Omoesn nosiyripo80OHUKOBbIX SI0epPHbIX demeKmopos

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. OpayHes acn GSSI.

12) 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 - 31 (24) ven.
BHC — 3; CHC — 2; HC — 4;
MHC — 3; acn. -1;
Bed.UHX.-12; NHXK. Tex.-4;
per. an. -1; cn.mex.-1;
cTya.coBm. — 1;

'p. paguoxnmun
1) A.1. EropoB BHcC, K(pbMH
2) B.M. TioHUC Bea. NHX.

KOHCT. —TeXHONorn4eckum yu.

B.A.Pagaes cn.mex.co.p.
A.N.TepeHTbeBa Bed. MHX




Omoern nonyripo800OHUKO8bIX S0epPHbLIX 0emMeKmopos
Jlabopamopusi HU3KOGOOHOBLIX U3MepeHUU

CocTtaB (12 (8.5) uen.):

A.B. [1epbuH BHC, ADMH,

C.B. baxnaHoB Bef. nHX.

B.H. MypatoBa, HC, KPpMH

O.A. CemeHOB, MHC, K(PMH
.M. KoTuHa cHc, KpMH

H.B. ba3nos, HC

J1.M. TyKXOHEH, HC

E.B. YHXxakoB, MHC

A.C. KatoHoB, MHC

N.C. payHeB, acnmpaHT GSSI
[".B. MNMNaueknHa, HC

H. Nununenko, 5 kypc Criory
1ct+1acn+3MHc+4HCc+1cHC+1BHC




Omoen u Jlabopamopusi e 2015 200y

PaboTbl npoBOAUITUCDL O 4 OCHOBHbIM HarpaBJiEHUNAM.
1) HeumpuHo,
(3kcnepumeHT Borexino—CconHeyYyHbIe U reo-
HenTpuHo, SOX-cTepunbHOE HENTPUHO)
2) TemHass Mamepusi
(akcnepumeHTbl No noucky akcmoHos (MUAD, IAXO,
I'paH Cacco) n akcnepumeHT no nomcky WIMPs
(DarkSide)
3) AMopHo-kpucmasnnu4dyeckue (aSi:H/cSi)
CMPYKmMypbl Ha KpeMHuUu

(pyk. .M. KoTunHa)
4) Pazpabomka yHUKaJ/IbHbIX CrieKmpomMempu-
yeckux rnpubopoe c rn/n demekmopamu

(aoknag A.X. XycavHosa 22.01.16)



CoodepxaHue dokrnaoda (30 MuH.)

1) Haykomempu4eckue nokaszamesnu
2) HeumpuHo e 2011- 2015 a.2.
HeumpuHo
3) kcnepumeHm bopekcuHo e 2015 200y. Hoeble pe3ynbmamei.
4) lNpoeepka cmabunbHocmu 3siekmpoHa > 6.6x10%2 nem
Phys. Rev. Lett. -> Synopsis APS & Nature News
5) Pecucmpauusi 2eo-HeumpuHo 3a 2056 cymok (5.6 nem)
6) CmepunbHbie HeumpuHo e bopekcuHo — npoekm SOX _Ce
TemMHass Mamepus

7) lNouck yacmuy memHou mamepuu e akcriepumeHme DarkSide e
I'paH Cacco (doknad []. CemeHoga).

8) lNouck cosIHeYHbIX aKCUOHOB8 C NoMouw,b0 Tm-codepkawux
NaTm(WO,)? u NaTm(MoO,_,)? 6onnomempos (Gokn. E. YH)xakoea).

9) lNouck pe3o0HaHCHO20 NMo2JsIoUW,eHUs] COJIHeYHbIX aKCUOHO8 SIOPOM
83Kr e bakcaHckou HeumpuHHoOU obcepsamopuu (coem. ¢ U5N)

10) lMnaHbI Ha 2016 200.




Cnucok ny6nukayuu e 2015 2.(27=17+10)

17 nyonukauumn B pedepupyembix xypHanax (+ 10 B arXiv & Proceedings)

1. O.M. NaBpuniok n ap. HoBbIn 3KCNEePUMEHT MO MNOMUCKY PEe30HAHCHOro MNOrnoLWeHUA CONIHEYHbIX aKCUOHOB |,
usny4vaembix B M1-nepexone sapa 83Kr., NMucbma B XKI3TP, 1.101, BbIN. 10, €. 739 (2015)

2. Yu. M. Gavrilyuk et al., First Result of the Experimental Search for the 9.4 keV Solar Axion Reactions with 83Kr in the
Copper Proportional Counter, Physics of Particles and Nuclei, 2015, Vol. 46, No. 2, pp. 152-156.

