Ob630p maTepuanoB KOHdepPEHLU NN
Quark Matter 2008

HO.Xapnos
0329, NOB3O
CemuHap NPB3O 6 mapta 2008



Obuwaga nHpopmaLus

[TonHoe Ha3BaHue: “20-a mexayHapoaHas
KOH(hepeHUUS No yrnbTpa-penaTUBUCTCKUM
AAepPHbLIM CTONIKHOBEHUAM”

MecTto nposeneHus: Uugusa, Oxxannyp, 4-10 doeBpans
2008

Bcero yvactHukoB: okosno 600 us 31 cTtpaH
[TneHapHbIX goknagos: 53

[loknagoB Ha napannenbHbIX cekumnax: 132
[locTepoB: okono 250

Cant KoHdepeHUNU:
http://www.veccal.ernet.in/gm2008.html




JKCNeEpUMEHTbI B 0briactu
PENATUBUCTCKON A0ePHON PUINKA

SPS @ CERN: WA98, NA45, NA49, NAGO
nap

RHIC @ BNL: PHENIX, STAR, PHOBOS,
BRAHMS

LHC @ CERN: ALICE, CMS, ATLAS
SIS300 @ FAIR: CBM



OCHOBHbIe Habngaemble

Hard probes

Fluctuations

Strangeness

Heavy flavours

Collective effects

Hadron spectral functions



HARD PROBES



Photons, Leptons, Hadrons

Photons, leptons:

* Penetrating probes that carry
information about their production.

* Rare processes

— Need large data samples -~
» Large backgrounds A
— Need precise background determination / (f

« Background y from decays of ° and n
« Electrons from y conversions
« Combinatorial Backgrounds

Hadrons
* Products of partons fragmentation

« Partons strongly interact with quark matter and loose
energy



Nuclear Suppression Dependence on:

Energy
T Cu+Cu 22,62,200 GeV (Run 5)

®y5, =224 GaV
s y5,, =624 GaV

By &, = 200 GeV

B Viteu, 22.4 GaV, 130 < dN'fdy < 185 -
[ Vitew, 62.4 GaV, 175 = dN"/dy = 255
[] Vitev, 200 GeV, 255 < dN'idy <370 |

Cu+Cu, 0-10% most central

arXiv:0801.4555
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Particle Species
T® Au+Au 200 GeV (Run 4)

Tl PPN I R S | i
4 B B 10 12 14 16 18 20
p, [GeVie]

« Model calculations indicate quenching expected at Vs, = 22 GeV
» Species dependence to probe space/time of suppression



' +Al1I' V.. .= V. -
Direct VAU Au: yd|rect ylncluswe ydecay
2
13 ; AUt _ » ' R,, 0-10% (arxiv.orgxxxeyyyy)
— utAunfs, =200 GeV
1.6— ¥ 1R, 0-10%
1.4
1.2
O —— e
— § :
0.8 ﬁ i i
0.6—
0.4— o*8
— Byy
0.2— Sow g opess® @
u:III|III|III|III|III|III|III|III|III|III|I
0 2 4 6 8 10 12 14 16 18 20

P, [GeV/c]
Run 2: No y suppression -> Jet quenching (PRL 94, 232301
(20095)).
Run 4 (QMO06): High pT y suppression
— Isospin (PDF) effect (+ ?)



Dependence of Nuclear Suppression

Npt Pathlength
g — o2 14 | ut o
E 1.9 Y By =200 GaY [ ,
& o 1.2 ) Ve
A Ll + 1 b i i In Plane |
n!_ - % S ol
"E.; i ‘ —— * + 0.8
| _ “m
T + i Ei L
- L + 0.6 E -
! | 1 _’-
047 s } 0.4 H < "._.'
- 1 E:—-
D.E'_ +.1u, Cu+Cu f + 0 2 g
[ o ", Au+du :
’ 20 3 40506 100 210 _ % 02040608 1 12141618 2 2224
Npurl [ L.”.

PHENIX PRC 76 034904

* Rj, scales with N, at same Vs
T ‘L ” Session |: Klaus
— Some indication for “higher order” effects
« Approximate scaling with <pL>
* Use Rua(Nyan VSyn: Species, Pathlength) to illuminate models




v-h Correlations ——"

’j Matthew
- Rt e — -

Nguyen

l
IIE
i~

1/Ntrig dN/dx_

* y“measures” recoil parton momentum
— Measure fragmentation function D(Z)

v-h p+p 200 GeV (Run 5)

Run 6 p+p, \[s\, = 200 GeV

0.1 - o Inclusive y-h

0.08 * ® Decay y-h :
go 06 ¢ Direct y-h o
0.

