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ɻʘʣʣʠʝʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʪʦʯʥʠʢʘʤʠ 

Gallex ʜʚʘʞʜʳ ʠʩʧʦʣʴʟʦʚʘʣ  51Cr 

       R = pʠʟʤʝʨ./pʦʞʠʜʘʝʤ. = 0.87Ñ0.05  

                      [Bahcall 97]  

    
GALLEX  SAGE  

m(Ga) =30 ʪ m(Ga) =13 ʪ 

ʀʩʪʦʯʥʠʢ 
51

Cr -1 
51

Cr -2 
51

Cr  
37

Ar  

  ʄʦʱʥʦʩʪʴ, 

Mʂʠ 1.714 1.868 0.517 0.409 

  R = 

(pʠʟʤʝʨ/pʦʞʠʜ) 0.95Ñ0.11 0.81Ñ0.11 0.95Ñ0.12 0.79Ñ0.10 

  Rcomb   0.88 Ñ 0.08   0.86 Ñ 0.08 

ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʟʘʭʚʘʪʘ ʥʝʡʪʨʠʥʦ, ʠʟʤʝʨʝʥʥʘʷ 
ʚ Ga ɻ ʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʠʩʪʦʯʥʠʢʘʤʠ, ʤʦʞʝʪ 
ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʝʡʪʨʠʥʥʳʭ 
ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʝʨʝʭʦʜʦʚ ʠʟ 
ʘʢʪʠʚʥʳʭ ʚ ʩʪʝʨʠʣʴʥʳʝ ʥʝʡʪʨʠʥʦ ʩ ȹm2 ~ 1ɻ ɺ2 

çɻʘʣʣʠʝʚʘʷ ʘʥʦʤʘʣʠʷè (2.6ů)  

GALLEX  

SAGE ʠʩʧʦʣʴʟʦʚʘʣ 51Cr and 37Ar 

SAGE 

[Phys. Lett. B 420] 

ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 4-ʭ ʛʘʣʣʠʝʚʳʭ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 
ʦʩʮʠʣʣʷʮʠʡ  ʚ ʩʪʝʨʠʣʴʥʳʝ ʥʝʡʪʨʠʥʦ.  
b.f.p.  ȹm2=2.15 eV2 ,  sin2(2ɗ)=0.24 
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Consequences of 71Ga(3He, t) 71Ge and QEC -value measurements: 

1.   contribution  from excited states:      7.2% Ñ 2.0% (5.1% by  Bahcall)(1) 

Recent measurement of 71Ga(3He, t)71Ge (At RCNP, Japan) 

2.   QEC is close to the value employed by Bahcall(2) : 

                                  233.7 Ñ 1.2 keV (232.7 Ñ 0.15 keV used by Bahcall) 
Penning trap Q-value determination of the 71Ga(ɜ,e-)71Ge reaction using threshold charge breeding of on-line 

produced isotopes (at ISAC/TRIUMF Canada)  

3.    the observed discrepancy is NOT due to any unknowns in Nuclear Physics. 

    The deficit of neutrinos in the Ga source experiments can be a real physical 

effect of unknown origin, such as a transition to sterile neutrinos 

(1)   D. Frekers, H. Ejiri, H. Akimune et al., Phys. Lett. B 706, 134 (2011) 
(2) D. Frekers, M. C. Simon, C. Andreoiu,et al., Phys. Lett. B 722, 4ï5 (2013) 
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RGa
ave-Frefers   = 0.84 Ñ 0.05 (2.9ů) 

  [S Gariazzo, C Giunti, M Laveder, Y F Li, E M Zavanin, arXiv:1507.08204v1 [hep-ph]] 



.  

ǒ  ʇʦʠʩʢ ʠʩʯʝʟʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʥʝʡʪʨʠʥʦ     
ʯʝʨʝʟ ʨʝʘʢʮʠʶ ʟʘʨʷʞʝʥʥʳʭ ʪʦʢʦʚ (CC) : 

                           ɜe + 71Ga Ÿ 71Ge + e- 

ǒ   ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʘʢʪʥʦʛʦ, ʧʦʯʪʠ 
ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʠʥʦ ʭʦʨʦʰʦ 
ʠʟʚʝʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ï ʥʘʙʣʶʜʝʥʠʝ ʯʠʩʪʦʡ  
ʩʠʥʫʩʦʠʜʳ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ : 

 

 

ǒ  ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ̫ʘʢʪʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ. 