3. P.Agnes et al., (DarkSide coll.) First results from the DarkSide-50 dark matter experiment at Laboratori Nazionali del
Gran Sasso, Physics Letters B 743 (2015) 456-466

4. L. Ludhova et al., (Borexino coll.) Geo Neutrinos and Borexino, Physics of Particles and Nuclei, 2015, Vol. 46, No. 2,
pp. 174-181

5. C. E. Aalseth et al., (DarkSide coll.) The DarkSide Multiton Detector for the Direct Dark Matter Search, Advances in
High Energy Physics Volume 2015 (2015), Article ID 541362, 8 pages

6. O. Smirnov et al., (Borexino coll.) Short Distance Neutrino Oscillations with BoreXino: SOX, Phys. Procedia 61 (2015)
511-517

7. L. Miramonti et al., (Borexino coll.) Geo-neutrinos from 1353 Days with the Borexino Detector, Phys. Procedia 61
(2015) 340-344

8. K.J. Vogel et al., (IAXO coll.) The Next Generation of Axion Helioscopes: The International Axion Observatory (IAXO),
Phys. Procedia 61 (2015) 193-200

9. M. Agostini, et al., (Borexino coll.) Spectroscopy of geo-neutrinos from 2056 days of Borexino data, Phys. Rev. D 92,
031101 (2015)

10. L. Di Noto et al., (Borexino coll.) The SOX experiment in the neutrino physics, Nuovo Cim. C038 (2015) 01, 36

11. L. Pagani et al., (DarkSide coll.) The DarkSide veto: muon and neutron detectors, Nuovo Cim. C038 (2015) 01, 35

12. G. Bellini et al., (Borexino coll.) Neutrino measurements from the Sun and Earth: Results from Borexino, AIP Conf.
Proc. 1666 (2015) 090002

13. P. Mosteiro et al., (Borexino coll.) Low-energy (anti)neutrino physics with Borexino: Neutrinos from the primary
proton-proton fusion process in the Sun, Nucl. Part. Phys. Proc. 265, 87-92 (2015)

14. M. Agostini et al., (Borexino coll.) Test of Electric Charge Conservation with Borexino, Phys. Rev. Lett. 115, 231802
(2015)

15. P. Agnes et al., (DarkSide coll.) Direct Search for Dark Matter with DarkSide, J. Phys. Conf. Ser. 650 (2015) 1, 012006
16. E. Ferrer Ribas et al., (IAXO coll.), The IAXO Helioscope, J. Phys. Conf. Ser. 650 (2015) 1, 012009

17. A.S. Gogolev et al., Results of testing the energy dispersive Si detector with large working area, NIM B 355, 268

b




10 ny6bnukayuu e arXiv, proceedings u nperipuHmax

1. A.V. Derbin et al., New limit on the mass of 9.4-keV solar axions emitted in an M1
transition in 83Kr nuclei, arXiv: 1501.02944 v1 [hep-ex] 13 Jan 2015

2. V.N. Muratova et al., Searches for axioelectric effect of solar axions with BGO-
scintillator and BGO-bolometer detectors, arXiv: 1501.02943 v2 [hep-ex] 14 Jan 2015
3. M. Agostini, et al., (Borexino coll.) Spectroscopy of geo-neutrinos from 2056 days
of Borexino data, arXiv:1506.04610

4. A.X. XycauHoB un Ap. AHanusaTtop CrNeKTpPoB PEeHTreHOBCKOro U raMmma-usnyveHus
Ha ocHoBe CdTe p-i-n getektopoB — «<PAAUAHT», MpenpuHTt 2979 HALU KU NMNAD

5. O. Smirnov et al., (Borexino coll.) Measurement of neutrino flux from the primary
proton--proton fusion process in the Sun with Borexino detector, arXiv:1507.02432

6. P. Mosteiro et al., (Borexino coll.) Low-energy (anti)neutrino physics with Borexino:
Neutrinos from the primary proton-proton fusion process in the Sun,
arXiv:1508.05379

7. M. Agostini, et al., (Borexino coll.) A test of electric charge conservation with
Borexino, arXiv:1509.01223

8. P. Agnes et al., Low radioactivity argon dark matter search results from the
DarkSide-50 experiment, arXiv:1510.00702

9. A. V. Derbin, I. S. Drachnev, E. N. Galashov, V. N. Muratova, S. Nagorny, L.
Pagnanini, K. Schaeffner, L. Pattavina, S. Pirro, D. A. Semenov, E. V. Unzhakov, Tm-
Containing Bolometers for Resonant Absorption of Solar Axions, Proceedings of the
11th Patras"Workshop on Axions, WIMPs and WISPs PATRAS2015 June 22-26, 2015,
Zaragoza, Spain http://www-library.desy.de/preparch/desy/proc/proc15-02.pdf

10. P. Agnes et al., (DarkSide coll.) The veto system of the DarkSide-50 experiment,
arXiv:1512.07896




Joknaobl Ha KOHG. u ceMuHapbl 8 2015 2.(6=3+3)

6 ooknagoB M BbICTYNNEHMN Ha KOHdepeHUnAX U ceMnHapax

1. A.B. lepOuH, IkCnepnmMeHTbl C CONMTHEYHbIMU HENTPUHO, SUMHAA LIKOSa
NMNA®, 2015

2. A.V. Derbin, Searches for solar axions using the resonant absorption by
169Tm and 83Kr nuclei. 11th Patras workshop on axions, WIMPs and
WISPs, 30 Jun, Zaragoza, Spain

3. A.V. Derbin, V.N. Muratova, Searches for high energy solar axions and
heavy sterile neutrinos with the Borexino detector, LNGS Seminar Series,
April 2015, Gran Sasso, Italy

4. A.V. Derbin, V.N. Muratova, The Borexino experiment, LHC2015 - The
Third Annual Large Hadron Collider Physics, 30 Aug-3 Sept., St.
Petersburg, Russia

5. E. Unzhakov, Search for resonant absorption of solar axions using Tm-
containing detectors. LNGS Seminar Series, November, 2015, Gran Sasso,
Italy

6. V. Litichevskyi, S. Bakhlanov, ZnSe scintillating bolometer with
ionization readout - a new approach for particle discrimination technique,
LNGS Seminar Series, November 2015, Gran Sasso, Italy




