipnytu dhwynp, quwhwndws b tpuig wnwewgdwt phyp dhwynp
tutkpghuyhti puljunn dhwynp Epjupnipjut ypu:

Swpptp  whwh Jdwuthlubpn  dwpwquypwhwpdwt wqpkignipmiup  SIi-Sio;
Jupnmiguéph  dwlipnipughtt dwlwppuljubph wwpwdbnpbph Jpu phdwugmnyg
upliwnwipnd pipduws £ Si-SI0;  pwdwidwt vwhdwimd  wwpplp  nbkuwlh  pupdp
tutpghuynd dwutthyjubph (12 YEJ y-pduinitp, 50 UEY LEjupnuutp, 10 b 40 YEY wpubkup
hnuukp) Swnwquypuwhwpnuing wnwewgus dwlbkpimpuyht dwwupnul-ukph  (UU)
wuwpwubnpbph thnpdwpupuuwt hwdbdwnwljuwt hbnwgnuinmpjut wpyniupttpp: 8nyg L
upyl], np Juwjdws hwpduénn dwuthlubkph b Si-Si0; Junnigyusph wwnndutph dhol
thnpuwgptignipyut Ukjpwthquhg (hnttwgunn b hwpusught) Si-Sio; pudwidwt vwhdwinud
wnwowugwd UU uwbunpubtpp b wpdwt pinipugpujut obpdwunhdwtbpp tuybu
wnwppkp B Yhudly E op UU wnwewgdwtt wpugnipniip M-SiO2-Si junnigjwspnid wdnud
E Yhpunduws LEEjupujut quonh wqpbgnipput vty b jupudus E quonughtt BEjunpngh
dbinwunh nbkuwlhg: Upnudhth ghypmd wjt 3-4 wiqud UkS | Au, Ag, Cu, Ni, Zn dbkunwnutph
htn hwdbduwnws:

Swppbp  punuppmpjudp  odnnjws  phudnipught b huiphnidught - pwpdp
otpdwunhdwtiught  giphwunnpphs (FRY) puquupmipbnubipnud Ynpunnudy tipuyghtt
punipwugntph swhdwt dwbtwwyuphny niuntdbwuhpyty Bu onnud pupdp obpduwunhdwbiugha
obpdwdowlnidhg hbwnn  jupwidws  EjEjunpunputuynpunughtt - wypngbutibpp: U
tdnubpnd ghnydty E wjuybu Yngdws, “Shpugdwt” tplnypep, npp wpunwhwjndnud k
tputg punipugpuijut ywpudbnpbph thnthnpjumpjutt mbupny” juwpudws spowyquinng
dhowuypmd npuilg hblnmwqu wwhywidwt dudwbwlhg: Gplynt mbuwlh tdnpubpnd B
dtpugdwtt wypngbumd tuunydb) E npnowjh uy Yphunhjuluwt obpdwunhdwth (Te) b
uklyujuyhtt obpdwunhduiinid nkuwjupup pghdwugpmpjut () dholi: Curn npoid Epk ry -h
wdp  huphnwughtt tdnpnd migkligymd £ Te-h ny  dnunwnnt Juppugény, www
phutnipughimd skpugdwtt wdpnne ptpwugpmd phdunpmiput wdt mnbtgmd £ Te-h
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fupny tjuquudp: PugwhwynJws E np huniphnudughtt tdnepnud tnpdwy - Jhdwlh
nbtuwuwpup phdwnpmipmip” r, Skpugdwup gnigpupug  Ubnwnuluihg wignid E
Juunwpnd  Jhuwhwnnpnsuyhth, hull phudnipughtt tdnupmd”  poy) wpnwhwyndws
Jhuwhwnnpsughthg nidtn  wpnwhwjndws fhuwhwnnpnsuyhtth: Fhudmpuyhtt thwh
giphwnnpphsttiph hwdwp wbuwlwpup ghdwnpmpmniip mpubiuynpuoughtt hnuwbphg
Juwhqws (wyuhtipt ubthwjuwt dwquhuwut guonny wuydwbwdnpus) npubnpnid
“puguuwljutt fEYjnpunhdwunpnipinitt”, npp dkbwwtu npnoymd £ tdniph  twputiwfjute
huuntmpyuyhtt pununpnipyudp b suhdwitt obpdwunhdwtny: Bphihuhp SEjuuhfuljub
Zudwjuupwih wopwnwlhgutph htnn hwdwntn junupjus phungkiunhdpulghntt b
Uhypnulnuhly hbwnwgnunpmuubtph wpyniiputpp gnyg o wdb, np pnph wwnndubph
wybjugdwipn gmgpupwg, phudnipughtt nhuyh tdnwubpnd, hujuwbu, ghudnud £ papap
obipdwunhdwtught gbiphwunnpnuljuiinipjut b jhuwhwnnpnsughtt hnih dwubwpwuduh wé,
npp nintlgynid £ twh hwinhlubph swthtiph thnthnpuntpjudp:

Muunudtwuppdtyp Bu wwpplp dbpngubpnd wdtgqus  LioMoO,  Yphnghuught
ughtnhjjughntt yniph vhwpmpbnutph oyqunhjuljut b Swnwquypughtt hwnnipmniuubpp:
Uhwdwdwtwl] swthdt L tpubg juutdut b winpunupddwt uybjupubpp: fugunpyt) |
gudp obpduunhfutitbpnmid wyu b tdwt nipbph funwquypdut Ukpwthquubpn:

Mundtwuphpdt) b Gpyne wwpptp dbpngubtpnd  (hnphgnuwljutt  ophkunwgyus
poiptnugnid b dbpubyh  dbpnn) wdbgqus  o-ALO3; dhwpniptnubp, huyybu  twb
HEyunpnuttpng b tupntubpn] fwnwquypdut wqptignipmiup wpunitph wnwewgdut
wpngbutiipnud:

2.6. hqnuinujubph nunmdbwuhpmipyniitinh b wpununpluh padwininiip

Uju nuppnipjudp yuwnpuunguws dknunujut thnpnt wnkupny Mo tyniphg pudupup
Ubhuwthjuljut wdpnipmit b obpdwhwnnppujutnipnit niitkgnn hwpbpp thhopdwpldt) Ea
htnnwqu phthwfjut dwldwt wbkuwlbnhg, wjuhtiptt vnmgl) £ wpynp jugkpuyght
Sunwuquypny Upwljws hwpkpp tnyu dudwiwlmd Eu Bipuplynud phdhwljub jnusdwtp,
hswybtu sUowljdusubipp: ®npdp gnyg wdkg, np hhudpmd msybnt dwdwbwlp dumd k
wtthnthnju:

Pusytu huguintth £ Mo onmu opuhnquimid E T>600°C wuwnh§wth wnwly: Lwqkpught
Sunwuquypdut pupwugpnid dnjhpntth hwph dwybpbuh otpunipniup pupdputnid £ wbth
puti 2700°C, &hownn £ punn Jupd dwdwbwln]: tw wpwgwgind E dinwwunipinil, np
dbnnwnuljuwt Mo dh dwup Yupnn b Jiputnpudt; MoOz tw uwnmghnt hwdwp
wuwnpuwuuybly bp dh hwnndy wpln, jgdws hubpn ubnt qugny, npmud mnbinh Ep niubuncd
jugqbpught thugny dwnwquypnidp: Opuhnugdwt httwpuwynpnipniip unnighm hwdwp
wuwnpuwuuybk] kp dnjhppkth 3 dhwbdwt hwp: Unwohtip wyuwwnpuwuwnykg wnwtg nplk
jugbpughtt dpwjdw: Gpypnpyp juqbpught Swnwuquypdwt Bupwupldtg onh dptninpunid:
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Eppnpyp inybwwnbuwl) jugbpughtt fwnwquypdwt upwplytg tknth dptnnpunud: G
npybu hwdbdwndwt twiny oguuugnpsytg MoOsz thnonig wyuwnmpuuwndws hwp: Fnnp 4
tunoutpp hinnwgnunytght nkunghiyuwt Swnwquypttph $wquyhtt wtwhgny: Upyniuputpp
gnyg kb wwhu, np juqbpughtt Fwnwquypdut dudwbtwl Mo sh kputhnjuynid MoOs ny
utintind U ny § opmud: Fw Yupnn E wnbnh mubbw) obpduyhtt mqpignipjut ouwn jupd
wnlnnnipjut undweny, npp pudupun sk opuhnugdwt phthwljut nputnun tplinyputph
hudwp:

Unjhpptth phpwjuh Yphngkt uvwnkgdwt wnbjtunnghugh  dowldwt  yuwwnwlng
twhiugdyl) b wuwnpuwuwnyl) b hnpdwupupujutt vwppuynpnid, npmd oguawugnpéyty L
huuwnuunmt  funwquypdwtt 1.06 Jhipnt wihph Gpupnipjudp juqbtp: &wnwquyph
hgnpnipinitip juqunid Ep 50 Junn: &wnwquypnp ninnusé tp Mo thnponig yunpuunwsd
phpwiu-hwph dwjunht: Uwljtptuh obpumpiniip swihynd Ep hubpwljupdhp obpdwswth-
whpnubwnpny, npp twhiopnp suhwjupgdus Ep jutiws jnyuh mhpnypnid dogphwn swathnud
Juunwnptint hwdwnp:

Npubku vwntgunn mwpp ogunwugnpéytg wynudk nnith, nph vhony wugtnd tht htnniy
wqnunh hwudwp unpnuljutp: Mo thnonig wuwnpuwuwnws phpupu-hwpp wdpugdus bp wyn
wuntthh dwbptuht, huly obpdwswthp phnwpynud Ep Mo hwph dwjtptup:

Zbnnil] mgqnunny uwunkglwt thnpdp gnyg vtg htnlyuy wpyniiputipp.

1. Unwlg vwunkgdwl jmuqkpuyhtt Swnwquypduwt wnjuwynipjudp phpwpih dwljtptuh
obpunipniup dudwtwlh pipugpnid wdnid £ b hwuinud wnwdbjugnyup
8tjuhniuh 500 wmuwnhdwt wpdtpht.

2. Lnyt dwnwquypdutt dwdwbwl htnnill wqnuh hnupn uwnbkgdw
yuydwbubpnd  dwdwbwlh pupwgpnid  unyuwbu wdnmd £ U hwutmd
wnwykjugnyup 8kjuhniuh 320 wmunhdwt wpdtpht.

3. [Fhpwhuh dwlbpbuhtt npuk ninnuljh vuntgnid sh hpunyby:

Lwutwljub swhnudubpp gnyg wnykght, np vwnkgdut wju hwdwlupgp dwpuund k
dwdnud 5-7 {hwap htinni wgnun, npp wybjh wpynibugbn vunkgdwt hwdwp punnikh ght E:

ULoyws hbtngnummipnibibpp supmbtwldbnt  Gu CO; hgnp jwugbpuyhtt thugh
wqntgnipjutt tnwly, nph wnwytjugny hgnpnipmniup hwutnd £ 500 Jununh:

Uju dbpnnh Jhpwnmdp hhdbwdnpim tyyuwnwlny juwnwpdt £ C18 ghljjnunnpnth
wpnunbughtt thugh nul] qunuynn whtndwpdtughtt phpwjuh vunkgdwt gbpdwbhghuljut
hwpquplubpp: Zwpduplubpt wpjws i Yepouwynp mmwppbph Enutalng (meron xonewHbIx
snemenToB - ANSYS) dwutihljutiph ny hwdwutn puphudwt jpunnipnit niikgnn thugbkph hwdwnp:
8nyg t nipdws, np dwnwquypdwt EhEljnhympmniup b phpwjuh vwuntkgdut wuydwbbpp
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qquih Jupunid niuktu thugh dwuthlubkph mupwdwljut puphunithg b Eptljnhy swthubphg:
8nyg k mpywé phpwjuh Yphnghuughtt vuntkgdwt uygpniipughtt htwpwynpnipnitp, hgp
pnyl Juw qquphnpbtu pupdpugul] Swnwquypdwt EpEjnhynmipmitp b dunwquypnidhg
unugud ymph 99mMTe pdojuljuls hgnunwh kpp: Upwljywsd dkpnnp Yhpunkjh b awb
1hgpuynpyws dwuthljubpny wy phpwhitinh Sunwquypdwt ypngkutitph hwdwp.

