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ʈʝʘʣʴʥʦʝ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʀʊʕʌ ʥʘ ʫʨʦʚʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘʯʘʣʦʩʴ ʚ ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ. ɺ ʪʦ 

ʚʨʝʤʷ ʫʩʢʦʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʋʅʂ ʚ ʇʨʦʪʚʠʥʦ ʦʙʣʘʜʘʣ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʧʨʦʪʦʥʦʚ ʠ ʟʘʨʫʙʝʞʥʳʝ ʛʨʫʧʧʳ 

ʘʢʪʠʚʥʦ ʥʘʯʘʣʠ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʩʦʚʤʝʩʪʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʨʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ. 

 

ʇʝʨʚʘʷ ʧʫʙʣʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʚʤʝʩʪʥʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʪʨʫʜʥʠʢʦʚ ʀʊʕʌ ʩʦʩʪʦʷʣʘʩʴ ʚ 1975 ʛʦʜʫ 

Neutron-Proton Elastic Scattering from 10-GeV/c to 70-GeV/c 
 

V. Bohmer, J. Engler, W. Flauger, H.Keim, F. Monnig, K. Pack, H. Schoper (CERN & Karlsruhe U.), A. 

Babaev, E. Brachman,  G.Eliseev, A. Ermilov, Iouri Galaktionov, Yu. Gorodkov, Yu. Kamyshkov, E. 

Leikin,  V. Lyubimov, V. Shevchenko,  

O. Zeldovich (Moscow, ITEP & Moscow State U.)  
 

 Jan 1975 - 16 pages  

Nucl.Phys. B91 (1975) 266 



Search for mu e Events in anti-neutrino - Nucleon Interactions  

J.P. Berge (Fermilab) et al.. Oct 1976. 13 pp.  
Published in Phys.Rev.Lett. 38 (1977) 266  

ɺ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ  

ʨʦʩʩʠʡʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʩ ʣʘʙʦʨʘʪʦʨʠʝʡ FERMILAB (USA). 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʦʜʥʘ ʠʟ ʧʝʨʚʳʭ ʧʫʙʣʠʢʘʮʠʡ ʢʦʣʣʘʙʦʨʘʮʠʠ  

Fermilab-IHEP-ITEP-Michgan U.,  

ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ 15-ʬʫʪʦʚʦʡ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʤʝʨʝ   

 

ɺ 1978 ʛʦʜʫ ʚ  Fermilab ʢʦʣʣʘʙʦʨʘʮʠʝʡ Pennsylvania U. & Moscow, ITEP & 

William-Mary U. ʙʳʣ ʚʳʧʦʣʥʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʧʫʯʢʝ 400 ɻʵɺ.ʩ ʧʦ ʨʦʞʜʝʥʠʶ ʚ 

ʯʘʩʪʠʮ ʚ ʟʘʜʥʶʶ ʧʦʣʫʩʬʝʨʫ (ʧʫʙʣʠʢʘʮʠʠ ʚ 1979 ʛʦʜʫ) 

Backward Production of Protons in Nuclear Reactions With 400-{GeV} Protons  

Yu.D. Bayukov, V.I. Efremenko, S. Frankel, W. Frati, M. Gazzaly, G.A. Leksin, N.A. Nikiforov, 

C.F. Perdrisat, V.I. Chistilin, Yu.M. Zaitsev (Pennsylvania U. & Moscow, ITEP & William-Mary 

Coll.). Jun 1979. 22 pp.  Phys.Rev. C20 (1979) 764  

'Backward' Production of Protons, Deuterons, Tritons, 3He, 4He And, Pions in the 

Interaction of 400-{GeV} Protons With Nuclei  

Yu.D. Bayukov et al. (Pennsylvania U. & Moscow, ITEP & William-Mary Coll.).  

Nov 1978. 8 pp.  Phys.Lett. B85 (1979) 315 
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ʇʨʠʤʝʨʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ  

ʃʘʙʦʨʘʪʦʨʠʝʡ CERN  
 

ʚ ʦʙʣʘʩʪʠ ʥʝʡʪʨʠʥʥʦʡ ʬʠʟʠʢʠ ï ʛʨʫʧʧʘ ɺ. ʂʘʬʪʘʥʦʚʘ  

ʂʦʣʣʘʙʦʨʘʮʠʷ CHARM  
NIKHEF, Amsterdam-CERN-Hamburg U.-Moscow, ITEP-INFN, Rome  

Experimental Study of Neutral Current and Charged Current Neutrino Cross-Sections  

CHARM Collaboration (M. Jonker (NIKHEF, Amsterdam) et al.). Dec 1980. 11 pp.  
Published in Phys.Lett. B99 (1981) 265  

Munich, Max Planck Inst.-Bari U.-Freiburg U.-Moscow, ITEP  
 

Prompt Photon Production In Pi- P, Pi+ P And P P Collisions At 300-gev/c  
NA24 Collaboration (A. Bamberger (Bari U. & INFN, Bari) et al.). 1985.   

 

ʅʘ ʵʣʝʢʪʦʨʥ-ʧʦʟʠʪʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ (LEP) ï ʛʨʫʧʧʘ ʖ. ɻʘʣʘʢʪʠʦʥʦʚʘ  

ʂʦʣʣʘʙʦʨʘʮʠʷ L3 (60 ʠʥʩʪʠʪʫʪʦʚ ʠ ʦʢʦʣʦ 450 ʩʦʘʚʪʦʨʦʚ) 

 
ɺʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ ʮʠʢʣ ʨʘʙʦʪ (ʙʦʣʝʝ 290 ʞʫʨʥʘʣʴʥʳʭ ʧʫʙʣʠʢʘʮʠʡ)  

ʚ ʦʙʣʘʩʪʠ ʘʜʨʦʥʥʦʡ ʬʠʟʠʢʠ ï ʛʨʫʧʧʘ ʖ. ɻʘʣʘʢʪʠʦʥʦʚʘ 

ʂʦʣʣʘʙʦʨʘʮʠʷ NA-24 

ʅʘ ʊʝʚʘʪʨʦʥʝ (FERMILAB) ï ʛʨʫʧʧʘ ɺ. ɻʘʚʨʠʣʦʚʘ  

ʂʦʣʣʘʙʦʨʘʮʠʷ D0 (75 ʠʥʩʪʠʪʫʪʦʚ ʠ ʦʢʦʣʦ 350 ʩʦʘʚʪʦʨʦʚ) 

ɺʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ ʮʠʢʣ ʨʘʙʦʪ (ʙʦʣʝʝ 200 ʞʫʨʥʘʣʴʥʳʭ ʧʫʙʣʠʢʘʮʠʡ)  
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ʂʩʝʥʦʥʦʚʳʝ ʢʘʤʝʨʳ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʩʝʧʘʨʠʨʦʚʘʥʥʦʤ ʧʫʯʢʝ 

    

700- ʃʀʊʈʆɺɸʗ ʂʉɽʅʆʅʆɺɸʗ ʂɸʄɽʈɸ ïɼʀɸʅɸ 

700-ʣ ʢʩʝʥʦʥʦʚʦʡ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʤʝʨʳ ɼʀɸʅɸ , ʙʝʟ ʤʘʛʥʠʪʥʦʛʦ ʧʦʷ, 1500 ʢʛ  ʢʩʝʥʦʥʘ, 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ɔ - ʢʚʘʥʪʦʚ ʙʣʠʟʢʘ ʢ 100% ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʥʥʠʛʠʣʷʮʠʡ 

ʘʥʪʠʧʨʦʪʦʥʦʚ ʥʠʟʢʠʭ ʵʥʝʨʛʠʡ   ʥʘ ʷʜʨʘʭ ʢʩʝʥʦʥʘ.  

