Omoern nonyrnpo8oO0HUKO8bIX S0ePHbLIX 0EMEKMopos8

J1a6. HU3KOHOHOBLIX U3MEPEHUN

1) A.B. [lep6uH BHC, APMH,
2) B.H. MypaTtoBa, HC, KPMH
3) C.B. baxnaHoB BeA. UHX.

4) O.A. CemMeHOB, MHC. KOMH
5) .M. KoTuHa, cHc, KPMH

6) H.B. basnos, HC

7) E.B. YHxakoB, MHC.

8) A.C. KatoHoB, MHC

9) I'.B. NaueknHa, HC

10) J1.M.TyxKOHEH HC

11) N.C. OpayHeB 6 Kypc->acr.
12) IN. WakuHa, nabopaHT

13) H. MNMununexko, 4 kypc Cr16ry

'p. dnsuku n texHonoruum MMNA
1) A.X. XycauHOB BHC, K(pMH
2) A.K. I'lycTOoBOWNT CHC KGOMH

3) A.A. AdbaHacbeB Bef. MHX.-9N
4) M.T1. XKykoB BeA. NHX.-3r

5) H.T. Kncnmukumm nHx.-an

6) J1.B. CnnaHTbeBa NHX.-an.

7) N.N. TpodmMmoB MHX.-an

8) I'.3. MBaLLEHKO UHX.-TEX.

9) J1.W. Mawyk nHx.-Tex.

10) E.B. ®egopoB nHX.-Tex.

11) T.A. dununnosa MHX.

12) E.A. YUmenb UHX.-Tex.

B otoene 33 (26) yen.
BHC — 3; CHC — 2; HC — 4;
MHC — 3; acn. -2;

Bed.nHX.-12; nHX. Tex.-4;

per. an. -1; cn.mex.-1;
cTya.coBm. — 1;

'p. paguoxnmun

1) A.1. EropoB BHcC, K(pbMH
2) P./. KpyTtoBa Bef. UHX.
3) B.M. TroHUC BeA. NHX.

KOHCT. —-TeXHONorm4eckum yu.
1) I.E.2)KuxapeBuy MHX.-TeXHOsIor

2) A.l. ManaHueB NHX.

) A.lN.Muxannos cn.mex.c

) B.A.PagaeB cn.mex.co.p.

) AW.TepeHTbeBa Befn. VHX




Omoern nonyripo800OHUKO8bIX S0epPHbLIX 0emMeKmopos
Jlabopamopusi HU3KOGOOHOBLIX U3MepeHUU

=4 Cocras (13 (9) yen.): "
| L A.B. lep6buH BHC, ADMH,

C.B. baxnaHoB Bef. nHX.

B.H. MypatoBa, HC, KPpMH

O.A. CemeHOB, MHC, K(PMH

.M. KoTnHa cHc, KpMH

H.B. ba3nos, HC

J1.M. TyKXOHEH, HC

E.B. YHxakoB, MHC

A.C. KatoHoB, MHC

N.C. payHeB, acnmpaHT

[".B. MNMaueknHa, HC

. WaknHa, nabopaHT

H. Nununenko, 4 kypc Clriory
1cT+1nab+1acn+3MHc+4Hc+1cHCc+1BHC




JlTabopamopusi e 2014 200y

PaboTbl npoBOANNNCL NO 3 OCHOBHbLIM
HanpaBleHUaM:
1) HeumpuHo,
(akcnepnumeHT Borexino—conHeyvHble U reo-
HenTpunHo, SOX-cTtepmnnbHOE HEUTPUHO)

2) TemHasi Mamepusi
(3KCcnepuMeHTbI No Noucky akcuoHos (MAAD,
IAXO, IN'paH Cacco) 1 aKcnepuMeHT No NMOUCKY

WIMPs (DarkSide)
3) AMopgpHo-kpucmannu4deckue (aSi:H/cSi)

CMpPYyKmMypbl Ha KpeMHUU
(pyk. N.M. KotnHa goknag A.X. XycanHoBa 29.01.15)



CoodepxaHue doknaoda (30 MuH.)

1) Haykomempu4eckue rnokazameJsiu jabopamopuu

2) HeumpuHo e 2011- 2014 2.2.

3) 3kcnepumeHm bopekcuHo e 2014 200y. Hoeble pe3ynibmamail.

4) Peaucmpauyusi pp-HeumpuHO om OCHoeorloJsla2arouiel ss0epHou
peakyuu Ha CosnHuye

5) CmepunbHblie HeumpuHo 8 bopekcuHo — npoekm SOX + GEO-v

6) lNouck yacmuy memMHou mamepuu 8 akcriepumeHme DarkSide e
I'paH Cacco (Qoknad E. YHxakoea).

7) lNMouck costHe4YHbIX aKcuoHoe ¢ aHepaueu 5.5 MaB ¢ nomMouwbro
cuyuHmunnsyuoHHo2o BGO 6osromempa (Ooknad A. KaroHoea).

8) Pabommi no co30aHuro Tm-codepxauwje2o demekmopa Orisi
peaucmpayuu pe3oHaHCHO20 Mo2/10UW,eHUSsT COJTHEYHbIX
aKCUOHO8 C HerpepbIi8HbIM CTIeKMpPOM

9) lNouck pe30HaHCHO20 No2JsIoUu,eHUsI COJIHeYHbIX aKCUOHO8 SI0POM
83Kr e bakcaHckou HelimpuHHOU obcepeamopuu

10) lNMnaHbI Ha 2015 200.




Cnucok nybnukayuu e 2014 2.(18=12+6)
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512 (2014) 7515, 383
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Phys. Rev. D 89, 112007 (2014)

4. G. Bellini.., A.V. Derbin,... V.N. Muratova et al., (Borexino Coll.) Solar and geoneutrino physics with Borexino, Nucl. Instrum. Meth. A742,
250 (2014)
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10. D. D'Angelo, G. Bellini.., A.V. Derbin,... V.N. Muratova et al., (Borexino Coll.) Recent Borexino results and prospects for the near future,
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14. G. Bellini.., A.V. Derbin,... V.N. Muratova et al., (SOX Coll.) Search for Sterile Neutrinos with the Borexino Detector. Proceeding of Particles
and Nuclei International Conference, PANIC 2014
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18. Kotuna .M., lannmesckuii A.M., KonbkoB O.U., Tepyxos E.1., Tyxxonen JI.M., C6op dhoTtoHOCHTENIEH B BHICOKOOMHBIX KPEMHHEBBIX
amop¢Ho-KpucTauyeckux cTpykrypax, @TII 1.48 B.9 cTp.1198 (2014)




Joknaodbl Ha KOH@. u ceMuHapsbl 8 2014 2.(9=7+2)

1. A.B. Oep6wuH, [Noucku yacmuy memHou mamepuu, XLVII 3nmHasa wkona NMNAD, mapt, 2014

2. V. N. Muratova, Search for axioelectric effect of solar axions using BGO- and Si- detectors, The 10th Patras
Workshop on Axions, WIMPs and WISP 29 June 4 July 2014, CERN, Geneva, Switzerland

3. A. V. Derbin, Search for solar axions using resonant absorption by 7Li-, 57Fe-, 169Tn- and 83Kr-nuclei, The
10th Patras Workshop on Axions, WIMPs and WISP 29 June 4 July 2014, CERN, Geneva, Switzerland