Uowljty E Unhpptth JEpuljuiiqudut inkjuininghwt, nph wnwghtt thnynud hhupnid
1noyws Unjhpnkup ddupwonwsh vhongny yhpuljwtiqynid E dhtisk Unjhpntth uniybhn MoSs:
Obddpwonwshtt unwbtwynt b Ybpp tpdwd nbwljghwt vnwbiwynt hwdwp wyuwnpuuwndby
huunnt] wwhwpwt onh wpunwpuwpony, npp wwhwpwinmd wnlw  SSUpwgpwushup
wpuuittinnd Enynipu: Muwhwputinid hwdwpydty £ phdhujut vwppudnpnudutinh hwdwihpp,
npp FeS + 2HCI = FeCl, + H2S1 ntwljghuyh dhgngny wipnnunpnid £ $supuppusht b KoMoO, +
4H,S = MoS;3 + K5S + 4H,0 ntwiljghuygh vhgngny wnwowgunid unjhpnytuh uniydhn MoSs:

Lwhiwgsywus b ywuwnpuwunjws b HEjupntught hwdwlwpg, npp pny; £ wwhu

huunnmly HEjupudwquhuwut  thwjuth  Jdhongny pbjudupl; wnuppdh  hnuph
wuppbpnipmniup b putwlyp, htyytu twb mwpwgnigsh obkpdwunhdwn:

NrEwljghwitipp wig Eu jugynid pupdp obpdwunhfwughtt qunupuind” whyyuydwi
wuppkpwpwp npynn onh wnluwynipjudp: Ugn tyuwnwlny twhiwgsyt) b untnddty L pupdp
okpuuinh&wtughtt tnwupwgnighs, npmid gbplwuinh&wbip Jupbih E hwughly 1400° C: Swippbp
Jhpujubqinquijutt  ptwlghwitp  wwwhnytn  hwdwp  twpwnbudws £ wlnhy
wnhpnypnd ukpuplt) wgnwn, on Jud opwshi:

Cupnibwljyby b twpunpn mwuph ujuwsé “Fupdp tubpghwibph $hqhjuynmid” hpuntn
hwdwp unhtinhjyughnt pipbnutiph niuntdtwuhpmupgniiitpp:

zhknwgnunyt] L quuddw unwquypdut wgptgnmpmiup YAG n YAG:Ce (Ce~0.12 u~0.2
wwn %)  dnunppipbnubph uyblupuy hwnlmpmpoiaitph . Jpue Bopbnubpp
Sunuquypuhupdwi b Gipwplpfb bpkp nuppkp gnquiitkpmy] (1.3, 3.10, 550 x 107rad),
Sunuquypwhwpdwi wnpmpp *Co ($nunbikph Hukpghwh - 1.25 MeV) nnquit uquty k28
rads. Swpwquypwhwpdwl — hbnlwipm] whnh o mukind  Ce*  pulwuljulub

thnthnun pntt wuydwbwynpdws tpw (hgph JEpupwgpdundp:
2.7. Shhigbpughwnnipjut b wmunnubhqhljuyh pudwindniip

Cupnitiljyty Eu hbnmwgnunmipymitittipp wnhtqbpph Enpnighuyhty, Unipe bniphl, dnipe
Eubpghuyhty, htywbu bwlb ny qédughtt hwdwlwupgbph  Jhdwljugpujut, pwnuuwght
hunlmpniiubphtt wdhpws, oquiwgnpsdtind  wppuiyujuyht gphnnquljut  wdjuubp,
pYuyhtt hunndy dpwljus dbkpnnutin:

ZEknwugnunnippniiubpp fEunpntugt) Bu hbnbju mnnnipniutitpny.
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1. PLANCK wppuiyuljh wdjujutpnd qupuliunpluitph hwpntutp b jhnwht
wnpymplbp;

LARES wppwiyuljh ninképh dognhwn yupwdbnpbph wpunwsnid;

nhtwdhljuljut hwdwlwupgtph EYnpnighuwh pyuyhtt hEnmwgnundwt dkpnnubp;
Yntdnpd Ynuuninghw b dwdwttwljh winkn;

o ~ w

ynnuynpdwt Jpdwljugpuljumtt hwnmpmnibtutpp b dninwughwibph gpuignidp
qhubpnud:

PLANCK-h dhypnwjhpughtt njujiipp htwpunpnipimt Bu vmwhu hbwnwgnunty
Untnnuljuw quuljnhljuutph huynttpp, npntg nbpp hwdwpynud £ npnohs Unipe yniph punyph,
ynuunnghwjut jununpnudubph Bnpnighuyh b winisynn  hhduwhwpgbph inbuwlybnhg:
Centaurus A qujulmhluyh hwdwp PLANCK 70, 100, 143 GHz -nuid h huywn Lt phpiby
obpdwunhdwttught wuhdbinphw hwnjh punhn  fwnwquypdut whpnypbubpnud; nu
Ubjtwpwitdty] L npwbtu hwnh  dhwubwluwt wyunynh, hwnh wyn  whpnyputph
nhptipkighuy  nhtundpljuyh - htwnbwip”  wnbswé  quiulinhiugh  YEnpnihg  wmph
wpunwhnuph htwn: Zunh swthtph b wunynh dwuhtt nfjujitp Ba vnwgyl] wppuiyuljh
wnjuyitipny twlh M 82 quyujnnhjuyh hwdwp: Uju hnnwgnunnipniuitpny ny dhugt gunt] iy
ki ndjuy quuljnhuitph hwnubtph guudnp pimipughp dbdnipniuutpp” swthbtpp b
wunmjnh - wpugmpmip,  wy bwb gnyg Eoownpl dpypouhpughtt - udyuiutph
wpynitwybinmpniip dnnwlju quujnhuiutph dmp Wmph  ghtudhiut
niunidtwuhplnt hwdwp, hyybtu Uniywbyd-Qbinmyhy tplinypen qujuljnhjuitph Ynyntph
hudwp:

Planck-LFI 70GHz wjjujutph Yhpwnnipjudp dpwlly b dbpnny  dhipnwihpuyghte
pupubquipnud lnughtt wnpmpubph  (Quuuipnplwitph, pluquptbph, puquptibph)
qruugdwt hwdwp: Yhpunknd Skquupyh wnudnijh wowwndwt dbkpngp b Ynjungnpnygh
wuwpwubwnpp, gpuitgyly) b dh swpp Enuygh winpmipubp, npnughg dh dwup hwdpjimd Eu
wy] dbpnnubpny qpuigwoéubph hbwn, vwluyt fuwb twb wjbtwhuhtbpp, npnbp smukh
hudptljunidubp:

LARES hundwgnpbuijgnipjutt spowttjutipmd hpuwwpuwljdt) £ LARES wippuiyuljh
ninképh ULS Logpuinipjudp wipnwénidp juqkpughtt winpunuwdadwt juywbutph 3 mupdu
njjutiph hhdwt Jpw: 8nyg E wpdbk, np LARES wppwiyulp hwinhuwimd E wnwby
&oqnhwnn Uninuynpnipjudp dudwtujutidut ginpighujuting  swpdynn i1
hwpwptpujuinipjut puinhwinip wbumpudp tupugpynn  wphbunwjuwt dwpdhtp
wpbkquljtuyhtt hwdwlwpgnid: Uynujhuny, 3 vmupdu vyuyitipp gnyg G tnwghu, np LARES
LAGEOS h LAGEOS-2 wppwiywljutph htwnn dhwuhtt nunind b hwpwpbpuljuimipiut
nbunipjut unniqgdut wput tyyuwuwnuynp ghtnuthnpan:
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Uowljytyy E dbpny pnunpws hwdhjuniyutt  ghttwdhjujut  hwudwlupgbph
Enpnighugh tjupugpnipjut hwdwp dudwtulhg wtjupe Lonmpjudp: Ukpanp hhdudws L
Luyjuuh dbwthnpunipjut b thnyuyghtt mupusmpmniunid nkqnpyttnh hwdwp Enpnighnt
hujuuwpdwt wpnwsdwt b whwhnhl psdwt ypw, oquugnpstiny hwdwljughsuyht
hwipwhwohy: Uyw punupdwldl; b phtwdhuut hwdwlupgiph guubpp, npnug
hwdwp Yhpuntjh E wyny dbpongp pungpibnyg ns-hwdhjuniyuil, dwdwtwlhg jupudus
huwdhpuinniyuting, ns-4ntiutipgunhy hwdwljupgtn:

Unudnpd wuppbpuljutt Ynudnnghugh (Conformal Cyclic Cosmology) spowtiwlynid
putuplyty E pudnpdughuyh nbnuihnpudwt htwpwdnpmpiniip dtpdhh wwpumpuh
wntsnipjudp: Uhipnwhpughtt duugnpnuyghtt swnwquypdut PLANCK-h tijjurjutiph hudwnp
qnudl)] Eu wyt whpnypubpp, npnbn jupnn B owgwpmbwldl wyn  wbqunpogus
hudnpuwghw:

8nyg L wipdws, np ppuljui §nudninghwutt hwununmup jupnn £ wnbsyly
dudwtwljh wntnh htwn, wynuhuny tyuwunbtiny dudwtwlh wuhdbnphughti: fuw hbnbnwd £

lunnnpjws  hwdwlupgh  Enpnidhuyh  hEnwgnunmdhg  ng-qpojujut - nudninghwljub
hwununniuh wnjuynipjut nhuypnid:

Unpungnpny-Ununiph  uninppwunhljujutt yupwdtnph dbpnngp wpwehtt wiquad
Yhpunydt] E qhtwhtt hwonpnulwimpmnitubpnid  dmunwghwibp qpuighine  hwdwn:
Ppujut thnpdwpupujut nfjuyiph hwdwp gnyg b wpdl] dninwghwtph gpubgdut
htwpwynpmpymup: Udtht, wyn dbpnngnd htwpwdnp b bk jubjownbul] npnowljh
Untinwghw, husp wyw hwununyby | wy) hbnwgnunmpyudp:

3. UUSQL-h wphiwnwlhgukph tnuphpuyhtt iljupugpp pupbjuynudp

2013p.-htt UUQL-h wpluwnwlhgubph wnwphpughtt Wjupwughpp ounphhy 2011-2013 pre
wijinhy dwghuwnpnuubpht wojuwwnwph pugniutnit, qqujhnpbt pupbyudydty B Cughwinip
wpluwnnnutph pwtwlp 70 mupkjuihg pupdp Juqunid £ 15, 35 mmuptjuthg gusp — 70
hntu nuphpuyghtt pupfudwt Ljup 1 b Ugniuwyy 1/: Uppuwinnnubph vmwuphpp hwipdh winubing
hhdttmjut gmguthoutpp (KP1 wbku, Zudbws 2) hwjuuwp b K= N <35/ N> 70 = 70/15 =
4.6.

