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CONMHEYHbIE HEUTPUHO

( busmnka ConHua n usnka HENTPUHO )



1. HemHoOro ucropuu

2. 3aBepieHHbIE M BBINMOJHAECMbIC B HACTOSIIIIEE
BpeMs COJIHEYHbIE HeM TPUHHbIE IKCIIEPUMEHTDI
MOCJIe/IHUE Pe3YyJbTAThI U MJIAHbI

3. byaymue npoeKkThl
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OCHOBHBIC 3TAaIlbI

Sir Arthur Eddington BnepBbie BbICka3ay uaer, 4To CoJsiHIe reHepupyeTt
JHEPIUI0 B CBOMX HeAPAaX B pe3yJbTaTe peaKkuu siAepHOro CMHTEe3A.

CrangaprHas MoJeJib A.JJJIMHITOHA (PABHOBECHE 3Be3/Ibl — 0AJTaHC MEXKTY
CUJIAMHU TPABUTAIMM M CUJIAMM Ia30BOI0 U JIY4€BOI'0 JaBJICHUS)

I'.A. 'am0B — TyHHeJIbHBIN 3PP eKT

B. [Tayjn nmocTyJJupoBaJ CylieCTBOBAHUE HEUTPAJIBHON YaCTULBI MAJIOH
MACChI KaK “BbIX0] U3 CJIOKUBIIEHC curyauun” (“a desperate way out”).

9. ®epmu Hazpaja yactuny Ilayan "weurpuno". Ilpeacrasienue o
HEUTPUHO B TeOpUH P-pacnaga, KOTOPYIO rojioM mo3:xe passui @epmu,
0Ka32J10Ch HACTOJIBKO IJIOJIOTBOPHBLIM, UTO HEMTPUHO YBEPEHHO ObLI0
BHECEHO B YHCJIO 3JICMEHTAPHBIX YACTHUI 32710JIT0 A0 TOI0, KaK OHO ObLIO
OTKPBITO.

I'. bere nas onmucanue ABYX TePMOSIAEPHBLIX MEXaHU3MOB I'eHepPaAlMU
JHEPIruM B 3B€31ax [J1aBHOM MOCIe0BATEJILHOCTH, HCOOXOAUMOUM IJIA MX
HaOonaemMoii cBeTumMocTH (pp-uenouyka, CNO-muk.1)
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Neutrino production in the Sun

There are different steps in which energy (and neutrinos) are produced
The pp chain reaction

The CNO cycle
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>99% of the energy is created
in pp chain reaction

<1% in CNO cycle
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IHayau: “I have invented something that cannot be detected”
(Ouesuono, umo on HeOOOUEHUI U300PEMamelbHOCHb IKCREPUMEHMAMOPO08.)

1946 b.M.IlonTexkopBO MoKa3aJ, 4ro “observation of neutrinos in not out of
question” ¥ MPeAJI0KHUII IJI JeTEKTUPOBAHUSA HEUTPHUHO UCNOJIb30BAThH
“inverse beta process”:
v+t(A,Z) > e + (A, Z+H])
OH npeaoxu B KayecTBe HCTOYHUKOB v CostHle u peakTop. (“The neutrinos
emitted by the sun, however, are not very energetic”). Cpean BO3MOKHBIX
mvuineHeii 3’Cl paccMaTpuBajics Kak HandoJ1ee MHOT000 eI a0 Hii :
YICl+v—>YAr+e
IToHTEeKOPBO NMPEATOKHUII UCIOJIb30BATH MUHUATIOPHBIA HU3KO(POHOBBIH
CYETYMK BHICOKOI0 YCHUJICHUS.
JTH JBe ero Uaeu CTaJIu OCHOBOM BCeX PATUOXMMHYECKHX IKCIIEPUMEHTOB.
B TouHocTH OHU OyayT ocyiecTBJeHbI P. JleBucom.

1956 ®@. Painec u K. Koyen perucrpupyror v ot Savannah River peakropa
p(v,e")n.



1960°s * Paii /IeBuc crpout XJIOpPHBIN AETEKTOP A U3MEPEHUA CKOPOCTH
oopasoBanus B peakuuu >'Cl (v,e-) 37Ar

* Jl:kon bakana co3paer CCM 1 Ha 0CHOBe MO/I€JIM BbIYHMCISAET MOTOKH
v “...to see into the interior of a star and thus verify directly the hypothesis
of nuclear energy generation in stars...”

* HA4YaTO CTPOUTEJbCTBO bakcaHCKOU HEUTPUHHOI 00cepBaATOPUH
AN PAH

* B.A.Ky3bMUH NpeIIoKHI HCIO0JIb30BaTh peaknuio 'Ga(v,e-)" Ge nis
IETEKTOPA COJHEYHBIX V M HCKYCCTBEHHBIH >!Cr HCTOYHUK HEHTPHHO JIJIsK
ero KaJuOpPOBKMU.
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Neutrino production in the Sun

Neutrino energy spectrum as predicted by
the Solar Standard Model (SSM)
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Bpemsa npoxoxaeHus
U3 LeHTPa A0 NOBEPXHOCTHU:
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v, +37Cl > S7TAr +e

Homestake Gold Mine (Lead, South Dakota,
USA)

1478 m deep, 4200 m.w.e. => ® ~4m2day"’
steel tank, 6.1 m diameter, 14.6 m long
(6x10° liters) 615 tons of tetrachlorethylene
(C,Cly,,

2.16 x 103° atoms of 37Cl (133 tons)

EC,, =0.814 MeV => B, 'Be, pep, hep

data taking: 1970-1994, 108 extractions

Rexp,, = 2.56 + 0.16 + 0.16 SNU =
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ve, CC, N( SNO (5,0 MeV) ] 0,90 + 0,08

ve SuperK (5,0 MeV) 0,406 £+ 0,09
Ga+v, — "Ge+e Ga-Ge (0,23 MeV) 0,50 + 0,05
ve Kamiokande II (7,0 MeV) 0.48 + 0.08
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TemneparypHasi 3aBUCHMOCTD
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1984 Xep06 Yen npeaioku 1€TEKTOP COTHEYHbIX HEHUTPUHO HA
OCHOBE THKEJI0M BOAbI

