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Relativistic Heavy-Ion Collided (RHIC) 

 RHIC –      

   : 

 p+p, p+A, A+A    sNN = 200  (9 ) 
      (13 ) 
     , P ~ 70% 
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Relativistic Heavy-Ion Collided (RHIC) 

   с с :  

 p+p   ~ 1032 cm-2s-1 

 A+A ~ 1028 cm-2s-1 

  с   э   
   с с   

 с   с  
э с  (NICA, FAIR) 
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  с : 
 

   ( с  )  
   ( , ) 

   (PC1, PC2, PC3) 

 с   (RICH) 

 э    
    (PbSc – Э , PbGl - К ) 

 TRD  

 TOF 

 AGEL ( , ) 

 VTX/FVTX 

-0.35 < h < 0.35 
 - 2 x 90o 

1.2 < h < 2.4 
 - 2 x 360o 

  с : 
 

 MuTr 

 MuID 

 MPC 

PHENIX setup 
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 2 :   - 2   7.5 ;   - 1.5 3  

  с  :  

           , 6x20  , 2-    

   с  с   (~ 20,000 ) :  
 

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

  с с :  

          Ar + C2H6    + 1.6 %    

 К с    ,  16  

   80% с   с   К   с с  К 

 .с/эp%9.0%7.0
p

p




В  ПИ Ф,  
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Discovery of sQGP 

  2005  (QM-2005) с    RHIC с   
   с с  – с с  К  

 

  К  с    :  
 

 э   с  

 э с  ,  nq - с  
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     (RAA=0.2!)  20 /c   А+А 

    direct    p+A     

         

  -      

  :  > 15 / 3; dNg/dy > 1100 

 

 щ       

    >>     

 

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)   
,    

 в ва  а     
  (h/s ~ 1/4) 

 

   ( < 1 ф / )   
   ( > 15 /ф 3). 

 

   nq -   
  

 

       
,    

   

  И  ,   

      
,    
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Soft direct photons 

    Т0 >> Т  

 Б   (0 << 1 / ) 

PHENIX preliminary 

      
  А+А  

 

    NcollpQCD 

 

 : T0 ~  300-400 MeV 
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Quarkonia 

    (Д    ) 

  J/  

    CNM 

 

    
 , 

  J/  
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   А+А    RHIC  , 
  : 

 

   (0 << 1 / ) 
   (h/s ~ 1/4); - ,   

  >15 / 3, T0 ~ 300-400 MeV  -      

 dNg/dy > 1100,   ,     
 

          10+ ,   
    LHC 

 

    Е ИК       
       

        
  

Discovery of sQGP 



13 

 Э      (, K, h, h’, p, ,   . .) 

  , ,    

 К  : 

 4   + 1  

 1   

 ALICE, CBM … 

 PWG-LF, PSB (PHENIX Speaker Bureau) 

 А    … 

я ПИ Ф 
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Jet production: p+p and Cu+Au @ 200 GeV 
PhysRevLett.116.122301  

     с   p+p  Cu+Au  sNN = 200 э  

      

   p+p  с с  NLO pQCD (NLOJET++  with NNPDF2.3) 

 
  с        Cu+Au с ; 

     с  

  pT с с   RAA  с    

(ala Pb-Pb @ 2.76 TeV, Phys.Lett. B746 (2015) 1-14) 
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Heavy flavor: Cu+Au, Au+Au @ 200 GeV 

 Au+Au:   “b- ” с ,  “М- ”  с  
  с  

 Cu+Au:  J/  с  -   с   J/ 
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Jets: perspectives 

      с     
с с  

   : 

   с   p+p, p+Au, Au+Au 

 с     pT  

  с   (с . & с с .) 
  direct – jet  

   b-tagged с  

 

   э   э с : 

  с с    с с  с   (DAQ) 

   э  , ~ 4 с с 

 с    (VTX) 
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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 

ñ
part

Ná
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A
A

R
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1.2

1.4
-m+m ® yInclusive J/

c < 8 GeV/
T

p < 4, y = 5.02 TeV, 2.5 < 
NN

sPb -ALICE, Pb

c < 8 GeV/
T

p < 4, y = 2.76 TeV, 2.5 < 
NN

sPb -ALICE, Pb

c > 0 GeV/
T

p| < 2.2, y = 0.2 TeV, 1.2 < |
NN

sAu -PHENIX, Au

 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
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Quarkonia: perspectives 