 ʇʦʣʫʯʝʥʦ 1.4 ʤʣʥ. ʩʥʠʤʢʦʚ ʚ 1987-1993 ʛʛ. 

 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʢʘʤʝʨʳ ɼʀɸʅɸ ʥʘ ʦʩʚʦʙʦʜʠʚʰʝʤʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʤ 

ʧʫʯʢʝ ʛʨʫʧʧʦʡ ʥʝʤʝʮʢʠʭ ʫʯʝʥʳʭ ʚʤʝʩʪʝ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʊʕʌ ʚ 1994 ʛʦʜʫ 

ʧʨʦʚʝʜʝʥ ʥʘʙʦʨ  ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ  ʩ ʧʦʤʦʱʴʶ ʧʨʠʚʝʟʝʥʥʦʡ ʠʟ 

ɻʝʨʤʘʥʠʠ ʘʧʧʘʨʘʪʫʨʳ ʠ  ʪʝʣʝʩʢʦʧʘ  ʂ+ - ʤʝʟʦʥʦʚ 

 

Observation of a narrow baryon resonance with positive strangeness formed in 

K+Xe collisions  

DIANA Collaboration (V.V. Barmin , A.E. Asratyan, V.S. Borisov (Moscow, ITEP) , C. 

Curceanu (Frascati) , G.V. Davidenko, A.G. Dolgolenko (Moscow, ITEP) , C. Guaraldo 

(Frascati) , M.A. Kubantsev, I.F. Larin, V.A. Matveev, V.A. Shebanov, N.N. Shishov, L.I. 

Sokolov, V.V. Tarasov, G.K. Tumanov, V.S. Verebryusov (Moscow, ITEP) ) 
Phys.Rev. C89 (2014) 4, 045204  
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Aʩʠʤʤʝʪʨʠʷ ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ ʧʨʠ ʪʨʦʡʥʦʤ ʜʝʣʝʥʠʠ 

ʂ 1992 ʛ. ʛʨʫʧʧʘ ɻ.ɺ. ɼʘʥʠʣʷʥʘ ʚʳʧʦʣʥʠʣʘ ʮʠʢʣ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʩʠʤʤʝʪʨʠʠ 

ʨʘʟʣʝʪʘ ʦʩʢʦʣʢʦʚ ʧʨʠ ʪʨʦʡʥʦʤ ʜʝʣʝʥʠʠ 233U ʠ 239Pu ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʥʝʡʪʨʦʥʘʤʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʥʘ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʤ ʧʫʯʢʝ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʥʝʡʪʨʦʥʦʚ ʚʳʩʦʢʦ-ʧʦʪʦʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ʀʥʩʪʠʪʫʪʘ ʃʘʫʵ-ʃʘʥʞʝʚʝʥʘ (ʀʃʃ) ʚ ɻʨʝʥʦʙʣʝ 

(ʌʨʘʥʮʠʷ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʨʘʟʫʤʥʦʝ ʚʨʝʤʷ ʥʘʙʨʘʪʴ ʩʪʘʪʠʩʪʠʢʫ ʜʣʷ ʪʨʦʡʥʦʛʦ ʜʝʣʝʥʠʷ ʥʘ 

ʬʦʥʝ ʚ 1000 ʨʘʟ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʙʠʥʘʨʥʦʛʦ ʜʝʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʈ-ʥʝʯʝʪʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʜʣʷ ʪʨʦʡʥʦʛʦ ʠ 

ʙʠʥʘʨʥʦʛʦ ʜʝʣʝʥʠʡ ʦʢʘʟʘʣʦʩʴ ʙʣʠʟʢʠʤ ʢ ʝʜʠʥʠʮʝ ʩ ʪʦʯʥʦʩʪʴʶ 10%, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʧʝʨʝʭʦʜʥʳʭ 
ʩʦʩʪʦʷʥʠʡ ʚ ʩʝʜʣʦʚʦʡ ʪʦʯʢʝ ʜʣʷ ʙʠʥʘʨʥʦʛʦ ʠ ʪʨʦʡʥʦʛʦ ʜʝʣʝʥʠʷ.  

ʇʦʠʩʢʠ ʊ-ʥʝʯʝʪʥʦʡ ʫʛʣʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚ ʪʨʦʡʥʦʤ ʜʝʣʝʥʠʠ 

ɺ 1998-1999 ʛʛ. ʧʦ ʠʥʠʮʠʘʪʠʚʝ ɻ.ɺ. ɼʘʥʠʣʷʥʘ ʉʦʪʨʫʜʥʠʯʝʩʪʚʦʤ ʀʊʕʌïʇʀʗʌï

ʊʶʙʠʥʛʝʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪïʀʃʃïɼʘʨʤʰʪʘʜʪʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪïʂʫʨʯʘʪʦʚʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʥʘ ʚʳʩʦʢʦʧʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ ʀʃʃ ʚ ɻʨʝʥʦʙʣʝ (ʌʨʘʥʮʠʷ) 

ʧʦʠʩʢʦʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ  

ʊ-ʥʝʯʝʪʥʦʡ ʫʛʣʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚ ʪʨʦʡʥʦʤ ʜʝʣʝʥʠʠ ʷʜʝʨ 233U ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ 

ʭʦʣʦʜʥʳʤʠ ʥʝʡʪʨʦʥʘʤʠ. ʕʬʬʝʢʪ ʣʝʚʦ-ʧʨʘʚʦʡ ʘʩʠʤʤʝʪʨʠʠ ʵʤʠʩʩʠʠ ʘʣʴʬʘ-ʯʘʩʪʠʮ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʢʪʦʨʘʤʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʫʯʢʘ ʠ ʠʤʧʫʣʴʩʘ 

ʣʝʛʢʦʛʦ ʦʩʢʦʣʢʘ, ʦʢʘʟʘʣʩʷ ʥʝʦʞʠʜʘʥʥʦ ʙʦʣʴʰʠʤ D = (-0,41 Ñ 0,01)Ț10ï2. ʇʨʠʨʦʜʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʘʢʦʡ  ʢʦʨʨʝʣʷʮʠʠ ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ. 