Poster: A.Hanks

Use Near Side peak to determine
direct y associated with h, |.e.
fragmentation photons

'ss
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Heavy quarks suppression

g 1..'EA| L | TTTT | UL | TTTT TTTT | TTTT | TTTT | I R A TTT |_
(£ (2] i0%contal e Armestoetal. (I) L
14 | vanHeesetal. (I —f

% 43![2::T} Moore& -
amREREEN 12}[2‘]'{.” Teamv (l"} i
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o= H.i

C &h | Woar |
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= Aurhu @ |5, = 200 GeV Rl LT [T T A
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* Heavy quarks show same suppression as light quarks at high pT?? With substantial
bottom contribution??

* maybe there is some universal suppression mechanism (i.e. not usual energy loss) ??
Single electron (c, b semi-leptonic decay) RAA



‘AA Medium Response

T
p+p, peripheral Au+Au central Au+Au
RUng pep Y 5y, = 200 G2V Inc g-h Faird Au+Al Y 5. = 200 GeY' Cemt 0-209% Inc g-h
. =T B, €[ 20300 GV o ey~ ! =[20,3.0] GeV/e
PH ENIX — [ereagzoicee WM PH ENIX — | preiL020lGovic
oo = Preliminary | S q0.06 a1z 4= Preliminary - T,
007 4 ' o L | qumii ~l0.08
: 'Ezf,h . |50
=300 =[300s
=19 003 4 =10 a4 4
"1 Zamna 1 Zagz 3
aom 4 |
o
W 002
(] (28] ok -
{]' Sh: Sy
)? 0.6 1 : jﬂ.d?[radi‘k
PHENIX poster (Chin-Hao Chen)
Typical: New:
- Near-side Jet - Near-side Modification — “Ridge”
- Away-side Jet — “Head” - Away-side Modification — “Shoulder”

Near-side Ridge theories: Boosted Excess, Backsplash, Local Heating,...
Away-side Shoulder theories: Mach, Jet Survival + Recom, Scattering,...
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Conical? flow — RP dependence

AuthAu ﬁﬂﬂﬂﬁe‘u’, Cent=30-40°%, 1<p_rmm<2 GeVie, 2< pmf& GeVie

008 o, a5 I
P . PHENIX Prefiminary ) i '
g 006 ! r - 1y, '
I 0.04 r 1 g nf" =Aresol.] [
< 0 o il [
Jo0ef N v LR N .
S ] |
G F 7 Bd GF R 2
s AT AN M TN - et 1,
WLy 5% Mgl (o) 8, Hel<TS
o L
§ -!15’5‘ LV’ B
PR PHENIX]  C%
CAA S ) il
Jomg F oL oa Lq E‘.““ T
= i i< : ' :
u Bt R o
] 1 NN | | | — # 1 r""! 1 .1"
2 4 0 ? 4
Ao (rad) Ao (rad) A rad)

The position of the cone? does not change with angle of trigger
hadron wrt reaction plane.

— But we do see the di-jet remnant behave as expected
'IDecreases as @, - W increases
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GLOBAL EVENT
CHARACTERISTICS



Transverse Energy
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FLUCTUATIONS AND
CORRELATIONS



Correlations and Fluctuations

 Look for discontinuities or changes in
experimental results for correlations and
fluctuations as a function of incident energy
— K/ Fluctuations
— Balance Function
— Net Charge Fluctuations
— Multiplicity Fluctuations - several approaches
— p; Correlations

