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ПИəФ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ФȿНИКɋ: ɩɪɨɲɥɨɟ, 
ɧɚɫɬɨяɳɟɟ ɢ ɛɭɞɭɳɟɟ 

ȼ. Ɋɹɛɨɜ 
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Relativistic Heavy-Ion Collided (RHIC) 

 RHIC – ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɝɢɛɤɢɣ ɢ ɧɚɞɟɠɧɵɣ ɭɫɤɨɪɢɬɟɥɶ 

 Ɉɛɲɢɪɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɩɪɨɝɪɚɦɦɚ: 

 p+p, p+A, A+A ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ sNN = 200 Ƚɷȼ (9 ɤɨɦɛɢɧɚɰɢɣ) 
 ɩɪɨɝɪɚɦɦɚ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɨ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (13 ɷɧɟɪɝɢɣ) 
 ɟɞɢɧɫɬɜɟɧɧɵɣ ɤɨɥɥɚɣɞɟɪ ɩɭɱɤɨɜ ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɩɪɨɬɨɧɨɜ, P ~ 70% 
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Relativistic Heavy-Ion Collided (RHIC) 

 ɇɟɩɪɟɪɵɜɧɨɟ ɭɜɟɥɢɱɟɧɢɟ сɜɟɬɢɦɨсɬɢ:  

 p+p   ~ 1032 cm-2s-1 

 A+A ~ 1028 cm-2s-1 

 ɉɪɨɝɪɚɦɦɚ сɤɚɧɢɪɨɜɚɧɢɹ ɩɨ эɧɟɪɝɢɹɦ ɢɦɟɟɬ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɧɚɤɨɩɥɟɧɧɨɣ сɜɟɬɢɦɨсɬɢ  
 ɧɟɨɛɯɨɞɢɦɨсɬɶ ɜ сɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ 
эɤсɩɟɪɢɦɟɧɬɚɯ (NICA, FAIR) 
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 ɐɟɧɬɪɚɥɶɧɵɟ сɩɟɤɬɪɨɦɟɬɪɵ: 
 

 ɰɟɧɬɪɚɥɶɧɵɣ ɦɚɝɧɢɬ (ɂɠɨɪсɤɢɣ ɡɚɜɨɞ)  
 ɞɪɟɣɮɨɜɵɟ ɤɚɦɟɪɵ (ɉɂəɎ, Ƚɚɬɱɢɧɚ) 

 ɩɚɞɨɜɵɟ ɤɚɦɟɪɵ (PC1, PC2, PC3) 

 ɱɟɪɟɧɤɨɜсɤɢɣ ɞɟɬɟɤɬɨɪ (RICH) 

 эɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɤɚɥɨɪɢɦɟɬɪ  
    (PbSc – ɂɌЭɎ, PbGl - Кɂ) 

 TRD  

 TOF 

 AGEL (ɈɂəɎ, Ⱦɭɛɧɚ) 

 VTX/FVTX 

-0.35 < h < 0.35 
 - 2 x 90o 

1.2 < h < 2.4 
 - 2 x 360o 

 Ɇɸɨɧɧɵɟ сɩɟɤɬɪɨɦɟɬɪɵ: 
 

 MuTr 

 MuID 

 MPC 

PHENIX setup 
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 2 ɤɚɦɟɪɵ: ɚɤɬɢɜɧɚɹ ɩɥɨɳɚɞɶ - 2 ɦ ɯ 7.5 ɦ; ɚɤɬɢɜɧɵɣ ɨɛɴɟɦ - 1.5 ɦ3  

 ɦɨɞɭɥɶɧɚɹ ɤɨɧсɬɪɭɤɰɢɹ ɞɟɬɟɤɬɨɪɚ:  

         ɟɞɢɧɚɹ ɬɢɬɚɧɨɜɚɹ ɮɟɪɦɚ, 6x20 ɨɞɧɨɬɢɩɧɵɯ ɦɨɞɭɥɟɣ, 2-ɚ ɦɚɣɥɚɪɨɜɵɯ ɨɤɨɧ 

 ɨɪɢɝɢɧɚɥɶɧɚɹ ɩɪɨɜɨɥɨɱɧɚɹ сɬɪɭɤɬɭɪɚ сɬɪɭɣɧɨɝɨ ɬɢɩɚ (~ 20,000 ɩɪɨɜɨɥɨɤ) :  
 

           ~ 120 мкм, // ~ 1.5-2 мм, z ~ 1.5 мм  

 ɝɚɡɨɜɚɹ сɦɟсɶ:  

          Ar + C2H6 ɜ ɪɚɜɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ + 1.6 % ɩɚɪɨɜ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ 

 ȾК ɩɨɥɧɨсɬɶɸ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɨɪɚɛɨɬɚɥɢ 16 ɥɟɬ 