4. A. V. Derbin, V. N. Muratova, Searches for solar axions using axioelectric effect in atoms and resonant
absorption by nuclei, Seminar LNGS INFN, Gran Sasso, 30 October, 2014

5. A.B. Oep6buH, Nouck conHeYHbIX aKkCUOHOB8 U UCMOMb308aHUEM peaKkuuu akKcuoarieKmpu4yeckoao aghgekma 8
amomax U pe30HaHCHO20 roefnoweHus 8 s0pax, CemuHap kadeapbl sSOepHO-PU3MYECKMX METOO0B
nccneposanus, CI16Iry, 27 okrabps, 2014

6. H.B. basnoB, U.M. KotuHa, JI.M. TykxoHeH, [.B. LllykapeB, BnusiHue xumudeckolu obpabomku Ha
afleKkmpoghusudeckue  xapakmepucmuKku  8bICOKOOMHO20  KpemHusi, XXVI Bcepoccunckum  CUMMNO3nym
«CoBpeMeHHas xmmmnyeckasa pusukar», Tyance, 20 ceHTabps-10kTa0s (2014)

7. E.B. YHxakoB ot konnabopauuu DarkSide, O«kcriepumerm DarkSide, MexayHapoaHasa ceccusi-koHepeHuns
Cekuun sgepHon cumsnkn OPH PAH, "®dusmka dyHaameHTanbHbix B3anmogeunctsun”, MUOU, 17-21 Hosbps
(2014)

8. A.C. KaroHoB, C.B. baxnaHos, A.B. [lepbuH, B.H. MypaTtosa, [I.A. CemeHoB, E.B. YHxakoB, [louck cornmHe4YHbIX
akcuoHos 5.5 M3B ¢ nomowbrto akcuoanekmpudyecko2o agghekma. MexayHaponHas ceccusi-koHgepeHums
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(2014)
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MexgyHapogHaa KoHdepeHuns «AMOp@HbIE U MUKPOKPUCTaNIM4Yeckne nonynpoBoaHUKM» 7 uons-1 aerycra
2014, C.lMeTepbypr




Hduccepmauyuu, acnupanmypa (2+1+1)

lModzomoeneHbl 2 kKaHOuUdamckKuu duccepmayuu
«llouck cosiHe4YHbIX aKCUOHO8 C MOMOW,bIO0 Pe30HaHCHO20
noanoujeHuss sopamu 169Tm»
(E.B. YH)xakos, 2015)
«lMouck akcuoHoesc aHepaueu 5.5 MaB, eo3HuUKaroujux 8
peakyuu p(d,3He)A Ha ConHue»
(A.C. KaroHoe, 2015)

JawuweHa 1 Macucmepckas ouccepmauyust
«UccnedosaHue xapakmepucmuK KpeMHUe8bIX CMPYKmMyp
«Memassi-Oua3sIeKMpPUK-rnosynpo8oOHUK» ¢ QUISIEKMPUKOM U3
Humpuoa asfoMUHUs»

(U.NNampakoe, 2014, pyk. U.M.KomuHa)

MexdyHapoOdHas acnupaHmypa GSSI & LNGS,
Umanus+Poccus
A. C. lpayHes (2013)




4 epaHma PO®PU e 2014 2 u 5 epaHmoe e 20135 a.

FpaHnm P®®U - a «[Touck e3aumodelicmeusi akCUOHO8 C amomMamMu
U amoMHbIMU siIOpamMu»
( pyk. B.H. Mypamoea)

Fpanm POOU — opu-m «flouck akcuoHO8 meMHOU Mamepuu u
COJIHEYHbIX aKCUOHO8»
(pyk. B.H. Mypamoea)

FpaHnm PO®U — a «[louck cOsTHeYHbIX aOPOHHbLIX aKCUOHO8»
(pyk. A. Nanzawes, U5IN BHO)

FpaHnm P®®U ASPERA «llpoepamma coemecmHbIX pa3pabomok
demeKkmopoe HelimpPUHO HU3KUX 3Hepaull»
(pyk. J1.b. Be3pykoes, U5IN)

FpaHm P®®U - a «[louck cmepusibHO20 HEUMPUHO ¢ emeKmopom
Borexino: usmepeHue 3agucumMocmu ceemosbixooda
cyuHmunaamopa om 3Hepa2uu 3J1eKmpoHa»

( pyk. A.B. [Jlep6uH)




2011 — 200 HeUMmMpPUHO

MapT: cmepusibHOe HeUmpUuHO
HOBbIE BbIYNCIIEHUSA CMEKTPA PeaKTOPHbIX HEUTPUHO
R e/ Ry = 0.943£0.023 peaktopHasd aHOManus

HaOn npen

Uionb: 6,; omniu4yeH om Hyns
T2K (Tokai to Kamioka) akcnepnmeHT
0.03(0.04)< sin?28,; <0.28(0.34) at 90% C.L.

CeHTAOpPL: — ceepxceemosbie HelUmpPUHO
CerN GranSasso OPERA

v-c/c = (2.48 £ 0.58)x10°
Anpenb: LMA peweHue 05151 HeUmMPUHO

A, = 0.001+ 0.012(stat)+ 0.007 (syst)
CeHTAOpPL: pep-HeumpuHo (1.6x0.3)10% cm2s-?
Borexino,
Hekabpb: 6,; Double Chooz
0.015< sin%26,, <0.16 at 90% C.L.
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T2K coll., Phys. Rev. Lett. 107 (2011) 041804
0.03(0.04)< sin?20,; < 0.28(0.34)
MINOS coll., Phys. Rev. Lett. 107 (2011) 181892
0.01< 2sin?20,, sin?20,; < 0.088
Double Chooze coll., Phys .Rev. Lett. 108 (2012) 131801
sin?20,, = 0.109 + 0.030(stat) £ 0.025(syst).

Daya Bay coll., Phys. Rev. Lett. 108 (2012) 171803
sin?20,, =0.089+0.010(stat.)+0.005(syst.)
sin?20,; =0.084+0.005 6m_’=(2.44+0.1)x10-3 eV?2 (2014)
RENO coll., Phys. Rev. Lett. 108 (2012) 191802
sin?20,,=0.113+0.013(stat)=0.019(syst)

- 1.8x10¢<(v—c)c<23x107°
LVD coll. PRL 109, 070801 (2012)
Borexino coll. arXiv:1207.6860
ICARUS coll. arXi1v:1208.2629
OPERA coll. arX1v:1212.1276
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2013 — 200 omKpbImusi acmpogu3u4eckKkux HeumpuHo
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28 (37-2014) cobbitn ¢ aHeprunen Boiwe 30 TaB 3apernctpupoBaHbl
netektopomMm IceCube. 310 3HayeHne Ha 4.3 (5.7) 6 oTnu4yaeTca OT
OXUOaemMoro [Ans MIOHHbIX HEeWTpuHO. B TOXe Bpemsi 3Ha4vyeHue

cornacyetcs C NpPeackasaHusiMM  AONsE  POXAEHUS  HEUTPUHO
BbICOKO3HEPreTUYECKMMN KOCMUYECKUMU Ny4aMn peakumsax pp, py.