1985 C.IJl.MuxeeB u A.HO.CMUpPHOB pa3BHJIM TEOPHIO PE30HAHCHBIX
OCHMJIJISAIIMM.

«Mup» Ha4aJ BepUTh B HEUTPUHHBIC OCUMJJIAIIUA

1990 SAGE noka3aJj 3HAYHMTEJbHOE MOAAaBJIeHNE CKOPOCTH 3aXBaTa
HeUTpuHO HA Ga

1990 Hauajoch coopy:xkenue SNO
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From p dea to solar neutrino
1986 - 1995

v+e — v+e

Kamiokande-1I

upgrade :

* hermetic, live anticounter
» water purification system N
» multi-hit time and charge !

measurements A —— -



Flux (cm=2 s71)

Solar Neutrinos Spectrum
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Paradox:

R.(*B+7Be) — R, (*B) ~0
(~15%)



Super-Kamiokande aXpe :
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Schedule for Future

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

t

Accident

DAQ stop: November 2005 ~ March 2006

ID PMT: SK-ll = ~5200
Original energy & vertex resolutions for low-energy events

—

S

11146 (same as SK-I)

T

SK full

reconstruction (plan

:> Precise study on spectrum distortion in SK-lI

Solar neutrinos below 5.0MeV with improved analysis tools
and lower Rn backgrounds




2-1, Reduction of background

Improvement of water circulation and purification system

1, Improved water quality
Doubled circulation rate

ik 2, Optimized water flow in the tank
Increased purification power

VAGUUM

C | rcu I a:tLQ!‘(]E 601:/ h DEGASIFIER PUMP

POLISHER ULTRA MEMBRANE

FILTER DEGASIFIER

HEAT

FILTER  FevcHANGER

(1pm Nom.) g

r
REVERSE
OSMOSIS

N

~ =

SK TANK stagnation of water

— Lower Rn concentration in fiducial volume



Solar Neutrino measurement at Super-K

[ v+ e ->v + e (elastic scattering)

J

« Measure Cherenkov ring pattern from recoiled

electron

» Timing information -> Vertex of interaction
» Hit pattern -> Direction
« # of hit PMTs -> Energy

- High statistics for 8B neutrino
(~15evnts/day for E, > 5MeV )
- good angular resolution

(Goal:

- Precise measurement of the solar
neutrino parameters (flux, timing
variation, oscillation parameters etc)
- Reduce the b.g. level and measure
the upturn in the solar neutrino

| spectrum .

Expected rate with oscillation

! without oscillation

. | BG is 70% reduced compared to

| SK-I below 5.5 MeV
Energy-cor. Syst. uncertainty is
half compared to SK-I
five years

Expected spectrum
distortion with 5 years
low BG SK data
Black: stat. error
Blue: systematic error
10 12 14 16 18 20
Energy (MeV)



V.N. Gavrin GALLIUM SOLAR 71 71 .
INR RAS NEUTRINO Ga+V— Ge+te

EXPERIMENT Kouzmine, 1965

Q =233,2 keV
Superk, SNO (5,0 MeV), " Ty =11,43d

Kamiokande II (7,0 MeV) .

C1 (081 MeV). *——": LOW THRESHOLD:

Ga (0,23 MeV) | . 233 keV
10— ———— T
10“E Bahcall-Pinsoneault SENSITIVE TO
. 105/""”% &, : DOMINANT p-p NEUTRINOS

SSM PREDICTIONS:

BAHCALL-PINSONNEAULT:
128 +9 / -7 SNU (lo)

p-p NEUTRINOS CONTRIBUTE
70 SNU (54%) OF THE RATE

IF ONE ASSUMES ONLY THAT THE
SUN IS INTHERMAL EQUILIBRIUM,
THEN THE MINIMUM RATE IN A
* 1 SNU =1 interaction/sec in a target that contains GALLIUM EXPERIMENT IS 79 SNU

10%® atoms of the neutrino absorbing isotope.

.....

Neutrini Flux (cm2 s™)
o sm
|
/-n
EMAMAIMAMMI

101' L |\.-KJ: L]

Neutrino Energy (MeV)
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(w3 nucobma B LUK KINCC, 1963 r.)

B nocnegHue roabl pa3Butve (pU3NKU arieMeHTapHbIX YacTvLl NpUBeno K BO3HUKHOBEHUIO HOBbIX
nepcnekTUBHbIX HanpaBNeHUU COBPEMEHHOMN HayKN — (OPU3UKN HEUMTPUHO U HENTPUHHOMN acTPOPU3UKMI.
UccnepoBaHusa no ¢pusanke HEUMTPUHO OTKPbIBAOT COBEPLUEHHO HOBbI€ BO3MOXXHOCTU B UCCleAoOBaHUU
CTPYKTYPbIl 3fIeMeHTapHbIX YacTul, NpUpoAbl Tak Ha3bliBaeMbIX CNabbiX B3aMMogeucTBUN U APYruxX
BOMPOCOB A€ pHON (PU3NKMU.

Bcneacteue TOro, 4To HEMTPUHO Ype3BblYaNHO crabo B3auMoaenCcTBYHOT C BeLeCTBOM,
nposeaeHne uccnegoBaHuMn B o6nactm hU3nkn HEMTPUHO U HEUTPUHHOWN acTPOPU3IUKM BO3MOXKHO
TONbKO B YCNOBUAX HaleXKHOIro 3KpaHUpoBaHUs oT hoHa, co3gaBaeMoro KOCMMUYeCKMMMU Jfiy4amu. 1o
AUKTYeT HeoGX0AUMOCTb COOPYXEeHMUA NOA3EeMHOWN CTaHLUMMU, 3aLULLEHHON CKanbHbIMU NOpoAaMu
TosnwmHon okono 2000 m.

Hameuyaemble uccrnegoBaHus no ¢pusamke HEUTPUHO U HEUTPUHHOM acTpodusnke Heobxoammo
NPoOBOAUTb B YCKOPEHHOM TeMne, NOCKOJIbKY Mbl 3HA4YUTENIbHO OoTCTaeM B 3Ton oonactu ot CLUA. [lo cux
nop Takme nccrnenoBaHMA He NPOBOAUNUCH, B TO BPeMSA KakK pa3Butue 3atom oonactu cumsmnkm B CLUA
Ha4anocb 10 net Ha3aa n ocobeHHO hopcupyeTca B nocrneaHue roabl. B yactHocTn, B Gnmnxaniuee
Bpems B CLLUA HauyHyTCA 3KCNepUMEHTbl C UICNONIb30BaHUEM HEUTPUHO, 06pa3oBaHHbIX KOCMUYECKUMU
nyyamm B atmoccepe 3eMnu, a Takke HEeMTPUHO COJNTHe4YHOoro npoucxoxaeHus. Npeanaraemasn
Akapemuen Hayk CCCP nporpamma HeMTPUHHbIX UCCrefoBaHMM NO3BONUT 3a Onuxauwiue 5-7 neT B
3Ha4YNTEeNIbHOM CTeNeHN NMKBUANPOBATL Halle OTCTaBaHMe B 3TON o6nacTtu hUsmnKu.