Gary Westfall



Particle Ratio Fluctuations @ PHENIX

Au+Auy 5, =200GeV |
rE: =18 Wi
> 009
<77.(ﬂ_1)> <K(K _1)> <K]7> ‘-'_-inl“_ 1'|IN[|H'| + const
den(K’ﬂ): >t e
A e e s il
- |t nl = 0,
HE '| 0.35<p,_<1.05 PH E_NIK
0.08 f Preliminary
Fluctuation in the ratio of two particle species: Y E
003 +‘+ 1
= 8- -
* Vgyn = 0 : only statistical fluctuations :‘:; $ A o TR e
* Vg4n >0 larger fluctuations ‘-"n: ; , ; y q g
* Vg, < 0:damped fluctuations " e T e e “ﬂmmu
Au+Auy s, =200GeV |
C. Pruneau, S.Gavin, S.Voloshin, T oo =
Phys. Rev. C 66 044904 (2002 o
ys. Rev (2002) el PHENIX
] ] _ Ll Preliminary
Particle ratio fluctuation 0004 8 § I
. . . ‘e a0zl + L
show no indication of critical ™ F4 _“_+__+__
behaViOur -u.mz— Ad=n2enid
- n| = 035
e n,aslqpnﬂ_us
-0.006 [ 0.6 « p'r_,:.'t 2.0
-ﬂ.l:ﬂn_
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Fluctuations: Conclusions

We have experimental results for correlations and fluctuations
covering incident energies where one might expect effects from
the QCD critical point and we have some hints in the

However, the results are not conclusive

In particular, we have several different variables, acceptances,
and interpretations that need to be unified

We need to measure correlation fluctuation variables over the
broadest range in incident energy and system size

The SPS and RHIC scans will provide an excellent opportunity
to study the QCD critical point



The Ridge from RHIC

STAR: Joern Putschke, J.Phys.G34:5679 (07) .
Jet -~ Ridge

#entries

Bulk Medium 3

Rich underlying physics: jet, bulk, jet-medium interaction,
medium responses,...
N. Armesto et al.; R. Hwa; A. Majumder, et al.; E. Suryak; S. Voloshin; C.Y. Wong
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R(An,A0)

Two-particle Correlations
iIn Cu+Cu and Au+Au Collisions

Au+Au@200GeV

PHOBOS p+p@200GeV Cu+Cu@200GeV

oo
SR Ty
SRR
O
S
SRS e

Phys. Rev. C75(2007)054913 PHOBOS preliminary

Parallel: W. Li

1) Short range cluster-like structure in A+A as in p+p.
2) Elliptic flow over large range of An in A+A collisions.
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Reaction Plane Dependence

' ' — ' 1
STAR | 3<p,r9<4GeV/c & 1.0<p,?s°<1.5GeV/c 20-60%

= 06}
=
o
—
S 04}
o
2 02¢
=
S
nee (@) |¢rr{g-lPEP [<I5° () !5”<HJM Al <30” 75 ’<|¢:r.‘g-LPEP|
PP, .I " PHENIX Preliminary ¢
g 0.06: : - Iy,
1 0.04 [ —A resol.
50.04: &,
goae} ' ﬁ% i 0
7o i

A4 fead)

Ap= Passociate - (p[rigger (rad)

Parallel: M. McCumber; O. Catu; H. Pei
A. Feng; O. Barannikova; A. Adare

At low p; region, study the medium response to jets
- Away side (medium side): single = double peaks
- Near side (jet side): amplitude reduced
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STRANGNESS PRODUCTION



part

<¢p>/N

102 [

New @ Puzzle from SPS

NAGO In-In

I NA49 p-p

HM |
H S
Lt

% NA49 Pb-Pb

Box: stat+syst. error

0

50 100 150 200 250 300 350 400
N

part

Parallel: F. Arleo; D. Jouan

NAG60 vs NA49 (full phase space):
Also @ pp in In-In higher than
NA49 yield (like NAS5O).

Looking forward to the NAGO
¢— KK results from In-In collisions.

“Difference in (P_> LU and (P_> KK yields seems confirmed - related to a real

physics mechanism (kaon absorption)?”
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¢mass @ STAR

B ol 1024~
S | 1.0235 ° e+ 36-45%
g 1.02(— # A o m o+ || 1 0225_ - 10-190/0 v 45-54%
= e lﬁiﬁﬁi*ﬁi"* "'%'“”"*ﬁ """" S TR ~ 19'280/" ;1 Monte Carlo (embedding)
Qo8- (m A < 1.021F ¢ 28-36%
S | B 1.02F
E1ﬂ1ﬁ— g | §l lllll lﬁéll LR Y] R npEannnnnnifginnnnn
- ) , ) w 1.019
- full: experimental data open: MC data 7] -
ol S 1.018F
- B Aut+Au 200GeV 4 p+p 200GeV = o017k
Loz AutAu62GeV  * d+Au200GeV 1O Cu+Cu 200 GeV
1ol PDG value 1'016§
T P P PP NPT I I I PR I 1.015
=~ 7 05 1 15 2 25 3 35 4 45 5 - o
0 1 2 3 4
STAR Preliminary pT(GeV/c) Transverse Momentum p_ (GeV/c)