2014 — pecucmpayusi COsiIHeYHbIX PP-HeUmMpPUHO

NATURE

«Physics World's Top Ten Breakthroughs of 2014»

(L

doi:10.1038/nature13702

Neutrinos from the primary
proton-proton fision process i the Sun

Borexino Collaboration*

Inthe core ofthe Sun, energy s eleased through sequences ofnuclea reactions hat comvert hydrogen nto helim. The
primary reaction s thought to b thefusion of two protons wih the emission ofa ow-energy neutrino, These $0-called
pp neutrinos constifute nealy the entirey ofthe soar eutrino fu, vasly outumbering those mitted n the reactons
that follow. Although solar neutrinos from secondary processs have been observed, proving the nuclear origin ofthe
Sun'senergy and contributing to the discovery of neutrino osclltons, thosefrom proton-proton fuson have hitherto
eluded direct detection. Here we report spectral observations of pp neutrinos, demonstrating that about 99 per cent of
thepower ofthe Sun, 843 10” egsper second, s generated by the roton-proton son process,

Neutrinos spotted from Sun's main nuclear

reaction
Aug 27, 2014

Physicists working on the experiment in Italy have successfully detected neutrinos
from the main nuclear reaction that powers the Sun. The number of neutrinos observed by
the international team agrees with theoretical predictions, suggesting that scientists do|
understand what is going on inside our star.
"It's terrific," says of the University of California, Berkeley, a solar-neutrino|
lexpert who was not involved in the experiment. "It's been a long, long, long time coming."
Each second, the Sun converts 600 million tonnes of hydrogen into helium, and 99% of the]
energy generated arises from the so-called proton—proton chain. And 99.76% of the time,|
this chain starts when two protons form deuterium (hydrogen-2) by coming close enough
together that one becomes a neutron, emitting a positron and a low-energy neutrino. It is
this low-energy neutrino that physicists have now detected. Once this reaction occurs, two
more quickly follow: a proton converts the newly minted deuterium into helium-3, which in

most cases joins another helium-3 nucleus to yield helium-4 and two protons.



http://physicsworld.com/cws/article/news/2014/aug/27/neutrinos-spotted-from-suns-main-nuclear-reaction#comments
http://images.iop.org/objects/phw/news/18/8/20/PW-2014-08-27-Croswell-neut.jpg
http://borex.lngs.infn.it/
http://vcresearch.berkeley.edu/faculty/wick-haxton
http://images.iop.org/objects/phw/news/18/8/20/PW-2014-08-27-Croswell-neut.jpg

Hoekle pe3ynbmambl EOpeKCUHO (2014 2.)
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Hdemexkmop BOPEKCHWUHO (BOREXINO)
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PIY, cmanbHas u HeusioHogasi cghephbl




HauuoHanbHasi nabopamopus I'paH Cacco
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Pabou4ue epynnbi u eknad MNNsAe® e 2014 a.

Bxogum B coctaB 6 (13 13) pabounx rpynn:
1) 'Be-HENTPUHO,
2) MIOOHbI 1 HENTPOHHI,
3) AHTU-HENTPUHO,
4) pp-HEUTPUHO,
5) Peokue npouecchl (Npeacenarternb)
6) CtepunbHoe HeUTPUHO (SOX)

1. B cocTtaBe pabo4eu rpynnbl «pp-HEUTPUHO» FOTOBUJSIU CTaTbiO B
Nature.

2. OnpepeneH BO3MOXHbIN BKNnaa B ¢poH Borexino ot 87Rb.

3. Pabota B 'paH Cacco - 8 yen./mec. Ha akcnepuMmeHTax Borexino u
DarkSide

4. 'pynna «Peakue MNMpoueccbi» roToBUT CTaTbIO OT Konsadbopauu no
HeCcTaHOapPTHbIM B3auUMO4EeNCTBUAM HEUTPUHO («OapUOHHOE»
HENTPUHO)

5. Nouck Kkoppensauum v-codobITUM € ¢ ramma-Benbilwkamu (GRB)
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Litp- 2'He B 52 Hete'ty, -
N3nydyaemcs 5 HeumpuHo 8 pp-
pp-1 pp-2 pp-3 uernoyke u 3 HeumpuHo 8 CNO-yukne

CornHue npou3eodum 3Hepauro rnymem ripespauwieHus eooopoda e zesnudl. llonHas
eblOesisiemasi aHepaus 26.7 MaB, uz komopou 0.6 MaB yHocssm HeumpuHo.
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perucTpauusi ynpyroro paccesanusi ‘Be-HenTpmHo Ha 3neKkTpoHe -
YCMELLHO peLleHa, NoToK 'Be-v 3aMepeH ¢ TOYHOCTLHO 5%.
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elimpuUHO U3 pp-uernoYyku
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lMomok "Be-HeumpuHoO u3mepeH ¢ 4.8%

Precision measurement of the "Be solar neutrino interaction rate in Borexino” PRL 107 141302 (2011)
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Fit: x/NDF = 141/138
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33{1 348+ 17
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 — :_—E:; 289+02
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External: 45 0.7
PP, pep. CHNO (Fixed)

Pe3ynbtaTt BopekcuHo:
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Peaucmpauyus 8B-HetimpuHo 8 uHmepeaise 3.0 -16 MaB
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Oxudaemasi ckopocmb cyema 8
200 pas MmeHbwe 4yem Orns ’Be-
HeumpuHo. [lopoe 3.0 MaB cesizaH
c peaucmpauued y-ruka 2.614 MaB.

OT60p COOLITUN
1. MtoOHHOE BETO
2. LleHTpanbHbIn 06beM
maccon 100 T
3. YoaneHune cobbiTun B
NHTepBarsne 2 Mmc nocre
MIOOHOB NnepeceKkaroLwmnm
TaHK (HENTPOHLI) + 5 s nocne
MIOOHOB, NepeceKkarLLmnx
SSS 8Li, 6He (23.4% wm. Bp.)
4. YpaneHue 214Bij-Po
cobbITUN
5. YyeT cobbitun 19C
6. Y4yeT cobbiTnn 298T| ncxoosa
n3 yucna 22BiPo coBnageHun




O6Hapy)xeHue pep-HeUmpuHo: p+p+e—d+y

Phys.Rev.Lett.
2 + T 2 108, 051302 (2012)
ptp—> Hte t+ v, ptpte > H+ v,
N o | | 0.2¢ _
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[leTeKTopbl COMHEYHbLIX HEWTPUHO Mnokasanu, 4to B ConHue AeNCTBUTENBbHO
NpPoOUCXoOAT saepHble peakumn. MNOoTOK pep-HENTPUHO npeackasaH C TOYHOCTLHO
1.2%. CNO HenTpumHOo MeHsieTcs B ~2 pasa anga high n low Z.




pp-uerno4yka sioepHbIx peakyuu Ha CosiHue
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BbiOesieHue cu2Hasia om pp-HelmpuHoO

Ciriginal Enghish Text Copyright © 204 by Derbin, Smirnov_ Zaimidoraga np06neMbl:
RARE PROCESSES AND ASTROPHYSICS 1 14C — EO = 156 k3B
On the Possibility of Detecting Solar pp Neutrino Pp-v — 420 k3B -> 261 kaB
with the Large-Volume Liquid Organic Scintillator Detector” 2. AKTMBHOCTb 14C/12C ~ 1012 Q0 M.B.3.
A. V. Derbin'), 0. Yu. Smirnov?™, and 0. A. Zaimidoroga?) Borexino 14C/12C = 2.7 10-18