   

  

ʀʟʤʝʨʝʥʠʝ ʧʦʚʦʨʦʪʘ ʩʧʠʥʘ ʥʝʡʪʨʦʥʘ ʚ 204ʈb 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 1990-ʭ ʛʦʜʦʚ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇ.ɸ. ʂʨʫʧʯʠʮʢʦʛʦ 

ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʡʪʨʦʥʘ ʠ ʥʝʡʪʨʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʅʘ ʨʝʘʢʪʦʨʝ ʀʥʩʪʠʪʫʪʘ ɻʘʥʘ-ʄʝʡʪʥʝʨʘ ʚ ɹʝʨʣʠʥʝ 

(ɻʝʨʤʘʥʠʷ) ʩ ʧʦʤʦʱʴʶ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʣʷʨʠʤʝʪʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʫʯʢʝ 

ʭʦʣʦʜʥʳʭ ʥʝʡʪʨʦʥʦʚ, ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʈ-ʥʝʯʝʪʥʦʛʦ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʧʠʥʦʚ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʤʠʰʝʥʴ, ʦʙʦʛʘʱʝʥʥʫʶ 

ʠʟʦʪʦʧʦʤ 204Pb. ʀʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʧʠʥʘ ʥʝʡʪʨʦʥʦʚ ʥʘ 

ʠʟʦʪʦʧʝ 204Pb ʙʳʣʦ ʧʝʨʚʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠ ʫʢʘʟʘʣʦ ʥʘ 

ʥʝʦʞʠʜʘʥʥʦ ʙʦʣʴʰʦʡ ʈ-ʥʝʯʝʪʥʳʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ ʚ ʨʘʤʢʘʭ 

ʢʦʤʧʘʫʥʜ-ʷʜʝʨʥʦʡ ʤʦʜʝʣʠ ʩʤʝʰʠʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʯʝʪʥʦʩʪʴʶ 

ʜʣʷ ʥʘʙʦʨʘ ʠʟʚʝʩʪʥʳʭ s- ʠ p-ʨʝʟʦʥʘʥʩʦʚ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʢʘ ʥʝʦʙʥʘʨʫʞʝʥʥʦʛʦ ʨ-ʨʝʟʦʥʘʥʩʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʥʘ ʈ-ʥʝʯʝʪʥʳʡ 

ʵʬʬʝʢʪ. ʕʪʦʪ ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʠʥʠʮʠʠʨʦʚʘʣ ʧʦʠʩʢ ʪʘʢʦʛʦ ʨ-ʨʝʟʦʥʘʥʩʘ ʚ ʃʅʌ ʆʀʗʀ 

ʛʨʫʧʧʦʡ ʃ.ɹ. ʇʠʢʝʣʴʥʝʨʘ. 

 

 



ʕʢʩʧʝʨʠʤʝʥʪ GERDA 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ GERDA 

ʎʝʣʴʶ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ GERDA ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʠ ʧʦʠʩʢ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-ʨʘʩʧʘʜʘ 76Ge.  

1 ʥʦʷʙʨʷ 2011 ʛʦʜʘ ʩʦʩʪʦʷʣʩʷ ʧʫʩʢ ʫʩʪʘʥʦʚʢʠ GERDA-I ʚ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ɻʨʘʥ ʉʘʩʩʦ (ʀʪʘʣʠʷ) ʠ ʥʘʯʘʪʳ ʨʘʙʦʯʠʝ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʩʴʤʠ 

ʠʤʝʶʱʠʭʩʷ ʜʝʪʝʢʪʦʨʦʚ ʠʟ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʝʨʤʘʥʠʷ ʦʙʱʝʡ ʤʘʩʩʦʡ 17.6 ʢʛ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʨʘʥʘ ʩʪʘʪʠʩʪʠʢʘ  

ʦʢʦʣʦ 500 ʜʥʝʡ ʠʟʤʝʨʝʥʠʡ, ʵʢʩʧʝʨʠʤʝʥʪ 

ʟʘʚʝʨʰʝʥ. ʇʦʣʫʯʝʥ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ 

ʫʨʦʚʝʥʴ ʬʦʥʘ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ 

ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦ 

ʧʦʠʩʢʫ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-

ʨʘʩʧʘʜʘ.  

ʇʦʣʫʯʝʥʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʙʝʟʥʝʡʪʨʠʥʥʳʡ 

ʜʚʦʡʥʦʡ ʙʝʪʘ-ʨʘʩʧʘʜ 76Ge ï ʊ1/2 > 2.1 Ā1025 

ʣʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ <mn> < (0.2-

0.6) ʵɺ. 

  

ɺ ʤʘʨʪʝ 2015 ʛ. ʟʘʧʫʱʝʥʘ ʫʩʪʘʥʦʚʢʘ GERDA-

II ʩ 40 ʢʛ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʝʨʤʘʥʠʷ ʠ ʩ 

ʧʣʘʥʠʨʫʝʤʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ~ 1026 



ʕʢʩʧʝʨʠʤʝʥʪ MAJORANA 

ʎʝʣʴʶ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ MAJORANA ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʧʦʠʩʢ ʙʝʟʥʝʡʪʨʠʥʥʦʛʦ ʜʚʦʡʥʦʛʦ ʙʝʪʘ-

ʨʘʩʧʘʜʘ 76Ge ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ~ 6Ö1027 ʣʝʪ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʩʦʟʜʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ MAJORANA-DEMONSTRATOR  ʩ 40 ʢʛ HPGe  

ʜʝʪʝʢʪʦʨʦʚ (ʠʟ ʥʠʭ 30 ʢʛ ʠʟ ʦʙʦʛʘʱʝʥʥʦʛʦ ʛʝʨʤʘʥʠʷ-76), 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ SURF (ʉʐɸ).  

ʇʣʘʥʠʨʫʝʤʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ  - ~  1026  ʣʝʪ ʟʘ ʪʨʠ ʛʦʜʘ ʠʟʤʝʨʝʥʠʡ.  

ʅʘʙʦʨ ʜʘʥʥʳʭ ʥʘʯʥʝʪʩʷ ʚ 2015 ʛ.  
  

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ  

MAJORANA-DEMONSTRATOR 

ʂʦʣʣʘʙʦʨʘʮʠʠ GERDA ʠ MAJORANA 

ʧʣʘʥʠʨʫʶʪ ʦʙʲʝʜʠʥʠʪʴ ʩʚʦʠ ʫʩʠʣʠʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 
GERDA/MAJORANA ʩ ʚʝʩʦʤ 76Ge 1000 ʢʛ.  