Hduccepmayuu, acnupanmypa (2+1+1)

lModzomoeneHbl 2 kKaHOuUdamckKuu duccepmayuu
«llouck cosiHe4YHbIX aKCUOHO8 C MOMOW,bIO0 Pe30HaHCHO20
noanoujeHuss sopamu 169Tm»
(E.B. YH)xakoe, 2016)
«lMouck akcuoHoe8 ¢ 3Hepaueu 5.5 MaB, eso3HUKarowux e
peakyuu p(d,3He)A Ha ConHue»
(A.C. KaroHos, 2016)

3awuweHa 1 6akanaspckas duccepmayus
«UccnedosaHue xapakmepucmuK KpeMHUe8bIX CMPYKmMyp
«Memasisi-0ua3sIeKmMpPUK-rnosynpPo8oOHUK» ¢ QUISIEKMPUKOM U3
Humpuoa asfoMuUHUs»
(H.Mununenko, 2015, pyk. .M.KomuHa)

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




5 epaHmoe PO®PU e 2015 2

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 P®®U - a «[louck cmepusibHO20 HEUMPUHO ¢ emeKmopom
Borexino: usmepeHue 3agucumMocmu ceemoebixooda
cyuHmunIamMopa om 3Hepa2uu 3J1eKMpoHa»

( pyk. A.B. [Jlep6uH)

Fpanm P®®U — a «[Mouck conmHeYHbIX aOpPOHHbIX aKCUOHO8»
(pyk. A. M anzawes, U5IK BHO)

Fpanm P®®U ASPERA «llpoepamma coemecmHbIX pa3pabomok
demeKkmopoe HelimpPUHO HU3KUX 3Hepaull»
(pyk. J1.6. be3pykoe, USIAN)




Haepaodsl, lNpemuu e 2015 a.

KoHkypc ny4ywux padot NMAAD.
A.B. lep6uH, B.H. MypaTtoBa
CnieyuarnbHas rnpemMus u rio4emHasi
egpamoma 3a ocobo 8axkHbIlU 8Kr1ad 8
MEXOYHapPOOHbIU 3KCrepuMeHm
bopeKkcuHo rno peaucmpauuu pp-
HelumpuHo.

KoHkypc nm. KypyaTtoBa cpeau
paboT MonoAabIX Hay4YHbIX
COTPYAHUKOB U UHXXEeHepoB-
uccrnepoBaTesnen.

A. C. KatoHoB, [1. A. CemeHOB,
E.B.YHXakKoB
«llouck pe3oHaHCHO20 noasoweHus u
aKcuoarekmpu4yeckoa2o agbghekma Orsi
COJIHEYHbIX aKCUOHO8 .
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HALHOHAJBHBIA HCCTELOBATENLCKHA LEHTP
«K¥YPUATOBCKHMHY HHCTHTYTw

METEPEYPTCKHH HHCTHTYT AAEPHOMH OHIMKH wy. B. 11 KOHCTAHTHHOBA

[OYETHAA TPAMOTA

Ha KoHKYpce Hayunwix pabom 2015 200a

32 0c000 BAKHBIN BKJIAJ B MeAKIYHAPOAHBIi
IkcnepuMeHT “Borexino” no perucrpaunu
COTHEYHBIX PP-HEHTPHHO

A.B. [lepbun, B.H. Mypamosa

B.JL. Akcenos




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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2012 — 200 omkpbimus 6,5 u 3akpsimus V/C >1
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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

HOGble pe3yribmamabi bopeKcuHo (201 5 2.)
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Hdemexkmop BOPEKCHWUHO (BOREXINO)

CtanbHasg cgepa (R=6,85 m)
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PIY, cmanbHas u HeusioHogasi cghephbl




HauuoHanbHasi nabopamopus I'paH Cacco
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Pabou4ue epynnbi u eknad NMNAe® e 2015 a.

Bxooum B coctaB 7 (13 13) paboumnx rpynn:
1) 'Be-HEUTPUHO,
2) MIOOHbI 1 HEUTPOHTHI,
3) AHTU-HEUTPUHO,
4) pp-HEUTPUHO,
5) Peokue npouecchl (Nnpeacenarternb)
6) CtepunbHoe HeUTPUHO (SOX)
/) NewSolar (HoBbIN aHanNM3 gaHHbIX NO COSTHEYHbLIM V)

1. B coctaBe pabounx rpynn «pp-HEUTPUHO» U «peakKue
npoueccbl» roTOBUSIM CTaTbi MO CTAaOUNILHOCTU 3NEKTPOHA.
OAauH u3 Tpex aBTOpPOB NO nepenucke.