ǒ  ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ 
ʟʘʭʚʘʪʘ ʥʝʡʪʨʠʥʦ ʥʘ ʜʚʫʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʠʩʪʦʯʥʠʢʘ. 

ǒ  ʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʦʯʝʥʴ ʢʦʨʦʪʢʦʡ ʙʘʟʦʡ.  

ǒ  ʇʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʡ ʬʦʥ. ɺ ʦʩʥʦʚʥʦʤ ʦʪ ʉʦʣʥʮʘ.  

ʀʩʪʦʯʥʠʢ 3ʄʂʠ ʦʙʝʩʧʝʯʠʪ ʢʦʣʠʯʝʩʪʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ Ga ʚ 
ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʨʘʟ ʧʨʝʚʳʰʘʶʱʝʝ ʪʦ, ʯʪʦ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʦʪ 
ʉʦʣʥʮʘ.  

ǒ ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʠʟʚʣʝʯʝʥʠʷ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʚ 
ʩʦʣʥʝʯʥʳʭ ʠʟʤʝʨʝʥʠʷʭ SAGE ʥʘ ɻɻʅʊ. 

ǒ  ʇʨʦʩʪʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ BEST : 

ʉʭʝʤʘ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʥʝʡʪʨʠʥʦ. R1 ʠ R2 ʦʪʥʦʰʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʟʘʭʚʘʪʘ ʢ ʦʞʠʜʘʝʤʳʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʩʮʠʣʣʷʮʠʡ ʩʢʦʨʦʩʪʷʤ 

ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʟʦʥʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 ɹʅʆ ʀʗʀ ʈɸʅ 
ɺ. ʅ. ɻʘʚʨʠʥ ʕʢʩʧʝʨʠʤʝʥʪ BEST 



1. ʆʙʦʛʘʱʝʥʠʝ ʩʪʘʨʪʦʚʦʡ ʤʠʰʝʥʠ ʚ ʬʦʨʤʝ ʬʪʦʨʠʩʪʦʛʦ ʭʨʦʤʠʣʘ (380 ʢʛ) ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʦʛʦ ʭʨʦʤʘ ʧʦ ʠʟʦʪʦʧʫ ʭʨʦʤ-50 ʜʦ 97%  
 

-    ʇʦʣʫʯʝʥʦ 4500 ʛ (ʧʦ ʤʝʪʘʣʣʫ) ʭʨʦʤʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʧʦ ʩʪʘʙʠʣʴʥʦʤʫ ʠʟʦʪʦʧʫ 

ʭʨʦʤ-50, ʚ ʚʠʜʝ ʭʨʦʤʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ (CrO3), ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʦʛʦ ʠʟʦʪʦʧʘ ʭʨʦʤ-

50 ʩʦʩʪʘʚʣʷʝʪ 98 %  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʩʪʘʨʪʦʚʦʡ ʤʠʰʝʥʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʭʨʦʤʘ-50 



ʀʉʊʆʏʅʀʂ ʅɽʁʊʈʀʅʆ 51CR 

(ɽ. ʇ. ɺɽʈɽʊɽʅʂʀʅ, ʖ. ʇ. ʂʆɿʃʆɺɸ) 

 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ 

ʟʘʱʠʪʘ 

ʂʦʨʧʫʩ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ 

͍̆ͪͦͣͦ
·͔ 
͙͙͒ͫ͟ 

ʂʘʧʩʫʣʘ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ 

ʩʪʘʣʠ 

4 ʢʛ 97%-

ʦʙʦʛʘʱʝʥʥʦʛʦ 50Cr,  

26 ʭʨʦʤʦʚʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʜʠʩʢʦʚ h = 4 ʤʤ,  

Å 84 ʠ 88 ʤʤ. 