ʕʢʩʧʝʨʠʤʝʥʪ NEMO-3  

ɺ ʧʦʜʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ LSM (ʌʨʘʥʮʠʷ) 

ʫʩʠʣʠʷʤʠ ʫʯʝʥʳʭ ʀʊʕʌ, ʆʀʗʀ (ʈʦʩʩʠʷ), 

IN2P3/CNRS (ʌʨʘʥʮʠʷ) ʠ ʫʯʝʥʳʭ ʠʟ ʉʐɸ ʠ 

ʏʝʭʠʠ ʙʳʣ ʩʦʟʜʘʥ ʫʥʠʢʘʣʴʥʳʡ ʪʨʝʢʦʚʳʡ 

ʜʝʪʝʢʪʦʨ NEMO-3  

ɺ 2003-2011 ʛʛ. ʥʘ ʵʪʦʤ ʜʝʪʝʢʪʦʨʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 7 ʨʘʟʣʠʯʥʳʭ 

ʠʟʦʪʦʧʦʚ (48Ca, 82Se, 96Zr, 100Mo, 116Cd, 130Te, 150Nd).  

ɼʣʷ ʚʩʝʭ ʵʪʠʭ ʠʟʦʪʦʧʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʝʨʠʦʜʦʚ ʧʦʣʫʨʘʩʧʘʜʘ ʧʦ ʢʘʥʘʣʫ 2ɓ2ɜ ʠ ʦʜʥʠ ʠʟ ʣʫʯʰʠʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʘ ʙʝʟʥʝʡʪʨʠʥʥʳʡ ʜʚʦʡʥʦʡ ʙʝʪʘ-ʨʘʩʧʘʜ ʠ ʨʘʩʧʘʜʳ ʩ ʠʩʧʫʩʢʘʥʠʝʤ 

ʤʘʡʦʨʦʥʘ.  ɼʣʷ 2ɓ0ɜ-ʨʘʩʧʘʜʘ 100ʄʦ  ʧʦʣʫʯʝʥ ʧʨʝʜʝʣ T1/2 > 1.1Ö1024 
ʣʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ <mn> < 0.3-0.6 ʵɺ 

ɼʝʪʝʢʪʦʨ NEMO-3 ʚ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ 
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ARGUS  (A Russian-German-United States-Sweden Collaboration) 

ʕʢʩʧʝʨʠʤʝʥʪ ARGUS  ʦʢʘʟʘʣʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʦ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ  ʣʘʙʦʨʘʪʦʨʠʠ DESY 

(ɻʝʨʤʘʥʠʷ).  ɼʝʪʝʢʪʦʨ ʨʘʙʦʪʘʣ  ʥʘ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ DORIS. 

   ʉʧʝʮʠʘʣʠʩʪʳ ʀʊʕʌ ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʫʶ ʢʦʥʮʝʧʮʠʶ ʜʨʝʡʬʦʚʦʡ ʢʘʤʝʨʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʝʝ ʩʦʟʜʘʥʠʠ, ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʩʦʟʜʘʣʠ 

ʤʶʦʥʥʫʶ ʩʠʩʪʝʤʫ, ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ   ʩʦʟʜʘʥʠʠ ʚʝʨʰʠʥʥʦʡ ʢʘʤʝʨʳ. 

   ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ  ʧʨʠ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʫʯʝʥʳʭ ʀʊʕʌ ʚ 80-ʭ ï 90-ʭ ʛʦʜʘʭ  

ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚʳʧʦʣʥʝʥ ʦʙʰʠʨʥʳʡ ʮʠʢʣ  ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʧʨʝʣʝʩʪʥʳʭ ʠ 

ʦʯʘʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʪʘʫ-ʣʝʧʪʦʥʘ, ʦʩʫʱʝʩʪʚʣʝʥ ʧʦʠʩʢ ʥʦʚʳʭ ʯʘʩʪʠʮ ʠ ʷʚʣʝʥʠʡ. 

   ɹʳʣ ʦʪʢʨʳʪ ʮʝʣʳʡ ʨʷʜ ʥʦʚʳʭ ʦʯʘʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʠ ʠʭ ʥʦʚʳʭ ʨʘʩʧʘʜʦʚ. 

ʅʘʠʙʦʣʝʝ ʪʦʯʥʦ ʠʟʤʝʨʝʥʳ ʧʘʨʘʤʝʪʨʳ ʄʠʰʝʣʷ ʚ ʨʘʩʧʘʜʘʭ ʪʘʫ-ʣʝʧʪʦʥʘ. ʅʦʚʦʝ 

ʠʟʤʝʨʝʥʠʝ ʤʘʩʩʳ ʪʘʫ-ʣʝʧʪʦʥʘ ʧʦʟʚʦʣʠʣʦ ʫʩʪʨʘʥʠʪʴ ʠʤʝʚʰʠʝʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷ 

ʩ ʪʝʦʨʠʝʡ. ɹʳʣʘ ʠʟʤʝʨʝʥʘ ʩʧʠʨʘʣʴʥʦʩʪʴ ʪʘʫ-ʥʝʡʪʨʠʥʦ ʠ ʧʦʣʫʯʝʥʦ ʣʫʯʰʝʝ ʚ ʪʦ 

ʚʨʝʤʷ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʝʛʦ ʤʘʩʩʫ.  
ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʵʣʝʤʝʥʪʳ ʉʂʄ-ʤʘʪʨʠʮʳ |Vtd| ʠ (ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʛʨʫʧʧʦʡ 

CLEO) |Vub|  - ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʩʚʷʟʳʚʘʶʱʠʝ ʢʚʘʨʢʠ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʡ. 

ɺʧʝʨʚʳʝ ʙʝʟʤʦʜʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʝʱʝ ʦʜʠʥ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ 

ʧʘʨʘʤʝʪʨ ʪʝʦʨʠʠ - |Vʩb|. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚʩʝ ʪʨʠ ʩʪʦʨʦʥʳ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ʫʥʠʪʘʨʥʦʩʪʠ, ʠ ʧʦʣʫʯʝʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʝʛʦ ʫʛʣʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʣʠʯʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʠ ʠ ʘʥʪʠ-ʤʘʪʝʨʠʠ, ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʠ.  

