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Эɤɫɩɟɪɢɦɟɧɬɟ ɎЕɇɂКɋ 

ȼ. Ɋɹɛɨɜ, ɅɊəɎ ɈɎȼЭ 
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~ 1997 ɝɨɞ ~ ɫɟɝɨɞɧя 

Ɍɟɤɭщɟɟ ɫɨɫɬɨɹɧɢɟ - I 
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Ɍɟɤɭщɟɟ ɫɨɫɬɨɹɧɢɟ - II 

Дɪɟйфɨɜыɟ Каɦɟɪы ɫɟɝɨɞɧя 
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Relativistic Heavy-Ion Collided (RHIC) 

 

 2000-2016, ɨɛɲɢɪɧɚя ɮɢɡɢɱɟɫɤɚя ɩɪɨɝɪɚɦɦɚ: 

 p+p, p+A, A+A ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ sNN = 200 Ƚɷȼ (9 ɤɨɦɛɢɧɚɰɢɣ) 
 ɩɪɨɝɪɚɦɦɚ ɫɤɚɧɢɪɨɜɚɧɢя ɩɨ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢя (13 ɷɧɟɪɝɢɣ) 
 ɟɞɢɧɫɬɜɟɧɧɵɣ ɤɨɥɥɚɣɞɟɪ ɩɭɱɤɨɜ ɩɨɥяɪɢɡɨɜɚɧɧɵɯ ɩɪɨɬɨɧɨɜ, P ~ 70% 
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 ɍɱɚɫɬɢɟ ɜ ɪɚɛɨɬɟ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɝɪɭɩɩɵ PWG-LF 

 ɍɱɚɫɬɢɟ ɜ PSB (PHENIX Speaker Bureau) 

 ɍɱɚɫɬɢɟ ɜɨ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ PPG, IRC 

 Ɏɢɡɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (ɥɟɝɤɢɟ ɚɞɪɨɧɵ) 

ɍɱɚɫɬɢɟ ɉɂəɎ, 2017 
 

 ȼ. ɋɚɦɫɨɧɨɜ, ɞ.ɮ.-ɦ.ɧ., ɡɚɜ. ɅɊəɎ 

 ȼ. Ȼɚɭɛɥɢɫ, ɤ.ɮ.-ɦ.ɧ., ɫɧɫ 

 Ⱦ. Иɜɚɧɢɳɟɜ, ɤ.ɮ.-ɦ.ɧ.ɧɫ 

 Ȼ. Ʉɨɦɤɨɜ, ɫɧɫ 

 Ⱦ. Ʉɨɬɨɜ, ɤ.ɮ.-ɦ.ɧ., ɫɧɫ  
 Ɇ. Ɇɚɥɚɟɜ, ɤ.ɮ.-ɦ.ɧ., ɧɫ 

 ȼ. Ɋяɛɨɜ, ɞ.ɮ.-ɦ.ɧ., ɜɧɫ 

 ɘ. Ɋяɛɨɜ, ɤ.ɮ.-ɦ.ɧ., ɫɧɫ 

 Ⱥ. ɏɚɧɡɚɞɟɟɜ, ɞ.ɮ.-ɦ.ɧ., ɜɧɫ 
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Кɨɧɮɟɪɟɧɰɢɢ 

 Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɫɟɫɫɢɹ-ɤɨɧɮɟɪɟɧɰɢɹ ɋɟɤɰɢɢ ɹɞɟɪɧɨɣ ɮɢɡɢɤɢ ɈɎɇ ɊȺɇ  
    “Ɏɢɡɢɤɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ”, 6-8 ɢɸɧɹ 2017 ɝɨɞɚ, Ʉɚɛɚɪɞɢɧɨ- 
    Ȼɚɥɤɚɪɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ, ɝ. ɇɚɥɶɱɢɤ 
     «Light meson production in heavy ion collisions in PHENIX experiment» 
 