2004 Received January 20, 2004

3. ®opma cnektpa 14C Shape factor

Abstract—1It is shown that a large-volume liquid organic scintillator detector with an energy resolution

of 10 keV at 200 keV (1) will be sensitive to solar pp neutrinos, if operated at the target radiopurity (1 +aE)
levels for the Borexino detector or the solar neutrino project of KamLAND. @ 2004 MAIK “Nau-
ka/Interperiodica”. 4. HanoxeHus nmnynscoB 14C

5. dopma crneKkTpa HanoXxXeHun
6. QHepreTnyeckoe paspewieHue
# 7. NpocTpaHCTBEeHHOE pa3pelueHne
- 8. 85Kr E,=687 kaB T,,, = 10.8 y

: 9. 87Rb E;=273 kaB T,,, = 4.8x10™1%y
10. 210Bi, 7Be-v, CNO
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OcHOBHbIe KOMIMTOHeHMbI crnekmpa bopeKcuHo

107
—_— i Total gpectrum “Ar=04 cpd 100 tons
u; Iy " Be_cosmo = 0.349 cpd/100 tons *"Bi = 39.3 cpd/100 tons
" | "¢ = 0.55 cpd/100 tons "C = 28 cpd/100 tons
oy | “c=-405.093 mBgton 0000 —-----. "¢ pileup = 95.6 cpd/100 tons
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Events (c.p.d. per 1001t per keV)

Resduels, dea -

Pe3ynbmam ¢puma e obnacmu 165 — 590 k3B
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¥2/d.of. = 172.3/147

poor: 144 + 13 (free)
Be v: 46.2 + 2.1 (constraint)
pep v: 2.8 (fixed)
CMNO »: 5.36 (fixed)
214pb: 0.06 (fixed)

210pPgo: 583 + 2 (free)

14C: 39.8 + 0.9 (constraint)
Pile-up: 321 = ¥ (constraint)
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85Kr: 1 = 9 (free)
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BepossmHocmb «8bXUBAHUSI» 3J7IEKMPOHHO20 HelIMPUHO
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lpedckazaHuss CCM

®,,=5.98x%(1+0.006)*x 107 cm-2c" (HM)
®,,=6.03%(1£0.006)x107° cm-2c" (LM)

R =131 2 counts / 100 t day

N3mepeHo (cmam. + cucm.)

R =144 * 13 + 10 counts / 100 t day

®,,=(6.6£0.7)x1070 cm2c-1
P,, =0.64%0.12

Energy (keV)

= FFTTT
;%)
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OnpepgeneHHass mouwHocTb ConHua 3.84x1033 spr. Bpemsa Heobxoaumoe ans
nepegadn Tenna wu3 UeHTpa K noBepxHocTu coctaBndetr ~ 105 net. ConHue
HaxoaMTca B TEPMOANHAMUYECKOM PaBHOBECUWN Ha 3TOW BPEMEHHOW LLKane.




Mopozu pecucmpayuu u cnekmpbl HEUMPUHO

SuperK, SNO (6.5 MaB) :
Kamiokande Il (7,5 MaB) :

Cl (0,81 M3B) _kom)| and (5.5 MaB) )
Ga (0,23 MaB)

12 ;
1 ]

V'Y

Y

10
10

T T & L] L rllll11 Ll

11 Bahcall-Pinsoneault

Neutrini Flux (cm?s™)

.1

MNeutrino Energy (MeV)

[lopoe pecucmpauuu SK, SNO u KamLand 6onee 5 M3aB. [Jo bopekcuHo, SK u
SNO KamLand mornbko ~104 nomoka coriHe4yHbIX HeUMmpPUHO peaucmpuposariu.
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SAGE, GALLEX/GNO: v +"1Ga — ""Ge+te

SAGE - paduoxumu4eckuu Ga-Ge
akcrniepumMeHm 8 bakcaHckoU HeUmpUHHOU GALLEX/GNO e
paHn Cacco

obcepesamopuu rnpodosnKkaem uUsMepeHusi

67 6+40 +32 SNU

[loOmeepx0eH Oegbuyum HeumpuHo, Ho genuduHa He 0.3, a 0.5



IF usibHoe HelimpUHO: KCUH

AN SASSS

1304.7721

lMpoekm SOX: Short distance Oscillations with BoreXino

UCTOYHUKN HEUTPUHO:

1) KannbpoBku getekropa no » ,1
SHEPTUN U 3PPEKTUBHOCTY RO e | .+ g0 |
2) Mowncka MarHUTHOro —

MOMEHTa
CtepunbHOe HENTPUHO:
1) paspeLuerve i
No KoopauHate esternal R=950 m
14 cm npu 1 MaB

2) no aHeprmn 5% npun 1 MaB

OBa noaxoaa K Noucky

Buffer liquid
1300 m?

OCLMIASILMIA Ha KOPOTKOW 6ase - 44Ce L e
1) Wicnionb3oBaTb abComMOTHYHO 214 s et
\ ase
WHTEHCVBHOCTb Phase A
2) ncnonb3oBaTb 3aBUCUMOCTb 7  PhaseC

CKOPOCTM cyeTa oT pacctosHusa | MAFK vs Oak Ridge. @ :'cr wnnel beneath detector

Tpu amana noucka ocyunayult HelmpuHO ¢ UcCmoYHuUKamu HetimpuHo °1Cr u #4Ce




Neo-HelimpuHO — aHMu-vy om pacnados U, Th, 499K

Physics Letters B 722 (2013) 205-300

HOoBasl B03MOXHOCMb y3Hamb
Kak ycmpoeHa 3emris

T KoHB 8K THEH LIS NOTOKH

Contents lists available at SciVerse ScienceDirect
PHYSICS LETTERS B

Physics Letters B

BuyTpeHee agpo

BHewHes appo

www.elsevier.com/locate/physletb HUKHAR

D “ MaHTHA
. . Bepxan
Measurement of geo-neutrinos f{ro w of Borexino
_ Kopa
Borexino Collaboration ™ rf
2 Dipartimento di Fisica, Universita degli Studi and INEN, 20133 Milano, Italy f
P Chemical Engineering Department, Princeton University, Princeton, NJ 08544, USA P —

* University of Hamburg, 22761 Hamburg, Germany

4 INEN Laboratori Nazionali del Gran Sasso, S 17 bis Km 18+910, 67010 Assergi (AQ), Italy

® Physics Department, Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, USA
T APC, Université Paris Diderot, CNRS/IN2P3, CEA/Irfu, Obs. de Paris, Sorbonne Paris Cité, France

£ Physics Department, University of Massachusetts, Amherst, MA 01003, USA

W Physics Department, Princeron University, Princeton, NJ 08544, USA

I Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow 119234, Russia Y _
I Department of Physics, University of Houston, Houston, TX 77204, USA TennOBOM NOTOK (30 46) TBT

ks, Petersburg Nuclear Physics Institute, 188350 Gatchina, Russia |_| p n po .D. a HedcHa

" NRC Kurcharov Institute, 123182 Moscow, Russia r
™ Dipartimento di Fisica e Scienze della Terra, Universitd degli Studi and INEN, Ferrara -44122, Italy paBUTaund, A4 peakTop, (ba3OBble