— The @mass is consistent with PDG value at p>0.7 GeV/c while a drop of
~2.5 MeV at lower p;

— The ¢ mass value from data and simulation are consistent and the drop at
low p; is understood within detector effects
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dN/dy

part

dN/dy/N

<p> (MeV)

@ dN/dy and <p;>

LAY rorrTrrE T o o
b ig::ﬁ: 200 GeY - P24 GeV - J — The dN/dy and <p;> are

e op+p -ng‘\a *ﬂ*D E similar for Cu+Cu and

. - el ] Au+Au at similar N, bin
o ; for the same collisions
) -S—— H H—— G - ——H energy.

- Bl i 5?'4_5”% — @yields from Au+Au and
ooz ﬁ%ﬁﬂ@ o Sl Cu+Cu collisions depend
ol @ + 1 *w[p Eb ) on the number of

- 1 % ’E participant nucleons only,
R VP EUTTINERP [ unlike Kaon and hyperons.
}gg 200 GeV B2 4 Ge"u" . _

oo e see STAR.X|aob|n Wang —
s W (If _ﬁ]**ﬂ*tﬁ u parallel session VII
5:::1 234 o E S T - R

e 1] NA49 Col. Phys. Rev. Lett. 96, 052301 (2005);
Number of Participating Nucleons Npart 2] E-802 Col. Phys. Rev. C 60, 044904 (1999).
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PP

inel
(AN, /dy/N_)/(dN®/dy/2)

Strangeness enhancement @ STAR

N W & @ =
T TT 11

T T TTITT]
200 GeV

__ Au+Au Cu+Cu _é
- dh R
S
3 A Mt o ] T —E
=l #I{l I ?Jﬁll ? ?T —E
- § i’%l LER: ?ﬁ"E’K?‘f £
STARPreliminary -
1 1 1 1 'IIfIfl I I I Iflfll 1 1 I
— ¢ 62.4 GeV ¢ 200 GeV —
L O Au+Au L) Au+Au
[ 77Cu+Cu  * Cu+Cu ] I E
i
3 200 GeV. éi LLRTT E
- 1] '{‘Il iy Ll I
624 GeVy Tl 1 1
:l | | | ||||I| | | | |||I|| | | | I|_
1 2 345 10 20 100 200 Near

@gmeson enhancement shows
a distinct collision centrality

and energy dependence.

The enhancement factor of the
@gmeson production (yield per
Npart) lies between those of

K/A\ and =, and decreases from
200 GeV to 62.4 GeV data

unlike hyperons.
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HEAVY FLAVOURS



Cold and hot matters @ SPS

Normal nuclear absorption alone

does a splendid job describing pA,
SU and peripheral Inln and PbPb:

0, =4.18 £ 0.35 mb

Beyond is “anomalous
suppression”

Observed suppression exceeds
nuclear absorption

Onset of the suppression in In-In

at N . TR0

-
.

+ 10% global systematics

-
v
=

0.9 l @J L

n.a

Maasured | Expected JIY vield
—_

oy

——
—

0.6 I

—
1
hi
a 40
o~ i
>=
(]
©
= 30"
=
——
ﬂ
o'
©
e
o 20
¥ NAS51, pp,pd, 450 GeV
O NA5O p-A 450 GeV LI
4 NAS5Q p-A 450 GeV HI
~ NAS5Q p-A, 400 GeV HI
O NA38, S-U, 200 GeV
10 NA50, Pb-Pb, 158 GeV
g | * NA6O, In-In, 158 GeV
2

NABO, p-A, 158 Gev <4mmm NAGO preliminary

0 2 4

6

8
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L(fm)
NA50, EPJ C39 (2005) 335
NAG60, PRL99 (2007) 132302



Ravau (Y=0 In PHENIX) = Rpppp, (@ SPS)

* Lower rapidity Raa
looks surprisingly

similar, while there are
obvious differences:
different

— Atagiven N .,
energy densities...