2. l[oTOBUM CTaTbI MO NOUCKY KOppenauum v-coobITUM C ramma-
Bcnbiwkamu (GRB)

3. 'pynna «Pepkue lNMpoueccobi» npoaomxaeT rotToBUTb CTaTbiO OT
Konnabopauu no HeCTaHAAPTHbLIM B3aUMOAEeNCTBUAM HEUTPUHO
4. Pabota B I'paH Cacco - 8 4yen./mec. Ha 3KcnepumeHTax
Borexino n DarkSide
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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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’Be — HelimpuHo — 5109, 8B-HelmpuHo - 6:108. Peakmop — 1073 v/cm2cek




elimpUHO U3 pp-uernoYyku u

p+p—}EH+e'+1-'E

-yukna

'Be - HEUTPUHO
’B - HeMTPUHO
pep - HEUTPUHO

pp - HEUTPUHO

@O - HEMTP@

1
Neutrino energy (MeV)

10




lMomok "Be-HeumpuHoO u3mepeH ¢ 4.8%

Precision measurement of the "Be solar neutrino interaction rate in Borexino” PRL 107 141302 (2011)
10°

Fit: x/NDF = 141/138
—— "Be: 455+ 1.5
33{1 348+ 17
Mpi-415+15
 — :_—E:; 289+02
—— M0ps- 6560+ 98
External: 45 0.7
PP, pep. CHNO (Fixed)

Pe3ynbtaTt BopekcuHo:

R = 46.0%1.5 *5, . ¢ /(100 t day)
bes ocuunnaumn SSM high Z:
R = 7445 cpd/100 t
SSM MSW-LMA:
47.3 £ 3.4 cpd/100 t
B npeanonoxeHnn orpaHn4yeHnn Ha
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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¢ _
pep-HENTPUHO SRt 1 S OCHOBHOM
c E=1.44 MaB p+°H > *He +y doH ot 11C
v ~ 10 ¢ L
10 E T TN A "'; C Spectrum of events in FV
10 m Solar Neutrino Specttum 3 & C Spectrum after TFC veto
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B 10 B I MBj rate = 55 (93% C.L.)
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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.




Events (c.p.d. per 1001t per keV)
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pp-HeumpuHo: ¢pum 8 obsracmu 165 — 590 k3B
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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)
210Bij: 27 + 8 (free)

85Kr: 1 = 9 (free)
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OcHOBHbIe KOMIMTOHeHMbI crnekmpa bopeKcuHo
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—_— i Total gpectrum “Ar=04 cpd 100 tons
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" | "¢ = 0.55 cpd/100 tons "C = 28 cpd/100 tons
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- i ! | Ext_**TI1=3.35 cpd100 tons =1 cpd 100 tons
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o B “*U_chain_alphas = 1.71 cpd/100 tons vi® B) = 0.46 cpd/100 tons
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BepossmHocmb «8bXUBAHUSI» 3J7IEKMPOHHO20 HelIMPUHO

1

0.9

08

07

0.6

05

= (ve e Ve)
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0.1

0

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
;%)

—_—

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.




Pacnao anekmpoHa: e—v+y, e—3v, e—nothing

gley,v+vy,e)d, G(vv)(ve)
e g V ] e G V:
Z
y v v

Yka3zaHHble  pacriaObl He8o3MOXHbl 6 CM. KanubpoeoyHas  U(1)-cummempus
2apaHmupyem coxpaHeHue ariekmpuyeckoao 3apsida u besmaccosocmb ¢omoHa. B
pabomax 3enbdosuya, OKyHsa u BonowuHa u OKyHs bblna rioka3aHa He803MOXHOCMb
CrIOHMaHHo20 HapyweHus U(1)-cummempuu ¢ rnomowbio mMexaHuama Xuezca. [lpsmoe

HapyweHue O0JHKHO MpueooUMb K 02pOMHOMY (M,/ m,) 4uCly ¢hbOMOHOS.

J1.B. OkyHb, O NpoBepKe 3aKOHa COXPaHEHUS ANEKTPNYECKOTO
3apsiga v npuHumna MNMaynu, YOH, 1989, T.158, Bein.2, C.293-301.
«B pyHAaMeHTanbHOU (pu3nke, eCrim YTO-TO MOXeT ObITb
NpoBepeHo, OHO 00A3aTeNIbHO AOIMKHO ObITb MPOBEPEHOY.

B. W. JleHnH, MaTtepuannam n amnupuokputmumsm, 1909 r.
«ONMEKTPOH TakK e Hencveprnaem Kak n atom. lNpupoga 6eckoHeyHa.




CrucokK 3KcrnepuMeHmoas o rnoucKy e—vy, e—3y
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HeeoamoxeH 6 CM. U(1)-cummempusi 2capaHmupyem coxpaHeHue 371eKmpu4ecKko20

3aeﬂ6a u beamaccosocmam QomOHa.
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Search for the electron decav mode e—» i
BOREXINO detector

. Ju.Smirnov & * ink
on behalf of the Borexino collaboration
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bSt. Petersburg Nuclear Physics Inst. - Gatchina, Russia
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Fit result for the electron decay rate = 1.23 cpd/100 tons
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3adaya cocmoum 8 roucke rnuka ¢ 3Hepauel 256 k3B. HeobxoOumo 3Hamb MOMOXeEHUE
(Q.F.) u ¢gopmy nuka. Cmarsio 803MOXXHbIM [10C/I€E MO020, Kak Obl/l 8bINnoriHeH ¢um Oris
HU3KO3Hepaemu4eckol Yacmu criekmpa (pp-HeumpuHo). 3a epemsi T= 408 cym. Ons macchl
75.5m ( Ne=9.19 x10%" anekmpoHos 8 278 m, aghgpekmusHocmb ¢ = 0.264) sepxHuti npedesn

Ha yucsio cobbimut 6 nuke cocmasun S = 379 onsa 90% .
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Dt 115 Long deay for election decay
Scientists have placed new limits on how often electrons decay into neutrinos

and photons, a reaction that—if it occurred—would violate the law of charge Natire 528, 167 (10 Decamber 2015} dor10.1038528167h

conservation.
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An underground experiment has yiided e stongestevidence so ar that electons are tabl, by shoving thal ey fastfor
least 6 billon ilon ion years before decaying o photons and netdrngs.