 6th International Conference on New Frontiers in Physics (ICNFP 2017). Aug 17-26 
     in Kolymbari, Crete (Greece). 
     «Recent PHENIX results on high-pT light hadron production» 
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1. Measurement of emission angle anisotropy via long-range angular correlations with high pT hadrons 

in d+Au and p+p collisions at √sNN=200 GeV, arXiv:1711.09003 
2. Measurements of mass-dependent azimuthal anisotropy in central p+Au, d+Au, and 3He+Au 

collisions at √sNN=200 GeV, arXiv:1710.09736 
3. Measurement of ϕ-meson production at forward rapidity in p+p collisions at √s=510 GeV and 

energy dependence of σϕ from √s=200 GeV to 7 TeV, arXiv:1710.01656 

4. L'evy-stable two-pion Bose-Einstein correlations in √sNN=200 GeV Au+Au collisions, 
arXiv:1709.05649 

5. Measurements of azimuthal anisotropy and charged-particle multiplicity in d+Au collisions at 

√sNN=200, 62.4, 39, and 19.6 GeV, arXiv:1708.06983 
6. Measurements of multiparticle correlations in d+Au collisions at 200, 62.4, 39, and 19.6 GeV and 

p+Au collisions at 200 GeV and implications for collective behavior, arXiv:1707.06108 

7. BB-meson production at forward and backward rapidity in p+p and Cu + Au collisions at √sNN=200 
GeV, Phys.Rev. C96 (2017) no.6, 064901 

8. Measurements of e+e− pairs from open heavy flavor in p+p and d+A collisions at √sNN=200 GeV, 
Phys.Rev. C96 (2017) no.2, 024907  

9. Measurements of B→J/ψ at forward rapidity in pp collisions at √s=500 GeV, Phys.Rev. D95 (2017) 
no.9, 092002 

ɉɭɛɥɢɤɚɰɢɢ 
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Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 2017 
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Geometry engineering and energy scan 

 ɉɨɢɫɤ ɤɨɥɥɟɤɬɢɜɧɵɯ ɷɮɮɟɤɬɨɜ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ ɦɚɥɵɯ ɫɢɫɬɟɦ 

 ɋɜɹɡɶ ɩɨɬɨɤɨɜ ɫ ɝɟɨɦɟɬɪɢɟɣ ɨɛɥɚɫɬɢ ɩɟɪɟɤɪɵɬɢɹ ɹɞɟɪ  geometry scan 

 ɋɜɹɡɶ ɩɨɬɨɤɨɜ ɫ ɩɥɨɬɧɨɫɬɶɸ ɷɧɟɪɝɢɢ   energy scan (d+Au) 
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 Geometry engineering is a unique capability of the RHIC 

Geometry engineering - I 

 v2 & v3 for charged hadrons in central p+Au, d+Au, 3He+Au at sNN = 200 GeV 



12 

  v2 & v3 well described by hydrodynamics 
  System dependence described by hydro 
  Mass ordering for /K/p in p/d/3He+Au described by hydro 
      Final State Anisotropy = Initial Geometry + Final State Interactions 

Geometry engineering - II 



13 

  How does the flow depend on collision energy?  
  Significant v2 signal at all 4 energies! 
  Hydro in good agreement at 200 & 62.4 GeV 
  Hydro under predicts data at 39 & 19.6 GeV --> Nonflow contributions? 

 

Energy scan - I 
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  Comparison to AMPT:  
 AMPT v2{Parton Plane}: ← Flow 

  AMPT v2{EP}: ← Flow ⊗ Nonflow 

  Expectations: 
 difference is small at low-pT and grows at high-pT 

 difference grows with decreasing collision energy  
   

  Strong v2 signal even at 19.6 GeV … interpretation is complicated by nonflow 

Energy scan - II 
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Ȼɭɞɭщɟɟ (s)PHENIX 
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Кɨɧɰɟɩɰɢɹ sPHENIX 

 Ɉɞɧɨɪɨɞɧɵɣ ɚɤɫɟɩɬɚɧɫ: 0 <  < 2; || < 1.1 

 1.5 T ɫɜɟɪɯɩɪɨɜɨɞɹɳɢɣ ɫɨɥɟɧɨɢɞ (BaBar) 

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

 ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɬɪɟɤɟɪ: silicon strips 

 ȼɧɟɲɧɢɣ ɬɪɟɤɟɪ: TPC 

 Ʉɚɥɨɪɢɦɟɬɪɢɹ: 