Cunhwinip wojpwwnnnubph pwbwlp Wwwql) £ 2009 p.-hg dhtgh  2015p.-p 158
whidwlgny 499-p 2009 - hiy, 416 - p 2013 p.-hli, 367-p 2014 p.-hit, 341-p 2015-h:
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AANL - Personnal Structure on Age (01.01.16)
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Uwip 1. UUSL-h wouuwnnulhgaliph unuphpuyhl puppiniup
PERSONAL STRUCTURE OF AANL ON AGE
(as of 01.01.2016)
Ne Division (department, service) Breakdown on age TOTAL
n'm till35 | 3640 | 4145 | 46-50 | 51-55 | 5660 | 61-65 | 66-T0 | T1-73 | T6-80 | 8185 |over§6 (pers;m)
vears | vears | vears | vears | vears | vears | vears | vears | vears | vears | vears | vears
1 |Directorate 1 0 [ 0 [} 0 0 3 0 [ 0 0 4
2 | Administration 5 0 2 0 5 4 3 5 0 1 0 0 25
3 |Experimental Physics Divizion 22 2 1 0 4 11 15 12 5 1 1 0 74
4 |Theoretical Physics Divizion 13 2 1 0 6 7 7 1 0 0 0 41
§ | Cosmic Ray Division 7 4 2 2 0 7 11 11 0 0 0 0 44
6 | Computational physics and IT division 6 0 1 0 1 1 1 1 0 0 0 0 11
7 |Applied Physics Department 3 0 0 0 1 3 8 4 0 1 0 0 20
8 |Isotope Research and Production Department 6 0 [/} 0 1 2 4 4 1 0 0 0 18
9 |Cosmology and Astrophysics Centre 4 /] /] 0 /] 1 /] /] /] 0 0 0 5
10 |Industrial and household services 2 4 4 3 11 15 14 12 2 2 /] 0 09
11 |Security guard 1 1 0 3 3 8 7 7 0 0 0 0 30
INTOTAL:| 70 13 11 8 32 59 70 63 9 5 1 0 341

Ugynruwly 1. 01.04.2016 ppoipjundp vnuphpuypl bljupughpn
4. UUQL-h hpuywpwynidutpp b hypmudubkpp

Gunwyupnipjutt wmthpwdbown £ hntuugh b puquuynnuwih gnighstitp ghnwlu b
Uppuljut hwunwunmpmnitibph hpwljuwt hgnpmipinitp swthtne b qupqugubnt hwdwp,
hvytu twl hwujwiu ppuwtg pupbjuddut b hwdwgnpswlgnipjutt  httwpwynpnt-

pmiuttpp b yEkpuhuljh npuitg winweppwgn:
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buywtu ubpuyugyus bt hp pwqUudupului spugpnid”  Ujhjowiywith  widub
wqqujhtt ghnnwut jupnpunnphugh wowphnipniip juyuwind £ Zujuunwtumd pupdp
Hubpghuyh duutihlitph $hahtuh, wutnuphahlugh, nbuwlut $hohlugh U prughnmppt
nnpunubkpmd hwdwppuwphught. Jupgh hbnwgnunmpmuubtph juunwpnudp:  dEpntpuyg
tywwnwlhtt hwutknt hwdwp, jupnpunnphugh ghnbwljwtiibpp dwubwlgniud Bu wppawphh
hunpnpugnyn  ghnnwljutt  hwdwgnpséwljgmpmnitubpht, wpwowpynud Eu  ghnwljub
Swnwynipjnibttp U uwppudnpoudubp’ hugujut dhonitjuyht pdoynipjuatip,
wpynitwpbpulut b ypwulnypuyhtt niunidbwuhpnipmubpht. Uqquyhtt jupnpunnphub
dwghunpuunmpuynid bt wuyhpwtinnipuynid - pupdpuljung  Yppoipjut  swthwihoubp
Yhpwntny" gnyg k mmwhu, np ghnnipgnii nt Yppoipiniul, hujuybu, jupnn Bo wyuwhndty
Zujuunnuwith qupqugnidp: Unyu nbnkjuipnid ubpjuyugdus E dhpwqquytnpb punmiadws
ghnnuut wpyniupubph gnighsubph hhdwt Jpu juunwupqus pughtt bpnidnipjut
pupwghl Wywpughpp: Uqquyhti jwpnpuninnphugh b wy) hwyujub jungnpugniji ghinwljub
huwuwnwunmpniuttiph  dhot  hwdbdwunnipnitubpp hhdudws  tu ©@nduntt  (knjplpgh
ufjuubph puiquuh Ypuw

U.b. Ujhpwiywih widut wqquyhtt ghnnwjutt jupnpunnphwitt (Gphwth $hghljuyh
htunhwuinin) Jipphtt  wwphutpht qquihnpit wdpuyunl] £ Zuywunwih ghunipjut
wnwownwph hp Jupquyhdwlp pupdp ghnwlui Jupluihy niukgnn wduwgpbpnod
nuwnpbkijut hpwnwpuynud E Epph wdpnne ghnwljutt hpwnwpulndubph wdbjh put 30%-—
0 U np wybih uplnp E Zuywunwth wdpnne ghnnwljutt wpyniupttiph ypu junupdus
hnnudutiph Unwn 70%-—n puwn Thomson Reuters htnhtwjuwdnp wuppbpujuwith pudht k pujuncd
htunhunninh  wojpwwnwbpubpht:.  Gwuwnpb  Bplwth  $hghjuyh  htunhwinmunp  hp
dvhowqquyhtt  dwbtwsdwdp, ghnnwlut  tkpmdnd U juunwpynn  wohiuwnwtpubph
dwupnwptbpny n1 npulny wnwdiwhwinnil) ntn E qpunbgumd Zujuunwimd: Uju Equijh
ghnuwhbunwgnuuljub Bupwljunnygubp mutgnn Juquulibtpuynmpmniu k, npp ghnnipjut b
ghnnuwnwp  nbjunnghwibph qupqugdwt nmphttp B wowowpnud”  dudwtwluljhg
$hqhuyh nmupptp phwqujuntpnid:

Cun dhowqquihtt suthwithoibph @nduntt Onypbpgh, Shunmpjul Swig (Thomson
Reuters, Web of Science) §nnuhg nuuuljupqus wduwgptpp whwnp b ogunnuugnpéytt npujtiu
huwoyupljuyhtt' hpwwnwpynipniiittph b hpmudubph hwdwp:  Cun @nduntt (Onjphpu
ujurjutiph punbdwpuh™ 2010-2015p.p. huyjwunwiyut b Gpdb-h htwnwgnuinnubph Ynnuhg
hpuwwnwpuljws hnndustbtph pwtwlp b tputg Jpw juunwupgws hnnudubph pwbwlp
ubpuyugyws £ unniuwly 1-nud.

Upgniuwly 1

2010 2011 2012 2013 2014 2015
Year
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Pub. Cit. Pub. Cit. Pub. Cit. Pub. Cit. Pub. | Cit. Pub. Cit.

Armenia 700 4800 | 750 7000 | 910 11100 | 820 13200 | 810 14000 900 | 15600

YerPhl 160 3000 | 230 4700 | 325 8400 290 9800 270 10200 301 11000

% 23% | 63% 31% 67% 36% 76% 35% 74% | 33% | 73% 33% | 70,5%

Ungmnuuwlhg btpbnwd E np dbipohtt wwwphubph Zwjwuwnwih gniguwuhoubph  wép

qluwuynpuy by wuydwbwynpyws £ Gphwih $hghljugh htunmhinunh ghntwuutbtph
wnwwynnhy wpyniupubpny:

Published items in Each Year
(inSPIRE)
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Ulpup 2. Pupap yupluih) nihligny wdumgplipnid hpuwwpupwlpfuo
hpwupupmlnifhlipp, inSpire

Citations in Each Year
(inSPIRE)
45000
40000
35000
30000
25000
20000
15000
10000
5000 I
o .n.nnnnnﬂllﬂﬂlllll
\\\\\\ RORINIRIRINIRINONIRNINRONNRND
(D(D(O(O(D(D(.O(D(D(D(D(D(D(D(DQO(D(D(D(D(D(D(D(.D(D(D(D(DOOC)OC)OOODDOOODOO
“~J—J=J—J—J~—J—J—-J00 00 Q00 0000 0O CDOD OO (D OOO OO O OO OO OO0 >— a2 a2
NI —-I0WOWO—-=2NW BRI —-IOXO O -2 NW BRI —IOXO O =N DT G)\ED(DO—‘M(.»)AU‘I
Years

38



Uup 3. GUQL-p hpunnupulnidbbph Jpw juwnmupyws bpnidakpp inSpire

5. UUQL-h ghnnwuljwts junphpnh thuwnbp,utdhtiwptp, ptqtph ywonwywinmpniuubp,
gnpéninnudubp, yuydwbwgnptp

UUQL-nud qnpénn 22 FNZ-h 024 dwutwughnwljut junphpymd 2015p. wtghugyt) Eu 2
phqtnh wuwonyuwimpmitubp: Mupnuuiws phqtph gnigulp pipdws t Zudbdus 3 - nud:
ZuybJws 4-mud phipdws Eu 2015p.-h UGUQL ubdhtiwpubp guuyp:

UUQL-h wpuunuljhgutiph 2015p.-h 85 gnpéminmudutphg 23 - p uwnwpyt) Eu CERN /
DESY / Jlab hwdwduyt hwdwwnbtn hbnwgnuumpmnitittph dpwgpbph, 18 tphwnwuwpn

ghntwljututp, UUQL-h wmowlgnipjudp dwutwlgl) Eu npuypngutinh, ghnnwudnnndubph:

2015 p — ht uunnpugpyly o unp yuydwbwgptp hwdwntn ghnwhbnugnunuljut
dpwgptph hwdwp dh pwpp dhpwqquyhtt b hugulut juquuitpympmiuutph dhol, nku
hu]bJws 5:

6. UUQL-h pjnigkinwhti hwpgtp

Unpmniuwly 2. Gpdb-h Ejudnmnp ywhnwlwt wypmipttphg, swhnypp b dhowqquyhtt
npudwotnphukp

YERPHI INCOME 2015;AMD; 2014;AMD; 2013;AMD;
1$=477.83AMD 1$=415.65AMD 1$=409.03AMD

GLSPh BUUUNRSLED

Base funding 835,500,000 AMD 752,000,000 AMD 808,300,000 AMD

Puiquiht 1,748,500 1,809,200% 1,976,200%

$htmbuwynpomd

Scientific conf. 2,340,000 AMD - 5,488,000 AMD

Qhunwdnnny 4,900% 13,420%

Project funding 73,158,800 AMD 73,317,600 AMD 41,807,800 AMD

Ehuwwnhy 153,100$ 176,400$ 102,200$

dhuwtiuwynpnid

DESY 30,450,000 AMD 31,687,400 AMD 38,530,000 AMD
63,73% 76,20$ 94,20%

ISTC - - 24,460,800 AMD

59,800%
Applied radiation - 1,302,000 AMD 7,955,500 AMD
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processing 3,100% 19,450%

Rent of space 30,419,000 AMD 29,710,600 AMD 30,865,000 AMD
Swpwsph 63,660% 71,500% 75,460$
Jupdwljunipinil

Sales 3,050,000 AMD 94,497,200 AMD 12,402,000 AMD
Jwgwnp 6,400% 227,300% 30,320%

Other 25,538,000 AMD 21,765,800 AMD 20,639,500 AMD
Uy 53,450% 52,400% 50,460%
YERPHI INCOME 2015;AMD; 2014;AMD; 2013;AMD;

1$=477.83AMD

1$=415.65AMD

1$=409.03AMD

Gryrb GUUUNRSULE

Base +project 911,000,000 AMD 825,300,000 AMD 855,600,000 AMD
Qh]:}_ P]m_zhhg 1,906,500% 1,985,600% 2,091,800%

Own profits 89,457,000 AMD 178,963,000 AMD 134,852,600 AMD
Cuy. ukthwljwh 187,220% 430,600$ 329,700%
Ejuwuniwn

State + own 1,000,450,000 AMD 1,004,300,000 AMD 990,400,000 AMD
Qhr}_ P]m_zh + uhlhuﬂlmh 2,093,750% 2,416,100% 2,421,300%

Ungyniuwly 3. Uqquyhl Lwupnpunnnphuygh Owfuukpp.

