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HAYKA J

A MunuHrapsaH
3amecTtutens aupektopa Epdu,
[OKTOp Pu3.maT. Hayk, npodeccop

[Tociie 0OpeTeHHsT He3aBUCUMOCTH ApMeHHEd

BO3HUKIIA MapajoKcajibHas CUTyallusi ¢ Hay4YHbI-
My uccienoBaHusMU. CTpaHbl, aHAJIOTUYHbBIE
Ap\[CHHI'l M0 MarepuaabHbIM U JIIOACKUM pECYp-
caM, HE B COCTOSIHUM BBUIEJATH [10CTaTOYHO
cpelcTB Ha (yHIAMEHTaIbHYIO HaykKy. [laxe He-
6onbiune EBpomeiickue CTpaHbl € BBICOKMM
YPOBHEM XHM3HHU TPAKTUYECKN HE IpPEloCTaBis-
10T TOCYIapCTBEHHOW MOMIEPXKKH (YyHIAMEH-
TaJIbHOM HayKe. APMEHMS, KaK COCTaBHasl 4acTb
CCCP, o6nanana HIMPOKOI CETbIO HAYYHBIX Yu-
PEeXICHMIA, 3aHUMAIOLIMXCS (DyHIaMEHTAIbHBIMU
UCCJICIOBAHUAMU. HCKOIODb]C M3 HUX MPOI0JI-
KaloT paboTy M B HACTOSILLIEE BPEMS, XOTS CTPYK-
Typa uX (MHAHCUPOBAHMS TIpeTepresia paav-
KaJIbHbI€ M3MEHEHUsI B 4aCTU rocyaapCTBEHHOTO
(t)HHLlHCHpOBZHIHH. J0JIs1 KOTOPOro 3HAYMUTEIbHO
YMEHbIIHNIACH.

locynapctBeHHoOe (hMHaHCHpoBaHUe (yHIa-
MEHTaJbHOM HaykKu B Ap.\ICHHH - 9TO OYCHb
CJIOXHBIN U TIPOTUBOPEYMBBIiT Boripoc. beutn no-
MBITKM YIIOPSIOYHTE 3TOT npouecc. B 1991-om
roay npwu MHHHCTCDCTBe 9KOHOMMKHU OBUT CO-
3[0aH OTHAEN, peryIupyioluii (hUHaHCUpOBaHUE

Hayku. PabGoranu sKcrepTHble KOMUCCHU, KOTO-
pble PACCMATPUBATIM TEMbl U ONpENE/Isin 00beM
ux (hHAHCUPOBaHMSI. BbIIO BBEAEHO TeMaTH4eC-
Koe (hMHAHCUPOBAHUE - HANPSIMYIO (DMHAHCHUPO-
BAINCh MHTEPECHBIE M KOHKYPEHTOCIOCOOHbBIE
MPOEKTBI. DTO ObLT 1Iar Briepe. [aBHBIM AeiicT-
BYIOLIMM JIMLIOM B HayKe CTal PYKOBOAMTENb
npoekra. K coxaneHuio, HayaThblii Tpolecc pe-
OpraHu3aly CUCTeMbl (DUHAHCUPOBAHUS HE
ObuT 3aBepiieH. BMecTo cokpalleHus 4ucia TeM
1, COOTBETCTBEHHO, 00JIbIIEro (GPMHAHCHPOBAHMS
HauboJiee YCMEIIHbIX W3 HUX, MPOU30LLIO WX
YBEJIMYCHUE M PACTbUICHME M TaK BECbMa CKYI-
HbIX OI0/KeTHBIX cpeacTB. CoOXpaHeHHE HayuHO-
ro MOTEHLMAA - 9TO MPEXIEe BCETro CO3JaHKe pa-
0OYMX MeCT, OCHALIEHHBIX BCEM HEOOXOMMMBIM
JUTsl HAYYHOWN paboThl, a He MPeJOCTaBlIeHUE yue-
HOMY MUHUMAJIbHBIX CPEACTB JUISl BBDKUBAHUSL.
B Epesatrickom ®@usnueckom Wucturyre (Ep-
®DU) MHOrHMe TMOHSUIM, YTO OECCMBICIEHHO Tpe-
6oBarh y rocyaapcTsa JIeHer Ha (yHIaMeHTalb-
Hyl0 HayKy. Ha BbizensieMble CKYIHbBIE CPEICTBa
HEBO3MOXHO MPOBOANUTD TTOJTHOLIEHHBIE MCCIIEN0-
BaHusi. HeoOXxommMo ObUIO HaXOAWTh HETPUBU-
abHbIC PELICHUSI, MCTIONb30BAThH MEXIYHApOI-
HbI€ CBSI3M MHCTUTYTA. PyKOBOﬂV[Teﬂb OTACICHUS
yckoputesibHoi  ¢usnku Banepuit  Hukorocsn
NBITAETCS TIOJYYUTh 3aKas3bl U M3rOTOBIECHMS
netaseii cynep-coBpemeHHoro yckopurenas TEC-
JIA, muaHupyemMoro K Toctpoiike B ['epManHuu.
MHOro 3aKa30B JUIsl IPOMBILLIEHHOCTH APMEHUH
ObUIO TPUBJIEYEHO M3 KPYIMHEHIINX (PU3NUECKNUX
HEHTPOB YYE€HBIMU OTACJICHUSI SKCIEPUMEHTAIb-
HOW (u3uku. COTPYIHUKU OTIEJIEHUs NMPUKIIa-
HOM (l)M'lV[KM BBITTOJIHAKOT 3aKa3bl IMPOMBIIIJIEH-
HBIX NPEANpPUATHIA ApMeHun. Bemylue yuyeTHbie
WHCTHUTYTA MOCTOSIHHO MOATOTABIMBAIOT MPOEKTHI