 

˻͋ͯ͡;͔͊ͭ͡Έ͔ͤͦ 
͚͍ͯͫͭͪͦͫͭͦ ͫ 
ͻ͍ͪͦͣͦ·͙ͣ 
͙͙͒ͫ͊ͣ͟ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʦʙʲʝʤʝ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ ʩ 

ʠʩʪʦʯʥʠʢʦʤ 

ʥʝʡʪʨʠʥʦ 

ɹʠʦʣʦʛʠʯʝ

ʩʢʘʷ 

ʟʘʱʠʪʘ 30 

ʤʤ 

(W - 98%, 

Ni - 2%, 

Cu - 1%) 



ʅʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʨʘʩʯʝʪʳ ʪʨʘʥʩʤʫʪʘʮʠʠ ʷʜʝʨ. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʣʫʯʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʆʋ), ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʣʫʯʠʪʴ 

ʘʢʪʠʚʥʦʩʪʴ ʭʨʦʤʘ-51 ʙʦʣʝʝ 3 ʄʂʠ, ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʝʘʢʪʦʨʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ Cr-

51 ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚʘʨʠʘʥʪʥʳʝ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʨʘʩʯʝʪʳ ʪʨʘʥʩʤʫʪʘʮʠʠ 

ʷʜʝʨ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʆʋ ʩ ʩʪʝʨʞʥʝʚʦʡ ʠ ʜʠʩʢʦʚʦʡ ʬʦʨʤʦʡ 

ʤʠʰʝʥʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʘʨʠʘʥʪʥʳʭ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ : 
 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʆʋ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʥʘʨʘʙʦʪʢʫ ʭʨʦʤʘ-51 ʚ ʢʦʣʠʯʝʩʪʚʝ ʙʦʣʝʝ 3ʄʂʠ   

(ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʩʢʦʚʳʝ ʟʘʛʦʪʦʚʢʠ  

ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʭʨʦʤʘ ʜʚʫʭ ʪʠʧʦʨʘʟʤʝʨʦʚ (ß88Ĭ22 

ʤʤ ʠ ß84Ĭ6 ʤʤ, ʧʦ 13 ʰʪ.), ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʭʨʦʤʘ 

4007.5 ʛ, ʦʙʦʛʘʱʝʥʠʝ ʧʦ ʠʟʦʪʦʧʫ ʭʨʦʤ-50 ï 98%). 

ʉʙʦʨʢʘ ʩʪʘʨʪʦʚʦʡ ʤʠʰʝʥʠ ʠʟ ʭʨʦʤʦʚʳʭ ʜʠʩʢʦʚ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʆʋ  

ʆʋ ʩ ʭʨʦʤʦʚʦʡ 

ʤʠʰʝʥʴʶ 22 ʤʘʨʪʘ 

2019 ʛ. ʫʩʪʘʥʦʚʣʝʥʦ  

ʥʘ ʦʙʣʫʯʝʥʠʝ  

ʚ ʎʝʥʪʨʘʣʴʥʫʶ 

ʣʦʚʫʰʢʫ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʉʄ-3 



ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ  
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 fit exp A

A
3
(M

C
i)

Time (d)

Model Exp2PMod1

Equation y = a*exp(b*x)

Reduced Chi-S
qr

3,34446E-7

Adj. R-Square 1

Value Standard Error

A2points a 3,40994 4,72825E-4

A2points b -0,02502 0

ɸʢʪʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʥʝʡʪʨʠʥʦ ʩ ʫʯʝʪʦʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʥʘ 14-02 05.07.2019 ʩʦʩʪʘʚʠʣʘ 

3.410 ҕ 0.008 ʄCi 
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June 22 to July 2, 2020  Gamma-ray spectroscopy 
 Measured nuclide impurities in the 51Cr source and their 

contribution to the source activity measurement at the 
reference time 14:02  on 05.07.2019 

From 11 spectrometric measurements of gamma radiation of the source was obtained: 
     - the total amount of heat release from impurity radionuclides  is 2.9 Ñ 0.5 mW ,  
        which is ~ 4Ŀ10-6 of the initial 51Cr source power, and  can be neglected; 
    - confirmation of a high purity of the material used to produce the 51Cr source  

(V.V. Gorbachev, XXXV International Conference on Equations on State 
for Matter, Elbrus, KBR, March 1-6, 2020) 

