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JIlabopaTopusa penaTUBUCTCKOU AaepHON hU3NKN

CocTtaB nabopatopuu B 2003 roay

Ben.Hay4H.cooTpyaoHUK 2 (OOK. d0.-M. HayK)

Ctaplu.Hay4yH.coTpyaHuK 4 (kaHad. d.-mM. Hayk)+1 O/cT.

Hay4H.coTpyaHUK 1 (kaHa. d.-M. Hayk)+3 O/cT.
CTyoeHT 1 (1/2 ctaBkm)

Ben. nHxeHep 14

MexaHunk 4

JTabopaHTbl, MOHTaXHULbI 4
Bcero: 27 4yenosek
27 pekadbpsa 2004



JTabopaTtopusa penaTUBNCTCKOU aaepHOnN onsmnku

NMyobnukaunm 2004 roga
Phys.Rev.Lett. 8 3kcn.
Phys.Rev. C 6 JKcn.

*Nucl.Phys 1 3kKcn

Phys.Rev. A 1 3kcn.

se-aRXIV 2 Teop.
Bcero: 16

Ooknaabl 2004 ropaa
Muoro (Phenix,ALICE,GSIu T.4.)

27 pekadbpsa 2004



JIlabopaTopusa penaTUBUCTCKOU AaepHON hU3NKN

PuHaHcoBoe obecneyeHue B 2004 roay
Tema «<bAK-AJIMCA» (MuHobpHayka) 1500 Tbic.pyO.

Tema «PEHUKC» (MnHobpHayka) 240 TbIC.pYyo.
Tema «PAH» 400 TbIC.pYy6.
Buauntoi:

LLEPH (AJTMCA) 35 kCHF (MuHnpomHayka)
+16 KCHF (LUEPH)
BHJT (PEHNKC) 44.4 k$ (MmnHnpomHayka)
+ 36.6 k$ (BHI)
27 pekadbpsa 2004



YTO MbI Uccneayem?

— Radius of the Visible Universe —»

Viccnegyem COCTOsIHUA SAEPHON MaTepun B 9KCTPEMaribHbIX =
YCrOBUWSAX MO TemnepaTtype v NNoTHOCTH: i

@ CoBpemeHHas Teopusa QCD npeackasbiBaeT MHOMO
HeoObI4YHbIX CBOMCTB Y Takon Matepumn (CM. agnarpammy)
@ BaxkHo Ans noHMMaHusa asontoumnm BeceneHHon m
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Evolution spatio-temporelle de la collision
Temps

Gel thermiquet ~ 100 f
T;~100 MeV

Hadronisation t ~5fm/
Gel chimique; T.~170 M eV

QGPt~05fm/c

.* Pre-équilibre
espace
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JkcnepumeHT PEHUKC

Ipenna3HaveH A H3yYeHUS PeIKUX MPOIECCOB:
(+) obecrieunBaeT padoTy NMPHU BHICOKUX 3arpy3Kax
(+) ToHKasi TPAHYJIAPHOCTD

(+) xopoiree MmaccoBoe pa3pelieHHne

(+) HagexKHAST MIAEHTH(PUKAIMSA YACTHIL

(-) orpanmYeHHBIH aKceNTaHC

[Ba ueHTpanbHbIX CeKTpoOMeTpa
(Bdl ~8 Tm; éh €<0.35;2x90°noj ):
3NEeKTPOHbI, (POTOHLI, aAPOHbI

- Jly,y’ ->e+te-

— BEKTOpHble Me30HbI I, w, f -> ete-

- pT>>1 p’pp

—  npsiMble (POTOHBI

—  OTKpPbITbIA YapMm

— ajpoHHas (uauvka
[lBa MIOOHHLIX CNeKTpomMeTpa
(1.15<éh €<2.35,360°N0 ): MIOOHBDI

— Jy,y’,U->ntm

— BEKTOpHble Me30HbI f -> ntm

—  OTKpPbITbIA Yapm
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KombuHauusa UHeHTpanbiibiX 1 MIOOHHbIX
CMNEeKTpoOMeTpoOB: poxaeline o4apoBaHHbIX YaCcTuUl