JUISL TIPEJICTAB/ICHHs] B MEXIYHapoIHbie (OHIbI,
CTeLMAIbHO CO3JIaHHBIE JUTSI MOAIePXKAHMUSI Hayy-
HbIX MCC/ICJIOBAHUN B OBIBLIMX pecryOIMKax
(deles

3a mocieaHee AeCATHICTHE CHIBHO COKpaTH-
JIMCh CPOKM BHEIPEHUs Pe3YJbTaTOB HAyYHBIX
pabot. IlepexonHbiit nepuon ot (yHIaMEHTaIb-
HBIX MCCJIEIOBAHMIT 10 TIPAKTHYECKOTO MPUMeHe-
HUsI cOKpaTuics 10 2-3 ner. PyHaaMeHTalIbHbIE
MCCJICJIOBAHMSI YACTO UMEIOT KOHKPETHO Harpas-
JIEHHBIi MHHOBALMOHHBII XapakTep, CTaBsi KO-
HEYHOIi LeJbI0 CO3laHHe KOMMEPYECKOro Mpo-
JyKTa Wi ycayru. I1ouyBcTBOBAaTh M MPUCHOCO-
OUTb JUISI CBOMX HYXI 9Ty TEHACHLMIO Pa3BUTUS
COBPEMEHHON HAayKM OCOGEHHO BaXHO JUIS
CTpaH, TNONOOHBIX APMEHHMH, Y KOTOPBIX HeET
CPEJCTB JUIsl OAAEPKAHHS IIPOrPaMM MHOTOJIET-
HUX wuccaenoBanmii. [powumiocTpupoBath cka-
3aHHOE MOXHO PaboTaMH, MPOBOMSIIMMHCS B
oraenernu Gusnku Kocmuueckux ayueit Ep®U.
Ha nepBblii B3MISIA, OYEHb CIOXKHO HAMTH MpH-
KJIaIHOE TPUMEHEHHE UCCIIeI0BAHMUSIM B 00J1aCTH
KOCMMYECKOro uanyyenus. Hepeako B raserax u
110 PAIMO COOOLIAIOT O TAK HA3BIBAEMBIX MArHHMT-
HBIX THSIX, CBSI3aHHBIX C aKTHBHOCTBIO COJTHLIA. B
9TH JHHM COBETYIOT OBITb OCOOEHHO OCTOPOXKHbI-
MU JIOISIM C XPOHMYECKMMM 3a00JIeBAHHSIMU.
OKa3sbIBaeTCsl, YTO M JIEKTPOHMKA, PACTIONOKEH-
Hasi Ha CIyTHMKAX, TAKXKE BEChbMa UyBCTBUTENbHA
K MOTOKAM NPOHMKAIOIIEH pajnallny, BO3HUKA-
JOLIMM Ha COJIHLIE BO BpeMsi BCrbilleK. B Hacro-
silee BpeMsi 4eJOBEYECTBO OYEHb CHJIBHO 3aBU-
CUT OT CIYTHUKOBBIX TEXHOJIOTHii, KOTOpbIE
00ecneunBaloT CBs3b, HABUTALIMIO, TPEACKA3bIBA-
I0T YPOXaH, JIOKAIM3YIOT JIECHBIC TOXapbl M
MHOToe-MHOroe MHoe. MaccCoBblif BBIXOX CITyT-
HUYKOB M3 CTPOSI MOXET NMPHBECTH K MIOOATBHOI
KaTacTpode.

Hcnonbsysi 9KCrepuMeHTaIbHbIE YCTAaHOBKH
OTHOW M3 KpYyMHEHLIMX B MHUpe oOCepBaTOpHii
KOCMUYECKMX JIydeil Ha rope Aparall, BO3MOXHO
PerucTPUPOBATh MPEABECTHUKH HAIABHTAIOLIMXCS
COJHEYHBIX Oypb 3a nmosyaca 10 NPUXOJa OCHOB-
HOIi MacChl YCKOPEHHbIX YaCTUIL. DTOr0 BpeMeHH
JIOCTATOYHO, YTOOBI JaTh CUTHAI CIYTHUKOBBIM

cyx0amM Ha OTK/IIOYEHHE IJIEKTPOHMKH, 4YTO B
GOMBIIMHCTBE CTy4YaeB MO3BOJISIET U30eXaTh MOpP-
YY aNnapaTypel ¥ MOTEPH CIYTHUKOB.

B Hacrosiliiee Bpemsi C MCIIOJIb30BaHMEM 3
COJIHEYHBIX MOHHMTOPOB, 3-X YPOBHEBOII JIOKaJb-
HOI KOMITBIOTEPHON CEeTH M CHEeLUATH3UPOBAH-
HOTO MaTeMaTUYecKOro obecreyeHus B OTAeIe-
HUM DU3MKKM KocMuyecKux Jydeid Ep®U cosma-
JIM TIPOGHYIO CIIyXOy OMOBEIIECHHsI, U B MOKMCKE
3aKa3UMKOB HEOLECHMMYIO TOMOLIb OKA3bIBAIOT
KOJUIETM M3 aMEPMKAHCKO# AHAcTiopbl.