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

 ȼɧɭɬɪɟɧɧɢɣ ɚɞɪɨɧɧɵɣ ɤɚɥɨɪɢɦɟɬɪ 

 ȼɧɟɲɧɢɣ ɚɞɪɨɧɧɵɣ ɤɚɥɨɪɢɦɟɬɪ; ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɜɨɡɜɪɚɬɧɨɟ ɹɪɦɨ 

 ȼɨɡɦɨɠɧɨɫɬɶ ɞɨɛɚɜɥɟɧɢɹ ɦɸɨɧɧɨɝɨ ɩɥɟɱɚ, 
fsPHENIX 

 Ʉɨɥɥɚɛɨɪɚɰɢɹ sPHENIX ɫɨɡɞɚɧɚ ɧɚ ɨɫɧɨɜɟ 
ɤɨɥɥɚɛɨɪɚɰɢɢ PHENIX, ɛɨɥɶɲɨɣ ɨɩɵɬ ɢ 
ɩɨɞɞɟɪɠɤɚ 

 ɉɟɪɜɵɟ ɞɚɧɧɵɟ ɨɠɢɞɚɸɬɫɹ ɜ 2022 ɝɨɞɭ 
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ȼɨɡɦɨɠɧɵɣ ɜɤɥɚɞ ɉɂəɎ 

 Ⱥɤɬɢɜɧɨ ɜɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɞɟɬɟɤɬɨɪɚ, GEM 
ɫɬɪɭɤɬɭɪɵ ɢ ɝɟɨɦɟɬɪɢɢ ɩɚɞɨɜ 

 Ɍɪɟɤɨɜɵɟ ɫɬɚɧɰɢɢ ɪɚɡɛɢɬɵ ɧɚ ɬɪɢ ɫɟɤɬɨɪɚ ɩɨ ɪɚɞɢɭɫɭ ɢ 12 ɫɟɤɬɨɪɨɜ ɩɨ 
ɚɡɢɦɭɬɚɥɶɧɨɦɭ ɭɝɥɭ 

 ɉИəɎ ɨɮɢɰɢɚɥɶɧɨ ɱɢɫɥɢɬɫɹ ɭɱɚɫɬɧɢɤɨɦ ɩɪɨɟɤɬɚ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɭɱɚɫɬɢɟ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɧɚɥɚɞɤɟ ɬɪɟɤɨɜɵɯ ɫɬɚɧɰɢɣ 
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 Эɤɫɩɟɪɢɦɟɧɬ ɎȿɇИɄɋ ɩɪɟɤɪɚɬɢɥ ɫɜɨɟ ɫɭɳɟɫɬɜɨɜɚɧɢɟ  

 Ⱦɚɥɶɧɟɣɲɟɟ ɭɱɚɫɬɢɟ ɜ ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ  ɡɚɳɢɬɵ, ɫɬɚɬɶɢ, ɤɨɧɮɟɪɟɧɰɢɢ ... 

 ɍɱɚɫɬɢɟ ɜ ɨɛɧɨɜɥɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɞɨ sPHENIX 

Ɂɚɤɥɸɱɟɧɢɟ 
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BACKUP 



21 

ɇɨɜɵɟ ɮɢɡɢɱɟɫɤɢɟ ɡɚɞɚɱɢ 

 Иɫɫɥɟɞɨɜɚɧɢɟ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɄȽɉ 

 Иɡɭɱɟɧɢɟ ɫɬɪɭɣ: 
 ɩɨɞɚɜɥɟɧɢɟ ɫɬɪɭɣ ɢ ɥɢɞɢɪɭɸɳɢɯ ɚɞɪɨɧɨɜ 
 HF-tagged ɫɬɪɭɢ 
 ɢɡɦɟɪɟɧɢɟ ɜɵɯɨɞɚ diret ɢ  direct-jet ɤɨɪɪɟɥɹɰɢɣ 
 ɮɭɧɤɰɢɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɩɪɢ zT ~ 1 