YERPHI 2015;AMD; 2014;AMD; 2013;AMD;
EXPENDITURESGLD 1$=477.83AMD 1$=415.65AMD 1$=409.03AMD
bhh OUNUGL
Salary 625,287,000 AMD 632,714,800 AMD 590,653,400

(65.3%) (62.0%) (66.0%)
Electricity 69,875,000 AMD 65,659,000 AMD 43,471,000 AMD
Eltyunpwukutpghw 146,230% 157,970% 106,280%

(7.3%) (6.4%) (4.9%)
Gas 21,865,400 AMD 18,271,200 AMD 12,487,000 AMD
Qugq 45,760% 43,960% 30,530%

(2.3%) (1.8%) (1.4%)
Phone 2,893,000 AMD 3,594,000 AMD 2,629,000 AMD
Zknwunu 6,050$ 8,650% 6,430%

(0.3%) (0.3%) (0.3%)
Water 11,746,000 AMD 13,087,000 AMD 9,386,000 AMD
Onip 24,580% 31,480% 22,950%
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(1.2%) (1.3%) (1.0%)
Internet 1,826,000 AMD 3,692,000 AMD 4,620,000 AMD
buwnbkpubwn 3,820% 8,900% 11,300%

(0.2%) (0.4%) (0.5%)
Taxes 34,473,000 AMD 21,972,600 AMD 21,117,000 AMD
Zwpykp 72,140% 52,860% 51,630%

(3.6%) (2.1%) (2.4%)
Business Travel 34,685,900 AMD 40,083,000 AMD 44,119,600 AMD
Qnpéniynud 72,590% 96,430% 107,860%

(3.6%) (3.9%) (4.9%)
YERPHI 2015;AMD; 2014;AMD; 2013;AMD;
EXPENDITURESELS | 1$=477.83AMD 1$=415.65AMD 1$=409.03AMD
bhpP OUNUGC
Fuel 10,415,500 AMD 13,805,800 AMD 9,800,000 AMD
Juwnkihp 21,800% 33,210% 23,960%

(1.1%) (1.3%) (1.1%)
Materials and equipment | 95,985,700 AMD 144,525,200 AMD 84,242,000 AMD
Uniphp L | 200,880% 347,700% 205,950%
uwppurnpniditkp (10.03%) (14.1%) (9.4%)
Capital & current repairs | 14,433,000 AMD 19,587,500 AMD 26,868,000 AMD
Jtputnpngnid (1.5%) (1.9%) (3.0%)
Fees 20,000,000 AMD 15,962,000 AMD
Utnpudwygup 48,100% 39,000%

(1.9%) (1.8%)

Scientific conf. 2,340,000 AMD - 5,488,000 AMD
QGhunwdnnny 4,900% 13,400%

(0.2%) (0.6%)
Other 31,213,500 AMD 29,079,300 AMD 24,106,000 AMD
Uy Swpujnipjniiikp | 65,3308 69,960% 58,900%
b Swuubp (3.3%) (2.8%) (2.7%)
Total 957,037,000 AMD 1,026,071 AMD 894,949,000 AMD
Cunuukup 2,002,890% 2,468,600% 2,188,000%

Utwgnpnakn 01.01.15 - A& 111,267,000 ppwd; puly 01.01.16-hk 154, 686,500 ppun/

UUQL-h pmoku dtpohtt 3 wwphubph pbipwugpnid Juynmibwgl) k' Uhewqquyht
npudwotnphubph  wewljgnipjmtt.  wjuwpnh wwwdwrny Ypws  Ynpniuntbpp
(hhdtwutnd ISTC ti CNCP) thnjuhwnnigdl] Eu Zwjwuwnwth Zwbpuybnnipjul

Ynnupg:

UUQL ghwntwlwbutpp owbpkp Eu gqopswnpnid, npwybuqh hwnpbtt qhnwlub

npuuwotnphubph dpgnyputpmd (22 phdwwnpl ptwbuvwdnpdwut b Uppynibwugbn
ghntwututph dpgnyp): UUQL-h ubthwlwt woiwwnwbpwiht  gnpéniubnipjudp
wujdwbwynpyws Ejwdninubpp juqul] Bu pnigkh 10% -p, npnkn vwljuyt phnynud k
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pupdpugdw dhnnd:  Yw twbr dhnnwd  dhgngubph qquih dwup hwnljugub
wohmunnnibph wohunuyupdbphtt thnpdkiny pupdpugil] dhohlt wohunu]upap b
Unnbkgub] wyt 22 - nud dhohtt wppnwwnwydupdh swthht:  Uheohtt wduwlwb
wohutnu]wpdp qquith wé k gpuiighy Yuqdkiny ~ 142000 npuid: Uhehtt wpjuwnw]updh
htwn dhwuht qpubgdlk] it vwppwynpmudutph bt Wnipbph Swpoubph wd, hwutbng
pniokh 16% -hi: Undnibuy Swubpp inyygbu juymbwgl] Bo hwulkim] 8%-h: 2015 p-
ht opwdwnwlupupdw, hunbpubnh wpugnipjut, hkpwhinuwjuwwh G wyth npuyp
qquiihnptlu pupbjudby E

Zuybpjws 1. U. Ujhjwiywuh Uqquyhtt Lwpnpuunnphugh (GUQL) nwquujupuljumi wjwb

Zudwpnu pnjuitmulnipmnii

U.b. Uhpwiyumth widuwb wqquihtt ghnwljut  jupnpuwnnphwgh
puqUujupuljut  wjwbp twwunwl nibh hoswlbnt wqquyhtt  jupnpuwwnnphuygh
wnwphnipniup, qupqugubint jwpnpuwnnp Uké Jupnnnipniutbpp, npnup juywhwbeku
nuqUujupuljut yjuwbwynpdw b gnpénitbnipnit hpwjuwbwgtint hwdwp hwwnnily
punupwlwinipjut  Wwlnud’ hwdwywunuujuwt Zujwunwih Zwipuybnnipeput
wwhwbeubpht:

Zuyuuwnwth opowtwjubpnid jupnpunnphuwyh Jupnnnipjniubph qupgqugnudp
Epupudwdlbn  gonpépupwg Lk huyp  wwhwigmd L Junwdwpnipjut b
wpnitbwpbpnipjut wowlgnipiniup, htiyybu twb Epph tkpunid pwhwqpghn Ynnukph,
wnwpplp  gnpéwlwnipjnitiubph,  gnunpubph, dJdwubwynp b hwuwwpwlwlub
hwwnjwséubph, hwdwjtputiph i1 wy| Juquuljtpuynipiniutbph ukipwn
hwdwgnpéwljgnipiniun:

Stuyjwjup. U. Ujhjuutyutth wqquyhtt jupnpuwnnphwt odnnjws b wnwtduwhwwnnily

thnpdunmpjundp b hdnnipniubbpm]  pupdp tutpghugh $hqhjuyh b wunnwdhghljuygh,

dvhonitjuyhtt  dhqhuyh  hEunwgnunipnitubph,  ghunwjut  uwppwohunipjul,
puqUuuyupudbnphjujut wjuiitph JEpnusnipjniutph, htyybu twb Yppnipjut

putwgqujunubpnid:  Uqqujhtt  jupnpuwwnnphwtt  hp  hhunwgnuulwb, Yppuui b
hunqughnti épwqpbpny whwp E Swpwjh E nppuljut wqpbgnipinit pnnubjnt wqquyjht
wpdbpubph ypu: Ugqquyhtt jupnpunnphwt htwpwynpnipnibuubp E ptdbnunid dnwynp,
wbdtwlut b dwubwghnwlumt wdh hwdwp: Unynpbip b woppwnbip wqquyht
jwpnpuwwnnphuyhnd juyguwuwnh pwpdp wphbunwjwupdmpubp, Yqupquguh wpug,
hunul] dnwskjultpunp, hsp pny; jrnu hwennnipjut hwutbknt dkp wpwg thnthnpjuyny
whuwphniu:
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Unwpbnipniup. Ppuljwbwgtt] hwdwopiwphwihtt dwwpnulh hEknmwgnunnipniabbp
Zujuunwund, dwubwlygly wppuwphh hunpnpugnij ghunnujut
hudwgnpswljgnipiniuibphty, wnwewplt] ghnwlwu gnpshputp b Swnwynipniuubp
Zujuunwith Uhoniljuyhta pdolnipjul, wpynibwpbpnipiul, Upwljnipuyhte
htnwgnunnuljumtt  YEunpnuubph  hwdwp:  Uwhdwbl]  pwpdp  swthwhoubp
dwghunpnuubtph b golunpubph  Yppwlwutt guupupwgbbpnid, gnigunpk), np
ghuinipjniip b Yppmipjnitp hpuwwybu Jupnn Gt wywhndb] Zujuunwith qupqugdui
gnpdplpwgn:

Cunhwinip nwquujupmipjut hhpdbwljwi punqungphsutpp

e Uhkuwnpntwbw] pupdp wqnbgnipyub hblnwgnunipniiubpht, npntp wywhnynid
tt qhwbjhpubph wpweoplipwg b tpwbg Yhpwenipjniuubp, b npnid wqquyht
jwpnpuwninphwtt . muh  dhowqquyht fwmbwsdwtt wpdwbwugus junonp
Atnpphpnudutp b hwunhuwind £ wnwounwun:

e Ukpwplbk] Adtntwpliuunphpwljui hnghtt Yppnipjutt b hknwgnunipjut  dke,
qupgugul) thnpjuubpgnpdnipniup Yppnipjuit b hbnwgnuunipjut phpwugpnid”
puthwughy gphtwdhjujut vhowyuwypnid:

e Qupqugulk] wnwowynp Swnwjnipjnibtbp Zwjwuwnwih  wpynibwpbpnipu,
phuywhywbwlui Untthwnnphtgh i} Upwlnipuyhte dwnwiignipjui
wwhwwunipjut hwdwnp:

e Qupquguk] wnwowynp  wbkpunnghwlwt  gopdpupwgutp b pwpép
wpununpnpuijuinipyutt hwpynnujut hwdwlupgtp huyjujut ghwnnipjut b
wpnitbwpbpnipjut hwdwn:

e CTpowbwywpunubphtt puunhwpull] wyuwybu, np tpuwip (htkbt jupnpuwwnnphwgh
hwdwjph wpwugpwjhtt wmtnwdubtpp, nyptp wjnhynpkt vwnwpbnt Eu wqquyht
jwpnpuwnnphuyh ninkuhoubpp, nkujwjuip b wnwpbnipniun:

e Lunmub] b Yphpunt] junwupdwt b phjudupdwt  jujugnyt  thopdp
ntuniputbph, whwwnwljuqudh b nmumdbwljuwt Swnwnipnitbbph oywnhdwy
Junwyupdwt hwdwn:

Ghunwljuh gnpéniutnipjut hwdwpnwn wdithnihnid

Eplwuh dhqhjuyh httunhwnninp hhdtbwngpdty £ 1943p-ht” npytiu Gphwih MEnwujut
huwdwjuwpwh &niy, wjunbdhynu  Gppuypubp Uppwhwd Ujhjuowingh b Upwuynd
Ulhppwywth Ynnuhg: Udbh nip, Upwqué uwph dpu unbnséytghtt 2 wmhkqipuljui
Swowquyptbph juyubibp «Upwqus» (3200 ) b «Lnp Udpkpng» (2000 d): Bplwuh
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dhqhjuyh  htunmhuiimunh  quwynp  Abknppipnudubphg  nupdwt whbqhpuljub
dwnwqujpltpnh JUbky wpnunuubtph b tbjunpnuubph hwyunbwpbtpnidp, hsyybu twb
wnwohl Yyuynipnibtipt wytt dwuht, np qonipnit mubkt Jwuthlubp dnuuubph b
wypnunuutph dhol ptjws qutqusubpny: Uju juywmbuubpp dhbush wydd hwinhuwinid
ki Gpdh-h Shhqhpwluwt Swnwquypubph Fwduh (SER) hEwnwgnunipniutkph
hhdtwlwt pwqu: dYkpphtt Aknppipnudutphg b unip Sujut  pugwhuwjnnudp
ujqpiwfutt  dhgnijukph phpl pununppsukph dke, Eubpgtwnhy uwklnph tnipp
Juwqunipjniuubph hkwnwgnuunipniutbpp, wpbh Jpuw wpwqugynn pwupdp Eubkpghugh
wypnuntutph gpuugnudp b Upwqush Shthqbpuljut Uhowduyph YEuwnpnuh unbnénudp
2000p-htt  wpl-tpypuyhtt  Juwbph nwunwdbwuhpnipyut hwdwp, npnbn SEE-p
hwinhuwtnud £ wpjpwphnid wnwgwwnwnputphg dkyp:

6 QLd Ebywupnuwghtt uhuppnuipnup owhwgnpdytg 1967 pwlwuht: 1970-1991pp.
pupwgpnid uhtippnuipnup  gnpénud Ep Eubpghwubph dhtgtie 4.5 QEd whpnypnud b
thnpdwpuwpulut Phghjugh pwdwdniupnid uwnwgyly] ki wpwbwlwhg wpyniupubp,
wjp pynid dnuintiukph hwnpntughtt hwmnnipniuutpp dhonitjubph Jpwu n-dkgqnutph
dnunnsudutt dwdwtuly, tninttughtt nkgnuwiuutph Juqunipnitp puquupbbnugdus
ghnnuthnpdbpnud, dhgnijuyhtt ymiph Jupnigquépp b wnwbdbwhwnlnipniuubpp,
nkunghyut wiugniduhtt Swnwquypdwt Juplnp hwnlmpmniabtpp b jutwjugdut
tpunypp  Ununpmiptnubpnd: Uju  dbnpphpnudubph  punphhy Bplwuh  $bhqhluyh
httunhiininh $hqhlnuiipp 1985p.-hg uljuws hwennnipjuldp dwubwlgnid b junpnp
dhowqquhtt hwdwgnpdwlgnipju Spugpbphi:

Epdh-h wjwinuljut puunghpubphg E dwubhlubp gpuignn tnp phwnblunnpubph
unbnénudp:  Lwyt juybuyhtt jughlubpp b wiugnidwjhtt Swnwquypdwt nhnbkljunnputpp
hwinhuwtinid ko Bpdb-md  dpwljws b owhwgnpdynn  thnpdwpupuljui
uvwppwynpnudubph  ophtwlyutp:  dtppohtt  wwphttph  pupwgpnid puquuphy
ghntwutubkph jadptip Bpdb-hg wlnhy dwutwlgl; Eu dhohtt b pwpdp tubkpghuwgh
dhqhuyh ghrmwthnpdtphtt wpnwuwhdwiund (JLAB, DESY, CERN-LHC, MAX-Lab,
MAMI), hbkwnwgnub] dbkgnuught b umnbughtt  jupnmigwspubpp, unilnth
EEjupudwquhujut thnjowgqpbgnipiniuubpp,  Ygwpy-hwnpntt Epjulhnipiniup, b
nhwwyuqnih - niynb-tmynt - Yuwbpp,  Yupyh - hwgpnihqughwt - dhgmluyhl
dvhowquypnid,  YJwpl-gninbwght | wjumquwl, Zhqqu  pngnuh thunpnudubp,
hhytpuhonijuiph b dhonijubph dpwqdbunwughwl, Jgbppnidubpp b pugqmd  wy)
ptUwutph, hyybu twb hnpdupupulut ndjuibph dntnpugpdwi b epnidnipjut
dpwgptph dpwljdwt dky:

Stuwljut pwdhup owpnitiwlnid £ woppwnk) quiwquit phwqujunubpnid, tbpunjuy B-
Ubkqnuubtph dhqhju, QCD L hwpwpbpwlwt Gplnipwpwinipni, uwnwunupn
unpbjubph Eplnipwpwbnipnil, tbjpunphuntubph hqhw, nmhkqipupwunipnil, nuownh
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pjutnnuyhtt wbumpmni,  upkpp/U wbumpni,  htwnbgpughnt  dnnbjubp,
Jhdwjugpuljumt Phqhu, Ynunbkuuwgws wnip b pywbnnughtt wfjujubp: Gpdb-h
wnbuwpwbubpp twlb Juwupbnp tkpppnd Juwuwptght JLAB L CERN-h dh  pwlh
thnpdupuwpuwluwt bwhwgstphtt: Uju wouwwnwbipubpp juyunpbt Swbwsgws Gu b niuku
Uké pyny hnnidubp:

1980 - wljuwbtbkph Ykubphtt Bpdb-md dpwldk] E uwnbptnulnuhl Udnnbgdwt unp
huyigmljupg pwpdp Eubpghwibph quidw  wunnubhqhuynid”  wwwnlbkpuygh
Upunnpuuyhtt skpkulnfjutt ghunwlubph b npuig hwdwlwpgbiph oguugnpddwdp
(IACT): Uy qunuthwupp swwnn hwonn tnipwljuwiugus £ IACT hudwlupgh hwdwp
(HEGRA): Unwgoht hwonnnipjnithg htwin hwy $hqhynuttp dwubtwlgh; tu IACT

ADMINASTRATION
DIRECTOR A. CHILINGARIAN
DEPUTIES S. TAROYAN, E. MNATSAKANYAN

EXPERIMENTAL THEORETICAL INFORMATION APPLIED PHYSICS EXPERIMENTAL
PHYSICS PHYSICS TECHNOLOGIES WORKSHOP
V. HARUTYUNYAN
A.SIRUNYAN R. MANVELYAN N. AKOPOV M. MARTIROSYAN
COSMOLOGY & COSMIC RAY SERVICES REI:(E)ZgZE "
ASTROPHYSICS
A. CHILINGARIAN E. MNATSKANYAN PRODUCTION

V. GURZADYAN
A. AVETISYAN

ARAGATS NOR - AMBERD SEVAN NOR AMBERD

STATION I STATION HOLYDAY INN HOLIDAY INN
huwdwljupgbph gnpswpuwp Ywtwpju Ynghutpnid (MAGIC) b Vudhphuynid (HESS):
Swphubp swpnitwl Gpdh Yhpwewjwt $hqhjugh pudhp hwonnynipjudp hknwgnunt k
unp quqtpuyht  Wwoiptph  LEyupntuwht - Bubpghnhujut jupnigduspp
ogquuqnpstiny uhtuppnunpniwhtt fwnwquypnidp mwuppkp uykljnpuw; nhpnyphbpnd:
Zbnmwgnunipjnibibpp Juuwpgl] Bb DESY-nud b Yowpnitwldku  MaxLab-1I-nid
(Ctnhw):

Guquulpynmpjut jurnigduspp b dwpnljuyhl pbuniputiph junwdwpnid
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. Lwpnpuwuinphuwjh  hnqupwpdnitiph  junphnipgp wpwbwlnd £ wqquyht
jwpnpuwwnnphuyh wbopktht b junphpnh twhiwquhp fupmd £ wuydwbwghp
wnbonkuh htin 5 mwuph dudljEwnny:

. Uqqujht jupnpuwunnphugh wbopkup tywbwlynmd L 2 wbnuliwubp, gjluwynp
hwyquuwh, ghnwljut pupnniqup b 5 wbopkuh oquwlwutbtp (Uwpnyuyht
nbunipuitph  junwdupmd, wbudunwignipniy, wbnbunpmnit, gqpuubkiyulh
Jurwjwpnid, thpwqquyhtt juuytp) b fupnid E yuydwbwgnptp tpuig htwn:

. Uqqujhtt jwpnpuunnphuymd  pugnitduws £ Eplint dwlwpnuwlh  ubkppht
Juquuljipyulut jurnigqusp, npp punjugus k pudhuubphg, npnkn gnpénid
Et hwdwywnwuhimt ghnwnbththjulju jadptpn:

. Pudhuubph ptjwduputph wwownuutph tywbwlnidp whwp E hpuwlwbwgyh
dhtisl 5 mwph dudljinny b bpwtp ywhwnp £ unnpugptt wuwjdwbwgpbp mqquyhte
jwpnpuwwnnphuyh mbuopkuh htin:

. Pudhuutph ptjuduputph b pudpiph nEjuwdwpttph wuphpwhtt vwhdwip 65
wnwpkljut k, hul] pugunhly nyptpnd (dhyke 2013 p - h wugniduwyghtt opowtip)
dhtislh 70 nmwupbjwt: Uwhdwbwihwlnng mwphpp wy] wqqujhtt jwpnpuwnnphugh
wplnwwnwljhgiiph  hwdwp 65 wwph E  ghwunipjut gnlunpubph 75 U
wljuntuhynututph hwdwp - 85:

. Uqquyht jupnpuwnnphwt punniut) £ ghnwljut hwuwnhputph hbnlbjw) guuyp
htuwnkpt
¢hwnwpuunnng
wjwg ghunwpjuunnnn
wnwownwn ghinwpuunng

ghnujui/ujunidhwlut (nkuuthjulwt) funphppunnt / junphpyunnt
Owlnpwugpnipjnti.