— Cold nuclear matter

effects (XBjorken’ Oab

S

)

- Nuclear modification factor

O PHENIX, Au+Au, |y|<0.35, £ 12% syst
o= NA50, Pb+Pb, 0<y<1,+ 11% syst.

{ NAGD, In+ln, 0<y<1, + 11% syst.

O NA38, S+U, 0<y<1, + 11% syst.

(=

.8

0.6
) - S
0.4~ ¥
0.2
T | | | | | |
% 50 100 150 200 250 300 350 400
Npart

PHENIX, PRL98 (2007) 232301

SPS from Scomparin @ QMO06
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Ravau (Y=1.7) < Rpya, (y=0) in PHENIX

¥ Nuclear modification factor

@ RHIC, more J/y T PHENI, A 1 2220 TH o
S u p p reSS I O n at O PHENIX, Au+Au, |y|<0.35, + 12% syst
forward rapidity !

While energy density 0.6
should be smaller..

0.8

R L-;ward!Rﬂd
-

e L I L L UL
systlbl-i14/ i
§ E 0.2

i 60% -
';' """"" §$ """ % TR B - T T
‘' Rua(y~1.7) E Npar
- Raa(y~0) E

‘ ‘5|0| - I1|Z|Il'.iI - |1é0‘ - IlemI - Izéﬂl - ISI‘JD‘ - ‘35|0| — Iiﬂl} PHENIX’ PRL98 (2007) 232301
Number of participants
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JIW Au+Au @ PHENIX

JIP R, a, 200 GeV (Rund)

RAA
—
|

0.8

0.4

0.2~

—f— PHENX Au+Au Data |y|<0.35 l[sy.rstgm=I +12%)

EKS Shadowing + Gy, _,,. = 2847 mb

NDSG Shadowing + 6, = 222 mb

ly| < 0.35
I l L

-

« Large errors still (heed Run 8 d+Au, Run 7 Au+Au)

50 100 150 200 250 300 350 400
Number of Participants Au+Au

'Ig ‘_ —e— PHENIX AurAu Data 1.2<|y|<2.2 (SVStglubu.li T%)
1_— EKS Shadowing + 6,,,,,= 2.8 47 mb
(13 NDSG Shadowing + o, .= 225 mb
N——
U-B | K
0.4 {
0.2 @
 1.2<|y[<2.2
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
UEI 50 100 150 200 250 300 350 400

Number of Participants Au+Au

arXiv:0711.3917

— Comparison suggests more forward suppression beyond CNM than at mid-

rapidity

— BUT models shown don't describe R, , impact parameter dependence
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Ju i pr broadening @ SPS 7

Session 18,

Saturday

 Different scaling in pA

w. 2p
and AA collisions S of
O r
- Something else goingon  aps- t
in AA? Y1af
— High p; J/y escape? 165
152—
145
* Linear increase of <p;%> Jaf
with L,_ consistent with gluon , ,¢ M = NA50 Pb-Pb
scattering 3 * NAGO In-In
. o 1.1 = NAGO p-A
In the initial state : el

7 8 9 10
L(fm)

o
-
=
wl
B
o
o
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Open charm: physics motivations

— 105_ —
Charm: o = <r UA2pp; PLB 236, 488 A STAR d+Au; PRL 94, 062301
. . . & - * MUON cosmic rays; NPB 122, 353 @ STAR Au+Au (preliminary)
* is primarily > | ¥r PAMIR cosmic rays; NPB 122,353 @ PHENIX p+p; PRL 97, 252002
. little 2 8 | @ NA32p+A; PR433, 127 A PHENIX Au+Au; PRL 94, 082301
o B E769 p+A; PR 433, 127 B PHENIX Au+Au; PRL 88, 192303
(see't 104 L A NA16 p+A: PR 433, 127 -
. i = A NA27 p+A; PR 433, 127 -7
* Iis sensiti - O E743 p+A; PR 433, 127 LT
(quark prod _ W E653 p+A: PR 433, 127 -7
| 0 HERA-B p+A; PR 433, 127 e
* has an unt O NASO p+A; PR 433, 127 -
103 — ¥ NABO In+In (preliminary)
* large unce S
« ol 5 -
*  gluc - ---77
forPr<  10%F
- the .
con: i
10 ™
= NLO with CTEQEM
keq%% n S il NLO Uncertainty Bound
u f ij (from R. Vogt, arXiv:0709.2531)
1I| |Jf| IIIIIII IIIII|| ] l
3
5995 10 10° 10
Vs (GeV)

- 404015

L
o
i

> Nacp

dbe
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dogs/dyl _, (ub)

Open charm: do/dy in STAR...