- DD->em
MMobGanbHble AeTEeKTOPbl: MHOXECTBEHHOCTb
- obuasa xapakTrepucTuka B3aMmogencTaBum



JERE NI Run-1to Run-4 Capsule History

Year Species sY?[GeV] da.dt N,  p-pEquivaent DataSize
000 AutAu 130 1nb? 10M 0.04 pb 3TB

2001/2002 Au+tAu 200 24nb!  170M 10 pb?  10TB
p+p 200  015pb! 37G  015pb!  20TB

2002/2003  d+Au 200 2.74nbt 55G 1.1 pbt 46 TB
p+p 200 0.35pb? 6.6G 0.35 pb 35TB

2003/2004 Au+Au 200 241 nbt  1.5G 10.0 pbt 2/0TB
_____AU+AuU 62 Onb!l 53M 0.36 b L 10 TB

PHERTE Detecdor - Secrmed Year Plysies Run a PLIENIN e
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[Mporpamma o6HOBNEHUNA
akcnepumeHTanbHon yctaHoBkn PEHUKC

 Lenn obHOBNEeHNA aKCNEepMMEHTarIbHOWU YCTaHOBKM:

- U3yyenune KX npu BbiCOKNX Temnepartypax B A+A, p+A n pp B3aumMogencTemax
O6nactb 60sbLWKX NONepeYHbIX UMNYNbLCOB (MaeHTUdUKauma Yactuy, pT>20 [3B/c)
KoHTUHYYyM anekTpoHHbIx nap (Mg, < 0.5 3B)

PoxgeHne Tsxernbix Yactuy, (c- n b- guamka)
Cnektpockonus (Jly,y’, cc n U(1s),U(2s),U(3s))
- [eTanbHoe nsyyeHne CrnMHOBOM CTPYKTYPbl HYKINOHA N CTPYKTYPbI HYKITOHOB B siapax

« OOHOBEHUe UeHTpalribHbIX CIEKTPOMETPOB

— WpeHnTtudomkaumnsa yactuy (nepsasa Yactu aerogel 6eina yctaHoBrieHa B RUN4)
— KpemHeBbIn BepLlUnHHbIN Tpekep (VTX)
— HBD/TPC petektop

« OOHOBIEHUe MIOOHHLIX CNIEKTPOMETPOB
— KpemHeBbIn endcap Tpekep
— KOHYCHbIV KanopumeTp
— MIOOHHbIN TpUrrep



OOGHOBNEHMe LueHTpPanbHbIX CMNEeKTPOMETPOB

 PacwupeHue BO3MOXHOCTEN  BepwuHHLIN cneKkTpomMeTp
no naeHTUMKaLmum yacTuu: — VTX: KpeMHeBbIN BEPLUNHHBIN TPEKEP
_  TRD (east) — HBD n/vnun TPC

— Aerogel/TOF (west)

PHENIX Detector . .‘

, - PC3 ?
Magnet

..'-\.r""-

Beam View

Yactuubl ¢ p; >> 1: c- b- dmasuxa:

p, K, p paspenenne po 10 GeV/c  TRD e/p p>5TaBlc e+e- KOHTUHYYM:

MopasneHue [anuueBckux pacnafos
c- b- dwmsuka:
BOCCTaHOBNIEHME BEPLUMHbI



O6bHoBneHne MIOOHHbLIX CMEKTPOMETPOB

MIOOHHbIN TpUrrep
Tononorus: EMC + mulD
e OT0o0p umnynbca: U-tpekep + mulD
e TOF: D-tpekep
* Mopor no umnynbcyHegeH +

BepwmHHbIN Tpekep (1.2<| h |<2.4):

— KpeMHeBble MUKCENbHble OETEKTOPbI
KoHycHbIn 3/M kanopumeTp (1.0<h<2.6)

— W-Si read-out (20-50 X/X0)

YepeHk.