B cBA3u ¢ nanoxeHHbiM Akagemusa Hayk CCCP npocuTt paccMoTpeTb npunaraemMbini NPoOeKT
noctaHoBreHus LK KINCC n Coseta MuHuctpos CCCP o pas3Butum nccrnegoBaHmm B obnactm pusmnku
HEUTPUHO U HEUTPUHHOMN aCTPOCPU3NKN U CTPOUTENBLCTBE C ITON LeNbI NOA3EMHON HEUTPUHHOM
CTaHUuW.

Mpe3naeHT Akagemumn Hayk CCCP
akagemMuk M.B.Kenabiw



M.A. Mapkos u 5.M. [lonmekopeo Ha MexcoyrhapoOoHoti koHghepenyuu no ¢usuke Helimpuro
u HeumpuHnot acmpogu3auke. baxcanckoe yweave, Yezem, 1977 2.




bakcan HauaJicoa
B 1963 r., koraa

> | I'eoprui 3anenun 7|

AJaexkcanap Yyanakos

HA4YaJIM Ha0MpaTb MOJIOABIX JIKO/Ieil, B OCHOBHOM BbINNYCKHUKOB ¢u3zpaxka MI'Y, nas
Pa3sBUTHS NPOrPaMMBbI MOA3EMHBIX UCCJIET0BAHUN, KOTOPbIE¢ BKJIKYAKT: KOCMUYECKHE
JIy4H, aTMOC(epHbIe U COJTHEYHbIC HEUTPUHO, HEUTPUHO OT CYIIEPHOBOM.



I'.T. 3anenun BIOpaJ ropy
AHabIpuM B bakcaHnckom
yuiejbe Ha Cesepnom KaBkase.
IT0 ObLJI caMbIi IKOHOMMUYHbIN

BapPUAHT U3 BCEX BO3MOKHbIX
IJIS CO31aHMA MOA3EeMHOM
JJadoparopum.




BHO I/ISII/I PAH

: “Karpet-2”
EAS array 2 EAS array
“Andyrchy” ;




2
TeJIeCKOI
- JlazepHbiii nuTEpdepomeTp
- AKyCTHYeCKasi FPAaBHTAllHOHHAA aHTEHHA
- leopusnueckan Jadoparopus
- Fajummii-repManueBblii HETPUHHBIN TEJIECKOII
(SAGE)

- Jlns OyaAymux NpoeKToB

- YcraHoBKa “AHAbIpYN”




ITotok Mi0oHOB (cM2c!)

10-8 L

10°

4 2200

- 2 24 gm0

p. bakcan

1000

2000 3000 4000 M
PaccTosane oT BX0Ma,M

1,7 — Huzko¢donosas 1aboparopus (s
ﬂ’

2 - bakcaHCKHI NoA3eMHbIH CHMHTH/IAIHOHH B

TeJecKon

- JlazepHbiii nuTEpdepomeTp

- AKyCTHYeCKasi FPAaBHTAllHOHHAA aHTEHHA

- leopusnueckan Jadoparopus

- Fajummii-repManueBblii HETPUHHBIN TEJIECKOII

(SAGE)

. % - Jlas GyaymMx npoeKToB

AN N AW

# - YceranoBka “Anabipun”
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The SAGE Collaboratlon

Measurement of the Solar Neutrino Capture Rate with
gallium metal

J.N.Abdurashitov, V.N.Gavrin*, S.V.Girin, V.V.Gorbachev, P.P.Gurkina,

T.V.lbragimova, A.V.Kalikhov, N.G.Khairnasov, T.V. Knodel, |.N.Mirmov, A.A.Shikhin,
E.P.Veretenkin, V.M.Vermul, V.E.Yants, and G.T.Zatsepin*

Institute for Nuclear Research, Russian Academy of Sciences, 117312 Moscow, Russia

M.L. Cherry

Louisiana State University, Baton Rouge, Louisiana 70803

T.J. Bowles*, W.A. Teasdale and D.L. Wark

Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

J.S.Nico
National Institute of Standards and Technology, Stop 8461, Gaithersburg, Maryland 20899, USA

B.T. Cleveland, S.R. Elliott, and J.F. Wilkerson*
University of Washington, Seattle, Washington 98195, USA

K. Lande, R. Davis, Jr., P. Wildenhain

Department of Physics and Astronomy, University of Pennsylvania
Philadelphia, PA, 19104, USA

* - Principal Investigators



Bbakcanckasi HedTpuHHas1 o0cepBaropusi, CeBepHbIH

Kaskas3, 3.5 KM 0T BX0/J2 B FOPH30HTAJbLHbINH TyHHE/b NNGe T,=11,43d
I'nyouna 3ano:xkenust 2100 m (4700 m.B.3.

y ( ) Ga Electron capture
50 Troun merajauyeckoro Ga _

ATombl "1Ge XUMHYECKH M3BJIEKAIOTCA M HX Pacnaj
PErHCTPUPYETCS B MPONMOPHUOHATIBHBIX CYHETYHKAX.
YyBCTBUTEILHOCTh: 01l aTom 'Ge u3 5:10%°
atomMoB Ga ¢ 3pPpexTuBHOCTBIO ~90%
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Capture rate(SNU)

SAGE

Measurement of the solar neutrino capture rate with gallium metal.
Ga(v, ¢)"'Ge, E,, =233 keV

Presently SAGE is the only experiment sensitive to the pp neutrinos

It has the longest almost uninterrupted time of measurements among operating solar neutrino experiments

20.5 year period (1990 — 05.2010): 197 runs, 368 separate counting sets
Result :  64.6 5 (stat) 55 (syst) SNU or 64.6 +3.8 SNU

2.
All extractions as function of time & Combined results for each year
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Mean extraction time

SAGE continues to perform regular solar neutrino extractions every four weeks with ~50 t of Ga



® rokaszajau HaJu4ue Je(UIuTa COJIHEYHBIX HEMTPUHO BO BCEM JIMAla30HE SHEPTUHU

HEUTPHUHO:

SAGE : [pp+"Be+CNO+pep+3B|Ga] = 64.6 * 3.8 SNU
BPS08(GS) BPS08(AGS)
SSM:(Ga) 1279481, 120.5%69_

® nanu npAMOe SKCNEPUMEHTAJIBHOE JI0KA3aTeIbCTBO CYIIECTBOBAHUS IMPOTOH-
MMPOTOHHOM LIETIOYKH B PEAKIUAX TEPMOSACPHOTO cCuHTEe3a B COJHIIE :

[pp|Ga] =39.9 £ 5.2 SNU

HN3MepeHHBIN TTOTOK 3JIEKTPOHHBIX PP HEUTPUHO HA 3EMIIE:
(39.9 £5.2) / cross. sect. = (3.40 044, ) x 10"%v_/(cm?s)
® nokazanu npaBWILHOCTD SSM u LMA pemenus ajisi HEUTPUHHBIX OCHMUJUISALIUMN :

- IOTOK pp HEUTPUHO HA 3EMIJIE:
(3.40 +0-44_0.46) x 1019/(¢ pee. ) =0.560(170-030 , ..)) = (6.1 £0.84) % 1010 V, /(eM? ¢)
OsxumaeMbIl IOTOK pp HEUTPUHO, IIPEICKA3bIBAEMbIN ABYMS COBPEMEHHBIMU SSM:
pp P p y p
(5.97£0.05) x 10'°v_/(cm? s) (BPS08(GS)) (high metallicity)
(6.04%0.05) x 101 v_/(cm? s) (BPS08(AGS05)) (low metallicity)



Ga(ve, oy Ge, E, - 233 KeV

I/I3MepeHne CKOpPOCTH 3aXBaTa COJTHCYHLIX HeHTpI/IHO
- HA MemajililudeCKom caiiuu.

SAGE, 50 ronn merammmueckoro 'Ga
197pauoB 3a 20.5-retHuii nepuos (SuB 1990 — mait 2010) mator pesyisrar: 604.6+:3.8 SNU

(1 SNU = 1 3axBat HEUTPUHO/CEK B MUIIIEHH, cojepkaiiei 103¢ aToMOB HEHTPHHO TMOTJIONIAOIIETO H30TOIIA).

Xopollee cornacue Mexay pesyiabraraMu Ga 3KCnepuMeHTOB
YBEJIIMYUBAET JIOCTOBEPHOCTD MOJIy4aeMbIX Pe3yIbTaTOB. ITO Oblia
3aMeyaTeIbHas CUTyallHs, YTO B TCUCHHE HECKOIBKUX JIE€T CYIIECCTBOBAIIH
nBa Ga skcriepumenTa, SAGE n GALLEX/GNO, koTopble Beau HaO0Op
JAHHBIX B OJTHO U TO K€ BpeMs M ACHCTBUTEIBHO 3aCIy>KUBAET OOJIbIIIOTO
coxkajieHus ToT ¢akT, uto 3kcnepuMeHT GNO ObLT OCTaHOBJIEH T10
HEHay4YHBIM IPUYHMHAM.

CpeI[HeB?.BeHIeHHaH BCJINYNHA PE3YJAbBTATOB BCCX
Ga IKCIICPUMEHTOB COCTABJINAC QAIICEC BPEM




Gallium source experiments

The experimental procedures of the SAGE and Gallex experiments, including the chemical
extraction, counting, and analysis techniques, have been checked by exposing

the gallium target to reactor-produced neutrino sources

GALLEX
N, N, + GeCl, |
1 =
e
r F25cm
r=200cm
GaCl,
He!

h=500cm

[+

(54 m?)
110t,

(#]

30t Ga

o
™ L]
L 5

\qw;/

| 427keV v (9.0%)
" 432 keV v (0.9%)

—

Gallex has twice used 5!1Cr

*ICr (27.7 days)

320 keV y

747 keV v (81.6%)
752 keV v (8.5%)

'

- 29 keV

YAr (35.4 days)

813 keV v (9.8%)

811 keV v (90.2%)

3

meg Ey&tem

l|

SAGE has used 5'Cr and 37Ar

_{ 'V (stable) - Y€ (stable)
'”G.._{m}
GALLEX SAGE
m(Ga)=30 t m(Ga)=13 t
Source 'er-1 | Y'er-2 e Y Ar
Activity, MCi 1.714 1.868 0.517 0.409
R = (pmeas/ppredd  10.95 + 0.11( 0.81 £ 0.11 [0.95 +0.12] 0.79 = 0.10
R, 0.88 + 0.08 0.86 + 0.08
R= pmeasured/ppredlct 0.87+0.05
T GALLEX Crl SAGE Cr
' R=AD<L>0
GALLEX Cr2 SAGE Ar

0s

o7

<L > - cpeaHss JJuHA

D=p Ny fM- miornocrn
1Ga B Mumenn

npoodera HEMTPUHO B MUILICHH




Ga sxcrnepmuMeHTEI:

- «have given a great impact upon a view of neutrino oscillation and have supplied
most important motivation for creation of SNO

* 1990 - SAGE shows greatly suppressed Ga rate
* 1990 - Start of construction of SNO»

(David Sinclair, May 2007)

*BrepBble Nokasanu, YTo NoJaBnAlLLAasa YaCTb CONTHEYHbIX HENTPUHO,
AOCTUraloLmx 3eMnm, 3T0 HU3KOIHEPreTUYECKME HENTPUHO OT PP peakumm

*rIOKa3bIBaOT OTSINYHOE COorfiacne Mexay Teopuen n akcnepumeHTom. bonee Toro,
TOYHOCTb U3MEPEHNN B IKCMEPUMEHTE OOCTUINA TOYHOCTU TEOPETUYECKNX
npeackasaHnn

* B HacToslLLIee BpeMsi 06ecrneunBaoT eAMHCTBEHHOE NPSMOe U3MEPEHNE CKOPOCTH
PP peakuunu

* pasBun TEXHONOMMIO U3roTOBITIEHUSA MHTEHCUBHbBIX UCKYCCTBEHHbLIX MCTOYHUKOB
HEUTPUHO — naeanbHOro MHCTPYMEHTa AN KannbpoBKM OETEKTOPOB COSTHEYHbIX
HEUTPUHO HU3KUX SHEPIUN, N KOTOPbIE TaKKe MOryT BbITb MCNOMNb30BaHbl A4
nccrnenoBaHmMs CBOUCTB HEUTPUHO



The Sudbury Neutrino Observatory: SNO

4 )
Acrylic vessel (AV)
12 m diameter

J/

4 )
1000 tonnes D,0O
($300 million)

p
1700 tonnes H,0
inner shielding

P
5300 tonnes H,O
outer shielding

\ J
e p
~9500 PMT's
\ J

i+l

== El .

|

(6800 feet (~2km) underground

#5 Shaft *g Shart

A\ RN
b

Granite
Gabbro

701 m (2300 1 )\::.\ X

level \ggi
1158 m (FF00 7t} I|
i | 5‘/
1.l

1646 m (5400 1t} 77
Tevel ﬂ‘\

=

CN Tower | Y

553 m (1815 ft.)