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

 ɉɨɞɚɜɥɟɧɢɹ ɛɨɬɬɨɦɨɧɢɹ 

 Иɡɦɟɪɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵ ɜ p+p, p+Au ɢ  
Au+Au ɫɬɨɥɤɧɨɜɟɧɢɹɯ @ 200 Ƚɷȼ 
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Soft direct photons, Au+Au at sNN = 200 GeV 

  Observed large yield of soft direct photons in central collisions  QGP 
radiation 
 

  Teff ~ 240 MeV >> Tc 
 

  Results for yields and v2 & v3 can not be explained within the same models 
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  Teff in collision energy range 39-2760 GeV 

Soft direct photons, Au+Au energy scan 
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Ɍɟɫɬɢɪɨɜɚɧɢɟ EMCal ɢ HCal ɩɭɱɤɚɯ 

 8ɯ8 ɛɚɲɧɢ EMCa 

 4ɯ4 ɛɚɲɧɢ HCal 

 4 ɧɟɞɟɥɢ ɩɭɱɤɨɜɨɝɨ ɜɪɟɦɟɧɢ, 
FNAL Test Beam Facility 

 Ⱦɨɫɬɢɝɧɭɬɵ ɢ ɩɪɟɜɵɲɟɧɵ ɩɪɨɟɤɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨ ɪɚɡɪɟɲɟɧɢɸ ɢ ɥɢɧɟɣɧɨɫɬɢ 

 Иɡɦɟɪɟɧɢɹ ɜ ɨɫɧɨɜɧɨɦ ɩɨɞɬɜɟɪɞɢɥɢ ɪɟɡɭɥɶɬɚɬɵ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
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Цɟɧɬɪɚɥɶɧɵɣ ɬɪɟɤɟɪ 

 ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɬɪɟɤɨɜ:  < 2, || < 1.1, 0.2 < pT (Ƚɷȼ/c) < 40 

 DAQ ~15 ɤȽɰ 

 Y ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɦɚɫɫɟ ~ 1% 

 ɉɪɨɡɪɚɱɧɨɫɬɶ 

 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 ɫɥɨя: 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 ɫɥɨя: 2.3, 3.1, 3.9 ɫɦ 

- LANL funding for development  

- funded by consortium 
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Кɨɧɰɟɩɰɢɹ TPC 

 Ɇɟɯɚɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

  EMCal, Rmin = 90 ɫɦ 

 || < 1.1;  

 Length ~ Diameter 

 Ɏɢɡɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

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

 ɇɚɛɨɪ ɞɚɧɧɵɯ: 

 ɦɚɤɫɢɦɚɥɶɧɵɟ ɫɜɟɬɢɦɨɫɬɢ RHIC-II 

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

 Gateless TPC 

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

 Нɟɩɪɟɪɵɜɧɨɟ ɫɱɢɬɵɜɚɧɢɟ (ɝɪɚɧɢɰɵ ɫɨɛɵɬɢɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨфɥɚɣɧ) 
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Кɨɥɥɚɛɨɪɚɰɢɹ TPC 
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Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɡɚɞɚɱɢ eIC 
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Кɨɧɰɟɩɰɢɹ ePHENIX 

 ePHENIX ɞɟɬɟɤɬɨɪ ɩɨɫɬɪɨɟɧ ɧɚ 
ɨɫɧɨɜɟ sPHENIX ɫ ɞɨɛɚɜɥɟɧɢɟɦ 
ɮɨɪɜɚɪɞɧɨɝɨ ɩɥɟɱɚ 

ɍɱɚɫɬɢɟ ɜ sPHENIX ɦɨɠɟɬ ɫɬɚɬɶ 
ɦɨɫɬɨɦ ɤ ɭɱɚɫɬɢɸ ɜ ɞɚɥɶɧɟɣɲɢɯ 
ɨɛɧɨɜɥɟɧɢɹɯ ɭɤɨɪɢɬɟɥɹ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɛɚɡɵ 
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