ɺ 1987 ʛʦʜʫ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ARGUS ʧʨʠ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʬʠʟʠʢʦʚ ʀʊʕʌ ʙʳʣʦ ʦʪʢʨʳʪʦ 

ʷʚʣʝʥʠʝ ʥʝʦʞʠʜʘʥʥʦ ʙʦʣʴʰʦʛʦ ʩʤʝʰʠʚʘʥʠʷ B0 ʠ  ʘʥʪʠ-ɺ0 ʤʝʟʦʥʦʚ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ 

ʫʢʘʟʳʚʘʣʦ ʥʘ ʪʦ, ʯʪʦ ʤʘʩʩʘ top-ʢʚʘʨʢʘ, ʝʱʝ ʥʝʦʪʢʨʳʪʦʛʦ  ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʠ ʧʦʠʩʢʠ 

ʢʦʪʦʨʦʛʦ ʘʢʪʠʚʥʦ ʚʝʣʠʩʴ ʥʘ ʚʩʝʭ ʫʩʢʦʨʠʪʝʣʷʭ ʤʠʨʘ, ʧʦ ʩʘʤʳʤ ʦʩʪʦʨʦʞʥʳʤ ʦʮʝʥʢʘʤ 

ʧʨʝʚʦʩʭʦʜʠʪ 50 ɻʵɺ. 



ʉʨʘʟʫ  ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʚ 1987 ʛʦʜʫ ʩʤʝʰʠʚʘʥʠʷ ɺ0  ʘʥʪʠ-ɺ0 ʤʝʟʦʥʦʚ ʥʘʯʘʣʦʩʴ  ʩʦʟʜʘʥʠʝ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʦʠʩʢʘ ʉP-ʥʘʨʫʰʝʥʠʷ  ʚ ʩʠʩʪʝʤʝ ɺ-ʤʝʟʦʥʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʣʣʘʙʦʨʘʮʠʝʡ  ARGUS, ʧʨʠʚʝʣʠ ʢ ʧʦʷʚʣʝʥʠʶ ʮʝʣʦʛʦ ʥʦʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʝʥʠ ʁʨʘʟʣʠʯʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʠ ʠ ʘʥʪʠʤʘʪʝʨʠʠ ʚ ʨʘʩʧʘʜʘʭ 

ʧʨʝʣʝʩʪʥʳʭ ʯʘʩʪʠʮ.  

ʉʨʘʟʫ  ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʚ 1987 ʛʦʜʫ ʩʤʝʰʠʚʘʥʠʷ ɺ0  ʘʥʪʠ-ɺ0 ʤʝʟʦʥʦʚ ʥʘʯʘʣʦʩʴ  ʩʦʟʜʘʥʠʝ 
ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʦʠʩʢʘ ʉP-ʥʘʨʫʰʝʥʠʷ  ʚ ʩʠʩʪʝʤʝ ɺ-ʤʝʟʦʥʦʚ.    

ʇʝʨʚʳʡ ʧʨʦʝʢʪ ɺ-ʬʘʙʨʠʢʠ ʜʣʷ ʧʦʠʩʢʘ ʉP-ʥʘʨʫʰʝʥʠʷ  ʚ ʩʠʩʪʝʤʝ ɺ-ʤʝʟʦʥʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 

ɼɽɿʀ ʩ ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʠʝʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʀʊʕʌ.  ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦʪ ʧʨʦʝʢʪ ʥʝ ʙʳʣ 

ʦʜʦʙʨʝʥ ʜʠʨʝʢʮʠʝʡ ɼɽɿʀ.  

ɼʝʪʝʢʪʦʨ HERA-B 

HELENA: A Beauty factory in Hamburg  

H. Albrecht (DESY) et al.. Mar 1992. 330 pp. DESY-92-041 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ DESY ʩʪʘʨʪʦʚʘʣ  ʵʢʩʧʝʨʠʤʝʥʪ HERA-B, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʢʦʪʦʨʦʛʦ  ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʉP-ʥʘʨʫʰʝʥʠʷ  ʚ ʩʠʩʪʝʤʝ ɺ-ʤʝʟʦʥʦʚ, 
ʠʩʧʦʣʴʟʫʷ ʚʥʫʪʨʝʥʥʶʶ ʤʠʰʝʥʴ ʚ ʧʨʦʪʦʥʥʦʤ ʢʦʣʴʮʝ  ʢʦʤʧʣʝʢʩʘ HERA.  

ʄʦʥʪʘʞ  

ʂʘʣʦʨʠʤʝʪʨʘ 

Ŷ 

ʄʦʥʪʘʞ  

ʄʶʦʥʥʦʡ 

ʉʠʩʪʝʤʳ 

Ÿ 
ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ HERA-B  ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʮʝʣʳʡ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʦʞʜʝʥʠʶ 

ʦʯʘʨʦʚʘʥʥʳʭ ʠ ɺ-ʤʝʟʦʥʦʚ, J/ ɣ  ʠ Ɉ-

ʤʝʟʦʥʦʚ, ʧʦʣʫʯʝʥʳ ʣʫʯʰʠe ʥʘ ʪʦ ʚʨʝʤʷ 

ʚʝʨʭʥʠʝ ʧʨʝʜʝʣʳ ʥʘ ʨʘʩʧʘʜ D0ŸɛϕɛȤ ʠ ʥʘ 
ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʝʥʪʘʢʚʘʨʢʦʚ. 
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ʇʦʟʜʥʝʝ ʚ ʗʧʦʥʠʠ (ʂɽʂ) ʠ ʚ ʉʐɸ (SLAC) ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 

ʘʩʩʠʤʝʪʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ï B-ʬʘʙʨʠʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪ Belle ʙʳʣ ʟʘʧʫʱʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1999 ʛ. ʥʘ 

ʘʩʠʤʤʝʪʨʠʯʥʦʤ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ KEKB ʚ ʥʘʫʯʥʦʤ ʮʝʥʪʨʝ 

ʂɽʂ (ʎʫʢʫʙʘ, ʗʧʦʥʠʷ), ʚ ʢʦʪʦʨʦʤ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʧʨʠʥʷʣʠ ʩʦʪʨʫʜʥʠʢʠ 

ʀʊʕʌ. 

 

ɺ 2001 ʛʦʜʫ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ Belle ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ CP-ʥʘʨʫʰʝʥʠʝ ʚ 

ʨʘʩʧʘʜʝ ɺ0ŸJ/ɣK0, ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʤʦʜʝʣʠ ʂʦʙʘʷʰʠ-

ʄʘʩʢʘʚʳ. 

 

ʇʦʤʠʤʦ ʨʝʰʝʥʠʷ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ, ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʉʈ-ʥʘʨʫʰʝʥʠʷ ʚ 

ʨʘʩʧʘʜʘʭ ɺ-ʤʝʟʦʥʦʚ, ʠ ʧʦʠʩʢʘ ʨʝʜʢʠʭ ʨʘʩʧʘʜʦʚ B-ʤʝʟʦʥʦʚ, ʫʯʝʥʳʝ ʀʊʕʌ 

ʚʥʝʩʣʠ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʬʠʟʠʢʫ ʢʚʘʨʢʦʥʠʷ ʠ ʦʯʘʨʦʚʘʥʥʳʭ ʘʜʨʦʥʦʚ.  