  Ȼɨɥɟɟ 80% ɜсɟɯ  ɮɢɡɢɱɟсɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɎȿɇɂКɋ ɩɨɥɭɱɟɧɵ с ɢсɩɨɥɶɡɨɜɚɧɢɟɦ ȾК 

 .с/Ƚэȼp%9.0%7.0
p

p




Вɤɥɚɞ ПИəФ, ɨɛɨɪɭɞɨɜɚɧɢɟ 
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Discovery of sQGP 

 ȼ 2005 ɝɨɞɭ (QM-2005) ɜсɟ ɤɨɥɥɚɛɨɪɚɰɢɢ ɧɚ RHIC сɞɟɥɚɥɢ ɡɚɹɜɥɟɧɢɟ 
ɨɛ ɨɬɤɪɵɬɢɢ ɧɨɜɨɝɨ сɨсɬɨɹɧɢɹ – сɢɥɶɧɨɜɡɚɢɦɨɞɟɣсɬɜɭɸɳɟɣ КȽɉ 

 

 Ɂɚɹɜɥɟɧɢɟ ɎȿɇɂКɋ ɨɛɭсɥɨɜɥɟɧɨ ɨɛɧɚɪɭɠɟɧɢɟɦ ɢ ɢɡɦɟɪɟɧɢɟɦ:  
 

 эɮɮɟɤɬɚ ɝɚɲɟɧɢɹ сɬɪɭɣ 

 эɥɥɢɩɬɢɱɟсɤɨɝɨ ɩɨɬɨɤɚ, ɟɝɨ nq - ɦɚсɲɬɚɛɢɪɨɜɚɧɢɹ 

 ɜɵɯɨɞɚ ɦɹɝɤɢɯ ɩɪɹɦɵɯ ɮɨɬɨɧɨɜ 

 ɩɨɞɚɜɥɟɧɢɟ ɤɜɚɪɤɨɧɢɹ 
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 ȼɵɯɨɞ ɚɞɪɨɧɨɜ ɫɢɥɶɧɨ ɩɨɞɚɜɥɟɧ (RAA=0.2!) ɞɨ 20 Ƚɷȼ/c ɜ ɰɟɧɬɪɚɥɶɧɵɯ А+А 

 Ɉɬɫɭɬɫɬɜɢɟ ɩɨɞɚɜɥɟɧɢɹ ɞɥɹ direct ɢ ɚɞɪɨɧɨɜ ɜ p+A  ɷɮɮɟɤɬ ɤɨɧɟɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

 Ɉɞɢɧɚɤɨɜɨɟ ɩɨɞɚɜɥɟɧɢɟ ɞɥɹ ɥɟɝɤɢɯ ɚɞɪɨɧɨɜ  ɩɚɪɬɨɧɧɵɣ ɭɪɨɜɟɧɶ 

 Ɍɹɠɟɥɵɟ ɫ-ɤɜɚɪɤɢ ɢɫɩɵɬɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ 

 Ɇɨɞɟɥɶɧɨɟ ɨɩɢɫɚɧɢɟ:  > 15 Ƚɷȼ/ɮɦ3; dNg/dy > 1100 

 

 Ɉɛɪɚɡɭɸщɚɹɫɹ ɫɪɟɞɚ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɝɥɸɨɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ 

 ɇɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ >> ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

 

Jet quenching 

(3) q_hat = 14 GeV2/fm 

(2) q_hat = 4 GeV2/fm 

(1) q_hat = 0 GeV2/fm 

(4) dNg / dy = 1000 
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Elliptic flow (v2) 

 v2(pT, m) ɨɩɢɫɵɜɚɟɬɫɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɦɢ 
ɦɨɞɟɥɹɦɢ, ɩɪɟɞɩɨɥɚɝɚɸɳɢɦɢ ɨɛɪɚɡɨɜɚɧɢɟ ɫɪɟɞɵ 
ɫɨ ɫвɨɣɫɬваɦɢ ɢɞɟаɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫ ɨɱɟɧɶ 
ɦɚɥɨɣ ɜɹɡɤɨɫɬɶɸ (h/s ~ 1/4) 
 

 Ɋɚɧɧɹɹ ɬɟɪɦɚɥɢɡɚɰɢɹ ( < 1 фɦ/ɫ) ɢ ɜɵɫɨɤɚɹ 
ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ( > 15 Ƚɷȼ/фɦ3). 
 