The Borexino defector, located underground a the Gran Sasso Ntional Laboratory incentralHal, s looking mainy fr..
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Spectroscopy of geoneutrinos from 2056 days of Borexino data
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Konnabopauua Borexino npeactaBuna gaHHble NO perncTpaumm reo- U peakToOpHbIX HENTPUHO

3a 2056 cyToKk wu3MepeHun c obwen akcrnosuumen (5.5+0.3)x103! npotoHoBxrog. B

NpeanoioXXeHUn MmaccoBoro oTHoweHns Th/U = 3.9, yncno 3aperncTpMpoBaHHbIX reo- HENTPUHO

coctaBnsieT 23.7*65 . _(cTaTt.)*?9 , ;(cucT.). OTcyTCTBI/Ie CUrHana OT reo-HeNTPUHO UCKIToYaeTcs

Ha ypoBHe 3.6%x10° (5 9 o). Yncno peakTopHbIX HEUTPUHO 52.7*85 - _(cTaT.)*?’ , o(CUCT.)
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Ucnonb3ys ebiqyucrieHUss oxxudaemMo20 romoka
2e0-HelmpuUHO U3 3eMHOU Kopbl, eriepsebie
yOasniocb HadexHo (98% y.0.) ycmaHosums
cywecmeogaHue romoka 2e0-HelUmpuHoO U3
MaHmuu, 4mo Sefiiemcsi 8axKHbIM hbaKmom
Or1s1 oripederieHUsi cmpoeHuUs 3emru.

CompydHuku MNUA® exodsim e pabouyto epynny « AHMuUHelmpuHoO», Komopasi nodzomosurna amy pabomy.




ObpaTHbIN beTa-pacnag;:
v,tp—etn => ntp—d+y

E .= E~-0.78MeV, ¢ ~1042 cm?
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BCEX peaKkTopoB. bopeKkcnHO yaayHo

pacnosrioXeH Aria Nnouncka FeO—HeﬁTpMHO.
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207 apepHbIX peakTopoB B 17 eBpOnenckmnx
cTpaHax. 245 ocTanbHblX B MUpe [awT
2.5%. 13 peaktopoB gawT 40% BKNag B
oXugaembl curHan. 3 Hanbonee MOLLHbIX
aToMHbIX cTaHuum garT 13%

13C(a,n)®0O hoH oT npeHebpexunmo marn.
KocMoreHHbIN OOH CBA3aHHbLIN C 3-N C
nsotonamu (8He+°Li) n GbicTpbIMU
HEeNTPOHaMM, MNPONyLWeHHbLIMU MIOOHHOW
3alMTON NO4aBNAKTCA 2 CEeK 3arnpeTom
nocrie npoxoxaeHust MooHa yepes V.
MepTtBoe Bpems 11%




Ocuunnsauyuu peakmopHbIX HeUmpPUHO
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bopekcuHO u3mepurnl criekmp rno3umpoHO8 Ha PEeKOpPOHO OarleKkoOM pPacCmosiHUU om
0epHo20 peakmopa. 3apeaucmpuposaHo 52.7+8 cobbimul. Oxudaemcs 47.3 = 2 cob.

Pe3ynbmam HaxoOumcsi 8 coanacuu ¢ OCUUTIAUUOHHbIM peweHuem Pee =1 -0.5Sin?(26).
Mo%Hocmb ﬂ@GEHO&O peakmopa 8 ueHmpe 3emnu meHee 4.5 TBm ‘95% K-O-Z



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




% !acnono»(eHue UCMOYHUKO8 HeUmpuHo

RAN SASSD

A- noa goetektopom 825 cm
00 ueHTpa. bes nameHeHun.
B — BHYTpW BOOHOIoO TaHka
700 cm Oo ueHTpa.

C — ueHTp. Makcnmym
N3MEHEHUN B KOHCTPYKLNU

20-22 aHBapsa 2016 Ceccna YuyeHoro coseta OHU MUAD 44



AcmoyHuKku HeumpuHO U aHMUHeUMmpUuUHO
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~10% cob/200, E > 250 k3B, t > 30 cymok, MmuH Bm, pa3amep, npumecu
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MakcumaribHas sHepaus HeumpuHo 0511 144Ce — 318 kaB, onsa 144Pr - 3.0 MaB.

[lopoe peakyuu obpamHozao 6ema-pacrnada 1.8 MaB.
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Experniments at the Gran Sasso Mational
Labaratory are housed in and arcund three
huge halls carved desp insicde the rmoarmtain,
where they are shielded from cosmic ravs
e 1,400 metres of rack.
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Reconstructed 2D spectrum
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HyecmeumenbHocmb SOX _Ce kK cmepusibHOMYy HeUmpPUHO

PRELIMINARY

— shape-only

"—"r_“_i1 [eVA]

— rate-only

— rate+shape

1ﬂ-1__“ﬂn 100G - 1
= - - 1.5y - 4.25m, 85% CL
= e only, g, = 1% = shape only, o, =inf.
[ —— tate + shaps, o, = 1% [__| anomalies, 85% CL :
- [ anomalies, 882 CL. = Best Fit. PRD 88 073008 (2013) —
| | | | | I 1 1 | | | |
1072 107

sin(2e, )

100 kKu Ha 8.5 Mm om yeHmpa 1.5 200a usmepeHuu

U3mepeHue ¢popmbl (R,Ev)
1. Smoking-gun
2. YyscmeumernbHbl K om?~ 0.5 -5 aB?