3HAYUTE/IbHYIO TIOMOLLb B OLIEHKE MHHOBALIM-
OHHOTO MOTEHLIMAIAa HayuyHBIX Pa3paboTOK M B
OOy4eHUH Y4YEHBIX HOBOMY 3KOHOMHYECKOMY
MBILJIEHUIO OKAa3bIBAIOT CEMHHAPbI, OpraHu3ye-
Mble B ApMeHnr MexiyHaponnbsiM Hayuno-Tex-
HuueckuMm Llenrpom (MHTLL) mox pykoBomct-
BoM lOpusi I'acnapsina. CeMMHapbl MOMOPramT
YYEHbIM APMEHMM OBJAAETh MHCTPYMEHTapUeM
JUIS TIPEICTABJICHUSI CBOMX PaboT B BUIE, MOHST-
HOM MEXyHapOIHOMY GM3HECY, METOIMKE Bejle-
HUsI NIEPEeroBOPOB M OpPraHM3alUMu paboT, Hale-
JIEHHBIX Ha M3rOTOBJICHHWE KOHEYHOTO TPOAYKTa
win yeiayru. MHTLL opranusyeT Takxke ceMuHa-
pbl B 3apy0eXHbIX CTpaHAX, CTapasich HAWUTH Je-
JIOBBIX TMapTHEPOB yueHbIM M3 ObiBliero CCCP.
VYuyacTue B anpesie 3T0ro roia B TAKOM CeMHHape
B BocToHe 1M03BoIMIO HAM HAWTH J€JIOBbIX MapT-
HEPOB M HayaTh paboThbl B TAKOW OYPHO pa3BMBa-
touleics 06/1aCTH, KaK KOJMYECTBEHHbIN aHaIU3
FEHOMOB M JIMarHOCTUKA TEHETHMYECKUX 3adosie-
BaHMii. BblI0 Obl OYEHb MOJIE3HO, €CIM Obl U B
pecny6a1Ke ObU1a co3aHa ciyxk0a, moMoraouiast
YYEHBIM B 9KCMEPTHBIX OLEHKAX MHTEJUICKTyallb-
HOTO TMPOIYKTa M OPraHU3YIoLIasi MApKETHHT W
MOUCK IEJIOBBIX MapTHEPOB.

B 3akiiouyeHue XOouercst cKasaTb, YTO TOJ-
JIepXKa MHHOBALIMOHHBIX TEHAGHLMI B (yHa-
MEHTAIbHOI HayKe ADMEHHH MO3BOJUT HE TOJb-
KO CO BPEMEHEM IIepeiiTH Ha IOJHOE WIH Yac-
THYHOE caMO(MHAHCHPOBAHHUE, HO U CO3AATh pa-
6oune MecTa Uil MOJIOZBIX YUYEHBIX, CIIOCOOCTBYS
COXPAHEHHIO M PA3BUTHIO HAyYHBIX LIKOJI ApMe-
HUM, HAXOMSILIMXCSI ceifyac y OMacHOW 4epTbl
YHUUTOXEHHUSI. v
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What's it like to be a top scientist in a country without a science policy? Ashot
Chilingarian should know. He runs a cosmic ray observatory at the top of Mount

Aragats in Armenia, a leftover from the cold war. It is the leading labor
its kind in the world, and our best chance of getting reliable early w,

atory of
arnings of
severe solar radiation storms that can cause billions of dollars’ worth of
to satellites, telecoms and power systems. At this time of year it tak
10-hour ride through the snow in an old Soviet bulldozer to get there,
time he prays the storms haven't blown the roof off. He could work in
for many times his Armenian salary. Fred Pearce asks him why he stay

es him a

On a cosmic shoestring

What are the big differences between working $20(
under the Soviet system and today?

In Soviet times, much of our work was secret. |
couldn’t send papers to Western journals, or par-
ticipate in

ternational conferences. International
collaboration only occurred under the strict super-
vision of bureaucrats from Moscow. So we were  ob

ignored. But | did have as much money as | wanted  scient
to do my work. Our institute's budget was many times
what it is today. We did well because we used to be
part of a big Soviet ministry where military science
was concentrated. Fifty years ago, when the obser.

vatory was set up, cosmic ray research was seen as
part of the theoreti
bomb project. Part

> Soviet atomic T
1 mostly done

ted the hazards

on military mis-  es

t and that is all Ar
licy in Armenia

y e I can collaborate

with whomever | choose PhD students to inter-
national conferences and sta

like. I have total freedom-

Wwith cosmic

from cosmic
siles. Today, Arme s
gone. There is not eve

Basically, | have nof

Armenia was
Soviet Union
all gone?
Yes, a T
How have you kept going? Where does your fund-  ernment s

ing come from?

though he
Our overall budget for this observatory is only internat



and students are leaving Armenia. They can
earn a hundred times their state salary by
going abroad. In any case, many of Arme-
nia's best facilities have been shut down.
The Yerevan particle accelerator, in its day
one of the biggest in the world, has been in
operation for only a month out of the past
nine years because there is no money to run
it. In the 1980s, we had plans to install
gamma-ray telescopes here on Mount
Aragats. But after the collapse of the Soviet
Union, the two scientists involved moved the
project to the Canary Islands, where they
have got German and Spanish funding

Has your standard of living deteriorated?
Not much today. | have what | need. But
things were very bad between 1991 and
1993, after independence, when almost
everything stopped in Armenia. We had no
electricity or heating most of the time, and
there was no water in my family’s apartment
on the 15th floor. | had to go and fetch water
from the street several times a day. There
was no lift and no light in the corridors and
it was terribly difficult to climb the icy steps.

Do you come from a scientific family?

My father, Agassi, was director of Armenia’s
Institute of Zoology. | have worked as a physi-
cist in Armenia for 30 years, with short peri-
ods at CERN, and in Moscow, Dublin and
Karlsruhe. | became head of the cosmic ray
observatory in 1993. My son graduates in
mathematics from Moscow State University
this summer. He is only interested in com-
puters and helps maintain our server here. |
hope | can persuade him to work in Armenia.

Does the observatory have a future?