  ɍɧɢɜɟɪɫɚɥɶɧɨɫɬɶ nq - ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɞɥɹ 
ɥɟɝɤɢɯ ɚɞɪɨɧɨɜ 
 

 Ɍɹɠɟɥɵɟ ɤɜɚɪɤɢ ɬɚɤɠɟ ɭɱɚɫɬɜɭɸɬ ɜ ɤɨɥɥɟɤɬɢɜɧɨɦ 
ɩɨɬɨɤɟ, ɧɨ ɫɥɚɛɟɟ ɥɟɝɤɢɯ 

 Ɋɚɜɧɨɜɟɫɧɚɹ ɫɪɟɞɚ 

  Иɞɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ, ɧɟ ɝɚɡ 

  ɉɨɬɨɤ ɪɚɡɜɢɜɚɟɬɫɹ ɧɚ ɩɚɪɬɨɧɧɨɦ 
ɭɪɨɜɧɟ, ɩɚɪɬɨɧɧɵɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ 
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Soft direct photons 

  ɇɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ Т0 >> Тɫ 

 Бɵɫɬɪɚɹ ɬɟɪɦɚɥɢɡɚɰɢɹ (0 << 1 ɮɦ/ɫ) 

PHENIX preliminary 

 ɉɟɪɜɨɟ ɢɡɦɟɪɟɧɢɟ ɜɵɯɨɞɚ ɦɹɝɤɢɯ ɩɪɹɦɵɯ 
ɮɨɬɨɧɨɜ ɜ А+А ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ 

 

 ȼɵɯɨɞ ɮɨɬɨɧɨɜ ɩɪɟɜɵɲɚɟɬ NcollpQCD 

 

 Ɇɨɞɟɥɢ: T0 ~  300-400 MeV 
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Quarkonia 

  Ɋɚɫɩɥɚɜɥɟɧɢɟ ɱɚɪɦɨɧɢɹ (Дɟɛɚɟɜɫɤɚɹ ɷɤɪɚɧɢɪɨɜɤɚ ɜ ɩɥɚɡɦɟ) 

 ȼɵɯɨɞ J/ ɩɨɞɚɜɥɟɧ 

ɉɨɞɚɜɥɟɧɢɟ ɧɟ ɨɩɢɫɵɜɚɟɬɫɹ CNM 

ɷɮɮɟɤɬɚɦɢ 

 Ɋɟɡɭɥɶɬɚɬɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 
ɦɨɞɟɥɶɧɵɦɢ ɪɚɫɱɟɬɚɦɢ, 
ɩɪɟɞɩɨɥɚɝɚɸɳɢɦɢ ɩɨɞɚɜɥɟɧɢɟ J/ ɜ 
ɩɥɚɡɦɟ ɢ ɢɯ ɪɟɝɟɧɟɪɚɰɢɸ 
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 ȼ ɰɟɧɬɪɚɥɶɧɵɯ А+А ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɩɪɢ ɷɧɟɪɝɢɹɯ RHIC ɨɛɪɚɡɭɟɬɫɹ ɫɪɟɞɚ, 
ɨɛɥɚɞɚɸɳɚɹ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: 

 

 ɛɵɫɬɪɚɹ ɬɟɪɦɚɥɢɡɚɰɢɹ (0 << 1 ɮɦ/ɫ) 
 ɢɞɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ (h/s ~ 1/4); ɫɢɥɶɧɨ-ɫɜɹɡɚɧɧɚɹ, ɧɟ ɝɚɡ 

  >15 Ƚɷȼ/ɮɦ3, T0 ~ 300-400 MeV  - ɩɪɟɜɵɲɟɧɵ ɭɫɥɨɜɢɹ ɞɥɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 

 dNg/dy > 1100, ɜɵɫɨɤɚɹ ɝɥɸɨɧɧɚɹ ɩɥɨɬɧɨɫɬɶ, ɫɪɟɞɚ ɧɟ ɩɪɨɡɪɚɱɧɚɹ  
 

 ɇɢ ɨɞɧɨ ɢɡ ɫɞɟɥɚɧɧɵɯ ɡɚɤɥɸɱɟɧɢɣ ɧɟ ɛɵɥɨ ɨɩɪɨɜɟɪɝɧɭɬɨ ɡɚ 10+ ɥɟɬ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɢ ɫ ɡɚɩɭɫɤɨɦ LHC 

 

 ȼɫɹ ɞɚɥɶɧɟɣɲɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ ɎЕɇИКɋ ɛɵɥɚ ɫɜɹɡɚɧɚ ɫ ɛɨɥɟɟ ɞɟɬɚɥɶɧɵɦ 
ɢɡɭɱɟɧɢɟɦ ɫɜɨɣɫɬɜ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɫɨɫɬɨɹɧɢɹ ɦɚɬɟɪɢɢ ɜ ɬɟɫɧɨɦ 
ɫɨɬɪɭɞɧɢɱɟɫɬɜɟ ɫ ɫɨɨɛɳɟɫɬɜɨɦ ɬɟɨɪɟɬɢɤɨɜ ɞɥɹ ɛɨɥɟɟ ɩɨɥɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 
ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

Discovery of sQGP 
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 Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɫɜɨɣɫɬɜ ɥɟɝɤɢɯ ɚɞɪɨɧɨɜ (, K, h, h’, p, ,  ɢ ɬ.ɞ.) 

 ɇɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɭɛɥɢɤɚɰɢɢ, ɜɵɫɬɭɩɥɟɧɢɹ ɧɚ ɤɨɧɮɟɪɟɧɰɢɹɯ 

 Кɭɡɧɢɰɚ ɤɚɞɪɨɜ: 

 4 ɤɚɧɞɢɞɚɬɫɤɢɯ ɞɢɫɫɟɪɬɚɰɢɢ + 1 ɩɥɚɧɢɪɭɟɬɫɹ 

 1 ɞɨɤɬɨɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ 

 ALICE, CBM … 

 PWG-LF, PSB (PHENIX Speaker Bureau) 

 Аɧɚɥɢɡ ɞɚɧɧɵɯ ɩɪɨɞɨɥɠɚɟɬɫɹ … 

Ⱦɨɫɬɢɠɟɧɢя ПИəФ 
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Jet production: p+p and Cu+Au @ 200 GeV 
PhysRevLett.116.122301  

 ɉɟɪɜɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɜɵɯɨɞɭ сɬɪɭɣ ɜ p+p ɢ Cu+Au ɩɪɢ sNN = 200 Ƚэȼ 

 ɇɟ ɬɪɟɛɭɸɬ ɡɧɚɧɢɹ ɮɭɧɤɰɢɣ ɮɪɚɝɦɟɧɬɚɰɢɢ 

 ɂɡɦɟɪɟɧɢɹ ɜ p+p ɯɨɪɨɲɨ ɜɨсɩɪɨɢɡɜɨɞɹɬсɹ NLO pQCD (NLOJET++  with NNPDF2.3) 

 
 Ɋɨɠɞɟɧɢɟ сɬɪɭɣ ɩɨɞɚɜɥɟɧɨ ɜ ɞɜɚ ɪɚɡɚ ɜ ɰɟɧɬɪɚɥɶɧɵɯ Cu+Au сɬɨɥɤɧɨɜɟɧɢɹɯ; 

ɧɟɛɨɥɶɲɨɣ ɢɡɛɵɬɨɱɧɵɣ ɜɵɯɨɞ ɜ ɩɟɪɢɮɟɪɢɣɧɵɯ ɜɡɚɢɦɨɞɟɣсɬɜɢɹɯ 

 ɋɥɚɛɚɹ pT ɡɚɜɢсɢɦɨсɬɶ ɞɥɹ RAA ɜ ɨɛɥɚсɬɢ ɢɡɦɟɪɟɧɢɣ  

(ala Pb-Pb @ 2.76 TeV, Phys.Lett. B746 (2015) 1-14) 



15 

Heavy flavor: Cu+Au, Au+Au @ 200 GeV 

 Au+Au: ɩɨɞɚɜɥɟɧɢɟ ɞɥɹ “b-ɤɜɚɪɤɨɜ” сɥɚɛɟɟ, ɱɟɦ “М-ɤɜɚɪɤɨɜ” ɜ ɨɛɥɚсɬɢ 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɩɨɩɟɪɟɱɧɵɯ ɢɦɩɭɥɶсɨɜ 

 Cu+Au: ɜɵɯɨɞ J/ ɨɬ ɪɚсɩɚɞɚ ȼ-ɦɟɡɨɧɨɜ ɩɨɞɚɜɥɟɧ сɥɚɛɟɟ ɢɧɤɥɸɡɢɜɧɵɯ J/ 
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Jets: perspectives 

 ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɭɥɭɱɲɟɧɢɹ ɧɟ ɜɨɡɦɨɠɧɵ ɩɪɢ ɢɦɟɸɳɟɦсɹ ɠɟɥɟɡɟ ɢ ɧɚɤɨɩɥɟɧɧɨɣ 
сɬɚɬɢсɬɢɤɟ 

 ɑɬɨ ɬɪɟɛɭɸɬ ɬɟɨɪɟɬɢɤɢ: 

 ɢɡɦɟɪɢɬɶ ɜɵɯɨɞ сɬɪɭɣ ɜ p+p, p+Au, Au+Au 

 ɪɚсɲɢɪɢɬɶ ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɣ ɩɨ pT  

 ɭɦɟɧɶɲɢɬɶ ɧɟɨɩɪɟɞɟɥɟɧɧɨсɬɢ ɢɡɦɟɪɟɧɢɣ (сɬɚɬ. & сɢсɬ.) 
 ɢɡɦɟɪɢɬɶ direct – jet ɤɨɪɪɟɥɹɰɢɢ 

 ɢɡɦɟɪɢɬɶ ɜɵɯɨɞ b-tagged сɬɪɭɣ 

 

 ɑɬɨ ɞɥɹ эɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ эɤсɩɟɪɢɦɟɧɬɚɬɨɪɚɦ: 

 ɍɜɟɥɢɱɟɧɢɟ сɜɟɬɢɦɨсɬɢ ɩɭɱɤɨɜ ɢ сɤɨɪɨсɬɢ сɛɨɪɚ ɞɚɧɧɵɯ (DAQ) 