3. Heobxodumo xopowee
3Hepaemuyeckoe u
rpocmpaHcmMeeHHoe pa3peweHuUe

4. HyscmeumersibHOCMb
ornpederisemcs cmamucmuKkou

Cuyem+ghopma

1. Yny4weHue yyscmeumersibHocmu
o cpasHeHUr ¢ ghopmou

2. YyecmeumernbHbl Kk 6m? > 5 3B?

3. Heobxo0umbl moYHble U3MepeHUs
menosbioerieHuUs U rnpeobpa3osaHusi
MOUWHOCMU 8 aKmu8HOCMb

4. BaxHbl cucmemamu4eckue owubku
Orisi SHepaemuyecKkou u
rpocmpaHcmeeHHoU peKoOHCMpyKuuU
u aghghekmusHoCmMU K peaKkyuu
obpamHozo bema-pacrnada




lNnaHbI konnabopayuu bopekcuHo U Hoeble 3adayu

s A
0.+1 MacHUMHBLIU MOMEeHMm s b
‘% 10° rﬂf:f
(ﬂeﬁf’ e—Vy, Vy =V Y) 2 )
S .0 ,/’/ B
1. UsmepeHue CNO- HelimpuHo | — | _
2. CmepursbHble HelimpPUHO S0 z

('%4Ce no0 demekmopom - emecme ¢ nMpPo2pPaMmMouU C.H.)

3. Yeernu4yeHue cmamucmuku 051 aHmuHeumpuHo, 7Be-, 8B-,
pep-HelmpuHoO, peoKUX rnpoyeccos

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

5. NMouck dsoliHo2o 6ema-pacnada ¢ bopekcuHo (139Xe, 29Nd)




lTouck yacmuuy memHou mamepuu 8 2015

1. NMouck paccesaHuna WIMPs (N1) Ha spgpax Ar B
akcnepumeHT DARKSIDE ( Ooknao [.CemeHosa)

2. lMonck conHeYHbIX U PeNMKTOBbIX akcMoHOB (N2)

2.1 Pabotbl no cos3pgaHuno 1%9Tm-copepkallero
neTekTopa ansa perucTpaunm pe3oHaHCHOro normnoweHns
CONMHEYHbIX aKCUOHOB C HENPEPLIBHLIM CNEKTPOM (0okriad
E.YH)xakoea)

2.2 [lonck pe3oHaHCHOro nornoweHns COJTHEYHbIX
akcnoHoB sgpom 83Kr B8 BHO NAN

2.3 Yvactue B konnabopauun IAXO - International
Axion Observatory
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lMNA® akcuon e Particle Data Group (2015)

TECN

A9 (Axion) and Other Light Boson gx°l 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°
<105

< 0.72
<191

<334
< 1.02

90

95

90

95
95

TECN

COMMENT

166 cADAMURO
167 pERBIN

168 ANDRIAMON..
169 HANNESTAD
170 ANDRIAMON..
171 pERBIN

172 KEKEZ

173 HANNESTAD

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 (2015)

The limit is for GAee&)Mc,bAEq-ﬁﬁ,Se in GeV

or equivalently, the dipole-dipole

2
potential Ef;:—@ (o5 -o5) —3(orq - ) (5 - n))/r3 where n=r/r.

viAaAlL UE (Ge\.-"*l) L % DOCUMENT 1D TECN COMMENT
e o o Ve do not use the following data for averages, fits, limits, etc. & & »
<7.8 = 1010 o0 1 ABE 14F XMAS m 4o — 60 keV
=7.5 3 10— 9 00 2 APRILE 14B X100 Solar axions
<1 < 109 90 3 APRILE 14B X100 m 49 = 57 keV
< 0.94-8.0 x 10— ° 90 4 DERBIN 14 CNTR m,o = 0.1-1 MeV
<3 = 10— 10 00 5 MILLER-BER...14 ASTR White dwarf cooling
<5.3 x 10— 8 20 % ABE 13D XMAS Solar axions
<1.05 x 10— 9 90 7T ARMENGAUD 13 EDEL m 4o — 12.5 keV
~2.53 x 10— 8 90 8 ARMENGAUD 13 EDEL Solar axions

9 BARTH 13 CAST Solar axions
< 1.4-9.5 x 104 90 10 pERBIN 13 CNTR m 4o = 0.1-1 MeV
~<2.0 x 10— ° 68 11 HECKEL 13 m a0 = 0.1 peV
—~4.2 x 1010 95 12 viaux 13A ASTR Low-mass red giants
<7 x 1010 95 13 corsiIcO 12 ASTR White dwarf cooling
<22 x 107 00 14 pERBIN 12 CNTR Solar axions
< 0.02—1 x 10 7 20 15 AALSETH 11 CNTR m ,y = 0.3-8 keV

Invisible A° (Axion) Limits from Nucleon Coupling

Limits are for the axion mass in eV.