" Joint Institute for Nuclear Research, 141980 Dubng, Russia nepexoabl, XuMmn4ecKkmne peakumn

U Physik Deparcment, Technische Universitdt Muenchen, 85748 Garching, Germany

P Institure for Nuclear Research, 03680 Kiev, Ukraine Ka KOBa ,D,Oﬂ A panul NOreHHOoro

0 Vv s _ _

I Mux P_Iunr:k Jns_nr_uffﬂr Kgmpﬁymk, 69029 Heidelberg, Germany (U , Th , 40 K) Te nna?
Dipartimento di Fisica, Universitd and INFN, Genova 16146, Iraly

S M. Smoluchowski Institute of Physics, Jagiellonian University, 20059 Cracow, Poland CTa HOaA pTH asd B S E Modellb

t Dipartimento di Chimica, Universitd e INEN, 06123 Perugia, Italy 1 TB
U Physics and Astronomy Department, University of California Los Angeles, Los Angeles, CA 90095, USA Mn pe.D.CKa3 biBaeT 9 T




lNnaHbI konnabopayuu bopekcuHo U Hoeble 3adayu

107 gy P——
0. U3amepeHue pp — HEUMPUHO i //fj oS
% o r BN Be_.
0.+1 MacHUMHBIU MOMEeHM % ig = .
5 10 r F\
(:ueff) e—=VYy Vg =V Y) gig /;//,, B
Y% B o B
1. U'amepeHue CNO- HeumpuHo o -
10" L e
2. CmepuJsibHbie HelMpPUHO

('%4Ce no0 demekmopom - eMecme ¢ rnpPo2pamMmoli C.H.)
3. Yeernu4yeHue cmamucmuku 05 aHmuHeumpuHo, 7Be-, 8B-,
pep-HeumpuHo, peoKuXx rnpouyeccos

4. CmepunbHbie HeumpuHo (51Cr, 144Ce 8 ueHmpe)

5. [louck dsoliHo2o bema-pacnada ¢ bopekcuHo ('39Xe, 2°Nd)



louck yacmuy memHou mamepuu e 2014

1. NMouck paccesHna WIMPs (N1) Ha sapax Ar B
akcnepumeHT DARKSIDE ( Ooknao E.YH)xakoea)

2. MNoncCK cormiHeYHbIX U PerIMKTOBbIX akcMoHOB (N2)

2.1 Tlonck akcuoanektpudeckoro adpdekrta ana 5.5
MaB akcnmoHoB € nomMowb CUUMHTUNNALUOHHOIO
bonomeTpa (0oknad A.KaroHoga)

2.2 Pabotbl no cos3gaHuto 199Tm-cogepkallero
feTekTopa ans perucTpaumm PE30HAHCHOrO
MOrMOLWEHNA CONMHEYHbIX aKCMOHOB C HernpepbiBHbIM
CMEeKTPOM

2.3 llonck pes3oHaHCHOro MnorfoweHns COSNMHEYHbIX
akcmoHoB aapom 83Kr B8 BHO AU

2.3 Yyactmne B konnabopauumn IAXO — International
Axion Observatory
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lMNA® akcuon e Particle Data Group (2014)

TECN

A9 (Axion) and Other Light Boson !X'o! Searches in Nuclear Transitions

COMMENT

CNTR
RVUE
CNTR
CNTR
CNTR
CNTR
CNTR

CNTR

125m e decay
M1 transitions
252Cf fission, AU — ee
139 4% . 139,40
35g decay, A0 . ¥y
241An1decay
8Be* — 8BeAl,

AD et e
160+ _, 16 x0

—

VALUE CL % DOCUMENT (D

e o o We do not use the following data for averages, fits, limits, etc. ® o @
< 85x10°° 90 90 DERBIN 02

91 DEBOER 97¢C

< 5.5 x 1010 95 92 TSUNODA 95

< 1.2x106 95 93 MINOWA 03

<2 x1074 90 94 HICKS 92

< 15 x 1079 95 95 ASANUMA 90

<(0.4-10) x 103 95 96 DEBOER 90

<(0.2-1) x 1073 90 97 BINI 89

Invisible A° (Axion) MASS LIMITS from Astrophysics and Cosmology

VALUE (eV)

CL%

DOCUMENT ID

¢ ¢ ¢ We do not use the following data for averages, fits,

nhone 0.7-3 X 10°
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< 0.72
<191

<334
< 1.02
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TECN

COMMENT
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167 DERBIN

168 ANDRIAMON..

169 HANNESTAD
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171 pERBIN
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limits, etc. @ @ @

11 COSM D abundance

11A CNTR D, solar axion

10 CAST K, solar axions

10 COSM K, hot dark matter
09 CAST K, solar axions
09A CNTR K, solar axions

09 HPGE K, solar axions

08 COSM K, hot dark matter



lMNA® akcuon e Particle Data Group (2014)

Limit on Invisible A®
The limit is for GAeeBM{;‘bAEf}'”WSe in GeV

, or equivalently, the dipole-dipole

2
potential Ef?f_e ((o1 -o5) —3(oq - n) (65 - n))/r> where n=r/r.
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<22 x10—7 90 9 DERBIN 12 CNTR Solar axions
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Invisible A? (Axion) Limits from Nucleon Coupling

Limits are for the axion mass in eV.
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4 BELLINI 08 CNTR Solar axion
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p+d—3He + A (5.5 MaB)

p+p— "H+e + v, p+rp+e — H+ v,
99.8%| 1 |O.2%

Search for Solar Axions Produced in the p + d — *He + A Reaction

A T arXiv:1007.3387v1 [hep-ex]| 20 Jul 2010

St. Petersburg Nuclear Physics Institute, Russian Academy of Sciences, Gatchina, Russia 188300

HI3IBECTHS PAH. CEPHY @HIHYECKAYT, 2010, mom 74, Ne 6, c. 845853
ITONUCK COJTHEYHDBIX AKCUOHOB, BOGHUKAIOIITNX
B PEAKIIMU p + d —» °He + 4
© 2010r. A.B. /lepoun, A. C. Kaonos, B. H. Myparosa

Mupeowcoenue Poccutickoll axademuu nayk Hemepoypecicuii uncmumym sdeproi gusuicu umernu b.I1. Konemanmunosa PAH




lMouck 5.5 MaB akcuoHoe ¢ nomouw,bro BGO 6os1o0Mempa.
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lMouck 5.5 MaB akcuoHoe ¢ nomouw,bro BGO 6os1o0Mempa.