 Ⱥɞɪɨɧɧɵɣ ɢ эɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɤɚɥɨɪɢɦɟɬɪɵ, ~ 4 ɚɤсɟɩɬɚɧс 

 Ⱦɨсɬɚɬɨɱɧɵɣ ɜɟɪɲɢɧɧɵɣ ɬɪɟɤɟɪ (VTX) 

 ɇɭɠɧɚ ɧɨɜɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ 
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Quarkonia 

 Original idea of color screening by Matsui and Satz, 1986: 
 sequential melting of quarkonium states 

 relative yield measurements can be used as QGP thermometer 
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 Real life turned out to be more complicated: 
 J/ suppression does not increase with collision energy SPS  RHIC  LHC 

 

 Need to account for many effects: 
 recombination of open charm; the higher the energy the larger the contribution 

 nPDF, nuclear absorption and co-mover dissociation 

 So far no agreed interpretation of results 
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Charmonium p+Au at s = 200 GeV  

 Measurements at forward rapidity in +-: 1.2 < |y| < 2.2 

 J/ yields are consistent between forward and backward rapidity 

 ’ вТОlН Тs supprОssОН at baМФаarН (Au-going) rapidity 

 Similar situation in p+Al and 3He+Au collisions 

arxiv:1609.06550 
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J/ to ’ ratТo ТЧ sЦall sвstОЦs at s = 200 GeV  

 Double ratio, [’ / J/]p+A to [’ / J/]p+p cancels out systematic uncertainties 

 ’  / J/ ratio is unchanged in p(3He)-going direction 

 ’ / J/ ratio is suppressed by a factor of ~2 in Au-going direction 

 ’ / J/ and are       pairs with different binding energies of ~ 640 and ~ 50 MeV 

 Plotted vs. co-moving particle density shows common behavior at RHIC and the LHC 

 Note suppression in p-going direction in p+Pb 

 Understanding suppression due to co-movers could play a critical role in interpreting 

quarkonia data from A+A collisions.  

arxiv:1609.06550 

cc



20 

Quarkonia: perspectives 

 ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɱɚɪɦɨɧɢɹ ɩɪɨɛɥɟɦɚɬɢɱɧɚ ɢɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɱɢсɥɚ 
эɮɮɟɤɬɨɜ, сɭɳɟсɬɜɟɧɧɨ ɜɥɢɹɸɳɢɯ ɧɚ ɜɵɯɨɞ ɱɚсɬɢɰ 

 ɑɬɨ ɬɪɟɛɭɸɬ ɬɟɨɪɟɬɢɤɢ: 

 ɂɡɦɟɪɢɬɶ ɜɵɯɨɞɵ Y(1S, 2S, 3S) ɤɚɤ ɦɟɧɟɟ ɩɨɞɜɟɪɠɟɧɧɵɟ ɪɚɡɥɢɱɧɵɦ эɮɮɟɤɬɚɦ  
 ɂɡɦɟɪɢɬɶ ɜɵɯɨɞ ȼ-ɦɟɡɨɧɨɜ 

 ɑɬɨ ɞɥɹ эɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ эɤсɩɟɪɢɦɟɧɬɚɬɨɪɚɦ: 

 ɍɜɟɥɢɱɟɧɢɟ сɜɟɬɢɦɨсɬɢ ɩɭɱɤɨɜ ɢ сɤɨɪɨсɬɢ сɛɨɪɚ ɞɚɧɧɵɯ (DAQ) 

 Ɍɪɟɤɨɜɭɸ сɢсɬɟɦɭ, эɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɤɚɥɨɪɢɦɟɬɪ, PID, ~ 4 ɚɤсɟɩɬɚɧс 

 Ⱦɨсɬɚɬɨɱɧɵɣ ɜɟɪɲɢɧɧɵɣ ɬɪɟɤɟɪ (VTX) 

 ɇɭɠɧɚ ɧɨɜɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ 



21 

Нɨɜɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɞɚɱɢ 

 ɂссɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨсɤɨɩɢɱɟсɤɨɣ сɬɪɭɤɬɭɪɵ КȽɉ 

 ɂɡɭɱɟɧɢɟ сɬɪɭɣ: 
 ɩɨɞɚɜɥɟɧɢɟ сɬɪɭɣ ɢ ɥɢɞɢɪɭɸɳɢɯ ɚɞɪɨɧɨɜ 

 HF-tagged сɬɪɭɢ 

 ɢɡɦɟɪɟɧɢɟ ɜɵɯɨɞɚ diret ɢ  direct-jet ɤɨɪɪɟɥɹɰɢɣ 

 ɮɭɧɤɰɢɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɩɪɢ zT ~ 1 

 Ɍɹɠɟɥɵɟ ɚɪɨɦɚɬɵ: 
 ɜɵɯɨɞ c ɢ b ɩɪɢ pT >> 1 

 ɉɨɞɚɜɥɟɧɢɹ ɛɨɬɬɨɦɨɧɢɹ 

 ɂɡɦɟɪɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵ ɜ p+p, p+Au ɢ  
Au+Au сɬɨɥɤɧɨɜɟɧɢɹɯ @ 200 Ƚэȼ 
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Кɨɧɰɟɩɰɢя sPHENIX 