Full spectrum of photons 

from the source  

Part spectrum of 
photons from the 
source (600-900 
keV) 



2 zone gallium target 
Source 

Lead 

chamber 

ɹʅʆ ʀʗʀ ʈɸʅ 
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S A  G E 
 Gamet ~ 50 tons 

Global intensity of muon   

  (3.03 Ñ 0.19) Ĭ 10-9 (cm2s)-1 

Fast neutron flux (>3MeV)  

  (6.28 Ñ 2.20) Ĭ 10-8 (cm2s)-1 



 ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ BEST 

ʀʟʤʝʨʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ: 

1) ʇʝʨʝʤʝʱʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʚ ʩʚʠʥʮʦʚʳʡ 

ʢʦʥʪʝʡʥʝʨ 

2) ʀʟʤʝʨʝʥʠʝ ʩ ʇʇɼ ʩʧʝʢʪʨʘ ʛʘʤʤʘ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 21.65 ʤ (1ʯ) 

3) ʇʝʨʝʤʝʱʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʚ ʢʘʣʦʨʠʤʝʪʨ 

4) ʀʟʤʝʨʝʥʠʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

( 20-21 ʯ ) 

ʀʟʚʣʝʯʝʥʠʝ 71Ge ( ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 30 ʯʘʩʦʚ ) : 

1) ʇʝʨʝʢʘʯʢʘ ʛʘʣʣʠʝʚʳʭ ʤʠʰʝʥʝʡ  ʚ ʨʝʘʢʪʦʨʳ :  

Inner zone Ÿ 1 ʨʝʘʢʪʦʨ , Outer zone Ÿ 6 ʨʝʘʢʪʦʨʦʚ. ( 4.5 ʯ) 

2) ɻʝʨʤʘʥʠʝʚʳʡ ʥʦʩʠʪʝʣʴ ʚ ʬʦʨʤʝ GeCl4 ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʛʘʣʣʠʷ ʢʘʞʜʦʛʦ ʨʝʘʢʪʦʨʘ ʚ ʚʦʜʥʫʶ ʬʘʟʫ. 

3) ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʫʧʘʨʠʚʘʥʠʝʤ. (16ʯ) 

4) ʉʠʥʪʝʟ GeH4 ʠ ʟʘʧʦʣʥʝʥʠʝ ʩʯʝʪʯʠʢʦʚ. 

5) ʉʯʝʪ ʨʘʩʧʘʜʦʚ 71Ge.( 60 ï 150 ʜʥʝʡ) 

ɜe + 71GaŸ71Ge + e- 

Ga Ga 

5
1 C

r 

     40.00 ʪ  

             7.4 ʪ      



BNO INR RAS 
V.N. Gavrin 

Installation for synthesis of GeH4  (ʀ. ʅ. ʄʠʨʤʦʚ)  

Counter Extraction Extraction efficiency 

name  Date (2019) 