2073 m (6600 1) i

2 km

Tevel

Creighton mine
Sudbury, CA

(" _ Entire detector )
Built as a Class 2000
Clean room
- Low Radioactivity

\Detector materials

The heavy water has been returned and development work is in progress
on SNO+ with liquid scintillator and 1°9Nd additive.

Art MacDonald@Neutel2009



Sudbury Neutrino Observatory ¢2001r

2092m underground (6010m

water equivalent)

1000t of heavy water on loan from
AECL in 12m diameter acrylic

vessel surrounded by light water

9465 Hamamatsu PMTs (60%
coverage)

In phase II (Salt phase) 2000kg of
Na(l dissolved in DO

| Currently in phase III (NCD
phase) “He Counters in D3O

Recent SNO Results And The Final SNO Phase — p.2/21



Solar Neutrino Energy Spectrum

1012 : —— : R
1ot /—\ Bahcall-S8
3 pp=| £ 1%
100 Neutrino
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Neutrino Energy in MeV

O energy threshold for salt phase 5.5MeV

O is sensitive to °B neutrinos

Recent SNO Results And The Final SNO Phase — p.3/21



Deuteron

Deuteron

neutrinog

SNO is sensitive to

B Neutral current reactions with
any neutrino flavour

vD-->p+n+v

B Charged current reactions with
electron neutrinos

Voet+ D -->p+p+e

m Elastic scattering with predominantly

Ve

v+e -->v+e
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Flavor change

CC, NC FLUXES
MEASURED
INDEPENDENTLY

(=]

Pec =1.68 fg:gg(stat.)fggg (syst.)
bue =4.94 107 (stat) )3 (syst)

Pes = 2.35 J—rgég(Stat)

Q'Trlllrrlillrlillrlilll

{] 5 l L.5

2

E.SHS _’35

Electron neutrinos

¢, (x 10" cm™ s7!)

+0.15

The Total Flux of Active
Neutrinos is measured
independently (NC) and agrees
well with solar model
Calculations:

5.82 +- 1.3 (Bahcall et al),
5.31 +- 0.6 (Turck-Chieze et al)

015 (Syst.)

(In units of 10°cm™>s™")

dcc

dne

= 0.34+ 0.023(stat.)’

+0.029

Improved accuracy

4 . 2
0,031 =€08 0y38in” 0, +— for0,,.




SNO Timeline Summary

1998 1999 2000 2001 2002 2003 ~ 2004 2005 K 2006
//
commissioning / Salt

added 2 ton of NaCl Pure D,0
and desalination
« pure D,0O phase discovered active solar neutrino flavors that are not v,

» salt phase moved on to precision determination of oscillation parameters; flux
determination had no spectral constraint (thus could use it rigorously for more
than just the null hypothesis test) — day/night effect and spectral shape were
studied as well as the total active 8B solar neutrino flux

 Phase Ill configuration offered CC and NC event-by-event separation, for
improved precision and cleaner spectral shape examination; analyses combining
all three phases are in progress
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Solar + KamLAND fit
results

Am? =7.59700 107 eV?
bz =4.91x10°cm?s™ (£~ 7%)
6,, =34.47) degrees

0, = 33.93;1 deg (previous)

Neutrino flavour symmetry phenomenology:
(Smirnov summary at Neutrino 2008)
Tri-Bi-Maximal Mixing: 35.2 deg
Quark-Lepton Complementarity: 32.2 deg
(812 * Ocapbino = 40 deg)

The accuracy on 6,, and ¢g45 Will improve
with new data analysis: SNO LETA

Art MacDonald@Neutel2009

This work:
« SNO NCD results
agree well with
previous SNO phases.
Minimal correlation with
CC. Different
systematics.
* New precision on 0

Future solar analysis:
* LETA (Low Energy
Threshold Analysis)
 3-neutrino analysis
* hep flux
* Day-night, other
variations

 Muons. atmosbheric v




SNO+

of Canada Limited (every last drop)
SNO detector to be filled with liquid scintillator
— 50-100 times more light than Cerenkov

linear alkylbenzene (LAB)
— compatible with acrylic, undiluted

A TAE S Rk

Linear Alkylbenzene

= o

— high light yield, long attenuation length.,®®
— safe: high flash point, low toxicity s 'F
— cheaper than other scintillators L& |
physics goals: pep and CNO solar neutrinos, geo neutrinos,

reactor neutrino oscillations, supernova neutrinos, double beta
decay with Nd



KamLAND: long-baseline multi-reactor experiment

.4+ :
Nuclear Power Stations in Japan typical
[ e T e T 12 % LMA
G et || [ e e
[=fesles] T B | fus Jva] I
I Hh-lmﬂ—-q-q \ T — ||:| + # By .)‘_..._.._..#......_,__m__“.:* _J/_ - -
T { s Ve P (s - Lo Mabls ;— ¢ -"‘-_r-
I i e uﬂ!!.! gm {‘IIE B & ILL 51. ;'i
r“"‘—"“..- & #  Savannah River H f ;o
= U6 o Bugey e
> Rovno
(L4 & Goesgen sl
s Krasnoyark h'
0.2+ 0 Palo Yerde
B Chooz ® KamLAND
| s a 8 :E o ! | | !
o' et 0

Distance to Reactor {m)

Average distance: ~180 km

Typical v energy: few MeV
Sensitivity to om? ~ few x 10-° eV?2



Solar + KamLAND 3-Neutrino Overlay

x10°
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0.25 00% CL. —— 95.00% CL

99.73% CL — 99.73% CL
E

global solar and . KamLAND
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separately = . 0 ks 95.00% CL 1
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KamLAND

1000 tons (80% dodecane, 20% pseudocumene)
1880 PMTs (17" and 207) Person (for scale)
34% photocathode coverage Apcesy Chimmey =

singles spectrum shows 2'°Pb and &Kr Liquid Scintillator Volume
and also 49K contamination