Yes. One of our main future commercial activ-
ities is going to be forecasting solar radiation
storms, when unpredictable fluxes of protons
and electrons cross the Solar System and
reach the Earth. They can cripple satellites and
endanger astronauts. The world is depending
more and more on satellites for telecom-
munications, GPS navigation, weather fore-
casts and so on. If these were knocked out it
would be a global disaster. It could black out
the cellphone networks, for instance. Solar
storms also set off geomagnetic storms in
the Earth’s atmosphere that can bring down
power grids. Remember the famous disaster in
Quebec in 1989, when a solar storm knocked
out electrical transformers? The province had
no electricity for 10 hours in freezing temper-
atures. We are at a time of historically low
activity from this space weather. We know

46

B

from examining 500 years of ice cores drilled
from the Anta that the 19th century saw
much more ints olar activity. And the signs
are that activity is now rising again in the 21st
century. Satel are not equipped to cope
with this, so real danger.

But surely NASA satellites already do fore-
casts? What can you offer?

NASA can ann hen the storms arrive,
but it cann urate early warnings or
predict how e they will be. We think we
can do that. N uses detectors aboard a
satellite in space. They can directly measure
the low-energy rticles that do the dam-
age. But on the ground we can use a much
larger array of detectors, covering hundreds
of square metres, to measure the much
smaller fluxes of high-energy particles that
come ahead of them. These high-energy par-
ticles reach the Earth from the Sun in as lit-
tle as 10 minutes. That can provide between
30 and 60 minutes’ warning of the most dan-
gerous radiation from solar storms—enough
time for astronauts to abandon their space
walks and for satellites to shut down sensi-
tive equipment. We believe that by correlating
the space and ground-based observations in
real time, we can provide the first reliable
instant forecasts via the Internet.

What equipment do you use for this?

We use neutron monitors that we have had
since Soviet times, plus a muon telescope
and a solar scintillation telescope. If we
detect abrupt increases, our software will

‘Armenians can earn
100 times their
salary abroad’

nd if necessary
nternet. We have
since earlier this
itional detectors
g and software.
of maximum solar
t three to four years
severe storms. Of
h solar activity 24
But we hope to set
other cosmic ray cen-
ivia, Tibet and Japan
e best in the world.

This could be a lucrative business . . .

and alert system could
commercial activity for us.
al contracts to provide a
munications companies
say that our service, when
ning, will be the only accurate
n forecast the hazard of—in
severe radiation storms.

and 1989. But the conse-
be very serious. We think we
e billions of dollars by issuing
owing satellites to switch off
onics before a severe storm.

What other research do you do?

With German collaborators, we are trying to
discover the origins of cosmic rays. We are
analysing the energy spectra of different
nuclei in cosmic rays to see whether they
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come from supernova explosions—the most
rful known explosions in the Universe.
are also looking at the physical mecha-
ms behind solar flares, which could help
mprove our forecasts. And we are working
with the Huntsman Cancer Institute at the
University of Utah to see whether statistical
software developed for cosmic ray physics
n be used to isolate how gene clusters are
pressed in cancerous tissue.

You are on top of the highest mountain in
Armenia. The height must make it good for
capturing cosmic rays, but it must make life
rather inconvenient . . .

¥ Itis lovely in summer, but the winters are
g. Even though we are at the same latitude
Naples, we are at 3200 metres and it gets
very cold up here, averaging —15 °C in winter
going down to —40 °C at night. The roads
not cleared of snow as they were in
viet times. We can only reach the station
very three weeks, using very old Soviet
dozers. We have tunnels between the
ngs so we don't have to go outside. But
the winds that are most dangerous. | am
d the roof on our main laboratory may
off this winter. It has not been repaired
jong time. Over New Year the electricity
blew down and we had no power to
e the equipment.

What will you do if it does blow off?

Oh, that's easy. We'll go and get it back
n. We don’'t have another. The physical
re of our buildings is actually our
st problem. We get money from abroad
uipment and scientific personnel, but
to pay for basic infrastructure.
t should do that, but I'm sure
money from them in the future.
to raise money from the
ra in the US to repair our
ould like to make money from
here in summer. Itis a
up on the shore of
t of Mount Aragats
king. But first we

Why do you stay?
t o atever the

FIRST PERSON MIKE HOLDERNESS

A mall too far

THERE was dismay in museumland last month after rumours that London’s Science
Museum might turn itself into a theme park. Naturally the museum has to pay its bills,
but the idea of leasing space to ial brand. p yors of i

and refreshment seemed shocking. The reality is less definite—not so much a plan,

plan”. But the museum’s

rather “a fora fora

spokespeople do say that it needs commercial income and that you “cannot run an
organisation like this without decent catering and retail facilities”.

Well, maybe they should make a real effort to do without commercial brand-names.
It’s not that | object to the of these i though | have my
reservations about Starbucks, McDonald’s and Disney. It might be OK if there were just
one of each. What worries me is their contribution to making everywhere look like

everywhere else, and everywhere like a shopping mall.

Not long ago, | took the train from London to Poitiers in France, partly to evade the
responsibility for climate change that a plane trip involves but mostly to avoid the
aesthetic nightmare that is an airport—any airport, since they're all part of the same

distributed mall. Imagine my horror when the Futuroscope science theme park | was
visiting was at the end of a strip mall on the city outskirts, with only the smallest clues
that | wasn't on the approaches to an airport somewhere in America.

Scientists must, | say, take a stand against any notion of institutions like the Science
Museum going that way. So many young people develop an interest in science within its
walls that if it is transmuted into merely another flavour of mall, our intellectual life
must suffer. Either the young who want to carry science forward will see it as just
another branch of commerce, or those who want to do something other with their lives
will be put off altogether. Which would serve the suits but not science. After all, good

which may be
and at the same time
(plutonium), or deeply unsettling
for the commercial order (climate
change forecasting).
| know of no research on what

science is about pure curiosity: i are

impels people into scientific
careers, but | suspect it's a
certain intellectual dissidence, an
unwillingness or inability to
accept received wisdom. And

so powerful as one armed with

scientific argument. Conspiracy
theorists might suspect a plot to redraw science as a McDayOut and marginalise
those youthful dissidents by driving them into the arts.