B MNMNA® npoBogutca nouck akcmoanektpuyeckoro addpekta (aHanora ¢otoaddekta) Ha
aToMax BUCMYTa ONS COSIHEYHbIX aKCMOHOB C 3Heprnen 5.5 MaB, koTopble obpasyoTcs B
peakuun 3axeBaTa nNpoToHa Aevitepuem — p+d—3He+A. [MockonbKy cedveHue a.e. achdekTa
nponopunoHansHo Z°, BucMyT (Z=83) siBnsieTcs Hanbornee nepcnekTuBHbIM aToMoM. BriepBsebie,
Ona rnoucka akcMoHoB mcnonb3oBarncs bonometpudeckun BGO geTekTop, OXNaXKAeHHbIM A0

658 no events
o with E>4 MeV
© 10° 3 2355
(ap]
Q 1770
2, 2614
S 1073
2
d 2702
£10"4
>
O
O
100-'l""l""l""l""l" :
05 10 15 20 25 30 35 40
4 BGO Odemekmopa pasmepamu 5x5x5 cm3 5 E, MeV
661U ycmaHoeneHbl 6 3He/4He kpuocmam Cnektp B- u  y-coBbITUN, W3MEPEHHbLIN
pacmeopeHus. K kaxdomy Odemekmopy 6bir bonomeTpunyeckum BGO-geTektopom 3a 152
noocoeduHeH  Ge(NTD)-mepmucmop, cyTok. Paspewenne BGO-6ornometpa B 8
peaucmpupyowuli U3MeHeHuUe memrepamyphbl pa3 nyuiue yem BGO-cLuMHTUNNSTOpA.

ripu 8bl0esIeHUU 3Hepeuu.




lMouck 5.5 MaB akcuoHoe ¢ nomouw,bro BGO 6os1o0Mempa.

B pesynbtate, B npsiMoM rabopaTOpPHOM 3KCMEPUMMEHTE WCKMOYeHa HoBass obnactb
BO3MOXHbIX 3HAYEHUN MACC M, N KOHCTaHT CBA3WM aKCUMOHA C 3NEKTPOHOM g, W HYKITOHaMM
gy, KoTopasi B 15 pa3 Gonee crtporasi, 4eM MosfydeHHast ¢ OBblY4HbIM CUUHTUNNSLMOHHBIM

BGO petektopom.
10°

] 1,2—BGO 6onomeTp: npegensl Ha
10
194%93 a0l U 1946l; COOTBETCTBEHHO;
107 3 — conHeYHble 1 peakTopHbIe
0 9KCMNEPUMEHTDI;
., {3-solar¥ 4 — beam dump 3KCMNEPUMEHTbI;
o 10° Reactor
:2 5,6—BGO cumHTMNNaTop: npeaernsol
-m10'9 5-BGO |gAeXgAN| 3 .
o KSV scintillator Ha |gAexg AN| U |gAe|’
107 L 1 g v, 7,8—Bo3rexmo pesynbTaTbl Ans
10 E bolometr . ot 192%9° ANl V1 19 46l5
3 -borexino
] Ine CoomHowieHue Mexoy g,., U m,
-12 - i ~
1077 3 ! B‘”ex'”o'g% ona DFSZ u KSVZ-moldenel
ot aKcUoOHa rnoka3saHo.
0,01 0,1 1 10

Ony6nukosaHo 8 Eur. Phys. J. C74 (2014) 3035 Eur. Phys. J. C73 (2013) 2490
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Solar axions spectra vs 9ay: 9ae and g,y
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The main sources of solar axions:

1. Reactions of main solar chain. The most
intensive fluxes are expected from M1-
transitions in ’Li and 3He nuclei (gy):

Be + e — 7Li'+ y; Li" — 7Li+A (478 k3aB)

p +d— 3He + A (5.5 MaB).

2. Magnetic type transitions in nuclei whose
low-lying levels are excited due to high
temperature in the Sun (°"Fe,33Kr ) (g,n)

3. Primakoff conversion of photons in the
electric field of solar plasma (g,,)-

4. Bremsstrahlung: e + Z(e) — Z + A. (g,,.)

5. Compton process: y+e — e + A. (g,,)

6. axio-recombination: e + | — I + A and
axio-deexcitation: I* — | + A. PRD 83
023505 (2011) CAST 1302.6283, 1310.0823

Searches for solar axions were performed using the axioelectric effect in Si-,
Ge-, Xe-, Bi-atoms and resonant absorption by "Li-, 5’Fe-, 19Tm- and 83Kr-nuclei.




Axioelectric effect in atoms and resonant absorption by nuclei

Two special reactions with high cross sections:

The axioelectric absorption of axions by atoms is an analog of the photoelectric
effect. The reaction cross section is proportional to g,.? and 0,

2
| o 8ae3E, )
G-ﬂhELEA} = GPF‘\EA ﬁm( _%J

Photo effect crosssections are 4x10-23 cm?(C) - 4x10-20 cm2 (Pb) at 10 keV

The cross section of the resonant absorption of the axions is given by an expression
similar to the one for the y —ray absorption and corrected by the w,/w,, ratio

HEs — Epy)*
U(Eﬁjzzﬁ(j[}},ﬂ;{p[_ (£a M) :|({U4)

-
I Wy

where 0, is the maximum cross section of the y -ray resonant absorption and I" =
1/1 . The experimentally obtained value of g, for the >’Fe nucleus is equal to 2.56
x10-18 cm? Due to huge c.s.

High sensitivity for g,, and g,, can be reached with a relatively small detector




Detection of axions via resonant excitation of nuclear levels

The axions can be produced when thermally excited nuclei (or excited due to
nuclear reactions) in the Sun relaxes to its ground state and could be detected
via resonant excitation of the same nuclide in a laboratory.

A

Li, °Fe, 8Kr

Primakoff, Compton and Bremsstrahlung

Li, °Fe, 83Kr
169Tm

The monochromatic axions can excite the same nuclide in a laboratory,
because the axions are Doppler broadened due to thermal motion of the axion
emitter in the Sun, and thus some axions have suitable energy to excite the

nuclide.

The axions from Primakoff, Compton and Bremsstrahlung processes with wide

continues energy spectra can also excite low-lying levels of some nuclei.
169 Tm
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{_F Resonant absorption by "°Tm nucleus

118.2 keV
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1,2—the spectra of the axions produced
by the Compton process and the
bremsstrahlung (ga,=10""). 3—spectrum
of the axions produced by the Primakoff
effect (9,,=107° GeV'). The level scheme
of the 765“}/'m nucleus is shown in the inset.

The rate of solar axion absorption by the 169Tm:

dE,

D
Ry = mog, I =—2(E, = 34}(2—4)
¥

where oy, is @ maximum cross section of y-ray
absorption. The experimentally derived value of
oy, for 199Tm nucleus is 2.6x10°"9 cm?. Width of

energy level = 1.13x10°70 keV.

The detection probability of the axions is
determined by the product g? Ay xg%an @nd g%,
xg? N Which is preferable for small 9aye Values.

The search for resonant absorption of Primakoff, Compton and Bremsstrahlung solar
axions by 169Tm nuclei have been performed using Si(Li) detector and Tm target.
The expected axion count rate is proportional R ~ g?,, *g?,y for Primakoff axions

and R~ g%,. xg?,, for Bremsstrahlung and Compton axions. LB 678 181 (2009 PROG, 023505 (201



Si(Li)-detector and Tm-target inside low background setups

To search for quanta with an energy of 8.41 keV, the planar Si(Li) detector with a
sensitive area diameter of 66 mm and a thickness of 5 mm was used. The detector
was mounted on 5 cm thick copper plate that protected the detector from the
external radioactivity. The detector and the holder were placed in a vacuum
cryostat and cooled to liquid nitrogen temperatures. A Tm,O, target of 2 g mass
was uniformly deposited on a Plexiglas substrate 70 mm in diameter at a distance
of 1.5 mm from the detector surface. External passive shielding composed of
copper, iron, and lead layers was adjusted to the cryostat and eliminated external
radioactivity background by a factor of about 500. The setup was located on the
ground surface and was assembled of five 50x50%x12 cm?3 plastic scintillators

against the cosmic rays and fast neutrons.