MI100H 0T aIpOHHOIQ AETEKTOP
pacrmaga

—

BepmuHHBIN Tpekep;

MrOoOH OT
117/ | = =

KonycHpIii U-Tpekep

KAJIOpUMeT
c- b- dm3suka: i
BOCCTAHOBIJ1E€HUE
BepPLNHbI D-Tpexep

gW,ph.c: W u cc:

PoTOHHbIE pacnagbl YnyuweHHbIN 0TOOP MKaHAMAATOB



PHENIX Beam Use Proposal for Run-5

31 weeks

— Cu+Cu 200 GeV
10 physics weeks, 2.9 nb-1 recorded
* 9000 Jly, pT (max) 20 GeV/c
— p+p 200 GeV
11 physics weeks, 5.5 pb-1 recorded, 45% pol
e 8800 Jly
« A (PY), 7.1 GeVic

27 weeks
— Cu+Cu 200 GeV
8 physics weeks, 2.1 nb-1 recorded
6500 Jly, pT(max) 19 GeV/c
— p+p 200 GeV
9 physics weeks, 4.1 pb-1 recorded, 45% pol

. 6600 Jly
« A (pY), 6.9 GeVic




Table 2: The PHENIX Beam Use Proposal for 31 eryvo weeks in Run-5, and 27 cryo weeks

in latter years.

RUN | SPECIES | \/syny | PHYSICS [ Ldt pP+p

(GeV) WEEKS | (delivered) | Equivalent

5 Cu+Cu 200 10 7.0 nb ! 27.6 pb™!
p+p 200 11 13.1 1:»1_FL 13.1 ph_l

6 Au+An 62.4 9 111 pb=t 4.3 pb!
p+p 200 8 15.0 pb™? 15.0 pb™!

7 p+p 200 20 122 pb ! 122 ph!
8 Au+Au 200 20 4140 pb~t 161 pb™*
9 p+p 500 20 359 pb! 359 pb!
10 d+An 200 20 91.6 nb ! 36 ph!




p|-| =\|)( Accomplishments and Discoveries

of the dependence of the charged particle pseudo-rapidity density
and the transverse energy on the number of participants in Au+Au collisions at Gs,
=130 GeV.

of hlqh p-_suppression in p°® and charged particle production in Au+Au
collisions at Gs, 50 GeV and a systematic study of the scaling properties of the
suppression; extenS|on of these results to much higher transverse momenta in Au+Au
collisions at Gs,, =200 GeV

(Co)- of absence of high p; suppression in _d+Au collisions
at s, =200~GeV.

of the anomalously large proton and anti-proton vields at high transverse
momentum in Au+Au collisions at Gs,,, =130 GeV through the systematic study of p*,
K*, p* spectra; measurement of L and anti-L in Au+Au collisions at ¢s,,, =130 GeV ;
study of the scaling properties of the proton and anti-proton vields in Au+Au collisions
at Gs,,, =200 GeV.

Measurement of HBT correlations in p* p*and p p” pairs in Au+Au collisions at Gs,, =130
GeV, establishing the "HBT puzzle" of Ry 1 ~ Rgpe €xtends to high pair momentum;
extension of these results to Os,, = 200 GeV

: of single electron spectra in Au+Au collisions at Gs, =130~GeV,
suggesting that charm production scales with the number of binary collisions.

Sensitive measures of charge fluctuations and fluctuations in mean p; and transverse
energy per particle in Au+Au collisions at at Gs,, =130~GeV.

Measurements of elliptic flow for charged particles from Au+Au collisions at Gs
=130~GeV and identified charged hadrons from Au+Au collisions at Gs, —200~§ev

Extensive study of hydrodynamic flow, particle yields, ratios and spectra from Au+Au
collisions at Gs, =130 GeV and 200 GeV.

of J/Y production in Au+Au collisions at Gs,, =200~GeV.

Measurement of on p% spectra and J/ Y production in p+p
collisions at Gs,,, =200~GeV.