If we lose this argument, then | suggest founding a Museum Museum. This would be
a rather sad place, where redundant museum attendants play at being museum

and where the cases of utterly useless but interesting objects
are authentically dusty because there is, by definition, no money for cleaning.

If we can’t maintain a proper museum, we must at least manage such a
meta-museum, a record of how museums were before the mall metastasised. To let the
institution pass unrecorded would be an act of cultural vandalism equal to the burning
of the Library of Alexandria.

there’s no dissident temperament




sirict consent procedures for whole-body
mens, he maintains that “consent is not
portant for body parts”” Others find this
-w unacceptable. The Nuffield Council on

ugging such loopholes, explains Thomas,
after the revelation that in the 1990s some
British hospitals had taken body parts from
dead infants without consent (Science, 6 De-
cember 2002, p. 1867). “Von Hagens’s pos-

ring indicates that he takes the view that
s exempt from observing these require-
ments or standards.”

Von Hagens will also have to overcome

legal hurdles if he is to exhibit in the United
States. The city of Munich asked him to show
signed donor contracts for his plastinated ca-
davers, but he refused on grounds of privacy
and the request was eventually dropped. But
in the United States, says Wade, the Uniform
Anatomical Gift Act can be used to force him
to do so. And even if he does show that he
has obtained informed consent, states’ ana-
tomy boards will have to give him the go-
ahead based on their judgement of his inten-
tions, says Lynn Romrell, chair of the anato-
my board in Florida that blocked Von Hagens
in 1998. “We decided that his intentions were
not educational,” says Romrell, and it will be

A Space Weather Aerie in the

Caucasus?

The enterprising director of a cosmic ray observatory in Armenia is hoping to'launch a
global network of ground stations that would complement space-based forecasting

If you're in Armenia and want to catch some
solar rays, try scaling the southern peak of
Mount Aragats. There, 3200 meters up, an ob-
servatory run by the Cosmic Ray Division
(CRD) of the Yerevan Physics Institute casts
an unblinking eye on our star. Now the Soviet-
era holdover is spearheading a bold new
venture: a worldwide alert service that would
* warn of devastating solar storms approximate-
v half an hour before their radiation blasts
* strike Earth’s atmosphere.
- During crests in its 11-year activity cycle,
* the sun occasionally unleashes a violent flare
- often accompanied by a billion-ton burst of
plasma known as a coronal mass ejection.
Such solar storms have knocked out several
satellites in the past 2 decades and brought
down Quebec’s power grid in March 1989,
and they could threaten astronauts by disrupt-
ing onboard instruments or walloping them
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Where the sun doesn't shine. In winter, underground
tunnels are often the only way for technician Tigran
Yepiscoposian and others to move between buildings.

with radiation.

To forecast space weather, scientists moni-
tor the stream of ionized particles from the
sun using Earth-orbiting satellites and two
spacecraft—NASA’ Advanced Composition
Explorer (ACE) and the Solar and Helios-
pheric Observatory (SOHO), a joint
NASA-European Space Agency mission—
that pirouette in a part of our solar system
where the gravitational fields of Earth and the
sun roughly cancel each other out. ACE and
SOHO pick up the deluge of particles that can
wreak havoc on satellites and power grids.

But many experts argue that it is risky to
rely solely on satellites to flag oncoming so-

News Focus

up to Von Hagens to convince the anatomy
boards in other states.

In spite of these barriers, Von Hagens says
that his plans to conquer the United States in
2004 are “definite,” although he is keeping
his intended dates and venues under wraps.
An American tour is bound to be controver-
sial, says Wade, because “this country doesn’t
believe that anyone's death should be used for
someone else’s profit.” But then again, Von
Hagens is no stranger to controversy. He
thrives on it. ~JOHN BOHANNON
John Bohannon is a writer based in Paris.
With reporting by Ding Yimin and Xiong Lei of
China Features in Beijing.

Solar flair. Ashot Chilingarian hopes to secure
his center's future by launching a space weather
alert service.

across the former Soviet Union, CRD direc-
tor Ashot Chilingarian has outlined a novel

lar storms. For one, | appropria-
tors are threatening the U.S.’s premier space
weather forecasting service—the National
Oceanic and Atmospheric Administration’s
Space Environment Center (SEC), a satel-
lite-based alert and research unit—
with a 40% cut to its proposed
$8.3 million budget in 2004. And the
space-based sensors themselves are
not fail-safe, as the recent drama
surrounding SOHO demonstrated
(Science, 4 July, p. 31).

An alert system on terra firma
could provide a safety net in case
spaceborne sensors were to falter.
“That's a valid paradigm.” says Joseph
Kunches, chief of SEC’s space weather
operations division. In a proposal to the
International Science and Technology
Center (ISTC), a Moscow-based outfit
that funds nonproliferation activities
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ground-based network that would rely on the
detection of high-energy particles that pelt
Earth roughly 30 minutes before the brunt of
a solar storm arrives. “It’s a fascinating proj-
ect that promises to have critical applica-
tions;” says physicist Alex Chao of the Stan-
ford Linear Accelerator Center in Menlo
Park, California.

With a unique combination of detectors
and homespun analytical software, Chilin-
garian’s team thinks it can spot the high-
energy vanguard of an oncoming solar storm
reliably enough to allow operators to take pre-
cautions such as flicking electronic switches
to safe mode. In its ISTC proposal, now being
vetted by the U.S. Department of State, CRD
aims to construct a pair of prototypes of detec-
tors that could be deployed at stations around
the world. Chilingarian has launched negotia-
tions with space weather centers in Greece, Is-
rael, Russia, the United States, and elsewhere
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to form a network for global cover-
age. “He’s young, aggressive, and
energetic. I think he can succeed.”
says Yasushi Muraki of the Solar-
Terrestrial Environment Laboratory
at Nagoya University in Japan.