Results of search for resonant absorption
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Spectrum measured with 2 cm? Si(Li)-detector
in the region 7.6-11.4 keV.The limits on axion-
photon (GeV-') and axion-nucleon couplings:
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Spectrum of 34 cm? Si(Li)-detector
measured with 169Tm target. The limits
on axion-electron and axion-nucleon
couplings:

gy | (84 + 8an) | <92 x 107

gy <136 1071

ma<191eV||g, X I(gh, + g3) =21 X107




BbipauwjueaHue Tm-codepxxawiux Kpucmaismaoe

3x10° m
NaTm(MoO4)2 irradiated by 241An

red - calibration sample, Absonption spectrum of Li, Trn (WO, ),
, |black - sample 1
2x10° . o
:
o n-_i EE5=3. .
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1x10° K. e o - F o —
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BbipaweHbl nepsbie Kpucmarisnbl 8osfischpamama u monubdama mynnusi - NaTm(W04)2 u NaTm(Mo04)2 ¢
pasmepamu 5x5x5 mm"3. BHewHul sud Kpucmarsnios (eabumyc) - nnacmuHYamaell. VI3MepeHbl Criekmpabl
MporycKkaHusl U MoeasioweHUs makux Kpucmarinos (CM. npurnoxXeHHbil ¢patin). Macca mynus e kpucmarnine
cocmaernisiem 50-200 me, ymo, ¢ y4emom KoahghuyueHma 3/71eKmpoHHOU KOH8epcuu U aghghekmusHocmu
peaucmpauyuu, rno3eossem umMems 4y8cmeumesibHOCMb K MOUCKY pe30HaHCHO20 rnoanoweHus 8 200 pas
bonbwe, yem e cxeme Si(Li)-Oemekmop — Tm-muweHb. B Hacmoswee epems Hadambl pabombl 110
eblpawjueaHuro Kpucmasioe 6onbwux pa3mepos 8 Hoeoli pocmosoll ycmaHoeke. Paboma rnposodumcs
cosmecmHo ¢ Hosocubupckum [focydapcmeeHHbIM YHU8epcumemom.
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Limits on axion-electron coupling g,,

—:

L\/ 2-Bore\\Jino
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‘11-Edelweiss

12-Xenon100

169Tm

1- Tkg

10_14 bolometr (project)
10% 10° 10* 10* 10°
m,, eV

9 — limit on g, obtained with °Tm target.
1— expected sensitivity for 1 kg Tm bolometer.

For Primakoff’s axions:

By - |(gAy + 8an)[<92x 107"
gayma < 136 x 10714

ma < 191eV

For bremsstrahlung and
Compton’s axions:

LE)J,4[5‘ X |(§{iy + gil,\‘r)l E 2.] X ]U_M

24 Xy =3.1X1077 eV.

IF the scheme of experiment —[Si(Li)-
detectors + Tm target] will be
replaced by scintillation bolometer
containing thulium, the sensitivity to
axion flux can be increased in 106
times in comparison with the present
results.




New 83Kr experiment at the Baksan Neutrino Observatory
arXiv:1405.1271v1 [nucl-ex] 6 May 2014

First result of the experimental search for the 9.4 keV solar axion
reactions with “Kr in the copper proportional counter'
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HJ. Kin®, Y.D. Kin”, V.V. Kobychev®, V.V. Kuzminov*, Luqman AlL"
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A large proportional counter (LPC) with a casing of copper is used. The LPC is a cylinder with inner and
outer diameters of 137 and 150 mm, respectively. A gold-plated tungsten wire of 10 um in diameter is
stretched along the LPC axis and is used as an anode. The fiducial length of the LPC is 595 mm, and the
volume is 8.77 L. Gas pressure is 5.6 bar, and corresponding mass of the 83Kr-isotope in fiducial volume of
the LPC is 101 g. Kr was enriched by isotope 83Kr up to 58%.The LPC is surrounded by passive shield
made of copper (20 cm), lead (20 cm) and polyethylene (8 cm). The setup is located at the depth of 4900 m
w.e., where the cosmic ray flux is reduced by ~107 times and evaluated as 2.6 muons m=2 d-".
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The peak of 13.5 keV from K-capture of 8'Kr is well seen. 8'Kr is cosmogenic
isotope. It present as a trace admixture in the used samples of krypton. This isotope
is produced in atmosphere mainly in reactions g,Kr(n, 2n)g,Kr and 8°Kr(n, )3'Kr, the
half-life time is T,, = 2.1x10° y. There is no visible peak at 9.4 keV from axions.
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v 8Kr limits on axion coupling constants and mass

1% A search for resonant absorption of
/i the solar axion by 8Kr nuclei was
performed using the proportional
counter installed inside the Ilow-
background setup at the Baksan
Neutrino Observatory. The obtained
model independent upper limit on
axion-nucleon couplings allowed us
to set the new upper limit on the
hadronic axion mass with the
generally accepted values S=0.5 and
z=0.56.
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The obtained limit on axion mass
strongly depends on the exact
values of the parameters S and z.




Limits on 83Kr axion mass vs S and z
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A negative value of the parameter B, together with broad intervals of possible
values of S and z, leads to a large uncertainty in the expected probability for
axion emission in the 9.4-keV M1 transition in the 83Kr nucleus, and this is a
serious flaw in the present searches for such axions. The obtained limit on axion
mass strongly depends on the exact values of the parameters S and z. But this
is not the case for the other nucleus - 169Tm.



IAXO: International Axion Observatory

CERN Axion Solar Telescope

X-ray
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ALPs are produced inside the Sun
via the two photon coupling (and
others) and scape easily
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IAXO: International AXion Observatory

Jlﬁst PUBLISHED BY I1OP PUBLISHING FOR SISSA MEDIALAB

RECEIVED: farmuwary 5, 2080
ACCEPTED: Febrooary F7, 2000
PUBLISHEID: Aday F2, 2000

Conceptual design of the International Axion
Observatory (I AXO)
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OCHOB8HbIe pe3ynbmamsl E&GOmbl naGOEamoEuu e 2014 2.

1. Konnabopauuen Borexino, npu akTMUBHOM y4yacTun COTPYOAHUKOB
nadoparopum HU3KOPOHOBbIX U3MepeHunn, Nnony4yeHo npsimoe
3KCnepuMeHTanbHOe [AoKa3aTesibCTBO TMNpPOTeKaHUA OCHOBoOMNosararLwen
TepmosaepHou peakumm Ha ConHue, B KOoTopouM ABa sApa Boagopoaa
obpa3syrT gentepun: ptp—d+e*+v. Peakumsa conpoBoXxaaeTca UCNyCKaHUEM
HEUTPUHO C TrpaHU4YHOU IHeprmen 420 k3B, koTopble U Obinu
3aperucTpupoBaHbl B 3KcnepuMmeHTe. Pe3ynbTaTbl onyo6fiMKoBaHbl B XXypHane
Nature (2013) u BKnN4YeHbl B cnucok 10-TM BaXHeMWUX pe3ynbTaToB,
AOCTUrHYTbIX BO BCcex obnactax c¢om3uku B 2014 rony.