      -   с  
э , с с     с  

   : 

   Y(1S, 2S, 3S)     э   
   -  

   э   э с : 

  с с    с с  с   (DAQ) 

  с с , э  , PID, ~ 4 с с 

 с    (VTX) 
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Н    

 сс  с с  с  К  

  с : 
  с     

 HF-tagged с  

   diret   direct-jet  

    zT ~ 1 

  : 
  c  b  pT >> 1 

   

    p+p, p+Au   
Au+Au с  @ 200 э  
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К я sPHENIX 

  с с: 0 <  < 2; |h| < 1.1 

 1.5 T с  с  (BaBar) 

  (0.2 - 40 э /с): 
 VTX: MAPS (Monolithic Active Pixel Sensors) 

  : silicon strips 

  : TPC 

 К : 

 EMCal: tungsten-scintillating fiber (W/ScFi) 

    

   ;  
с с     

 с    , 
fsPHENIX 

 К  sPHENIX с   с  
 PHENIX,    

 

   с   2022  
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24 
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EMCal я sPHENIX 

 с : R = 90-116 с ;  < 2, |h| < 1.1 

 : 15% /   

 К с : 

 0.47  Sc  

 1  сс    

 Э с  с ,  W  

 с  ~ 10 /с 3 

 X0 ~ 7   18 X0 

 : с   SiPM 

 : h x  ~ 0.025 x 0.025 
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HCal я sPHENIX 

  с с : 

   

 Sc  с WLS  

 : 100% /   

 : SiPM 

  HCal: 

  с  

  ~ 1  с  

  HCal: 

 с с    

  ~ 4  с  
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 EMCal  HCal  

 8 8  EMCa 

 4 4  HCal 

 4   , 
FNAL Test Beam Facility 

 с         с  

   с    -К   
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Ц   

 сс  :  < 2, |h| < 1.1, 0.2 < pT ( э /c) < 40 

 DAQ ~15  

 Y   сс  ~ 1% 

 с  

 DCAxy < 70   

TPC: 
-   

- R = 20-78  

- BNL & SUNY funding for development 

 : 
- silicon strips: FPHX Chip  

  (108 identical ladders each 2x24 cm2,) 

- 4 : 6, 8, 10, 12  

- In kind contribution from RIKEN 

VTX: 

-MAPS (ALICE ITS IB: ALPIDE 

sensors, 28x28 um pitch, 99.9% 

efficiency, 2-4 usec integration time) 

- 3 : 2.3, 3.1, 3.9  

- LANL funding for development  

- funded by consortium 
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К я TPC 

 с  : 

  EMCal, Rmin = 90 с  

 |h| < 1.1;  

 Length ~ Diameter 

 с  : 

  1%   сс   r < 250  

  : 

 с  с с  RHIC-II 

 50-100 , 15   |zvrtx| < 10 с  

 Gateless TPC 

 К     IBF (MPGD),   (Ne, He) 

 Н   (    ) 
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К я TPC 
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В  ПИ Ф 

 К  sPHENIX 

   с  
   с   

с     (  
с ) 

    , с с   , с с  с  
с    с  TPC.  

 

  с        3-   с  : 
 с  с         с с ; 
  с  с  с с   с ; 
 с с  с    ,   с   с  

; 
 с  с    с  с  ,    

с   , с с     с с , с с  
 с  , с с   с     

 ,  э  с    . 

  с    
 с   с   12 

с     
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Ф   eIC 
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К я ePHENIX 

 ePHENIX  с   
с  sPHENIX с  

  

 с   sPHENIX  с  
с   с    

   
э с   
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BACKUP 
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hep-ph/1509.07257 

hep-ph/1509.02936 

Jet production in Cu+Au: model comparison 

 

   с  с с с  с     

    э с   с - сс   

     с с  с  с  
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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 


T
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 Experimentally measure: 
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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 
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Н я я   sPHEIX 
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