 Ɉɞɧɨɪɨɞɧɵɣ ɚɤсɟɩɬɚɧс: 0 <  < 2; |h| < 1.1 

 1.5 T сɜɟɪɯɩɪɨɜɨɞɹɳɢɣ сɨɥɟɧɨɢɞ (BaBar) 

 Ɍɪɟɤɢɧɝ (0.2 - 40 Ƚэȼ/с): 
 VTX: MAPS (Monolithic Active Pixel Sensors) 

 ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɬɪɟɤɟɪ: silicon strips 

 ȼɧɟɲɧɢɣ ɬɪɟɤɟɪ: TPC 

 Кɚɥɨɪɢɦɟɬɪɢɹ: 

 EMCal: tungsten-scintillating fiber (W/ScFi) 

 ȼɧɭɬɪɟɧɧɢɣ ɚɞɪɨɧɧɵɣ ɤɚɥɨɪɢɦɟɬɪ 

 ȼɧɟɲɧɢɣ ɚɞɪɨɧɧɵɣ ɤɚɥɨɪɢɦɟɬɪ; ɬɚɤɠɟ 
ɢсɩɨɥɶɡɭɟɬсɹ ɤɚɤ ɜɨɡɜɪɚɬɧɨɟ ɹɪɦɨ 

 ȼɨɡɦɨɠɧɨсɬɶ ɞɨɛɚɜɥɟɧɢɹ ɦɸɨɧɧɨɝɨ ɩɥɟɱɚ, 
fsPHENIX 

 Кɨɥɥɚɛɨɪɚɰɢɹ sPHENIX сɨɡɞɚɧɚ ɧɚ ɨсɧɨɜɟ 
ɤɨɥɥɚɛɨɪɚɰɢɢ PHENIX, ɛɨɥɶɲɨɣ ɨɩɵɬ ɢ 
ɩɨɞɞɟɪɠɤɚ 

 ɉɟɪɜɵɟ ɞɚɧɧɵɟ ɨɠɢɞɚɸɬсɹ ɜ 2022 ɝɨɞɭ 
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EMCal ɞɥя sPHENIX 

 Ɋɚсɩɨɥɨɠɟɧɢɟ: R = 90-116 сɦ;  < 2, |h| < 1.1 

 Ɋɚɡɪɟɲɟɧɢɟ: 15% / ȿ 

 Кɨɧсɬɪɭɤɰɢɹ: 

 0.47 ɦɦ Sc ɮɚɣɛɟɪɵ 

 1 ɦɦ ɪɚссɬɨɹɧɢɟ ɦɟɠɞɭ ɮɚɣɛɟɪɚɦɢ 

 Эɩɨɤсɢɞɧɚɹ сɦɨɥɚ, ɧɚɩɨɥɧɟɧɧɚɹ W ɩɭɞɪɨɣ 

 ɉɥɨɬɧɨсɬɶ ~ 10 ɝ/сɦ3 

 X0 ~ 7 ɦɦ  18 X0 

 ɑɬɟɧɢɟ: сɜɟɬɨɜɨɞɵ ɢ SiPM 

 ɋɟɝɦɟɧɬɚɰɢɹ: h x  ~ 0.025 x 0.025 
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HCal ɞɥя sPHENIX 

 ɇɚɤɥɨɧɧɵɟ ɩɥɨсɤɨсɬɢ: 

 ɋɬɚɥɶɧɨɣ ɩɨɝɥɨɬɢɬɟɥɶ 

 Sc ɩɥɢɬɵ с WLS ɮɚɣɛɟɪɚɦɢ 

 Ɋɚɡɪɟɲɟɧɢɟ: 100% / ȿ 

 ɑɬɟɧɢɟ: SiPM 

 ȼɧɭɬɪɟɧɧɢɣ HCal: 

 ȼɧɭɬɪɢ сɨɥɟɧɨɢɞɚ 

 Ɍɨɥɳɢɧɚ ~ 1 ɞɥɢɧɵ ɜɡɚɢɦɨɞɟɣсɬɜɢɹ 

 ȼɧɟɲɧɢɣ HCal: 

 ɂсɩɨɥɶɡɭɟɬсɹ ɤɚɤ ɹɪɦɨ 

 Ɍɨɥɳɢɧɚ ~ 4 ɞɥɢɧɵ ɜɡɚɢɦɨɞɟɣсɬɜɢɹ 
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Ɍɟɫɬɢɪɨɜɚɧɢɟ EMCal ɢ HCal ɩɭɱɤɚɯ 