Pressure? “elliptic flow” barometer

Origin: spatial anisotropy of the system when created, followed by
multiple scattering of particles in the evil
spatial anisotropy ® momentum anisot

Vv,: 2" harmonic Fourier
coefficient in azimuthal
distribution of particles with
respect to the reaction
plane

Almond shape
overlap region
In coordinate




Hydrodynamics of medium created at RHIC In
early times after collision

| ' | ' | ' |
_  Hydro model PHENIX Data STAR Data

..... T ¢ nH 4 Kg
0.3 _K & KT+K ® A+A
_-p < p+p
A
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Transverse Momentum p ; (GeV/c)



Jet Quenching

leading
particle NOF—:7 . -
beams of E—— \/acuum suppressed . of 4
hard probes:
jets, Jly ...
I QGP <4
jet quenching measures hadrons
‘radiation ‘ length of QGP leading
_ 2 2 | particle
dE I’Tb XL | suppressed
m, = Debye screening mass v

® high p, partons:
— Vacuum: fragment into hadrons => JETS
— Matter: additional scattering => more gluon radiation
e normal ‘cold’ matter: small effect
* QGP: strong effect (up to several 10 GeV)
— observables of ‘jet quenching’

» leading parton looses energy
» energy shows up in soft partons around jet axis




Jet quenching from PHENIX

o 3 B - ! 0-10% central;
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Figure 2.  Nuclear modification factor, Ra 4 (pr ). for 7" measured in central ion-ion reactions
at CERN-SPS [15]. CERN-ISR [14]. and BNL-RHIC [17. 12] energies. The dashed (dotted)
line is the expectation of “Nggoii (Npart) scaling” for “hard” (“soft™) particle production.



dA control data choose FSI
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Figure 3. Nuclear modification factor, Ra 4 (pr). for #° measured at = 0 in minimum bias
d+Au (squares) [25] and central Au+Au (circles) [12] reactions at | /5, = 200 GeV.



Conclusions from the comparison
to the data

1. Large initial gluon density dN 9 41000
dy

2. Large parton energy losses — 12-15 GeV/fm**3
3. High initial temperature - 400 MeV

4. Energy density decrease from 20 to 6 GeV/fm**3
during the time period from 0.2 to 1 fm/c



J/W¥ In PHENIX
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Figure 12. PHENIXN:2? (left) p+p — et +e— +X invariant mass spectrum for |y| < 0.35;
(right) p4+p — p+ + p~ + X invariant mass spectrum for 1.2 < y = 2.2,



F measurement at PHENIX

Both K+K- and e+e- channel are available

— K+ : mass square from Time-of-Flight from TOF detector and EMCal

—ezx : RICH and EMCal _ _ o _
No in-medium modification found so far

Run3 G, = 200 GeV d+Au

f ® K+I§);ID'TOF f PbSc EMCal f ® e+e_

m: -1 ame E\FE.ﬂt W‘: in pc a 1""! | . Wolr in LOrI |

i =S B TN
= £ R
STM‘WWWWMMM .
§ i e § T A ———

a0l 5,5_1,”, o -_} | S/IB=1/4 ‘ i

L Ml

Invariant mass [GeV/c?] Invariant mass [GeV/cZ]



Reliability of Anti-n Candidate

- 1 (- LA RARES NN ) b I L I L R
Ar?tl E rgomentum resolution £ .. 200Gy pro | 200 GeV prp ]
cnecke | | Em \n_i_p__famn_— ‘n_|_p+'E
— Applying the reconstruction S No prcut sl No py cut
: O aw
method to anti-proton O 1 zo00f Same event
. ] - high p;
o Comparison of momentum 1 s photon trigger
: B Mixed event
from TOF and traCkIng LTl 1 sk .'- B MinBias trigger
— Resolution<4%,10%,15 . Ik
% in pT<1.0,1.5,2.0 I
- o ] |]-I IIIIIIIIIIII 1 IIIIIIIIIIII
GeVlc, respectively 11 1.2 1.3 1.4 15 16 11 1.2 1.3 14 15 16
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— Invariant mass peak of S* § 12 Marker: Data E
o - L O £ Dashline: MC N
Sawesy a n—+np D RR.99.85%, cts=2.3%cm () qa1f S 1 o
"S*t@aieray @ N + Pt I BR.48.31%, cts=4.434cm 1 2_ _ e
i ) ) Q “r £
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N ) ) )] L] = F o
n in EMCal is <~5% I 1 4
_ e 1.18F 3
* Quick check by Monte-Carlo shows b s sl il el s
agreement with data 05 1 15 2 25 3 35