 
ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ Belle, ʚ ʢʦʪʦʨʦʤ 

ʩʦʪʨʫʜʥʠʢʠ ʀʊʕʌ ʠʛʨʘʣʠ ʚʝʜʫʱʫʶ ʨʦʣʴ, ʙʳʣʦ ʦʪʢʨʳʪʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʟʦʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʢʚʘʨʢʦʥʠʷ.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʋʩʪʘʥʦʚʢʘ CLAS  
(Cebaf Large Acceptance Spectrometer).  

 ʀʩʩʣʝʜʦʚʘʥʠʝ ep, eA, gp ʠ gɸ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʫʩʪʘʥʦʚʢʝ CLAS  

ʫʩʢʦʨʠʪʝʣʷ CEBAF (USA).  
 

  ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʥʫʢʣʦʥʦʚ ʠ ʷʜʝʨ. 

       ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʥʫʢʣʦʥʘ ʠ ʦʧʠʩʘʥʠʝ ʵʪʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʪʝʨʤʠʥʘʭ 

ʢʚʘʨʢʦʚʳʭ ʠ ʛʣʶʦʥʥʳʭ ʧʦʣʝʡ.  

     ɼʝʪʝʢʪʦʨ CLAS ï ʩʦʚʨʝʤʝʥʥʳʡ ʤʥʦʛʦʮʝʣʝʚʦʡ ʩʧʝʢʪʨʦʤʝʪʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʬʦʪʦʥʥʳʤʠ ʧʫʯʢʘʤʠ ʩ ʵʥʝʨʛʠʝʡ ʜʦ 6 ɻʵɺ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʠʰʝʥʷʭ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʫʩʪʘʥʦʚʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʀʊʕʌ ʷʚʣʷʶʪʩʷ: ʤʘʛʥʠʪ, 
ʮʝʧʴ ʧʫʯʢʦʚʳʭ ʜʠʧʦʣʴʥʳʭ ʨʘʩʪʝʨʥʳʭ ʤʘʛʥʠʪʦʚ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ ʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʘʣʦʨʠʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʚ ʚʦʣʴʬʨʘʤʘ ʩʚʠʥʮʘ ʩ ʬʦʪʦʜʠʦʜʥʳʤ 
ʩʯʠʪʳʚʘʥʠʝʤ.  

 

ɺʘʞʥʳʤ  ʚʢʣʘʜʦʤ ʀʊʕʌ ʚ ʥʦʚʳʡ ʜʝʪʝʢʪʦʨ CLAS12  ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʜʚʫʭ ʵʩʢʠʟʥʳʭ 
ʧʨʦʝʢʪʦʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʘʛʥʠʪʦʚ ʚ ʚʠʜʝ ʪʦʨʦʠʜʘ ʠ ʩʦʣʝʥʦʠʜʘ.  

ɹʦʣʝʝ 150 ʬʠʟʠʢʦʚ  ʠʟ 30 ʠʥʩʪʠʪʫʪʦʚ ʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʉʐɸ, ʌʨʘʥʮʠʠ, ʀʪʘʣʠʠ, ʂʦʨʝʠ ʠ 

ʈʦʩʩʠʠ (ʄɻʋ) ʷʚʣʷʶʪʩʷ ʯʣʝʥʘʤʠ ʢʦʣʣʘʙʦʨʘʮʠʠ CLAS . 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘ ʫʩʪʘʥʦʚʢʝ CLAS  ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 130 ʨʘʙʦʪ ʚ 

ʨʝʬʝʨʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ. 
ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʥʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ CLAS12  (12 ɻʵɺ)  - 2017. 



ɿʘʧʫʩʢ ʫʩʪʘʥʦʚʢʠ ʕʇɽʂʋʈ ʚ ʀʊʕʌ (ʜʝʢʘʙʨʴ 2008 ʛʦʜʘ). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʕʇɽʂʋʈ, ʠʩʧʦʣʴʟʫʷ ʥʦʚʝʡʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʠ 

ʤʝʪʦʜʠʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʊʘʢʠʝ ʜʘʥʥʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʜʘʜʫʪ ʥʦʚʳʡ ʠʤʧʫʣʴʩ ʢ ʨʘʟʚʠʪʠʶ ʇɺɸ, ʘ ʩ ʜʨʫʛʦʡ -  ʠʭ ʤʦʞʥʦ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʠʩʢʘ ʫʟʢʠʭ ʨʝʟʦʥʘʥʩʦʚ. ʋʩʪʘʥʦʚʢʘ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ  ʚ 2004-2008 ʛʛ. ʢʦʣʣʘʙʦʨʘʮʠʝʡ ʀʊʕʌ, ʇʀʗʌ ʠ ɸʙʠʣʝʥʩʢʦʛʦ 

ʭʨʠʩʪʠʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʉʐɸ). 

ɺ ʧʝʨʠʦʜ ʩ 2009 ʧʦ 2011 ʛʦʜʳ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʕʇɽʂʋʈ ʙʳʣʦ ʟʘʧʠʩʘʥʦ ʙʦʣʝʝ 3 ʤʠʣʣʠʘʨʜʦʚ 

ʪʨʠʛʛʝʨʦʚ ʠ ʚʳʧʦʣʥʝʥʳ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʥʘ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʫʧʨʫʛʦʛʦ ʧʠʦʥ-

ʧʨʦʪʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʨʝʟʦʥʘʥʩʥʦʡ ʦʙʣʘʩʪʠ. 

ʋʩʪʘʥʦʚʢʘ ʕʇɽʂʋʈ (ʀʊʕʌ) 



ʕʢʩʧʝʨʠʤʝʥʪ H1 ʚ DESY 

ʉʦʟʜʘʥʠʝ ʫʩʪʘʥʦʚʢʠ ʅ1 ʥʘʯʘʣʦʩʴ ʚ 80-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʅʘ  ʧʨʦʪʷʞʝʥʠʠ 

ʤʥʦʛʠʭ ʣʝʪ ʜʝʪʝʢʪʦʨ ʅ1 ʤʦʜʝʨʥʠʟʠʨʦʚʘʣʩʷ. ɺ ʀʊʕʌ ʙʳʣʠ ʩʦʟʜʘʥʳ ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʭ ʧʨʠʙʦʨʦʚ ʜʝʪʝʢʪʦʨʘ - ʢʘʣʦʨʠʤʝʪʨʳ.  ʉʨʝʜʠ ʢʘʣʦʨʠʤʝʪʨʦʚ, ʩʦʙʨʘʥʥʳʭ ʚ ʀʊʕʌ:  

          Åʯʘʩʪʴ ʞʠʜʢʦʘʨʛʦʥʦʚʦʛʦ ʘʜʨʦʥʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ;  

          Åʟʘʜʥʠʡ ʘʜʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ "SPACAL";  

          Åʧʝʨʝʜʥʠʡ ʥʝʡʪʨʦʥʥʳʡ ʢʘʣʦʨʠʤʝʪʨ;  
          Åʪʦʨʦʠʜʘʣʴʥʳʡ ʤʘʛʥʠʪ.  