 8ɯ8 ɛɚɲɧɢ EMCa 

 4ɯ4 ɛɚɲɧɢ HCal 

 4 ɧɟɞɟɥɢ ɩɭɱɤɨɜɨɝɨ ɜɪɟɦɟɧɢ, 
FNAL Test Beam Facility 

 Ⱦɨсɬɢɝɧɭɬɵ ɢ ɩɪɟɜɵɲɟɧɵ ɩɪɨɟɤɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨ ɪɚɡɪɟɲɟɧɢɸ ɢ ɥɢɧɟɣɧɨсɬɢ 

 ɂɡɦɟɪɟɧɢɹ ɜ ɨсɧɨɜɧɨɦ ɩɨɞɬɜɟɪɞɢɥɢ ɪɟɡɭɥɶɬɚɬɵ Ɇɨɧɬɟ-Кɚɪɥɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
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Цɟɧɬɪɚɥɶɧɵɣ ɬɪɟɤɟɪ 

 ȼɨссɬɚɧɨɜɥɟɧɢɟ ɬɪɟɤɨɜ:  < 2, |h| < 1.1, 0.2 < pT (Ƚэȼ/c) < 40 

 DAQ ~15 ɤȽɰ 

 Y ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɦɚссɟ ~ 1% 

 ɉɪɨɡɪɚɱɧɨсɬɶ 

 DCAxy < 70  ɦɤɦ 

TPC: 
- ɧɟɩɪɟɪɵɜɧɨɟ ɫɱɢɬɵɜɚɧɢɟ 

- R = 20-78 ɫɦ 

- BNL & SUNY funding for development 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɬɪɟɤɟɪ: 
- silicon strips: FPHX Chip  

  (108 identical ladders each 2x24 cm2,) 

- 4 ɫɥɨɹ: 6, 8, 10, 12 ɫɦ 

- In kind contribution from RIKEN 

VTX: 

-MAPS (ALICE ITS IB: ALPIDE 

sensors, 28x28 um pitch, 99.9% 

efficiency, 2-4 usec integration time) 

- 3 ɫɥɨɹ: 2.3, 3.1, 3.9 ɫɦ 

- LANL funding for development  

- funded by consortium 
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Кɨɧɰɟɩɰɢя TPC 

 Ɇɟɯɚɧɢɱɟсɤɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

  EMCal, Rmin = 90 сɦ 

 |h| < 1.1;  

 Length ~ Diameter 

 Ɏɢɡɢɱɟсɤɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

  1% ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɦɚссɟ  r < 250 ɦɤɦ 

 ɇɚɛɨɪ ɞɚɧɧɵɯ: 

 ɦɚɤсɢɦɚɥɶɧɵɟ сɜɟɬɢɦɨсɬɢ RHIC-II 

 50-100 ɤȽɰ, 15 ɤȽɰ ɩɪɢ |zvrtx| < 10 сɦ 

 Gateless TPC 

 Кɨɨɪɞɢɧɚɬɧɵɟ ɞɟɬɟɤɬɨɪɵ ɫ ɦɢɧɢɦɚɥɶɧɵɦ IBF (MPGD), ɛɵɫɬɪɵɟ ɫɦɟɫɢ (Ne, He) 

 Нɟɩɪɟɪɵɜɧɨɟ ɫɱɢɬɵɜɚɧɢɟ (ɝɪɚɧɢɰɵ ɫɨɛɵɬɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɮɥɚɣɧ) 
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Кɨɥɥɚɛɨɪɚɰɢя TPC 
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Вɤɥɚɞ ПИəФ 

 Кɨɥɥɚɛɨɪɚɰɢɹ sPHENIX 

ɩɪɟɞɥɨɠɢɥɚ ɉɂəɎ ɩɪɢɧɹɬɶ ɭɱɚсɬɢɟ 
ɜ ɪɚɡɪɚɛɨɬɤɟ ɢ сɨɡɞɚɧɢɢ ɬɪɟɤɨɜɵɯ 
сɬɚɧɰɢɣ ɨɞɧɨɝɨ ɢɡ ɬɢɩɨɜ (ɩɨ 
ɪɚɞɢɭсɭ) 

 ɍɱɢɬɵɜɚɹ ɨɩɵɬ ɢ ɨɬɧɨɲɟɧɢɹ, сɥɨɠɢɜɲɢɟсɹ ɜ ɤɨɥɥɚɛɨɪɚɰɢɢ, ɩɪɟɞсɬɚɜɥɹɟɬсɹ ɰɟɥɟсɨɨɛɪɚɡɧɵɦ 
ɭɱɚсɬɢɟ ɉɂəɎ ɜ сɨɡɞɚɧɢɢ TPC.  