VALUE (eV) CL% DOCUMENT D TECN COMMENT
e o o We do not use the following data for averages, fits, limits, etc. ® o o
<8.6 x 103 90 1 BELLI 12 CNTR Solar axion
<1.41 x 102 90 2 BELLINI 128 BORX Solar axion
<1.45 x 102 05 3 DERBIN 11 CNTR Solar axion
4 BELLINI 08 CNTR Solar axion
5 ADELBERGER 07 Test of Newton's law



VA
<] >
DA

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.
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Ll Classification of experiments
Detection
9y 9an Gse
g Axion-photon Resonant absorption Axioelectric effect in
Ay . . . .
conversion in by nuclei Si-, Ge-, Xe-atoms
magnetic field 169Tm, 83Kr PNPI(SAXS), CUORE,
IAXO. CAST EDELWEISS, XMASS,
& ; PNPI, BAKSAN, XENON100
Tokyo Helioscope, LNGS
g g Primakoff conversion Resonant absorption Axioelectric effect in
AN : \ :
e 7Li-axions, by nuclei Si-, Ge-, Xe Bi-atoms
© 3He-axions 57Fe, 6Li, 83Kr BOREXINO, CUORE,
e LUCIFER
O BOREXINO Krcmar et al, PNPI,
BAKSAN
g Axion-photon Resonant absorption Axioelectric effect in
Ae . . . .
conversion in by nuclei Si-, Ge-, Xe-atoms
magnetic field 169Tm, 83Kr PNPI(SAXS), CUORE,
IAXO, CAST, EDELWEISS, XMASS,
_ PNPI, BAKSAN, XENON100
Tokyo Helioscope, LNGS




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
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Search for resonant absorption in 83Kr-nuclei
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The flux of solar axions is afttributed to the M1 transition in 83Kr nuclei whose level
scheme is shown in Figure. The energy of the first excited nuclear level is equal to 9.4
keV, and the electron conversion coefficient is equal to a = 17.1. Owing to the
Doppler broadening, the axion spectrum is a Gaussian curve ®,(E,) with the width
os(T) =E (kT/M)2, = 1.23 eV. This value is significantly higher than the recoil-nucleus
energy (0.5 meV), Doppler broadening of the line at temperature T= 300 K of the
target nuclei (5.4 meV), and the own width of the level '= 3.0x10-°2 eV. Thus, the
fraction of axions satisfying the resonant-absorption condition is equal to ~['/o s ~710°.




Y5~ lMouck conHeYHbIX aKCUOHO8, U3Jly4aeMbiX 8
“v"  _M1-nepexode sidpa 83Kr (USIN + TTNAD)

[lpoBedeH NoucK akCMOHOB C aHeprunen 9.4 kaB, usnyyaembix B M1-nepexone saep
83Kr Ha ConHue, C NOMOLLbI peakunn pe3oHaHcHoro nornowernusi: A + 83Kr — 83Kr*
—8Kr + y (9.4 kaB). [ns perncrtpauum y-kBaHTOB M 3IIEKTPOHOB, BO3HMKAIOLLMX B
pesynbTaTte paspsgkM SO0epHOro YpPOBHS, MCNonb3oBanacb MNponopunoHanbHas
razoBasli Kamepa, 3aroSfIHEHHas KPUMTOHOM W pa3MmelleHHass B HU3KO(OHOBOM
yCTaHOBKe B rnoasemMHoun nabopartopmn bakcaHCKon HEUTPUHHOM 0OCepBaTOpPUMN.

13.47 ke
kr

Counts / 105 eV 188 days

,IDI

10 20 30 40 50 60

. E., keV
0ge pornopyuoHarsibHble Kr-kamepbl C r1epebiM C/10eM accueHouU

3awumel. B ueHmpe - crniekmp Kr-kamepsbi, usmepeHHsbil 3a 188 cym. Cnpaea —
2opa AHObIp4u, Nnod komopou pacrnonoxeHa BHO USWN Ha anybuHe 4800 m.8.3..




lMouck cosiHe4YHbIX akcuoHoea: 83Kr — Hoeoe
o2paHuU4YeHue Ha Maccy aOpoHHO20 aKCUOHa

B pe3ynbTate yCcTaHOBNEHO HOBOE OrpaHNYeHne Ha N30CKaNApPHYHO U
M30BEKTOPHYIO KOHCTaHTbl CBA3M aKCMOHA C HYKNMoHaMM |gan® — Ian’lS 1.29%106,
KOTOPOE B MOAENM aApOHHOIro akcuoHa NpPUBOANT K HOBOMY BEPXHEMY npeaeny Ha
maccy akcmoHa m,<100 aB (95% y.a.). lNpeabiaywnn npegen ynyyied B 1.5 pasa.

2_-E SHepeemuyeckul criekmp e uHmepsarsne 5-20
13.47 keV K3aB, usmepeHHbIlU Kr-OemeKkmopoM, U e2o
OCHOBHbIe KoMnoHeHmMbI. OxudaeMbil 8Kao
om 83aumMoOelicmeusi aKkcUOHO8 roka3aH
cuHeu crinowHou nuHuel 4. Paboma
8bINosIHeHa coemecmHo ¢ AN PAH

sy b AT, o 11, . 10, . 730- 43 () 031, 35 vag

HoBb HCrepAEAT I HOHCY pe3ORARCROTD HOTTOMERE CORESHBI
aknomon, Tyaes M -eperoe p Yl

:é ——l ,Ii[;'- — 20 | 0 e’ A T’ A B T, 1LC Jomr' BB Koaor” B Ko

E. keV
Pesymbmamsr  nodzomku crekmpa  Kr- | bR’ BH Mo, Cl e o™ 0.0 o™, L4 Coene’ JA Tt
Kamepsbl 8 obriacmu «akCUOHHO20» MUKa. B yHﬂ(ﬂKOBE, G.H.Hl\’ﬂ.’lfle\’0+

Ony6rinkosaHo Mucbma XI3TD 101(2015) 739



8Kr limits on axion-electron coupling constants and mass

10

10°°
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11-Edelweiss
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‘83

(preliminary)

A search for resonant absorption of
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.

|93an = 9%n| = 1.29 %X 1075,

m, <100 eV at 95% C.L.