w) Punbpt wwownnup npynud L Ephnnwuwpny dwutwgbniubpht, npnup  tkpluynidu
qpunyusd ki pupdpugnyt Yppuljut hudwjupgnid (lwghunpnuwmljub Yppnipnii)
b tpwig, nyplp huygnid kb phljiwsniwljut wmunhdwt wqquyht jupnpunnphuynd:
p) Puwmbptu-htnnwgnuinnh wuwownup («Postdoc» Juwpquyhdwlyp) tpwbwlynid L
tphnwuwpny ghnbwljuwutbph dpgnyph wpynitupnid, npntp niukt ghwnnipniuubph
phijuwénih Ynynud: Upgnypuyhtt duiny htuwnbpt-hbnwgnuunnh wwowmnt pughjnt
npnonidp whwnp L yipuwyuhb] wgquyhtt jupnpuwnnphuwyh pudhtibpht

q) Uqquyht jupnpuwnnphwih wboptup hwdwdwjt Ghunwljwt nphppunduljut
hwtudtwdnnnyh wpwowplnipniubph npnomd £ pugnitnid  pwipjulyp htunkpt -
htwnwgnuiny hwuwnhpubpp jupnpunnphuwjh pwdhttph dholi:
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1) Ghunwohiwwnnng, wjwq b wpwownwp ghtnwpiwnng wuownnuubkph tywbtwlnudp
ujnjws  E - pughwtmp  hwpynd Jh pwbh  ywwthpubphg - (h-hunbpup,
ntjwjupnipnitp, wywnwtp ntuwtnnubph htn b wy):

k) Qhuwlwb /nbkpthjuu/ junphppuwnnith wwownth  ywbwlynd B
ghinntwjuitp b fwpunwpugbnikp, npntg mwphpp wigkk 65 mwpnig (ny wykph,
pwl 5 hngh jnipwpwiynip pudunid):

5. Lwpnpuwuinphwjh  wbopkh  Ynnuhg twwbwlyws hwwnntl] hwbduwdnnnyp
hpwjwbwginmd £ wqquyhtt  jwpnpuwunnphuwjh  wojpwwnwlhguph  wwpphpuljut
wnbkunwynpnidp: 8nipwpwiynip wptwwnwlhg whwp L ukpjuyuguh hwtdtwdnnnydh
htwnlbju hwunwpnptpp:

¢ Lpwgwéd uvnwinupun wnkunwynpdwb dip

e dYhpoht 5 mwupjuw puipwgpnid hpwnwpwlnipmniuubph guulp ukindwqgpbkph htwn:

e  Lwdugnyt 3 hpwwwpwlnidubpp (punn hinhtwlh Yupshph):

e  Uunhdwbwynpywé ntumtinnubph gulyp:

o  Qtlnmgmuutp dvhpwuqquyht Ynudtpwuutbpnid, hpwhpjwsd qiljnignidukp:

e  Tuquulitpuyyws Ynudptpwuitp

e dbpght ptiqh YEptughpp b nwpbphyp,wywnywinpjul nknp:

e Zpuwuywpwlniudubph pinhwinip gubyp:

e  NEjwdupwsd npudwpunphwyht twhiwgstpp:
6. Pugunhll nhwypbpnud pwdhuubph nEjwduptbpp jupnn o ubpgpuydb] wpwtdht
wpnwnuljhgutiph nwquujupulut tpwtwlnipnit niubgnn woiwwnmwtpubpnid dhush
6 wdhu dudljtwnny (ny wykih, put 2 wpjuwnuwlhg):

7. Stopkup hpwynitp E JEpuyuwhmd wywbwlhbnt E hp  junphppuljwuubph,
hhdtwlwtinud ghnnipjut nnjuuinputpht, wjunbdhynuukpht:

8. Uqquyht jwpnpuwwnnphuwyh woliwwnwlihgubph gnpéninnidubpp wpnwuwhdwiyui
Ephyputp  Juquulibpyynd G pun  hwwnil] jwintwluwupgh, gnpéninnidubph
nlnnnipniup swybwnp k gipuquigh 6 wdhu dudwbwljuhwnydwsp:

9. Cwpwpyu wopiwunwdwdtph wnbnmmpmniup 40 dwd Lk Udundwwn hwdwlwupgp
hwoquplmud £ wojppwmunwbpuyhtt dudbpp, punn nph ppwlwt  wopwunwdupd k
wowbwljynid:

10. Zwdwduyt  hpwwlwb  wlwnbkph  wbophunipniup wpwdwunpnid £ 24 - opjw
wpdwlnipn pnjnp wojuiwnwlhgubpht, wpdwlnipy upnn £ wpudwnpydt) Gplnt dwuny,
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pugwunhl ntwyptpnid Jupnn £ wnpdl) jpugnighs wpdwlnipn dhuske 24 op, wnwbg
Jupdwnpdui:

11. Uqquyhti jwpnpuwnnphwt ppuwjwbwgunid £ pninp htwpwynpnipiniuttpp, npuytuqh
pupdpwgiuh  Ephnwuwpn ghnbwlwbubph dwubwghnwljuwt hdnnipniatbpp
(muqupynud £ bpwbg wdwpwiht gupngubp b Ynbdbkpwbubkp, bhpudhpnd  E
wypnbtunpubphtt npuuwuwindwt hwdwp, jwuquulibpynd E wdwpwhtt nupngubp
Zujuunutinid), wywhnynid £ qunowd woppwnwipuyhtt yuydwtkp (JEpuwtnpngyus
qpuubkiyuljup, ubdhtwpbtph  guhjhdukp, wwwhnymd L Jdwdwbwlwlhg
hwdwljupghsutpny b wy )

Stophtunipjut upunuwlwiunipnibutpp, ntntunipjut b gnyph jurujupdwu
Jutmppubpp

1. Spudwnpl] wdpnnowlwt b dJwdwbwlhtt wpjwés odwlnwlnipnit wqquyht
jwpnpuwnnphwih wadhpwljut gnpswnnyputph hpwjwiwgdwi hwdwp, husyhuhp o

e Uohmmunwunbntph  wpynitwgbn  oguunugnpddwtt wwwhnynidp,  upwbg
nbpjthjujut wyuuwupnudp b wthpwdton  tnpngutt wohiwwnmwtputph
Juwnwpnidp:

e Utdhtwpubph U dnnndubph nwhjhdubph YJEpwbnpngdwi b JEpwqhtdwt
wywhnynidp, hipwnubbpwtiuttiph b wy] hwdwywwnwupwb dnipnhdbnhwljwt
httwpwynpmipnitbph punguyunidp:

e  &ognhwn swhnidubph hwdwp dudwbwljwlhg vwppwynpnidutph qunud:

e Juwdwtwlwlhg  uvwppwynpnidubph  wbnunpnudp  qpuubkiywljutph b
thnpdwpupuljut jwupnpunnphwtibph wadunwgnipyut hwdwnp:

e [(lonquwt 9ph wppynibwdbnn  dwnnigdwt  juquuljtpyndp wqquyp
jwpnpuwnnphuyh nne mwpwspmd, jubwys b dwpnip dhowduyp tpwohuwynpbine
hwdwp

e Upgnypwjht duny owbkpwwnph puwnpnudp jupnpuwnnphwjh wnwpwspnid utiinh
opkljnnutinh unbnédwt huwdwp

e Spwluwnpuuwjhtt  dhongubph  owwhdwjugnidp b wbophunudp, wwny
wnwelwhbppnipjnit  dbpkhwubph thnpp pyYht, vwjuyt hwdwywnwupwt
hgnpnipjudp b Eyninghwybu dwpnip oupdhsutpny:

e Ouyuhdwjwugut] wphbunwingutpp b hwgkgulk] tpwbg Jdwdwbwlwlhg
gnpShpubtpny b wpphwljwt nktninghwjwi vwppuynpnidubipny:

o Uphmunwtpwjhtt ubkdhtuwputph b Ynudpbpwuuutinh juquultpuynudp:
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2. Upuljtip b hpwlwbwgul] nsy pupwghll winhdubph (wbowpd gniph) wnmbophtidwl
nuwquuyupnipnit’

Juuyhwnw) yekpuljuiqinid ywwhwgnn okuptph hwdwp vwhdwtt] swhwthoubp b
Uowjti) JEpwunpnguut b JEkpujuqudut Epjupudwudbn yiu:

Uwwhnyk) stuptinh pwhwgnpédwt Eubkpgbnhl wppynibwybwnnipniip:

Uwntnék] pupuguljupgip wywhnybnt hwdwp mwpwsph jupdwnb (Uhtske 1
wnwnh) yupdwunipjut quydwibbpp:

3. Spudwnpl) odwunulnipinit UUQL wojnwwnwlhgubphtt npudwtinphwjhtt hwynkph
twhwywwnpuundwt  dudwbwl b qupqugul]  Junit ppudwhwdupugh

nuqUuyuwnnipinti.

dudwtiwljhtu wywhnyb wonwwnwljhgutpht hudwyuwnuuiwt
dhtwmttuwynpdwts htwpwynpnipniutbph dwuhtt mknbjunynipyudp:

Putiulgl) hwipuybunwuljut dwpdhutubph htiwn  hEnwgnunpubph  hwdwp
dhuwmttuwynpdws htwpwynpnipniuttp unknstint hwdwnp:

Ljuqkgl] Jupunudp dJEY  Ejuwdninubph  hnuph  wnpmniphg,  pupbljuydbp
hupunipnyt gnpoknt htwpwynpnipnibtbpp:

Uwntnst] Juynmt  dhuwbtuvwdnpdmtt  pwquit b hwjwpwugpl] wwpwptbp
Phtwmttnwjutt wmyuqut yuonyutknt hwdwnp:

4. Guquulbpwl]  dhpwqquyhtt  thnpdwptinipmit  ubpuwywugynn  Spwgptph
dhutwttvwynpdwt hwdwp, dbwynpl] hwtdtwdnnndubkp b dpwgpkph pugniudw
Ynuhwnkubtp, wnwowpympnitubp tbkpjujugul] hwbipuybtnwjut dupdhutubpht
ptnpjus twpuwgstph $hutwttuwynpdws hwdwp:

5. hbpujutwgut] mqquyhtt jupnpunnphuwgh httwbvwjuts junwuwpnidp.