ʉʙʦʨʢʘ ʢʘʣʦʨʠʤʝʪʨʘ SPACAL ʚ ʅ1 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʧʦʟʥʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʠ 

ʧʨʦʩʪʠʨʘʶʪʩʷ ʦʪ 10-16 ʩʤ ʜʦ 1028 ʩʤ. 

  

ʕʢʩʧʝʨʠʤʝʥʪ ʅ1 ʥʘ ʵʣʝʢʪʨʦʥ-ʧʨʦʪʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ 

HERA ʙʳʣ ʥʘʮʝʣʝʥ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʦʙʲʝʢʪʦʚ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʤʠʢʨʦʤʠʨʘ ʥʘ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʫʧʥʳʭ ʤʘʩʰʪʘʙʘʭ ʨʘʩʩʪʦʷʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ, ʩʜʝʣʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʅ1 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʠ ʢʚʘʨʢʦʚ ʠ ʛʣʶʦʥʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ  

ʥʘ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʚʥʫʪʨʠ ʧʨʦʪʦʥʘ. 

ɺ ʛʣʫʙʦʢʦ-ʥʝʫʧʨʫʛʦʤ ʨʘʩʩʝʷʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʧʨʦʪʦʥʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ  

ʜʠʬʬʨʘʢʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ. 



ʌʠʟʠʢʠ ʀʊʕʌ ʨʘʙʦʪʘʶʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ATLAS ʠ CMS ʥʘ ɹʦʣʴʰʦʤ ɸʜʨʦʥʥʦʤ ʂʦʣʣʘʡʜʝʨʝ (ɹɸʂ) ʩ 

ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʵʪʠʭ ʧʨʦʝʢʪʦʚ. ɺ 1990-ʭ ʛʦʜʘʭ ʛʨʫʧʧʘʤʠ ʀʊʕʌ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʢʘʣʦʨʠʤʝʪʨʠʠ 

ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʞʠʜʢʦʘʨʛʦʥʦʚʳʭ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ ʠ ʢʚʘʨʮʝʚʳʭ ʚʦʣʦʢʦʥ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ATLAS ʠ CMS (CERN) 

ɻʨʫʧʧʘ ʀʊʕʌ ʧʨʝʜʣʦʞʠʣʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʣʦʨʠʤʝʪʨ ʥʘ ʢʚʘʨʮʝʚʳʭ ʚʦʣʦʢʥʘʭ ʜʣʷ ʦʙʣʘʩʪʠ  ʤʘʣʳʭ 

ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ CMS. ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝʜʥʠʭ ʢʘʣʦʨʠʤʝʪʨʦʚ ʩ 

ʢʚʘʨʮʝʚʳʤʠ ʚʦʣʦʢʥʘʤʠ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʈʌʗʎ ɺʅʀʀʊʌ (ʛ. ʉʥʝʞʠʥʩʢ) ʦʩʚʦʝʥʘ 

ʫʥʠʢʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʜʫʣʝʡ. 36 ʤʦʜʫʣʝʡ ʚʝʩʦʤ ʦʢʦʣʦ 4 ʪ ʢʘʞʜʳʡ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʚʦ ɺʅʀʀʊʌ ʧʦ ʜʦʛʦʚʦʨʫ ʩ ʀʊʕʌ. ʕʪʠ ʤʦʜʫʣʠ ʙʳʣʠ ʜʦʩʪʘʚʣʝʥʳ ʚ ʎɽʈʅ, ʦʩʥʘʱʝʥʳ                 
ʢʚʘʨʮʝʚʳʤʠ ʚʦʣʦʢʥʘʤʠ ʠ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʤʠ ʫʤʥʦʞʠʪʝʣʷʤʠ.  

ɻʨʫʧʧʦʡ ʀʊʕʌ ʚ ATLAS ʚʥʘʯʘʣʝ  ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʘ ʟʘʪʝʤ 

ʩʦʚʤʝʩʪʥʦ ʩ ʧʘʨʪʥʝʨʘʤʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠ ʠʩʧʳʪʘʥʳ ʧʨʦʪʦʪʠʧʳ 

ʢʘʣʦʨʠʤʝʪʨʘ, ʠ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʥʘ ʙʘʟʝ ʜʨʝʡʬʦʚʳʭ ʪʨʫʙʦʢ ʚ 

ʞʠʜʢʦʤ ʘʨʛʦʥʝ ʩ ʤʘʪʝʨʠʘʣʦʤ ʧʦʛʣʦʪʠʪʝʣʷ ʠʟ ʚʦʣʴʬʨʘʤʘ. ʀʊʕʌ 

ʩʦʚʤʝʩʪʥʦ ʩ ʟʘʚʦʜʘʤʠ ʆɿʊʄ ʠ ʊʉ (ʄʦʩʢʚʘ) ʠ ʊʫʣʘʤʘʰʟʘʚʦʜ 

ʨʘʟʨʘʙʦʪʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʠ ʥʘʣʘʜʠʣʠ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʘʥʦʜʦʚ ʠʟ ʚʦʣʴʬʨʘʤʘ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ ʩ ʜʦʧʫʩʢʦʤ Ñ 15 ʤʠʢʨʦʥ. 

ʆʙʱʝʝ ʯʠʩʣʦ ʘʥʦʜʦʚ ï 32000, ʤʘʩʩʘ ï 5,75ʪ. 

ʇʝʨʝʜʥʠʝ ʢʘʣʦʨʠʤʝʪʨʳ ATLAS ʠ CMS ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʳʩʦʢʫʶ ʨʘʜʠʘʮʠʦʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ. ɼʘʥʥʳʝ ʩ ʧʝʨʝʜʥʠʭ ʢʘʣʦʨʠʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʘʜʨʦʥʥʳʭ ʩʪʨʫʡ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʫʛʣʦʚ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʝʜʦʩʪʘʶʱʝʡ 

ʧʦʧʝʨʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʕʪʠ ʠʟʤʝʨʝʥʠʷ ʩʳʛʨʘʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʥʘʨʫʞʝʥʠʠ ʙʦʟʦʥʘ 

ʍʠʛʛʩʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ATLAS ʠ CMS. 