from 

Ga 

from 

GeH4 

into 

GeH4 

Cr1 15 Jul 13:59 0.9868 0.9630 0.9503 

Cr2 25 Jul 13:51 0.9841 0.9736 0.9581 

Cr3 04 Aug 12:47 0.9881 0.9784 0.9668 

Cr4 14 Aug 12:51 0.9858 0.9761 0.9622 

Cr5 24 Aug 14:35 0.9871 0.9734 0.9609 

Cr6 03 Sep 12:35 0.9893 0.9353 0.9253 

Cr7 13 Sep 12:29 0.9904 0.9606 0.9514 

Cr8 23 Sep 12:32 0.9897 1.0000 0.9897 

Cr9 03 Oct 12:27 0.9881 0.9781 0.9664 

Cr10 13 Oct 12:26 0.9877 0.9657 0.9538 

Extraction Extraction efficiency 

name  Date (2019) from Ga 

fom 

GeH4 

into 

GeH4 

Cr11 15 Jul 16:01 0.9747 0.9705 0.9460 

Cr21 25 Jul 16:32 0.9814 0.9740 0.9559 

Cr31 04 Aug 16:37 0.9795 0.9875 0.9673 

Cr41 14 Aug 15:35 0.9801 0.9708 0.9515 

Cr51 24 Aug 17:17 0.9808 0.9742 0.9554 

Cr61 03 Sep 15:18 0.9818 0.9725 0.9548 

Cr71 13 Sep 15:11 0.9813 0.9560 0.9381 

Cr81 23 Sep 15:17 0.9835 0.9953 0.9789 

Cr91 03 Oct 15:00 0.9824 0.9716 0.9545 

Cr101 13 Oct 14:59 0.9806 0.9557 0.9372 

ʕʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ 



ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ BEST 
ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ  2 ʩʯʝʪʥʳʝ ʩʠʩʪʝʤʳ: 
SYS3 ʠ SYS2Z (ɸ. ɸ. ʐʠʭʠʥ); 
ʠ 2 ʪʠʧʘ ʩʯʝʪʯʠʢʦʚ ʩ ʢʘʪʦʜʦʤ ʠʟ 
ʪʦʥʢʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʦʷ, 
ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʝʛʦ ʚʥʫʪʨʝʥʥʶʶ 
ʧʦʚʝʨʭʥʦʩʪʴ :  
- YCT (ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ)  
-YCN (ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʥʝʝ) 
ɺ ʪʘʙʣʠʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʠʢʦʚʳʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʯʝʪʯʠʢʦʚ, 
ʧʦʣʫʯʝʥʥʳʝ ʚ 2020-2021ʛ.ʛ. ʠʟ 
ʠʟʤʝʨʝʥʠʡ ʩ ʠʟʦʪʦʧʘʤʠ 37Ar ʠ 71Ge. 
(ʜʦʢʣʘʜ ɺ.ɺ. ɻʦʨʙʘʯʝʚʘ) 

SYS3 (14 ʠʟʚʣʝʯʝʥʠʡ) 

SYS2Z (6 ʠʟʚʣʝʯʝʥʠʡ: 3,5,9) 

ʇʘʨʘʤʝʪʨʳ ʩʯʝʪʘ 



ʉʠʩʪʝʤʘ SYS3 (Los Alamos, ɸ. ɸ. ʐʠʭʠʥ)  



ʉʠʩʪʝʤʘ 2Z  ( ɸ. ɸ. ʐʠʭʠʥ)  



ʘʥʘʣʠʟ ʜʘʥʥʳʭ  

 ʢ ʩʦʙʨʘʥʥʳʤ ʜʘʥʥʳʤ ʧʨʠʤʝʥʷʣʩʷ  ʩʪʘʥʜʘʨʪʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ  

ǐ ʠʩʢʣʶʯʘʣʠʩʴ ʟʘʰʢʘʣʠʚʘʶʱʠʝ ʩʦʙʳʪʠʷ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ 222Rn - ʠʟ ʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ 

ʠʩʢʣʶʯʘʣʦʩʴ 15 ʤʠʥ ʜʦ ʠ 3 ʯʘʩʘ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʟʘʰʢʘʣʠʚʘʶʱʝʛʦ ʠʤʧʫʣʴʩʘ; 

ǐ ʠʩʢʣʶʯʘʣʠʩʴ ʚʩʝ ʩʦʙʳʪʠʷ, ʠʤʝʶʱʠʝ  ʩʦʚʧʘʜʝʥʠʝ ʩ ʜʝʪʝʢʪʦʨʦʤ NaI; 

ǐ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ 222Rn, ʠʟ ʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʠʩʢʣʶʯʘʣʦʩʴ 2.6 ʯʘʩʘ 

ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʦʪʢʨʳʪʠʷ ʟʘʱʠʪʳ; 

ǐ  ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ ʧʦ ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷ TN ʜʣʷ  ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʦʚ L ʠ K 

ʧʠʢʦʚ.   

ʈʝʘʣʴʥʳʝ ʧʨʝʜʝʣʳ ʦʪʙʦʨʘ ʧʦ TN ʦʧʨʝʜʝʣʷʣʠʩʴ ʜʣʷ ʢʘʞʜʦʛʦ ʩʯʝʪʯʠʢʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ 

ʠʟʦʪʦʧʦʤ 71Ge,  ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʠʟʤʝʨʝʥʠʝ ʚ çʩʚʦʡè ʩʣʦʪ ʩʯʝʪʥʦʡ ʩʠʩʪʝʤʳ. 
 