A child of the Soviet atom
bomb program, CRD was founded
in 1943 by two Armenian brothers,
physicists Abraham and Artem
Alikhanian. There were higher
mountains in the Soviet Union, but

Aragats was near a major city, National pride. Armenia marked CRD's 60th anniversary
this year with a postage stamp.

Yerevan, and far from the war’s
frontlines. Before the advent of
massive particle accelerators, cosmic rays
were the best source of high-energy particles,
and the Alikhanian brothers were “clever
enough to see a connection between cosmic
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harbinger of an ill solar wind, Chilingarian
says, “we decided to build our monitoring
system.” Although “there are several un-
knowns” in the relation between high- and

ray research and the tt | research of
the atomic bomb project,” says Chilingarian.
Although data gathered at Aragats don’t ap-
pear to have helped in the development of the
Soviet atom bomb, he says, the nuclear con-
nection allowed Artem to build an impressive
cosmic ray observatory. When it came to
money, the sky was the limit.

By 1993, when Chilingarian was handed
CRD’s reins, state funding had all but evapo-
rated. It’s hard enough doing science at the
summit: In winter, average snow depth tops
1.5 meters, and scientists are forced to scut-
tle from building to building through tunnels
without going outdoors for days on end.
Compounding their woes, their instruments

1 gy particles, notes astronomer Vahe
Petrosian of Stanford University, “none ap-
pear to be insurmountable.” Such an alert

Genomics

service, adds Hartmut Gemmeke, head of
electronics and data processing at the
Forschungszentrum Karlsruhe in Germany,
would “provide a necessary source for reli-
able and easily accessible data”” He predicts
that it will take 3 to 5 years to gather enough
data to see if the system will pan out.

“If successful,” says Chao, “this method
could save satellites, power grids, and other
items of interest.” Charged particles overload
electrical systems with extra current, initiat-
ing fake commands, altering memory files,
and burning silicon chips. Turning off elec-
tronics means that the particles “pass through
silicon without any consequences,” Chilin-
garian explains. And most important to CRD,
success as a space weather sentinel would
make its services indispensable. That could
prove to be the center’s salvation as it strug-
gles, in the economic wilderness of the Cau-
casus, to keep its finger on the solar pulse.

~RICHARD STONE

Sequencers Examine Priorities

Now that genomes can be decoded quickly, researchers are debating how to choose

which organisms to sequence next

The most conspicuous feature of a recent

were rapidly ‘t d. Chilin-
garian began a campaign to link up with
other cosmic ray facilities. Drawing on his
talents as a software engineer, he authored a
neural network program that several multi-
center collaborations use for data analysis.
Chilingarian’s latest innovation is a system
linking more sensitive solar monitors with
fast electronics and Global Positioning Sys-
tem receivers to forecast potential hazards of
violent solar storms. The idea for meshing
data from ground-based detectors to sound an
alarm came in the 1990s from someone
Chilingarian calls “a giant in the field”: Lev
Dorman, head of Israel’s Cosmic Ray Center
in Tel Aviv and a senior figure at the Institute
of Terrestrial Magnetism, Ionosphere, and
Radiowave Propagation in Troitsk, Russia.
Chilingarian’s epip} that Dorman’s

2 meeting in Virginia might
have been what was absent: There was no
verbal venom between once-cutthroat com-
petitors. Instead, the Whitehead Institute’s
Eric Lander and former Celera president
J. Craig Venter, their race to sequence the hu-
man genome behind them, calmly chatted
away. Walking by the pair, Edward Rubin, di-
rector of the Department of Energy’s (DOE’s)
Joint Genome Institute in Walnut Creek, Cali-
fornia, did a double take. “Instead of shooting
at each other, they’re pointing their cannons
in the same direction,” says Rubin.

The invitation-only, closed-door gather-
ing on 21 and 22 July marked a turning
point in the world of gene sequencing.
There, officials from the National Human
Genome Research Institute (NHGRI) in

y
concept was feasible—came on the heels of a
nasty solar storm on 14 July 2000. The Ara-
gats detectors, near the summit and at Nor
Amberd station 1200 meters down the moun-
tain, tracked fluxes in all three classes of sec-
ondary particles produced when protons and
ions from the sun impinge on the atmos-
phere: charged particles (electrons, protons,
pions, and low-energy muons), neutrons, and
high-energy muons. After the data suggested
that high-energy particles could serve as a

Bethesda, Maryland, estimated that in the
best-case scenario, over the next 4 years U.S.
sequencing centers would generate a stag-
gering 460 billion bases, the equivalent of
22 mammalian genomes. But with all the
“obvious™ organisms—including the human,
the mouse, and the rat—now sequenced, or
nearly so, the genetics community and
NHGRY, its principal funder, are weighing
how to proceed. The country’s three massive

are lobbying to preserve influence in choos-
ing which organisms to sequence and ana-
lyzing the genetic data they produce. Scien-
tists who mobilized around beloved animals,
from the honeybee to the chicken, and won
them a spot in the sequencing queue are now
wondering what they will target next.

The 30 to 40 prominent researchers who
attended the meeting, many of whom
commented with surprise on its collegiality,
agreed that sequencing should now be
driven by biological unknowns rather than
popularity contests. “We should turn to us-
ing sequencing capacity to answer scientific
questions that are of seminal importance,”
wrote Princeton University President
Shirley Tilghman in an e-mail message.
And if that means sequencing an organism
“that by biologists standard is obscure,” she
added, “so be it.”