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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S
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.



165 IAXO: International Axion Observatory
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CERN Axion Solar Telescope

X-ray
detector

ALPs are produced inside the Sun
via the two photon coupling (and
others) and scape easily
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oA IAXO: International AXion Observatory
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OcHoeHblIe pe3ynibmambi pabombi e 2015 2.

1. Konnabopauuen Borexino, npu cyuwlectBeHHOM Bknage cotpyaHukoB MUNAD,
NONy4YEeHO PEKOPAHOE OrpaHUYEeHMEe Ha BPEMSA XU3HWU 3ANEeKTPOHa OTHOCUTENbHO
pacnaga Ha HENTPUHO U OTOH - T = 6.6x1028 net. Pe3dynbtaTthl onyonukoBaHbl B
XypHane Physical Review Letter (2015) n BknodeHbl B Synopsis APS 1 cnucok
Nature News 3a nekabpb 2015 .

2. Konnabopauuen Borexino, npu aktmuBHoM ydactum cotpygHukos [MUNAOD,
NnonyvyeHbl HOBble [aHHble N0 perucTpauyum reo-HeutpuHo 3a 2056 cyTtok. B
npeanonoXeHun oTHoweHus macc Th/U = 3.9, yucno 3apernctpupoBaHHbIX reo-
HEUTPUHO cocTaBuno 24+6. OTcyTCcTBUE AHTUHEWTPUHO UCKNIKOHAEeTCs Ha YPOBHE
5.90. CurHan reo-HenTpuHO U3 MaHTUM nonydeH Ha 98% y.a. YMcno peakTopHbIX
HEUTpPUHO (53), 3aperncTpuMpoBaHHbIX Ha PEKOPAHO AanekoM pacCTosHUM OT
peaktopoB (bonee 500 kM), HaxoaAUTCA B cornacum ¢ OCUMUNNAUUOHHBIM PELLIEHUEM.
(Physical Review D. 2015).

3. lNpogomkeH MOUCK Pe30HAHCHOro MOrnoLweHUsa CONHEeYHbIX akCMOHOB sapamu
169Tm un 83Kr. B pe3ynbrate ycTaHOBNEHO HOBOE OrpaHUYeHuUe Ha U30CKanspHYyH
U M3OBEKTOPHYIO KOHCTaHTbl CBA3U aKCUOHa C HYKIMOHaMM |gan® — ganlls 1.29%109,
KOTOpPOE B MOAenu agpOoHHOro akCMoHa NpUBOOUT K HOBOMY BEpPXHEMY npeneny Ha
maccy akcnoHa m,<100 aB (95% y.a.). lNpeablaywunn npegen ynyywed B 1.5 pasa.
(Mucema XKIATP (2015)).

4. CotpygHuku Jlabopatopuu m OTaena npogorkanu ydactBoBaTb B paboTax
/ ino, SO Si



lNnaHbI Ha 2016 2.

1) NUAD

a) WccnepoBaHue 60OnoMeTpuUYECKUX WU CUUHTUNNALMUOHHBIX
XapakKTepUCTUK  BblpalleHHbIX KPUCTannoB BonbMpamaTtoB W”
monudgartoB Tynua. BelpawmBaHune Tm(XY) kKpuctannoB oO0bLemMom
oonee 1 cm3 (UHX, HIY). U3mepeHus ¢ Tm-6onomeTtpom B LNGS.

6) NamepeHua QF ana anektpoHos (ana SOX)
B) NamepeHue beta-cnektpoB 144Ce-144Pr (ana SOX)
r) 83Kr, Lucifer (ZnSe — BpB), Poseidon, IAXO — R&D paboThl .
2) Borexino n SOX- cornHe4Hblie n CTepunbHble HEUTPUHO
a) yyactue B pabote 7-tn padouux rpynn (CNO HENTPUHO)
. OpayHeB B LNGS —> CNO HentpuHo
B)koppenauns HEMTPUHHLIX CUTHAIOB C raMMa-BCrneckamm (ctaTtbs)
B) HECTAHAAPTHbLIE B3aUMOAEUCTBUSA HEUTPUHO,
r) 0. CemeHos, E. YHxakos, H. Nununenko —> 6 4yen./ mec.
3) DarkSide — TemHaa matepus

a) Pabotbl B [TMAD no noarotoBke DarkSide 20K (Ti, SiO,, CF,) +
‘yhaneHHble AexypcTtea’

6) E.YHxakoB, [1. CemeHoB —> 4 mecsauya LNGS

42 HoBble NPOEKTHI IAXOz LUCIFER - Hel‘/’lTEMHoz aKCUOH
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Cnacubo 3a eHumaHue!

Cenvac

YHxakoB E.B.

«lloucK pe3oHaHCHO20 roasIoWeHUsT COSTHEYHbIX
aKcUOHOo8 ¢ rnomowbro Tm-cooepxawiux

bosromempos »

CemeHoB [1.A.
«IKcrnepumMeHm o rnoucky Yacmuu memMHou
mamepuu DarkSide»

B nATHULY XycanHoB A.X.

«[lonynposodHUKo8ble OemeKmupyroujue
cucmembl»
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