 

 Ɍɚɤɨɟ ɭɱɚсɬɢɟ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ ɜ ɉɂəɎ ɜ ɬɟɱɟɧɢɟ 3-ɯ ɥɟɬ сɥɟɞɭɸɳɢɯ ɪɚɛɨɬ: 
 ɪɚсɱɟɬɵ с ɰɟɥɶɸ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɞɟɬɟɤɬɨɪɨɜ ɢ ɜɵɛɨɪɚ ɪɚɛɨɱɟɣ ɝɚɡɨɜɨɣ сɦɟсɢ; 
 ɩɨɞɝɨɬɨɜɢɬɶ сɛɨɪɨɱɧɵɣ ɭɱɚсɬɨɤ с ɭсɥɨɜɢɹɦɢ ɩɨɜɵɲɟɧɧɨɣ ɱɢсɬɨɬɵ; 
 ɨсɧɚсɬɢɬɶ ɭɱɚсɬɨɤ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥɹ сɨɡɞɚɧɢɹ ɢ ɬɟсɬɢɪɨɜɚɧɢɹ 
ɩɪɨɬɨɬɢɩɨɜ; 
 сɨɡɞɚɬɶ сɬɟɧɞ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟсɬɨɜɵɯ ɢсɩɵɬɚɧɢɣ ɩɪɨɬɨɬɢɩɨɜ, ɨɛɥɚɞɚɸɳɢɣ ɧɚɛɨɪɨɦ ɪɚɞɢɨɚɤɬɢɜɧɵɯ 
ɢсɬɨɱɧɢɤɨɜ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ, сɢсɬɟɦɨɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɝɚɡɨɜɵɯ сɦɟсɟɣ, сɢсɬɟɦɨɣ 
ɩɨɞɚɱɢ ɜɵсɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, сɢсɬɟɦɨɣ ɬɨɱɧɵɯ ɦɟɯɚɧɢɱɟсɤɢɯ ɩɟɪɟɦɟɳɟɧɢɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɤɚɥɢɛɪɨɜɨɱɧɵɯ ɢɡɦɟɪɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨɣ эɥɟɤɬɪɨɧɢɤɨɣ сɱɢɬɵɜɚɧɢɹ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. 

 Ɍɪɟɤɨɜɵɟ сɬɚɧɰɢɢ ɪɚɡɛɢɬɵ ɧɚ 
ɬɪɢ сɟɤɬɨɪɚ ɩɨ ɪɚɞɢɭсɭ ɢ 12 
сɟɤɬɨɪɨɜ ɩɨ ɚɡɢɦɭɬɚɥɶɧɨɦɭ ɭɝɥɭ 
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Фɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɡɚɞɚɱɢ eIC 
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Кɨɧɰɟɩɰɢя ePHENIX 

 ePHENIX ɞɟɬɟɤɬɨɪ ɩɨсɬɪɨɟɧ ɧɚ 
ɨсɧɨɜɟ sPHENIX с ɞɨɛɚɜɥɟɧɢɟɦ 
ɮɨɪɜɚɪɞɧɨɝɨ ɩɥɟɱɚ 

ɍɱɚсɬɢɟ ɜ sPHENIX ɦɨɠɟɬ сɬɚɬɶ 
ɦɨсɬɨɦ ɤ ɭɱɚсɬɢɸ ɜ ɞɚɥɶɧɟɣɲɢɯ 
ɨɛɧɨɜɥɟɧɢɹɯ ɭɤɨɪɢɬɟɥɹ ɢ 
эɤсɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɛɚɡɵ 
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BACKUP 
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hep-ph/1509.07257 

hep-ph/1509.02936 

Jet production in Cu+Au: model comparison 

 

 ɂɡɦɟɪɟɧɢɹ ɞɥɹ сɬɪɭɣ сɨɝɥɚсɭɸɬсɹ с ɢɡɦɟɪɟɧɢɹɦɢ ɞɥɹ ɥɢɞɢɪɭɸɳɢɯ ɚɞɪɨɧɨɜ 

 ɉɨɞɬɜɟɪɠɞɚɸɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ эɧɟɪɝɟɬɢɱɟсɤɢɯ ɩɨɬɟɪɹɯ ɠɟсɬɤɨ-ɪɚссɟɹɧɧɵɯ ɩɚɪɬɨɧɨɜ 

 ɉɨɡɜɨɥɹɸɬ ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɬɶ сɜɨɣсɬɜɚ ɨɛɪɚɡɭɸɳɟɣсɹ сɪɟɞɵ 
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direct-h correlations: pp, d+Au, Au+Au @ 200 GeV 

 direct-h correlations: 
 

 no surface bias 

 trigger direct is the most direct 
measure of the initial parton energy 
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 In d+Au no modification is observed within uncertainties 

 In Au+Au observe suppression at low- and enhancement at high- 

 Transition from suppression to enhancement occurs at  ~ 1.2 



38 

Нɨɜɚя ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚя ɭɫɬɚɧɨɜɤɚ  sPHEIX 



39 



40 