Photomultiplier Tubes <3

Fiducial 4m Buffer Qil Volume

Stainless Steel Vessel

Water Cherenkov Detector -

Events/MeV/sec

must purify liquid scintillator
to achieve solar v sensitivity

2 goal: 105 to 108 reduction

Visible Energy [MeV]

KamLAND information from LRT Workshop presentation in Sudbury, August 29, 2010



Oscillations for Solar Neutrinos

Solar Model Flux Calculations

Flux at 1 AU (cm_2 s_lMeV_l) [for lines, em™2 s_l]
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The Borexino Detector at Laboratori Nazionali Gran Sasso

*Low background
*High mass: 270 tons active mass, liquid organic scintillator PC + PPO (1.5 g/I)

*2200 Photomultipliers

Borexino is continuosly
RUNNING since May 16, 2007

We have now more than 900
days of live time

Borexino is the results of almost
20 years of R&D and tests!!!

PhysSun 2010, G. Sasso, G. Testera INFN Genova



The Borexino Detector layout

Stainless Steel Sphere:
6.85 m radius

o || 2212 photomultipliers
Scintillator: & | )| 1350 m3
270t PC+PPO in a 150 um : r
thick nylon vessel . B ¢ ' % Design based on the
¢ - = W || principle of graded
- : shilding
Nvlon vessels: .
Inner: 4.25 m radius Water Tapk(16 m_height)
Outer: 5.50 m yand n s\l{neld
1 water C detector
208 PMTs in water
100’
Carbon steel plates N 20 Ie s




Be7 signal after 192 days
and before the calibration campaign

Be: (49 3, t4

Sys

) cpd/100 tons (192 days)

No-oscillation hypothesis rejected at 4c level

Estimated |0 Systematic Uncertainties” [%]

Expected
rate
(cpd/100 t)
No oscillation 751 4
BPS07(GS98) 48+ 4
HighZ
BPS07(AGS05) 44+ 4
LowZ

Total Scintillator Mass 0.2
Fiducial Mass Ratio 6.0
Live Time 0.1
Detector Resp. Function 6.0
Cuts Efficiency 0.3

*Prior to Calibration

PhysSun 2010, G. Sasso, G. Testera INFN Genova



. i | pnil%l}
Borexino ot et
ﬁ; : i Ble(6%)
s 107 b '
and solar neutrinos 5 s b=
; | .--""'"_FFFT : :\1 e —
:'E‘K 10° rf 1| 20 T
@ 1000 ;,..--'"""#___-_E i pe;:l:{l.l%:»}] 58511':-!%]
l[}: 1 . Gﬂl .CL "F(* ;%) SNO & Si|.K
1.0

’Be solar neutrinos 01 02 05
*This was the main physics motivation Energy (MeV)
*Borexino is measuring the real time spectrum and flux of the 0.862 MeV neutrinos
*Results after 192 days live time: 49 +- 3, +- 4, . cpd/100t

. FIRST real time measurement!

*Toward higher precision : the Borexino calibration campaign

*Day night asymmetry

20 50 100 200

8B solar neutrinos
*Low (3MeV) threshold detection

pp, pep, CNO:

swork in progress

PhysSun 2010, G. Sasso, G. Testera INFN Genova



Neutrino
production

SNQO O6benunennbIi Ha0Op JaHHBIX UMEET JIHEBHOE KMBOE BPEMsI
128.5 nHeu u HOUHOE KuBOE Bpems 177.9 nueii:

Ao =0.037+0.040

Omcymcmeyrom ceudemersibcmea acuMmempuu om
aghghekmos seuwjecmea Ha 3emre
S-K 1 naGop Huskosnepreruyeckux JaHHBIX cOOTBETCTBYET 1496 nHAM KHENIKINEIIEN

(c 31 mast 1996 no 15 uronsg 2001): HabmoneHHas acCHMMETPHS IeHb-HOYb A
— Hous )/(0.5*(ens + Houp) = —0.021+0.020+0013 _ .,

He Habno0eHo yKa3aHuUU Ha HapyweHue criekmpa.

BOREXINO - nonHoe x)uBoe BpeMms 422.12 nueri. Houb 212.87 nueit. Jens 209.25 nneii:
s acumMetpun Jlenb-Houb OT curHaia HEUTpUHO HEOOXOIMMa TOYHAS MOATOHKA CIIEKTPA,
HO Ha HEE BIIUAECT CTAaTUCTUUECKAs H€0HpeI[€JI€iHH Th

one =75 qjm ADN"V =0.02+0.04

3uma (66 SR): 66.576 ., SNU, Jleto (57 SR): 74.17%4 ., SNU
W-S:-7.6 £ 9 SNU (o:xxupaercs or 1/d2: +2.5)

Omcymemeyem u3bbimok e 3-/1,kak oxudanoce 0ns LMA I!
SAGE (168 runs): pasnuia 3uma MuHYC JIeTO B cKkopocTr 3axBara B SAGE
R, — R =5.8"62_ SNU

I'ZIe YCTAaHOBJIEHHAs! HEONPEAEICHHOCTh TOJIBKO CTaTUCTUYECKaA. JJ1s 3TOro pacuera Jero
ONPENENSIIOCh KaK +)4-4acTh rojia, HIEHTPUPOBAHHAS 110 21 UIOHIO, a 3MMa KaK OCTAaTOK roja.

stat
Cucrtemartnyeckne omnodkm ncenenyrTeA

Ry ~Rs, icoenacyemcs ¢ Hynem, ykasbigas Ha mo, 4Ymo He cyujecmeyem 8 U3MEePeHUsIX Ha
2alnuu He cywecmeyem 3amMemHou pa3Huybl Mexaoy ckopocmsamMu 3axeama OeHb U HOYb, KaK
amo oxudarnockb 8 Heda8HO orpedeneHHbIX 3Ha4YeHUSX rnapaMmempos HelumpuHHbIX ocuunnayuu



|. Solar neutrino data and 63 2

Chlorine }—’SuperK, SNO

The solar neutrino problem

e Nuclear reactions in the core of the Sun produce
electron neutrinos; ol

¢ during the last 40 years, a number of underground
experiments has measured their flux in different
energy windows;