Many participants believe that today’s
system for prioritizing organisms doesn’t
capture the most pressing scientific ques-
tions. They suggested adding a new layer of
four committees to the review process to
divvy up sequencing proposals according to
scientific goals, such as clarifying evolution
or helping shed light on the human genome.
Each committee, in turn, would make fund-

sequencing centers, fearful of b
mere factories churning out base after base,

ing ions to an existing NHGRI
grant review panel.
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those who want to work in science, to do so in
Armenia,” says Tsaganov. He notes that cur-
rently, almost all graduate science students
leave Yerevan to work outside the country.

“There is no doubt that a modern synchro-
tron light source in Armenia will do much to
curb the brain drain,” says Yeremian, who
started it all when she heard about a project
called SESAME. Hovnanian knows this, and
Kknows that it’s going to take much more push-
ing to find the rest of the $35 million necessary
to complete this project.

But, he also knows what he has to do.
“Anything you want to make happen, you need
politics,” he says. As a former head of the
National Association of Home Builders, and
head of their political action committee, he has
more than a few political contacts in his rolodex.

In fact, Hovnanian notes, the US officials who
have wanted to help Armenia through the years
are happy to have such a useful project to support.
And Pallone and McConnell obviously agree.

“Iam pleased that I have been able to secure
much needed assistance for Armenia, and in
particular, funding relating to a synchrotron
light source facility which is used for basic

| and applied research in physics, chemistry
‘ and biology.” McConnell told AIM.

“Within the next few weeks, the Senate will
'mark-up the Fiscal Year 2002 Foreign Operations
Appropriations Bills, and I intend to do all I can
to secure adequate levels of funding for
Armenia,” said the Senator who is a senior mem-
ber on the Senate Appropriations Committee.

Congressman Pallone, too, addressed
similar concerns as he responded to AIM.
“The CANDLE project would significantly
elevate scientific research in the Caucasus
region, and provide another economic spark
to the Armenian economy. This project
would keep area scientists from having to
travel thousands of miles to the nearest com-
‘ parable facility.

“I have no doubt that CANDLE will be a
huge boost to the Armenian economy in a
couple of years. Until that time, I will contin-
ue to work to see that this important project
receives critical financial support from our gov-
ernment through the appropriate process,”
he adds.

“CANDLE makes me optimistic about our

| scientific future,” says Tsaganov. He'’s not alone.

The Future is
In the Sun

Armenia’s Cosmic Ray
Division Goes Where No
Man Has Gone Before

urrently there are two different approaches
to monitoring and forecasting the severity
and impact of imminent solar radiation
storms. A space-based approach is championed
by NASA, and is funded by the US government
and US tax dollars. The second is a ground-based
system to study the same kinds of particles, such
as at the Cosmic Ray Division (CRD) of the
Yerevan Physics Institute, in Armenia. The CRD
‘ depends on donations channeled through the
Fund for Armenian Reliefs Armenian National
‘ Science and Education Fund (ANSEF).
Even though the support bases are incom-
parably unmatched, the quality of research that
‘ the two produce is not only equal, but also
absolutely complementary. First, there are no
other ground-based research centers working
on this area of cosmic ray research. NASAS sys-
tem to devise these alert systems using satellites
is not as reliable, say some scientists, because
their stations can't be as big as ground-based
stations—on Armenia’s Mt. Aragats, each ground-
based station covers a square kilometer area.
But more importantly, the satellite itself goes
on standby when it senses damaging particles
approaching, and so it cant alert other satellites.
Anahid Yeremian of Stanford University, a
specialist in accelerator physics (see accompany-
ing article on CANDLE) has been working with
CRD to enhance their international contacts, and
| has helped with proposal writing and submissions.
She explains the value of CRD research.
“CRDs research is of both theoretical and
practical interest. The data collected at the
two high altitude observatories — one at 2,000
meters  (just above the Byurakan
Observatory) and a larger one at 3200 meters
— is analyzed using sophisticated mathemati-
cal methodology and software developed by
the CRD’s Ashot Chilingarian,” she says.
And this data has practical, immediate and
commercial implications. Satellites, for example,
depend on the flawless functioning of their high-
technology systems to be able to gather or dis-

View of the CRD station on Aragats.
Photo by Mkhitar Khachatrian.
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CRD director Ashot Chilingarian, with Nerses Gevorkian, and Gagik Gharagyozian in the CRD |
control room on Aragats. Photo by Mkhitar Khachatrian.

tribute data. ““Yet, solar radiation storms caused
by violent explosions on the sun can unleash
intense fluxes of charged particles which often
adversely affect the normal functioning of satel-
lites by disrupting space-borne electronics, and
endangering space station crews,” Yeremian
explains. Depending on their energy, these parti-
cles can reach the earth within 10 minutes to sev-
eral hours after explosions on the sun.
Professor Chilingarian, 52, CRD Director,
says that with their data and analysis techniques,
he can send alerts on the arrival of the harmful
particles from the sun about a half hour before
damaging fluxes of particles reach the earth.
This allows sufficient time to shut down the
electronics on satellites, take protective meas-
ures on ground-based power grids and warn air-
lines scheduling flights over the poles. Thus, the
data from Mt. Aragats is an important piece of
the puzzle cosmic ray physicists all around the

Parsegh Ganatchian

Please Select

Shipping & Handling $3 only for any quantity

Berj (818) 244-3830, Pe-Ko Records (818) 240-8333, Hy

Armenian Romance Songs - Volumes | &I

O Ganatchian set of 3 CDs $35 O Armenian Romance Songs — Volume | $15
) Armenian Romance Songs — Volume Il $15
Armenian Romance Songs — (I and 1) $25

) Ganatchian plus Volumes | & Ii of Armenian Romance Songs Special Price $50

world are trying to put together.