2. lMpoBepneH nNOUCK akcuoarnekTpuyeckoro adpcekra ANA CONMHEYHbIX
akKcMoHoB C 23Heprmen 5.5 MaB Ha aTtomax BucMyTa C MNOMOLUbLIO
CUMHTUNNAUNOHHLIX BGO OGonometpoB. BnepBble M3 AOaHHOW peakuum
yCTaHOBJIEeHbl MNpeaenibl Ha KOHCTaHTbl CBSI3W aKCMOHA C 3JIeKTPOHaAMU M
HYKnoHamu |g, X%g3,\| < 1.9%1071° (90% y.A.), koTopkle B 15 pa3 6onee cTporue,
YyeM MOJlyYeHHble CO CUMHTUNNAUMOHHBLIM BGO-geTtekTtopoMm. PesynbTaTbl
onyonukoBaHbl B XXypHane European Physical Journal, C74 (2014) 3035

3. CoTpyaHuKu nadbopartopuu npoaosrnkann padoTbl MO MOMUCKY COJSIHEYHLIX U
PENIUKTOBbLIX aKCUMOHOB C MUCMNOSIb3OBAaHMEM pPeakuun aKCUOINEeKTPUYEeCKOoro
adhhpekta M pe3oHaAHCHOro norfouweHnsa M npoaosiKanu y4yactBoBaTb B
paboTtax konna6opauun Borexino, SOX, DarkSide u IAXO.




lNnaHbl nabopamopuu Ha 2015 .

1) MIUAD

a) MWccnepoBaHue OONOMETPUYECKMX WU CUMHTUNNALMOHHBIX
XapakTEPUCTUK  BblpalleHHbIX KpUCTansoB BofibdppamaTtoB WU
monnogaTtoB Tynud. BeipawmeaHne Tm(XY) kpuctannoB oObemMom
oonee 1 cm? (MHX, HIY). U3amepeHus ¢ Tm-6onomeTpom.

6) NamepeHunsa QF ona anektpoHos (ans SOX)
B) 83Kr, Lucifer, Poseidon, IAXO — R&D paboTsl .
2) Borexino n SOX— CONHEYHbIE U CTEPUSTBbHBIE HENTPUHO
a) HeCcTaHOapTHble B3aUMOAENUCTBUA HEUTPUHO,
6) Koppensauns HENTPUHHLIX CUTHANOB C raMmMa BChfieckamu
B) y4yacTtue B pabote 6-tn paboumnx rpynn (CNO HenTpuHO)
OpayHeB B LNGS —> CNO HentpuHo
r) CemeHoB, YHxakos, LLlaknHa —> 6 4yen./ mec.Ha NoCcTOoK
3) DarkSide — TemHaga maTtepus
a) Pabotbl B NMNA®P no noarotoske DarkSide G2 (Ti, SiO,, CF,) +
‘yoaneHHble gexypcrea®
6) YHxakoB, CemeHoB —> 4 mecsuya LNGS

4) Hosble IAXO, LUCIFER — HenTpuHO, akcmnoH




Omoern nonyripo80OHUKO8bIX A0ePHbLIX 0emMeKmopos

Jlabopamopusi HU3KOGOOHOBLIX U3MepeHuUU
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28-30 aHBapsa 2015 Ceccua YueHoro coseta OHU MNAD 63
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Si(p)-oetektopbl ¢ MOl cTpykTypon anga peructpaumm HEMTPOHOB
AU.M.Komuna, M.C.Jlacakoe, J1.M.TyxkoHeH, A.U.TepeHMbesa
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UccnedoeaHue gpomoyyecmeumesrisHocCmu aMopgHo-
KpucmaJsulu4ecKux 2emepocmpyKm

O6Hapy>XeH MNpPUNOBEPXHOCTHBLIN MNPOBOASLLIMI KaHaN Ha reTeporpaHvue B KpUCTANIMYECKOM
KpeMHUWU. Hanuvume npoBoAsIEro KaHana obecrneumBaeT cH60p HEpaBHOBECHbIX HOCUTENEN,
BO3HMKAIOLLMX MPU OCBELLEHMN 06/1acTeN, yAANEHHbIX OT 3/1EKTPOAA Ha PacCTOSIHUSA, CYLLECTBEHHO
npeBbllaowme ux AnNdGY3MOHHYIO AAMHY. Ha OCHOBAaHMM TaKMX CTPYKTYpP MOryT ObiTb
M3roToBfeHbl hoToaMoabl 6ONLLLOW MIOWAAM.
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®omomok eemepocmpykmypbl a-Si:H/c-Si (p=2 domoyyscmeumersibHOCMb 2emepocmpyKmypbl a-
kOm cm) npu pa3nuyHOM paccmosiHUU oceeuweHust Si:H/c-Si (p=40 kQ cm, =500 uc, monuwuHa
om KoHmakma. [Juamemp moyku 3 mm Ouamemp aMopgpHol rneHKku 200 A) — (4epHble KpyxKu U
obpasua 15 mm. gomoduoda pupmbl Hamamatsu (6eribie KpyxKu).

Hanunwesckun A.M., KotnHa U.M.,KoHbkoB O.U., Tepykos E.WN., TyxkoHeH J1.M.[Mucbema XKT® 40, 9, 72 (2014)
KotnHa V.M., aunwesckuin A.M., KoHbkoB O.U., TepykoB E.WN., TyxkoHeH J1.M., ®TI148, 9, 1198 (2014)




Cnekmpomempu4eckue 6/10ku demekmupoeaHusi OJisi
peHmaeHo8ckKkol duacHOCMUKU mepMosiOepHoU rnia3mMmbl

brnokn petektupoBaHus paspaboTtaHbl Ha ocHoBe Si(Li) n p-i-n CdTe
OeTtekTopoB n obecrnevnBaloT 3O@PEKTUBHYIO perncTpaumio pPeHTreHOBCKOro
nanyyeHusi ¢ aHepruen go 150 kaB. DHepreTnyeckoe paspelleHne cocTtaBnseT
200 3B pgna Si(Li) petektopa mn 500 3B pgna p-i-n CdTe pgetektope.
OxnaxneHune OETEKTOPOB NPOM3BOANTCS MUHUaTIOPHbIMU TepMo-
arnekTpuyecknmn oxrnagutenamu. [1ea bnoka c Si(Li) geTektopamun nocTaBneHbI
B HUL KN onsa yctaHoBku Tokamak T-10.
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PeHTreHo(pnyopecueHTHbIN aHann3 30JI0TOHOCHOro

NneCKa U MeTarsioconepXxalliunx Q!ﬂeEeHOB

PaHee paspaboTaHHbI NpMOOP WCNOMb30Basrics AnNst U3MEPEHUA coaepKaHus
30/10Ta B OTBallbHbIX Meckax AobbiBalowmx KOMOMHATOB, MUKpOCXemMax W
coaepxaHma MeTanfioB B crleumanbHbIX  pynnepeHax. JHepreTnyeckoe
paspelieHne un 4yBCTBUTENBLHOCTb Mpubopa ObiNM OYEHb BLICOKUMMU, YTO
No3BONSET onpeaensiTb coaepXaHne 30M0Ta B Neckax npu KOHUEeHTpaumsax BbllLe
0,5 rp./ToHHy. [lpn 3aTOM uncnonb3oBanacb paspaboTaHHad HaMu TEXHOSOrus

npeaBapuTenbHoro oboratyeHms.
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Quenching factor measurements (2014)
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