Flux [em™® g~

e it is found that ALL the experiments observe a

0.1 1.0 10.0

deficit of about 30 — 60%; Nentrino Fnergy in Me¥

e the deficit is NOT the same for all the experiments, f 3 ¢
hence the effect is energy dependent. % ] :
¢ it is not possible to reconcile the data with the - 05;— } }
Standard Solar Model (SSM) by simply readjust- | s« ows } """""""""""" E
ing the parameters of the model; - oo { SK Sjo
e solution: neutrino v, — vaeive 0scillations; : o ) i
¢ Effect well understood = PROBLEM SOLVED. R R R Expenment

Michele Maltoni <michele.maltoni@uam.es> PuySun 2010, 4/10/2010




Solar Neutrinos: What's Known
Putting It All Together

100%

°B solar v well studied o E__—-"‘—:} e Bahcall-Serenelli 2005 ]
by SUpEF—K and SNO II:}“‘E- Meutrino Spectrum (+1o) 1

e
: ] ]
there are good data on pp solar v's - o e :
from the Ga experiments T 107 :
must determine contribution of 8B % '} T 1
and "Be, subtract, and you getpp = *'[ | |
from the Ga experiments Wir'// :
: 1ma 1
Borexino has measured the 'Be s} :
flux 5

0.1 1
Neutrino Energy in MeV

pep and CNO solar neutrinos are the next targets and
SNO+ aims to detect these




14-th Lomonosov conference

on elementary particle physics ‘u-,.. {
Moscow, August 19-25,2009 o
: INR V.N. Gavrin p -

0 ' solow V\ewt'rww- mystery

ve, CC, N( SNO (5,0 MeV) ] 0,90 + 0,08

ve SuperK (5,0 MeV) 0,406 £+ 0,09
Ga+v, — "Ge+e Ga-Ge (0,23 MeV) 0,50 + 0,05
ve Kamiokande II (7,0 MeV) 0.48 + 0.08
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Abundances

Protosolar 1.43%
X,Y,Z T,

¥ He
u/

71.54%




Metallicity Z

42.9%




HenTtpunHo 1 cogepxaHne Tsaxernblx ariemMeHToB B CosHue

OaHnm 13 pyHoameHTanbHbIX BKNagos CrtaHgapTtHom ConHedHon Mogenu
SIBNSIETCA BO3MOXXHOCTb MccnegoBaHns cogepxaHms B ConHue Bcex
9NEMEHTOB BblILLIE renus.

CtaHpgapTtHasa ConHevyHaa Mogernb, ocHoBaHHaa Ha MOAENN CO CTapbiM
(BbICOKMM) coaepaHuem Tskenbix anemeHToB (Grevesse n Sauval),
(Space Sci.Rev.85, 161(1998) xopowuo cornacyetcs, B npeagenax 0.5%, c
BENTMYNHOWN CKOPOCTU 3ByKa Ha CornHue, NUSMepPEHHOWN B refInoCENCMONOMNM.

Hogenwas pabota Asplund, Grevese n Sauval (Nucl.Phys.A 777(2006)

yKa3blBaeT Ha MOHMXKEHME CcoaepXXaHNS TAXKeNbIX 3IMMEHTOB NPUMEPHO B
OBa pasa. JTOT pesynbTaT paspyLllaeT cornacue ¢ rerimocCencMosiormen.

Bo3MOXXHO npexHee cornacue ¢ BbICOKMM yposHeM metallicity 6610
cnyvavHbIiM?

PeweHnio aTon npobremMmbl MOryT NOMOYb U3MEPEHUSI CONMHEYHbIX HENTPUHO
oT 7Be (HecoBnageHne 12%) n ot CNO uukna (HecosnageHue 50-60%).

OcobeHHo npsimoe namepeHne HenTpmnHo ot CNO umkna morsno Obl
paspewunTb 3Ty nonemuky Bokpyr CtangaptHon ConHevyHon Mogenw.



Future Experiments

charged-current reactions principal focus
LENS (In) [R&D and prototype] pp
MOON (Mo) [small-scale R&D] pp

neutrino-electron scattering
KamLAND [purified, analyzing data] ’Be

SNO+ [under construction] pep+CNO
CLEAN [building DM prototype] pp
XMASS [building DM prototype] pp

LENA [R&D] pep+CNO+hep




LENS — Low Energy Neutrino Spectroscopy

v+ e

—_——

solar signal

b
delayed tag (r=4.76 15)

+ y+(rle) +"°Sn

The Indium Low Energy Neutrino Tag

‘E“'r M2+ 1857
¥
B{G1'}~{].U1;Q,=137Ej K] —
=
; 28140 1136
/ e, 100.8 (efy =5.7)
/ 72 6128

B(GT) = 0.47: Q\,ﬁ}y (eh), |115.6 (en =039

- / L2100s . 4973
159N (95.7¢
T=64x10%y Y5 |497.3
|
17 0

158n

40 pp events/(yearton of In)
includes event tag efficiency

CC measurement of pp flux using
an 8% In-loaded scintillator

suppress 15n B~ background

79x10" backgrounds/(yr-ton of In)
use spatial event topology

use coincidence time

[~ energy <500 keV

tagged sum = 613 keV

requires neutrino source
calibration of CC cross section*

Mini-LENS being built: 125 L of
scintillator (1/1000 of LENS)

*nropose to use Borexino 78e v-e to calibrate CC cross
section on indium



LENS Novel Lattice Readout

Signal
E(v) 114 keV A
1=4,76us Q
In / ely 1116 keV .
(oY
497 keV S
=.?
11ﬁsn

Lens NUFlu Chamber—3.5m3.5mx5.5m (including
side buffer--—~10 ton Indium
Light confiner Cells

InLS Teflon
WS Bar Reflector Cell Crate
mi\rror Ti '\ i /1 ol
i ] \ / / \ I Fiber Link
I ! 3\' T L_ et APD

H |

even newer readout idea
under R&D




Tagged Signal — No Backgrounds

only pp suffers from the indium beta background

clean spectroscopy
of low energy solar
neutrinos

for 5 yrand 10 ton
of In, the pp and
’Be neutrinos are
clearly measured

10? _
~2000 pp events wf i e
~750 7Be 1 = S

~150 CNO events

250_—

ool—

150[-

100

i T N e 0Nl Y 0 i H\-rll-l} =R

1 N rll\-l

Fitted Solar Nu Spectrum
(Signal+Bgd) /5 yr/10 tIn

S/IN=3
ST ATION

sighal electron energy [MeV]




MOON — Molybdenum Observatory Of Neutrinos

CC measurement of pp flux using Mo target foils
v, + 199Mo — 100Tc + e~ (threshold 168 keV)
- L

199Tc B decays with 16 s half-life, Q = 3.0 MeV ———

has background from 2vBp of 1%Mo : - —_—
% 0 ro CE )

Mo F ol R —
[ - PL

[ - O

MOON-1 prototype
142 g of 190Mo foil
40 mg/cm?