The CRD conducts this research in partner-
ship with such international research organizations
as NATO and the International Science and Tech- |
nology Center, with offices in Moscow, and funded by
the US, Europe and Japan, to employ scientists who
used to work on weapons research in the USSR.

The CRD} sites have been working unin-
terrupted since 1943, when the; et up by
the same Alikhanian Brothers who established
the Yerevan Physics Institute. Their collabora- |
tors include scientists in Japan, Switzerland and |
others from around the world. Their web site
http/crdixS.yerphi.am is the first among cosmic
ray research stations around the world to broad-
cast their data online in real time. Chilingarian
himself says, “If the CRD didn' exist, and we
had to recreate it today, we couldn’

Yet, this example of success-against-all- |
odds was having a hard time paying its staff ‘

MENIAN MUSIC ON SALE BY HAMAZKAYIN

| and meeting its overhead. With stations at var-

ious elevations around the country, the CRD's
100-person staff includes bulldozer drivers,
cooks, guards and other technical support per-
sonnel. In addition, transportation and repair
bills are high. Electricity bills are higher.

When Yeremian, a Yerevan-born scientist
went back to Armenia in 1999, after being
away for 30 years, she wanted to find col-
leagues and see what the state of scientific
research was. It didn't take her long to meet
the staff of CRD and volunteer to help.

“I had done a lot of proposal writing for
Boeing, for Stanford. So I helped them with

| language, with format,” she says. “And

they’re not afraid to ask for help. They know
what they’re good at, and what they’re not.”

But what she mostly helped them with was
finding sources of funding. “I approached Tavit
Najarian of the Fund for Armenian Relief
(FAR) and explained the need, and FAR basi-
cally saved them,” she explains. “I said to Edgar
Housepian, on ANSEFs board, “You cannot
imagine how much you've done.” Essentially, the
Diaspora is supporting salaries and operational
expenses, so that this world-class center can con-
tinue to seek funds for specific research projects
that have universal value.” A support group was
also set up, based in the Boston area, headed up
by Joe Dagdigian, 60, a software engineer.

Since then, through ANSEF (and also
through the Armenian Engineers and Scientists
of America, in Glendale, California) donations
are being collected and channeled for the CRDS
annual $40,000 in overhead expenses.

“Armenia’s economy, intellectual develop-
ment and security depend on its participation in
and contribution to world science,” says Dagdigian
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Hit it over the Alps

=.ery summer weekend, several

ERN physicists gather

5 enjoy a beloved American tra-
d They play for the Quarks
he Leptons in an interna-
Sonal softball league.

games are hosted by the
nes at a site just north
eva, with a view of the
Ips over the center-

g fence.

Playing the Marines is “like
cks versus nerds, and we
give them a run for their
m says Jim Degenhardt,

a oc from the University
1sylvania working on
TLAS experiment. “Unfor-
/, the jocks usually win,
out we all have fun”

Americans who grew up
playing baseball or softball are
minority on the two CERN
s. Some of the European
rs, particularly the English,
ever seen a baseball bat
ore arriving at CERN, but by
the end of the summer they can
nit 2 baseball at least as com-
fortably as they hit a cricket ball.
The teams have a strong tra-
dition of coaching anyone with
the desire to learn, yet remain
avidly competitive.

Their competition includes
teams of employees from
nternational companies and
organizations like Merrill Lynch,
Caterpillar, and the United
Nations.

The Quarks and the Leptons
are part of the CERN softball
club, which fields more women
n this co-ed league—
and, incidentally,
more talented _
women— -

than any other club. It was also
the first ball club in the world
to have a page on the World
Wide Web, beating out any team
from Major League Baseball.
(Of course it had a leg up, since
the Web was invented at CERN.)
Vicki Moeller, an ATLAS col-
laborator from the University
of Cambridge, says, “Sipping
A&W [root beer] between
innings, looking out on Geneva
and the lake from our field, and
hitting a game-winning two-run
double in the bottom of the
ninth is a great way to spend
a Sunday afternoon.
Zach Marshall

Armenia detects
space weather

On Mount Aragats, the highest
point in the Armenian landscape,
atop a volcano ribboned with
glaciers, lava-born fissures, and
medieval fortifications, an early
20th century observatory is lead-
ing Armenian physics in new,
21st century directions.

After the fall of the Soviet
Union, Armenian researchers
realized they could not afford to
maintain their observatories
and develop large detectors for
competitive research in high-
energy physics.

Taking advantage of the airy
altitude of their observatories,
they began investigating new
avenues of research.

“We found our niche in the
relatively new science of space
weather,” explains Ashot
Chilingarian, director

“You don't need a huge detector
to make excellent physics.
Instead, you need a small detec-
tor in the appropriate place.

Research into solar flares
and geomagnetic storms is
increasingly valuable as the
world depends more on satellite
technologies. Solar flares, for
example, can knock out an entire
satellite or power grid.

The ground-based detectors
designed and fabricated by
Armenian scientists, each no
wider than a meter, complement
space-based systems that
forecast space weather. They
record millions of particles
produced in cosmic ray showers
from the sun.

The success of these
detectors has contributed to
their dispersal around the globe.
Armenia leads the Space
Environmental Viewing and
Analysis Network, or SEVAN, and
has crafted SEVAN detectors
for Croatia, Bulgaria, India, and
Slovakia. This network can
provide reliable 24-hour fore-
casting and advanced solar
storm warnings, crucial to
sophisticated technologies that
protect astronauts and your
next door neighbor's GPS.

Another detector program
studies the multiplication and
acceleration of electrons in thun-
der clouds, which can affect air
travel. This little-understood phe-
nomenon has been puzzling
scientists since the 1990s.
Daisy Yuhas