Counts / bin

K++ n inp+p, d+Au, Au+Au
Search for pentaquark

A ‘ *Run3 (5 = 200 GeV p+p

20- | ‘ . — Minimum bias trigger
‘.?Hj —35M events

| HI '|| {H | —5MeV/c? per bin

N

1]

ol
14 145 15 1.55

1.6 1685 1.7 1.75 1=.3
i+ K" Mass (GeVic')

Run2 (s, = 200GeV Au+Au

Same event

. Mixed event
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NMNAD B akcnepumeHte PEHUKC

 MopaepHusauns ynpaBneHna n KOHTponsa paboTel ApendoBON KaMepbi:

@ CosgaHue u conpoBOXAEeHNE CUCTEMbI aBTOMaTUYECKOro ynpaBreH st BbICOKMM HanpsiKeHnem
(2 x 368 kaHanoB): NOABbEM/CNYCK HAMPSPKEHUA < 2 MUHYT, aBTOMaTU4eCKkoe BOCCTaHOBIEHME TPUIMOB

) Pa3pa60T|<a, co3gaHue, 3anyck n conpoesoxgeHune BCnomoraTesribHomn KaMepbl MaJioro pasmepa and
MOHUTOPUHIA CBOWCTB ra3oBoW cpenbl oeTeKkTopa

@ PaspaGoTka 1 MCMonb3oBaHye anropuTMoB KanubpoBku AeTekTopa, obecneyeHne MakcumarnsHoO
LOCTVKMMOTO MMIYSLCHOTO paspellerns (pe3ynbTaTbl OyayT BUAOHLI Npy obpaboTke J/Y)

) Pa3pa60T|<a n corpoBoOXXgeHune aBTOMaTUYECKON CUCTEMBI KOHTPOJA Ka4veCTBa AaHHbIX NOCTYyMNakLWnX
C AEeTeKTOopa

* YyacTue B 3KCMEPUMEHTE:
@ CmeHbl
@ T[1naHoBble PEMOHTbI N O6CJ'Iy>Kl/IBaHl/Ie

* YyacTtune B 06paboTKke aKCrnepuMeHTanbHbIX AaHHbIX:

@ OTbop AaHHbIX “BblCOKOro” kavecTtsa. Q/A dunsnyecknx AaHHbIX (NonoxeHve nukos p/K/p Ha wkane
mMacc, alignmrnt n 1.4.)

@ W3yyeHne pacnagoB Nerknx Me3oHoB B agpoHHble kaHanb! (p* p-p°, p°gand p° p°)



AHaJn3 IKCIICPUMCHTAJBbHBIX TAHHBIX

* h - Mme30H: M =547.3 M>B
h® ptpp° BR=23.1%
« W- Me30H. M= 781.9 M»>B
w® ppp° BR =88.8 %
w ® pY BR=85%
« KO - me3on: m=497.7 MaB
KO® pip° BR=314%
] -wme30H: m=1019.4 M»>B
] ® pppl+rp BR=155%
] ® pY% BR=0.13%



CnexkTp HHBapHaHTHOI Macchl PPp*p-
B PP B3aMMOJAEeHCTBUAX

Bi3500

(=]
Capno

Pt >41»B/c

O h - Me30H:

m = 0.5486 +/- 0.0018 I'>B

s =0.0170 +/- 0.0018 I'>B

pp— m;-;~| 0 W - ME30H:

1etn
3 E‘m.—-- """ R . g A REA - 4 BGHT

m = 0.7869 +/- 0.0023 I'>B
s =0.0256 +/- 0.0022 I'>B




CnexkTp HHBapuaHTHOMH Macchl POp*p
B JAU B3auMOIeCTBUAX

WM Pi0+ P+ Pi- | hist]
Entries 43066

Pt> 6 ToB/c,

1000 |

Pt(p°%> 1I'>B/c

800 —;
600 [

400

E h - me30H:
LT m = 0.5614 +/- 0.0042 I'>B
s =0.0198 +/- 0.0038 I'>B

e W - ME30H:
m=0.7776 +/- 0.0067 I'>B
s =0.0272 +/- 0.0072'>B




CriekTp HHBapHaHTHOMN Macchl gpP
B PP B3aUMOICUCTBUAX

Pt >31»B/c, Eg>0.515B/c

M _ :Pi0 + gamma hist
[Entries 502405 |

[} : B s T T Mean 0.5467
= E : : : : : RMS 0.3073
Fso00 ; ; : : ;
O - : ! : 7 :
20000 — : : : ! :
T S e s
10000 [ : : : : :