ɺʨʝʤʝʥʘ ʧʨʠʭʦʜʘ ʦʪʦʙʨʘʥʥʳʭ  ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʙʳʪʠʡ  - ʢʘʥʜʠʜʘʪʦʚ 71Ge ʬʠʪʠʨʦʚʘʣʠʩʴ 

ʬʫʥʢʮʠʝʡ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʦʙʳʪʠʡ ʨʘʩʧʘʜʘ 71Ge (ʩ ʊİ = 11.4 ʜ) ʦʪ 

ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ, ʠʤʝʶʱʠʭ ʧʦʩʪʦʷʥʥʫʶ ʩʢʦʨʦʩʪʴʶ.  
 

- ʘʥʘʣʠʟ ʜʘʥʥʳʭ  ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ BEST  



ʆʪʙʦʨ ʩʦʙʳʪʠʡ-ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʘʩʧʘʜ ʛʝʨʤʘʥʠʷ-71  

ʇʦʣʥʘʷ ʰʢʘʣʘ ʧʦ ʦʩʠ Y ʠʤʝʝʪ 256 ʢʘʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ:  

1.040 ɺ (130 ʤɺ/ʜʝʣ, K-ʧʠʢ) ʜʣʷ ʢʘʥʘʣʘ 1 ʦʩʮʠʣʣʦʩʢʦʧʘ,  

0.160 ɺ (20 ʤɺ/ʜʝʣ, L-ʧʠʢ) ʜʣʷ ʢʘʥʘʣʘ 2.  

ʆʩʴ X -1024 ʥʩ.  

   ʪʦʯʢʘ ʥʘʯʘʣʘ ʠʤʧʫʣʴʩʘ t º 180 ʥʩ.  

ʀʤʧʫʣʴʩʳ ʦʪ ʨʘʩʧʘʜʘ 71Ge ʚ L ʠ K ʧʠʢʘʭ  

ʇʨʦʪʷʞʝʥʥʳʡ  ʠʤʧʫʣʴʩ  
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 ɼʣʷ ʪʦʯʝʯʥʦʡ ʠʦʥʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ  ʥʘ ʘʥʦʜʝ 
ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʩʯʝʪʯʠʢʘ ʦʧʠʩʳʚʘʝʪʩʷ 
ʬʦʨʤʫʣʦʡ ʕʣʣʠʦʪʪʘ : 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷ ʧʦ ʬʦʨʤʝ  

     ʠʤʧʫʣʴʩʘ TN . 

    ʀʤʧʫʣʴʩ ʦʪ ʩʦʙʳʪʠʷ ʨʘʩʧʘʜʘ 71Ge  ʠʤʝʝʪ ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ 

ʬʨʦʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʪʦʯʝʯʥʦʡ  ʠʦʥʠʟʘʮʠʠ . 

[NIM A290 (1990) 158] 

(ɺ.ɺ ɻʦʨʙʘʯʝʚ, ʊ.ɺ. ʀʙʨʘʛʠʤʦʚʘ, S. Elliott, Kim, In wook, Massarczyk, Ralph) 



ɺʥʫʪʨʝʥʥʷʷ ʤʠʰʝʥʴ ï ʩʬʝʨʘ 

ʉʫʤʤʘʨʥʦʝ ʞʠʚʦʝ ʚʨʝʤʷ ʩʯʝʪʘ 

ʩʦʩʪʘʚʣʷʝʪ ~245 ʜ 

ɺʥʝʰʥʷʷ ʤʠʰʝʥʴ ï ʮʠʣʠʥʜʨ 

 ʉʫʤʤʘʨʥʦʝ ʞʠʚʦʝ ʚʨʝʤʷ ʩʯʝʪʘ 

ʩʦʩʪʘʚʣʷʝʪ ~249 ʜ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʳʪʠʡ ʧʦ ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʠ ʥʘʨʘʩʪʘʥʠʷ ʠʤʧʫʣʴʩʦʚ (TN) ʜʣʷ ʚʩʝʭ ʭʨʦʤʦʚʳʭ ʨʘʥʦʚ.  
 