NMuwwupwunb] nupklub pnigkt: Lutiwpll] wqquyhtt jwpnpuwwnnphuyh junphpnh
htwn wnwotwhtppnipniutbpp b hwdwdwyu junphpnh wnwewplubph pupwghly
dwhuubpp, npnup whkwp b hwdwywunwupwibgybu pupwghl Bjudniunubph
hnuptph b wwownpubtph htwn:

YQuunwpl] ynipwluwt nbuniputbph hwpdunnid “nintt — wuwhbnt” uyqpniupny
pun ufugniyi hnpuynpunpy suthwthpubph:

Snipwpwisnip mwph wwwnpuunk] hwdwwywpthwl nuptljut hwydbnygnipnit
wninhwnh hwudwnp:

6. Spwdwnpl] wquun dninp wqqujhtt jwpnpuwuinphuwh  wyjuiikphl, htwnbpubn

ntuniputibphty, pupdp wpnunpnpujuunipjut hwyynnujut vhongubpht, ghnwljwt

hpuwwwpwynidubpht, qpunwpwbbtpht, Yhpwewlwbu Spwqpbpht, wwhsubphl,
hEpwjunutbpht b wy:
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7. Unknsét) thnpp phqutuh tinpupupwlut hbnwgnunipniuutp (SBIR) b thnpp phqutu
wnkjuininghwukph dpguljguyhtt $htwbivwnpdwt $nunkn:

8. Uwwhnybk] hgqnuinuubph b pwunhnwlnhy gmptph wijuwbqg wwhywinidp
hudwdwjt MAGATE swthwtthpubpht:

9. Spwdwnnpk] gqpnuwpowghtt b hwuqunyub Swnwynipiniutibp:
Guquultpynipjut gnpéniitinipju guuwhwwndwh hhdbwlwb gnigmuhpubpp

Uqqujhtt jupnpuwunnphwtt wpwetnpyynid E hunwly dpugpuyhtt nbujujuing b wyy
wnbujuuing Abwynpws pwqUujupuljut wyuing b owpnibtwjulwut  dqunudnyg
Junwjupldwt gbpuquig b wppynmbwdbn dkpnnputpny hpuwjwbwgubint wyn wjwup:
Cupwgph ke E wouwnwipwjhtt gnpépupwgtbpp junwpbjugnpstint hwdwljupgyus
dpwghpp  bywwnwl  nibbkbuyny  hwubbne qquh Spwgpuyhtt wpyniupubph
dhtwmttvwynpdut ndjuy;  dwjupnulny: VEjuupnipniup nignbnt £t hp owuptpp
owpnitbwjuljut wdpwyunbnt pupdp dpwlnypp woltwwnwtph poninp npnputbtpnd b
Jupunpnid £ wbdunwbtqg jwhwgnpbdwt wuwydwbbbpp  npwbu  hhduwlu
htunhwnnighntiu) wpdtp:

Zhdbwwut gmgwuhpubpp, npnugny quwhwwnygbnt L wqquyhtt  jwpnpuwwnnphuwgh
gnpéniubnipiniup hknlyu b ku

o Zpuwuywpwlnuwlubph phyp wdkh mwuph pupdp qupuithy niukgnn wduwgpbpnid
b wduwgptph wqntgnipyut gnpswljhgubph gnidwpp:

e Uqqujhti jwpnpunnphuyh  wpnunwlhgubph  hpuywpuynudutph  Jpu
Juwnwpdws hnnudubph phyp wyn twpnud:

e Uqquyjhtt juwpnpuwnnphuyh hhdtwljwt mppnipnitutpny (pupdp Eukpghugh
$hahlw b wuwnnudhqhlw, Whentlyuyhtt Phahlyur) hnnudbliph twtnapwdhip n
hpuwwpwlnidubpnud:

e [(huwbnnubkph §nnuhg wuonmyuiuws phjtwsniwljut ptqtph phip

e Uhish 35 wwpblwut wohiwwnmwlhgubph pyYh hwpwpbpnipjniip  wqquyht
jwpnpuwnnphwjh wouwwnnnubph pughwinip pyht:

e Unp uwppwynpnidubph b gmptph qunudubph hwdwp dwpudws dhongutiph
hwpwpkpnipiniup punhwinip pngkh:

e Gnpénunnudubph hwdwp dwpujws dhgngubph hwpwpbkpnipniup punhwunip
piniokhts

e YhEpwunpngmudubph hwdwp swhiujws dhgngutiph hwpwpkpnipiniup pinhwunip
pniobkhu:

e FPuwpdp nkunnghwljwb Swnwynipniiitnhg utnwgws punhwunip Ejudninn:
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Zukpjws 4. 2015p.-h GWUQL-h ubdhtmpiknh guiy

Thermal neutron flux monitors based on vibrating wire by Arutyunyan S.

Testing random number generator with multidimensional Chi-square by Narek Martirosyan

Numerical methods in cosmology I11: data mining techniques by Harutyun Khachatryan

Cosmic microwave background radiation and Plank 2015 by Gegham Yegoryan

An introduction to the 1D Ising Model by Vahan Hovhannisyan

Electric structure of thundercloud and particle flux enhancements during thunderstorm by Vahan
Hovhannisyan

Dimuon low invariant mass region in Alice experiment by Vardanush Papikyan

Atmospheric lidar studies at LATMOS by Alain Hauchecorne.

Olympus cosmic muon simulator by Gevorg Karyan

Front-end electronics and the readout systems of contemporary high-energy physics
experiments by Razmik Mirzoyan

Wide-field optical monitoring and independent search for fast optical transients by Sergey

Karpov

Instrumentation for large-scale research at the Karlsruhe Institute of Technology by Andreas

Kopmann

Advanced Algorithms for Tomography by Suren Chilingarian

On the nature of Cold Spot by Vahagn Gurzadyan

Review lecture on dark matter and dark energy and fitting cosmological parameters with

observational data by Sergey Pavluchenko

Neutrino physics at DUNE (Deep Underground Neutrino Detector) by Ara loannisian

Alternative theories of gravity by Sergey Pavluchenko

Light Meson Portal to Dark Matter by Moskov Amaryan

DESY's research activities by Manfred Fleischer

Cosmological Tests of Gravity by Levon Poghosyan
ARCHAEOLOGY AND INTERDISCIPLINARITY: Current Trends in Studies of the Armenian
Past And Portable X-ray Spectrometry (pXRF) in Archaeology by Gregory E. Areshian And

Kristine Martirosyan-Olshanski

Dynamics of Semiflexible Polymers with Branches and Loops by Maxim Dolgushev

Thundercloud electrodynamics and its influence on high-energy radiation enhancements and
lightning initiation by Evgene Mareev
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ZunJpjws 5. 2015p.-h UUSQL-h Yupws yuydwbugpbnh gl

1. Thomas Jefferson National Accelerator Facility

2. Deutsches Elektronen-Synchrotron (DESY)

3. The European Organization for Nuclear Research (CERN)

4. Stanford Linear Accelerator Center (SLAC)

5. Notre Dame University

6. Cherenkov Telescope Array Consortium (CTA)

7. Institute for Structure and Nuclear Astrophysics (University of Notre Dame, USA)
8. Warsaw University of Technology

9. Heidelberg lon-Beam Therapy Center (HIT)

10. O6wveaunennsiit Mactutyt Anepusix Mccnenosanuit (OMAU, [lyOHa)

11. MockoBckuit UnxxenepHo-®usnueckuit Mucturyr (MUDU, MockBsa)

12. Armenian Anti-hailing center of ministry of Emergency.

13. Armenian meteorological center of ministry of Emergency.

14. Lund University — MAX Lab accelerator center.

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

16. Hay4Ho-uccienoBarenbcKuii MHCTUTYT siiepHoi Gusuku numenu J[.B.Cxobenbupina (MIY

Mocksa)

17. HERA/H1 Collaboration Agreement (DESY)

18. Collaboration Agreement Reference KF 2886 (CERN)
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8. Onjuupuput twghp

ZukJws 8. 2015 UUQL-h Uwdjn Zunnppuqpnipjniiubpp

1. The leading scientists of YerPhl have been elected as foreign members of National
Academy of Sciences of Armenia

On 27%* of December, the National Academy of Science of RA (NAS RA) held a general
meeting, where two former scientists of YerPhl Razmik Mirzoyan /High Energy Astrophysics,
Germany/ and Alexander Khodjamirian /Theoretical Physics, Germany/ have been elected as
foreign members of NAS RA.

Razmik Mirzoyan is a senior astrophysicist from the Max-Planck-Institute for Physics in
Munich, Germany. He is the chairman of the MAGIC collaboration, operating one of the most
successful facilities in Gamma ray astronomy. After leaving YerPhl in early 90-ths Dr. Mirzoyan
took a leading role in the design, construction, and operation, of the six imaging telescopes of
HEGRA collaboration on Canarian islands and after closing HEGRA experiment in creating the
system of the MAGIC- telescopes. Now Prof. Mirzoyan actively participates in design of the
Cherenkov Telescope Array project, the leading astrophysical project in Europe and he is PI of the
TAIGA experiment near Baikal lake in Russia. Prof. Mirzoyan often visited Armenia delivering
lectures to YerPhl young scientists and consulting Cosmic Ray division experts in various topics of

particle experimental physics.

—

Figure 1. Razmik Mirzoyan
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Prof. Alexander Khodjamiryan has worked at Theoretical Physics division of Yerevan
Physics from 1973 to 1992. In 1992 he moved to Germany, where he continued his research in
theoretical elementary particle physics. He worked in Universities of Munich, Wiirzburg,
Karlsruhe, while also was invited to a number of European research centers, including the Niels
Bohr Institute in Copenhagen and since 2009, Alexander Khodjamiryan is a professor of the
University of Siegen, Germany. He is in close scientific relations with the Armenian physicists
especially with former YerPhl colleagues. He conducted a series of scientific seminars and lectures

for Armenian scientists, participated in various theoretical physics conferences in Armenia.

Figure 2. Alexander Khodjamirian

We congratulate our colleagues for this election and wish them further fruitful cooperation
with YerPhl scientists.

2. Former PhD of Prof. Ashot Chilingarian, Dr. Bagrat Mailyan got a NASA funded
postdoctoral research associate position at University of Alabama
Former PhD of Prof. Ashot Chilingarian, Dr. Bagrat Mailyan got a NASA funded
postdoctoral research associate position at University of Alabama in Huntsville. He will work in
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Fermi Gamma ray Burst Monitor (GBM) team analyzing and interpreting GBM data. Currently,
Fermi is the best space-borne instrument for the investigation of so-called Terrestrial Gamma ray
Flashes (TGFs) - high energy particle fluxes coming from thunderstorms. Using his experience in
studying Thunderstorm Ground Enhancements (TGEs) observed by surface detectors at Mount
Aragats, Bagrat Mailyan will work with recognized NASA professors to improve the
understanding of the high energy atmospheric phenomena. High-energy physics in the
atmosphere is a new science branch investigated fluxes of elementary particles originated from the
relativistic electrons accelerated in strong electric fields of the thunderstorms. Fluxes of particles
are directed both to open space where they are detected by orbiting gamma ray observatories and
to the Earth’s surface. The largest facilities on the earth’s surface detecting electrons, gamma rays
and neutrons (TGEs) as well as radio bursts, electric fields, lightnings are located on Aragats in
Armenia, NASA is most active in TGF research with LAT and GBM spectrometers on board of
FERMI gamma ray observatory.

Figure 1. Bagrat Mailyan at AGU fall meeting, 2012

3. Severe April snowstorms did not disturb operation of Aragats research station: A
super event of 20 April shed new light on atmospheric physics

Lightning has been around since the dawn of time, but what triggers it is still an enigma.