5000 [ : : : : 5

u = L 1 1 i L
(1] 0.2 0.4 0.6 0.8 1 1.2

14 16
™., [GeV]

200 | — -5 -

| A 625.573029 +/- 70.311142

|  Mean: 0.777613 +/- 0.004595

__________

| sigma: 0.037222 +/- 0.005820

----------------------------------

Pt>415B/c, Eg>0.513B/c

M _ :Pi0 + gamma | hist1
Entries 155387
T T Mean 0.5773
RMS 0.2242

i A 284.337905 +/- 39.105674

i Mean: 0.777989 +/- 0.005151

i| sigma: 0.034898 +/- 0.006629

S

_________________________________




CriekTp HHBapHaHTHOMN Macchl gpP
B AU B3aUMOJICHCTBUAX

Pt>415B/c, Eg> 0.8 3B/c Pt>515B/c, Eg> 0.8 3B/c

nnnnn

M__Fil + gamma | hiati W Fi0 + gamma I hkatl
lllllllllllll 5
= - - - - - - - M F - - - - - - -




CriexTp MHBapuanTHOM Macchl POp°
B PP B3aMMOJICUCTBUIX

Eg> 0.11»B; fabs(mpo - 0.135) < 0.0251>B
2 IhB/c< Pt <31»B/c 3IB/c< Pt <4 1B/c 41HB/c< Pt <51mB/c

: B 4181480+ 4 RIS0E0

D | Meean: 045658 +- 0001977

\ | Sagema: 00175 - 0002483




CriexTp MHBapuanTHOM Macchl POp°
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Universality of cross sections due to rising strength and
radius of hard interactions — black limit(theoretical results)
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Hexkabpb 2004, ceccua ODPBI

Cnacunbo 3a BHUMaHue




Nyywnn pesynbTtat 2004 roga PHENIX

B coBmecTHOM 3kcnepumeHTe PHENIX Ha konnanpgepe
penatuBuctcknx sapep RHIC (CLUA) B 2004 roay oOGOHapyXeHbl
3HauuTesnbHbIe 3NIUNTUYECKUE MOTOKM BellecTBa, BO3HUKawLMe B
nepBbleé MrHOBEHUSI CTONKHOBEHUS ABYX TSXKenbIX fAep, a TaKxe
CuUnbHOe nogaBneHue BbIXoA4a aApPOHHbLIX CTPyM C OonbLWUMMU
nonepevyHbiMM UMNyNbCaMu B LUEHTpPanbHbIX AApo-aaepHbIX
CTOJNIKHOBEHMUSAX. JKcnepuMeHTanbHble pe3ynbTaThl
CBUAOETeNbCTBYIOT O TOM, YTO B TaKNX CTOJSIKHOBEHUAX hopmMupyeTcs
HOBbIA TUN SAOEPHOU cpeAbl, TepManu3yrllencsa 3a OYeHb Marioe
BpemMsa (MeHble 1 chm/c) n obnagarowen npusHakaMmm XapakTepHbIMU
AnNS KBapK-rnrooHHON MaTepumn. A3 3TUX AaHHbIX yaaeTcsa MNOny4YuTb
OLleHKM Ha XapaKTepuUCTUKU 3TOM cpeabl - TemnepaTtypy (T=400 MaB),
NJIOTHOCTU 3Heprum B odbnactu ctonkHoBeHusa (15- 20 MNaB/dpm2), a
TaKXXe BeNIMYMHY 3HepreTuvyeckux nortepb (~15 MaB/dm3) B Takomn
cpeae anga uBeTHbIX naptoHoB. (MUA®P PAH, U®B3, PHL KWN)




hard collisions

hadron gas ' freeze-out