ʅʘ ʚʝʨʭʥʝʡ ʧʘʥʝʣʠ -  ʚʩʝ ʩʦʙʳʪʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 30 ʜʥʝʡ ʩʯʝʪʘ ʧʦʩʣʝ 

ʠʟʚʣʝʯʝʥʠʷ. ʇʦʣʦʞʝʥʠʝ L- ʠ K-ʧʠʢʦʚ 71Ge, ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʢʘʣʠʙʨʦʚʢʘʤ, ʧʦʢʘʟʘʥʦ ʪʝʤʥʳʤ ʮʚʝʪʦʤ. 
 

ʅʘ ʥʠʞʥʝʡ ʧʘʥʝʣʠ ʧʨʠʚʝʜʝʥʘ ʪʘ ʞʝ ʛʠʩʪʦʛʨʘʤʤʘ ʜʣʷ ʚʩʝʭ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʚ ʪʝʯʝʥʠʝ ʪʘʢʦʛʦ ʞʝ ʞʠʚʦʛʦ ʚʨʝʤʝʥʠ ʩʯʝʪʘ ʯʝʨʝʟ 40 ʜʥʝʡ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ. 

1387 ʩʦʙʳʪʠʡ 

504 ʩʦʙʳʪʠʷ 

1364 ʩʦʙʳʪʠʷ 

481 ʩʦʙʳʪʠʝ 



Åʄʇ ʬʠʪ ʧʦ t ʠ E ʟʘʚʠʩʠʤʦʩʪʠ ʚʩʝʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʨʘʩʧʘʜ 71Ge 

(PRC 60, 055801 (1999)) 

ʇʨʠʤʝʨ ʬʠʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ L -ʧʠʢʘ ʜʣʷ 

3-ʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʉʬʝʨʳ 

ʄʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ  

p: 71Ge ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ, 11.4 ʜ Tİ  

b: ʩʢʦʨʦʩʪʴ ʬʦʥʦʚʳʭ ʩʦʙʳʪʠʡ,  ʧʦʩʪʦʷʥʥʘʷ 

ʧʦ ʚʨʝʤʝʥʠ  

 ᷾: ʧʦʣʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

wp(E) /wb(E) : energy weight factors 

ȹ: ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ ʩʦʙʳʪʠʝ  ʧʨʦʠʟʦʡʜʝʪ  

     ʚ ʠʥʪʝʨʚʘʣʝ ʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ 

Ű : ʧʦʣʥʦʝ ʚʨʝʤʷ ʩʯʝʪʘ 

ʀʟ ʬʠʪʘ ʄʇ  ʚʩʝʭ ʢʘʥʜʠʜʘʪʦʚ ʚ K+L ʧʠʢʘʭ  

ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ  
71Ge ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ Tİ 71Ge: 

11.11Ñ0.69 ʜʥʝʡ ʜʣʷ 10 ʠʟʚʣʝʯʝʥʠʡ ʠʟ ɺʥʝʰʥʝʡ ʤʠʰʝʥʠ  

11.05Ñ0.72 ʜʥʝʡ ʜʣʷ 10 ʠʟʚʣʝʯʝʥʠʡ ʠʟ ɺʥʫʪʨʝʥʥʝʡ ʤʠʰʝʥʠ  

ʉʧʨʘʚʦʯʥʦʝ ʟʥʘʯʝʥʠʝ Tİ 71Ge  - 11.43Ñ0.03 ʜʥʷ 



Vʮ  =  6.5561 ʤ3,    Mʘʩʩʘ = 39.9593 ʪ 

Vʩʬ = 1.22545 ʤ3, Mʘʩʩʘ =    7.4691 ʪ 

<L Inn>   = 52.03 Ñ 0.04 ʩʤ 

<LOut >  = 54.41 Ñ 0.01 ʩʤ 
(ʦʰʠʙʢʠ ʠʟ ʤʝʪʦʜʘ ʄʦʥʪʝ ʂʘʨʣʦ ʜʣʷ 107 ʩʦʙʳʪʠʡ) 