Now, researchers propose that the answer could lie in high-energy particles that are accelerated in
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the atmosphere and ionize the air, releasing free electrons and leading to a massive discharge.
Thunderclouds become electrically charged from the collisions of microscopic ice particles in their
midst, and from the moisture currents that push the negative and positive charges apart. The air is
a good insulator, keeping the clusters of positively and negatively charged layers apart in this way
generating huge electrostatic fields. Cosmic ray electrons plenty on the mountain altitudes are
accelerating in these fields gain additional energy, knock on from atoms new electrons and so on.
As a result electron-photon avalanche is developed in atmosphere making a pathway for lightning
leader culminating in a lightning bolt. However scientists are still not sure of the conditions
initiated the electron-photon avalanches. Aragats physicists started research of particle fluxes from
thunderstorms 7 years ago when suddenly measure huge fluxes of electrons, gamma rays and
neutrons at Aragats. After checking all possible sources of radiation (including Metcamor nuclear
power plant) they discover TGEs- thunderstorm ground enhancements intense and brief bursts of
radiations from the thunderclouds. Plenty of TGE events was observed, classified and explained
during last years, numerous papers were published and reports presented on international forums.
Cosmic Ray Division (CRD) of the Yerevan physics Institute hold special symposia on
Thunderstorms and elementary particle acceleration. This year they plan 5-th symposia in Nor
Amberd - TEPA- 2015. However the question remains how lightning is initiated and what is
relation of TGE and lightning. New precise particle sensors and field meters was installed on
Aragats. Now physicists are measuring tens of parameters including radio, ultraviolet and infrared
emissions from the atmospheric discharges. All these measurements by radio-modems are sending
to CRD for immediate analysis and distribution to colleagues worldwide. April is a month when
strong thunderstorms started on our mountains. The buildings and houses are under a thick layer
of snow, the roads are closed, sever wind cut electricity lines. All these create a uniquely
challenging conditions for the stable and safe operation of the equipment and registering most
interesting events that are coinciding with violent weather conditions. These days the station
employees Samvel Parsamayan, Ara Babayan and Karen Asatryan ensure the reliable operation of
all sensors registering 5 year largest flux of particles 20 times enhancing fair weather values. Along
with particles huge radio burst, ultraviolet light surge, electric field disturbances were detected.
Aragats has now world best equipment for research of new fast developing field of high-energy
physics in atmosphere. And what is more valuable — has devoted staff operated this equipment day
and night 12 months a year. According to order of director of national lab. prof. A.Chilingarian the
station staff was granted by premium for detecting this extra ordinate event with all sensors

located on high altitude research station.
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Figure 2. Ara Babayan and Karen Asatryan checking operation of the particle
spectrometers
4. The Mars One Mission Member visits Aragats for conquering its Summits

In the top list of 100 candidates for the flight to Mars as part of the project Mars One proved
three residents of Russia. They include 50 men and 50 women from around the world who still

have to go the final stage of selection scheduled for 2025 expedition to the Red Planet.

Mars One believes that human settlement on Mars will be the most profound and influential
event of the 21st century. It will be the first established colony beyond Earth.
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Mars One project promises to turn the flight to Mars in an exciting reality show. The
ultramodern shuttle will land on the planet's surface with 24 crewmembers, which will win the

primacy in the competition.

Fitness center employee Ekaterina Ilinskaya-Saribekyan is ready to go to Mars not out of
love to the cosmos but to the extreme. Ekaterina has visited Aragats on July 5th for climbing its
summits and brought a flag with the emblem of MARS-1 mission to the top of Aragats. During her
visit to Aragats Ms. Ilinskaya was hosted by Aragats Research Station of Yerevan Physics Institute
where station employees has guided her to South and North peaks of the mountain.

5. Exploring the Origin of Lightning Initiation and Particle Showers
in the Atmosphere

Despite lightning and thunderstorms being a rather common phenomenon, the underlying
physics is still not well understood. It remains an enigma how lightning strikes are initiated at
electrical field strength well below the break-through voltages needed in the lab to create a spark.
Just recently another high-energy phenomenon in the atmosphere has been found. It is the
acceleration of electrons in the strong electric fields of the thunderclouds. As a consequence,
increased fluxes of electrons, gamma rays and neutrons can be detected on the earth’s surface, in
the atmosphere and in space. Such high-energy particle fluxes are often accompanied by
disturbances of the near-surface electric field, by high-frequency radio emissions, extensive air
showers and impressive lightning discharges. A number of experiments record all these features
simultaneously, together with relevant meteorological parameters. The combined analysis of these
parameters and their correlations is the basis for developing new models of particle acceleration,
emission of radiation and lightning initiation. About twenty scientists from the Armenia,
Germany, Japan, Kazakhstan and Russia met to discuss these phenomena at a workshop on
Lightning initiation, Electron acceleration and Atmospheric Discharges (LEAD) that was held at
the Nor Amberd International Conference Center of the Yerevan Physics Institute (YerPhl) in
Armenia, from 9-12 June 2015. The Cosmic Ray Division of YerPhl and International Science and
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Technology Center (ISTC) organized and sponsored the workshop. Presentations and extensive
discussions covered: - the extensive research programs in high-energy atmospheric physics in
Armenia and Japan, - detection of atmospheric phenomena using particle detectors, electric field
meters, radio receivers, weather stations and fast cameras including methods of the remote sensing
of thundercloud structures and electric fields and international networks for accurately locating
lightning strikes, - estimation of the size of the emission region in the thundercloud and
identification of the origin of lightning and enhanced particle fluxes through radio signatures and
the relation between the two; - the role of the atmosphere in air shower and Cherenkov
experiments in astroparticle physics, - archiving and multivariate analysis methods for atmospheric
data. There was general agreement that the vast archive of observations of strong thunderstorms
with the facilities of the Aragats Space Environmental Center (ASEC) is unique and valuable and
should be analyzed thoroughly by experts in the field. The data archive is publically available at
http://www.crd.yerphi.am/adei/ and participants have been invited to use the data. Eventually,
also the relevance of the field for astroparticle physics experiments has been recognized and the
inclusion of atmospheric physics as one of the key topics in the interdisciplinary program of the

Astroparticle Physics European Consortium (APPEC) has been discussed.

Figure 1. Participants of the 2015 LEAD workshop at the Nor Amberd International
Conference Center of the Yerevan Physics Institute (YerPhl) in Armenia.
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6. Summer School At A. Alikhanian National Science Laboratory

Yesterday on August 17 a Summer School titled “High-Energy Physics in Atmosphere and
Cosmic Rays” launched and will be carrying out from August 17 through August 20 in seminar
halls and teaching classes of A. Alikhanyan National Laboratory — Yerevan Physics Institute
(YerPhlI). 15 lecturers are introducing the students the hottest topics of cosmic ray and

atmospheric physics, cosmology, applied research and IT technology and others. 24 students from
Yerevan State University, Armenian State Pedagogical University are participating in this summer
school.

During laboratory works students assemble systems of particle detectors; measure elemental
composition of artifacts; become acquainted with modern JPU servers and calculate proportion of
generated medical isotopes.

The last day of school students will visit high altitude research station of YerPhl. On altitude of
3200 m world-largest center for monitoring of the secondary cosmic rays is located. Students will be
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.

The practical orientation of summer school emphasis that physics is experimental discipline and
the route from measurements to models and theories proofs to be very effective in last and present
centuries instrumenting the powerful infrastructures of our civilization and explaining micro and macro
cosmos. 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."

The official webpage of our summer school: http://www.yerphi.am/index.php/young-scientists-
and-students/summer-school-2015
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Figure 1. The participants of YerPhl summer School

7. Lightnings and Particle fluxes from the Thunderclouds

Thunderstorms and Elementary Particle Acceleration; Yerevan, Armenia, 5-9 October 2015
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, Japan, France, 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
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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. Armenia physicists
suggest to locate sensors developed by other groups at Aragats where large TGEs are very often in
Spring and Autumn. With installing of new fast electronics at Aragats it became possible to relate
lightning initiation, fast and slow changes of the electric field and particle fluxes on the millisecond
scale. Various particle detectors and field meters now are synchronized by GPS receivers providing
time stamp with accuracy not worse than few tens of nanosecond. The first large TGE was
observed with renewed ASEC facilities at 7 October 2015 during the workshop. The natural
“electron accelerator” on Aragats provides several interesting events, which was intensively
discussed by participants. During the most interesting 7 October TGE for the first time particle
fluxes and lightning were detected on millisecond time scale. On the one-second time scale the
termination looks like immediate decline due to deposition of large negative charge into the cloud
by the return stroke of lightning. However, on the millisecond time scale it was evident that
particle flux was declining successively along with distribution of the deposited charge in the
cloud. The presentation slides and discussion videos are available on the conference website,
http://crd.yerphi.am/Conferences/tepa2015/home. More details can be found in the supplemental

information in the online version of this meeting report.

TEPA 2015 participants
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Zutjws 9. UUQL-h unphpnh Ywqup

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)

Z. 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)

69



ZuytJws 10. BpdP Uuyhpwunubph b Uughuwnpnuutph
8wy

01.01.16

U. b. Ujhjuwyywih wijwb wqqujht ghnwljub jupnpuninphw

Uuy hpwinnutpp
Unlju nirunignid
1. @nipohtyutt Updkt dwpnwuh 2013-2016 . UJuqqut d.u.q.n., U.04.16
2. Zupmipniijut @unpg Unipkuh 2013-2016 U.Udtwnhujwui d.d.q.p., U.04.16

3. Pupwowtyut Uwbwuwp Gupuhlh 2014 -2017 U.Ujwhytnyui, d.d.q.p.,
U..04.02

4. Uwipnhpnujut Lvupkly Zkuphlhh 2014-2017 L. Ulynuny, d.d.q.n., U.04.16
5. Eppujjut Zuyl) duwswquiith 2014 -2017 U. Uwpqupui, $.d.q..,
U.04.16

6. Mnnnujwt Zuyy (kniphlh 2015-2018 ‘uL. Ubwbpljwi, d.d.q.n.,
U..04.02

7. Mnnnujwt Swppht) Gniphlhh 2015-2018 [(r.Uwudkpu, d.d.q.n.,
U..04.02

ZEkpww niunignd

1.Mnnnujmt Updku (kniphlh 2012-2016 ‘L.Pquuhjul, $.U.q.1., U.04.02
2. Mnnnuyut Zwudhy niphlhh 2013-2017 Q. Uwupyhuymt $.u.q.p., U..04.02
3. Ujpwnsjut Znhthuhdk dwpnuih 2013-2017 U. hjhquput, $.d.q.1.,
U.04.16
4. Uyptuyyut Gikuw Bugputhlyh 2014-2018 U.. Utnpuljjul, b.d.q.n.,
U..04.02
Uwghuwnpnuubpp

Unlju niunmgnid

1. Punujpwb Utnip Znghyh 2015 -2017

2. Qphgnpyut Updhut Usnunh 2015 - 2017

3. Uwlpwoyut Uhtp Upwpuwnh 2015 - 2017

4. Uwunijjut Uunpuuhl Updkuh 2015 -2017

70



ZuybkJws 11. 2015p. ARL Quant’X nkungkiyut Swnwuquiyph $pntpnugkinughte
wbwhquyhtt uwpph vhongny muppbph panunpnipeju ntunidbiwuhpnieinii

The instrument was put into operation in February 2014. Three months later the energy

resolution of the detector starts to deteriorate, and full operation of the instrument became

impossible. In August 2015 the warranty replacement of the instrument’s detector was performed.

At present time the energy resolution of the detector meets the specified value of 163-164eV.

During 2015 the following studies of elemental composition were performed:

1)

2)

For the clients from Yerevan Physics Institute departments
High-temperature superconductors (S. Nikoghosyan)
Aluminium and copper foil samples (I. Kerobyan)
Yttrium-aluminum garnets (E. Aleksanyan,

Carbon powders with trace metals (L.Poghosyan)
Molibden samples (A.Avetisyan)

For the clients from from other institutions

Carbon nanostructures with possible trace metals (A. Manukyan. M.Ter-Mikaelyan
Insitute for Physical Research of Armenian National Academy of Sciences),

Ore samples (A. Danagulyan. Physics Department of Yerevan State University).

In scientific collaboration with M. Mavelyan Institute of General and Inorganic
Chemistry of Armenian National Academy of Sciences the study of elemental
composition of zinc silicates, zirconium silicates, perlites, quarzites, potasium and
sodium “waterglass” is performed.
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