ʇʝʨʝʜʥʠʡ ʢʘʣʦʨʠʤʝʪʨ ATLAS 

ʧʝʨʝʜ ʫʩʪʘʥʦʚʢʦʡ ʚ ʢʨʠʦʩʪʘʪ 



ʕʢʩʧʝʨʠʤʝʥʪ LHCb (CERN) 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ LHCb - ʦʜʠʥ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ɹʦʣʴʰʦʤ ɸʜʨʦʥʥʦʤ ʂʦʣʣʘʡʜʝʨʝ (ɹɸʂ), ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʦʜʠʥ ʠʟ 

ʩʘʤʳʭ ʠʥʪʨʠʛʫʶʱʠʭ ʚʦʧʨʦʩʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ - ʢʘʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʧʦʩʣʝ ɹʦʣʴʰʦʛʦ ɺʟʨʳʚʘ, ʧʦʟʚʦʣʠʣʠ ʤʘʪʝʨʠʠ ʩʦʭʨʘʥʠʪʴʩʷ ʚ ʪʦʤ ʚʠʜʝ, ʚ 

ʢʦʪʦʨʦʤ ʤʳ ʝʝ ʥʘʙʣʶʜʘʝʤ ʩʝʛʦʜʥʷ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʲʷʩʥʠʪʴ ʠ ʧʦʥʷʪʴ - ʧʦʯʝʤʫ ʚ 

ʭʦʜʝ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʠʩʯʝʟʣʦ ʘʥʪʠʚʝʱʝʩʪʚʦ. 

  

ʋʯʝʥʳʝ ʠʟ ʀʊʕʌ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ LHCb ʚʥʝʩʣʠ ʨʝʰʘʶʱʠʡ ʚʢʣʘʜ ʚ ʩʦʟʜʘʥʠʝ ʦʜʥʦʡ ʠʟ 

ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʯʘʩʪʠʮ - ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʘ ʠʤʝʥʥʦ ʚ 
ʨʘʟʨʘʙʦʪʢʫ ʠ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ.  

ɺ ʬʦʢʫʩʝ ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ ʛʨʫʧʧʳ ʀʊʕʌ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ LHCb ʥʘʭʦʜʠʪʩʷ ʠʟʫʯʝʥʠʝ ʨʦʞʜʝʥʠʷ 

ʪʷʞʝʣʳʭ (ʧʨʝʣʝʩʪʥʳʭ ʠ ʦʯʘʨʦʚʘʥʥʳʭ) ʢʚʘʨʢʦʚ ʠ 

ʩʚʦʡʩʪʚ ʘʜʨʦʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʷʞʝʣʳʝ ʢʚʘʨʢʠ.   

   ɻʝʦʤʝʪʨʠʷ ʜʝʪʝʢʪʦʨʘ LHCb ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ 

ʧʨʦʮʝʩʩʳ ʨʦʞʜʝʥʠʷ ʪʷʞʝʣʳʭ  ʢʚʘʨʢʦʚ ʠ ʢʚʘʨʢʦʥʠʝʚ ʚ 

ʫʥʠʢʘʣʴʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.  

      ɻʨʫʧʧʦʡ ʙʳʣʦ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ 

ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʨʦʞʜʝʥʠʷ  ʪʷʞʝʣʳʭ ʢʚʘʨʢʦʚ ʚ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʳʭ 

ʩʪʦʣʢʥʦʚʝʥʠʷʭ. 
ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʘʣʦʨʠʤʝʪʨ LHCb 



ʕʢʩʧʝʨʠʤʝʥʪ ALICE (CERN) 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ALICE ï  ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʪʷʞʝʣʦ-

ʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ ʢʦʣʣʘʡʜʝʨʝ ʚ ʎɽʈʅ, ʟʘʧʫʩʢ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʦʷʣʩʷ 2009 ʛ. ʕʢʩʧʝʨʠʤʝʥʪ ALICE ʦʪʥʦʩʠʪʩʷ ʢ ʬʠʟʠʢʝ ʢʚʘʨʢïʛʣʶʦʥʥʦʡ ʤʘʪʝʨʠʠ. ʕʪʘ 

ʥʝʜʘʚʥʦ ʚʦʟʥʠʢʰʘʷ ʦʙʣʘʩʪʴ ʬʠʟʠʢʠ ʠʤʝʝʪ ʮʝʣʴʶ ʨʝʰʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʯʥʦʡ 

ʟʘʜʘʯʠ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ï ʦʙʲʷʩʥʠʪʴ ʩʪʨʫʢʪʫʨʫ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʵʚʦʣʶʮʠʶ 

ʙʘʨʠʦʥʥʦʡ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʚʝʱʝʩʪʚʘ ʟʚʝʟʜ, ʧʣʘʥʝʪ ʠ 

ʞʠʚʳʭ ʩʫʱʝʩʪʚ. 

ʌʠʟʠʢʠ ʀʊʕʌ ʷʚʣʷʶʪʩʷ ʯʣʝʥʦʤ ʢʦʣʣʘʙʦʨʘʮʠʠ ALICE ʩ 1993 ʛʦʜʘ. ʆʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʫʧʧʳ ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʚʨʝʤʷʧʨʦʣʝʪʥʦʡ 

ʤʝʪʦʜʠʢʠ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʦʩʥʦʚʝ ʧʣʦʩʢʦ-ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʛʘʟʦʚʳʭ ʢʘʤʝʨ. 

ʉʙʦʨʢʘ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʩʠʩʪʝʤʳ 

TOF, ʩʙʦʨʢʘ ʦʜʥʦʛʦ ʠʟ 18 

ʩʫʧʝʨʤʦʜʫʣʝʡ TOF 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʪʘʜʠʠ R&D 2003-2008 ʛʨʫʧʧʘ ʀʊʕʌ 

ʧʨʠʥʠʤʘʣʘ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʩʙʦʨʢʝ ʠ ʢʘʣʠʙʨʦʚʢʝ 

ʢʨʫʧʥʝʡʰʝʡ ʚ ʤʠʨʝ ʚʨʝʤʷ-ʧʨʦʣʝʪʥʦʡ ʩʠʩʪʝʤʳ ʜʝʪʝʢʪʦʨʘ 

ALICE  

(159 000 ʢʘʥʘʣʦʚ, 150 ʤ2), ʧʨʝʚʦʩʭʦʜʠʚʰʝʡ ʨʘʥʝʝ 

ʠʤʝʚʰʠʝʩʷ ʚ 50-100 ʨʘʟ ʧʦ ʯʠʩʣʫ ʢʘʥʘʣʦʚ ʠ ʧʣʦʱʘʜʠ. 

 

ɻʨʫʧʧʘ ʀʊʕʌ ʧʨʠʥʠʤʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʘʥʘʣʠʟʝ 

ʜʘʥʥʳʭ ʧʦ ʧʦʠʩʢʫ ʩʣʝʜʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ 

ʧʣʘʟʤʳ ʩ ʦʧʦʨʦʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʜʝʪʝʢʪʦʨʘ TOF. 