9.6% natural isotopic
abundance




Elastic Scattering Experiments:
CLEAN and XMASS

v-e scattering in noble liquid (scintillation) to detect pp solar

neutrinos

these are dual purpose detectors: dark matter and solar v
XMASS also double beta decay of 136Xe

oscillated event rate: ~1 pp v event/(day-ton) for 50 keV
threshold

main detector concept behind each experiment
CLEAN: liquid neon has no radioactive contamination
XMASS: liguid xenon has very effective self-shielding




XMASS — Xenon MASSive Detector

*" Dark Matter Search

Three phases of XMASS experiment '

* 100 kg

prototype built,

Of %r-atgd, 100kg Prototype 800kg Detector 20ton Detector
studie (FV:30kg, ~30cm) | | (FV:100kg, 80cm) (FV:10ton, ~2.5m) X
* soon (this = NQy4 R o
week!) turning N4 A 4 A '
on ~850 kg N ' WA i --
detector for ' G ds 2o \P ey
dark matter 007: Project was funded. i

* pp solar 2010 : Data taking | :
neutrinos Solar Neutrino

require 10 ton Dark Matter Dark Matter

fiducial volume
and even larger
size for self-

shielding Double Beta Decay

from K. Kobayashi’s talk at IWDD’09



XMASS Detector in Kamioka




XMASS Detector in Kamioka




Solar Neutrino in KamLAND

nuclear fusion reaction in the sun

pp chain CNO cycle
Wy | e LIEF;:' - = P[gl 0.1ve r-l:-;l_u..
e ]'*“-'l, T pIC—"N+
i N0

pq."«Cu N

[750) e UT}
.q CNO v,

'Be
Standard Solar Model (SSM) - singles spectra after 1st purification

J.N. Bahcall and A.M. Serenelli, Astro. Phys. J. 621, 85 (2005) ot | radioactive backgr-ound
Model pp pep hep 'Be °B BN PO U'F i f,.-‘\

BP04(Yale) 591 140 7.88 486 579 571 503 591 & l"lst e e
BP04(Garching) 594 141 7.88 484 574 570 498 587 L W7 %

BS04 504 140 7.86 4.88 587 562 4.90 601 2 05|/ 1w£t? “f“ﬁ RS0, 4.0cz
BS05(1N) 599 142 791 489 5. 2.3¢ E _{.-"10-4._,1“-5 N, g,
BS(};,@SQB __ 599 142 793 F1.84 569 ¢ E = 2nd pur{fcatlon L :
BS05( \é._g(g%k " 6.06 145 825 @ 151 = 107 \ Hk 2104
BSO05( E] 6.05 145 823 4.38 108

Test low abundance of -10% -38% e b TR BT S S
heavy element (AGS05)  Sas:2.5% S114:8.4% = o 8 12

[MeV]

Radioactive BG reduction (3%Kr).:.10-%10:2 after the any purification




large-volume multi-
purpose observatory

LENA

Liquid Scintillator For Low-Energy
50 kt PXE / 43kt LAB _ _
contained in an Neutrino Astrophysics
Inner Nylon Vessel
R =13m, 150mm thick
SCIENTIFIC GOALS

Buffer Region
Quenched scintillation, 2m thick

Nucleon Decay
Supernova neutrinos
Diffuse SN neutrinos

Steel Tan!f, .
Nayratliot L Geoneutrinos
. Solar neutrinos
Water Cerenkov Veto i i
1500 PMs, at least 2rm Atmospheric neutrinos
EqeSHaped Cavern Neutrino properties by

about 108 m3

reactors/accelerators
Indirect dark matter search

Overburden:
> 4000 mwe



Solar Neutrinos in LENA

i TBarexing, arXiv 0505 3543 ]
10°F
s — Fik: ¥/KDF = 185,174

E- = 'Bpr 49+1 cpd /100 toos

il HPRi+CHD: 23+ epd/100 tans
e THp: 25%3 cpd /100 tons

-1 — Hgyp 25%] spd/ 100 toBE
10¢) ¢ g Lz
f \

Counts/ (10 koV x day x 100 kons)

?Be-v

10 85}”“‘-H  / CNDfpep -y
10 zn:lml TR 'Ilhu:ir; FTTRTTRTTRTTS 1'3!-3:'1- ;nnn
Encrgy [ke¥]
Channel  Bource Nentrino Rate [d!]
BPS08(GS) DBPS08[AGS)
L 48] 24924010 | 25.2140.13
pep 365+41 J7oL4
hep 0.1610.02 0.1710.03
"RBe 19841297 44601265
*B 8249 BT
CNO 4587 350132
B3O "B 1.7440.16 1.5640.11

Detection Channel

elastic v-e scattering, E = 0.2MeV

Background Requirements
» U,Th concentration of 108 gfg
fachieved in Borexino)

» chielding of 4000 mwe for CNO/pep meas.

Scientific Motivation
» determination of solar parameters
shep-v contribution
stotal w-luminosity via pep-v meas.
*CMN O contribution = discrimination of
high/flow metallicity solar models
» search for temporal modulationsin "Be flux
[sensitivity on subpercent level, g-modes?)

» probethe WMSW effect in thewvacuum
transition region (FB-, pep)

— new osc. physics

= search for v, — ¥, conversion

Rates above threshold, assuming a conservative fiducial mass of 18kt



A dymaio, ymo nomumo obwe2o ceoe20 Ha3HaUeHUN
CAYHCUMb UHCMPYMEHIMOM NO3HAHUS NPUPOObL U 0bwecmaa,
NOMUMO c80ell nNpaKkmuueckol poau, Hayka ecmbs eule
noxkasamens YpoBHA pazsumus Cmpabil.

be3 boavwoil Hayku He Moxcem 6blmb 8bLCOKO20
YPOBHA peuleHUN 2padyuiux 3adau.



* B 3akKnloueHUe Xouy Bbipa3uTb
braropapHOCTb MHOTMM MOUM KOAAEraM
U3 Hay4yHoro coobLuectsa, matepuanbl U
CAAUAbI KOTOPbIX | UCMOAB30BaA B 3TOU
AEKLUU
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