ɼʣʷ ʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʣʫʯʝʥʳ ʜʣʠʥʳ ʧʨʦʙʝʛʦʚ ʚ 
ʩʬʝʨʠʯʝʩʢʦʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʤʠʰʝʥʷʭ, ʘ ʪʘʢʞʝ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʦʞʠʜʘʝʤʳʝ ʩʢʦʨʦʩʪʠ 
ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʘʯʘʣʝ ʦʙʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʦʤ 51Cr  
ʘʢʪʠʚʥʦʩʪʴʶ 3.413 ʄʂʠ 

ɼʣʷ ʦʮʝʥʢʠ ʚʢʣʘʜʦʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ  ʚ ʦʞʠʜʘʝʤʳʝ ʩʢʦʨʦʩʪʠ ʟʘʭʚʘʪʘ 
ʚ ʟʦʥʘʭ ʤʠʰʝʥʝʡ ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʛʘʣʣʠʝʚʳʭ ʤʠʰʝʥʝʡ 



ʈʝʟʫʣʴʪʘʪʳ  ʘʥʘʣʠʟʘ  ʩʢʦʨʦʩʪʝʡ ʟʘʭʚʘʪʘ K+L  
ʧʠʢʦʚ ʜʣʷ  ʢʘʞʜʳʭ 10 ʠʟʚʣʝʯʝʥʠʡ ʜʚʫʭ 
ʤʠʰʝʥʝʡ, ʘ ʪʘʢʞʝ  ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʝʜʠʥʝʥʥʦʛʦ 
ʘʥʘʣʠʟʘ ʠ ʦʞʠʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʟʘʭʚʘʪʘ.  
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ʉʦʛʣʘʩʫʝʪʩʷ ʩ 1 

ʌʠʪ ʩ  ʧʝʨʝʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ Tİ 51Cr :  

30.97Ñ3.90 ʜʥʝʡ  - ʜʣʷ 10 ʠʟʚʣʝʯʝʥʠʡ ʠʟ ɺʥʝʰʥʝʡ ʤʠʰʝʥʠ 

31.55Ñ2.89 ʜʥʝʡ - ʜʣʷ 10 ʠʟʚʣʝʯʝʥʠʡ ʠʟ ɺʥʫʪʨʝʥʥʝʡ ʤʠʰʝʥʠ 

Tİ 51Cr = 27.704Ñ0.004 ʜʥʝʡ 



ʉʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʥʘ Ga ʥʝʡʪʨʠʥʦ ʦʪ  51Cr                              

                            (10-45  ʩʤ2) 

                                                                                                                       W. Haxton!        



( ) )()()2(sin, 1222 calcmeasTcalcmeas RRVRRm --=D -qc

ʆʩʮʠʣʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

Rmeas  - ʚʝʢʪʦʨ ʠʟʤʝʨʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʥʘʯʝʥʠʡ 

Rcalc(ȹm2, sin2(2ɗ ))- ʚʝʢʪʦʨ ʚʳʯʠʩʣʷʝʤʳʭ ʟʥʘʯʝʥʠʡ 

V ï ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʦʰʠʙʦʢ, ʢʦʨʨʝʣʣʠʨʦʚʘʥʥʳʝ - ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ 

ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ  BEST  
b.f.p.  ȹm2=3.35 eV2 ,  sin2(2ɗ)=0.42 

ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ  BEST, SAGE  ʠ GALLEX  
b.f.p.  ȹm2=1.25 eV2 ,  sin2(2ɗ)=0.34 

ɺʳʯʠʩʣʝʥʥʳʝ ʢʦʥʪʫʨʳ ʫʨʦʚʥʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ  

ʩ 2 d.o.f: ȹɢ2 = 2.30, 6.18, 11.83 ʜʣʷ 68.27% (1ů), 95.45% (2ů) ʠ 99.73% (3ů) C.L., 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ:  
ʉʨʝʜʥʝʝ ʚʟʚʝʰʝʥʥʦʝ ʜʣʷ ʚʩʝʭ Ga ɻ ʢʩʧʝʨʠʤʝʥʪʦʚ - 0.80Ñ0.05,  
ʝʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʧʝʨʝʭʦʜʳ ʥʘ 2 ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʷ (5%) ï 0.84 Ñ0.04 