: | T T T | L 1 | L | | L |:
450 —
= Sys. error \'Syy = 200 GeV =
400 Au+Au —
— Central 12% .
350 E
300 * = ) =
250 E
200 d+Au g Au+Au —
- (preliminary) MinBias ]
150 E
1001 NLO in p+p E
500 R. Vogt [hep/ph 0709.2531] —
0 : | | | | L1 1| | | | | L1 1 11 | 1 | | L1 1 | | | | | Ll |:

1 10 10 10°

number of binary collisions N

bin

Scaling with the number of binary collisions
from d+Au to Au+Au confirmed in Cu+Cu.

/

¢ Accurate background
subtraction is crucial

/

% Systematic study is
ongoing
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Heavy Flavor via non-photonic Electrons

g T Sasssss -  HF strongly suppressed,
@ gsq]!®) O10%contal e Armesto et al. (I - Significant v,

-l =] vantHeesetal. (i) — Implies high density, small
=emm ) A20T) Moore & diffusion coefficient

........ 12/{2rT) Teaney (Ill)
— Estimate n/s = (1.3-2)/41t
— Very close to conjectured limit

Session XIV: Ralf Averbeck

1.2F
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08F
0.6

0.4F

...........
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02+
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AurAU EE e 200 Ge¥ '-*ﬁ-..,'. = .
w 02 o i - Lyt P I i = b3
- -1 ~  ® PHERIEFinsd Rund
:I::;‘ = A h I = T e IT" (=] : 01 » PHERIE Fralirsinany Reed —
1 M ;
1 = P imure-blas

LAE— minimum bias a =t Vi I:lT =2 @EsVie

Hesvy Flavor Clesiron v

o &R, eF | " <18 _J ]
0 - 'ﬂ E,- : *
== PH ENIX ] st ﬁ}"‘k B ]
005 —_ - = L
- . W | | u _
: 1 T g
o | i PH ENIX i
b i bbb s s bak [ 005 PRELIMIMARY -]
’ ‘ Py ?EE\”':? AnsAu e = 200 G

- 1'.' 0,5 1 15 2 5 3 3.5 4 4.5
p, [Sewic]
PHENIX : PRL98, 172301 (2007)

Preliminary Run 7 HF v, result: Poster: A.Dion
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COLLECTIVE EFFECTS



Anisotropy Parameter v,

coordinate-space-anisotropy [l momentum-space-anisotropy

y Py

_ <y2 — X2> _ _ -1 py
£= ) vV, =(cos2¢), ¢ =tan (FX

Initial/final conditions, EoS, degrees of freedom

Nu Xu
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Flow

« azimuthal anisotropy,

* pressure gradient
from initial spatial
asymmetry or
eccentricity

» second moment of
Fourier coefficient, v,,

__ Plane

shows good
agreement with
dN 1 hydrodynamical
14572 W, ydrodynamica
Prdp, dyds 2ﬂppoTdy{ Zl: el ))J models of low

V, = <px> = <COS(¢ — LIJRP)> P, = pf 4 pj V|SCOS|ty ﬂU|d
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Direct y v, : Au+Au 200 GeV

o 0.3
00-92%

0.25 s decay photon v,

0.2

s inclusive photon v,

0.15

0.1

0.05

-0.05

(=]
d-l
R
i
Bl
of
of

8 9 10
P, [GeVic]

Direct y v, Min Bias Au+Au 200 GeV (Run 4)

?N'U.E‘Es":s-i:; R RN RN RN RN R R
04 centrality 00-92 % =
03 - @ Direct photon v, =
0.2 PHENIX preliminary =
01 =

= ® 3
_ow O + 1
041 =
02— =
03 Y\ SNN = 200 GeV _E
Au+Au collisions 3
0.4 L —]
’:||||i;l{ i||||||||||||||||||||||||||||||||||||||:
-0'50 1 2 3 4 5 6 7 8 9 10
P, [GeVic]

* Interested in sign of direct y v, (at high p-):
— Positive == parton emission quenched
— Negative == parton emission (Brems.) enhanced

* Results suggest positive v,

Session XV:
Kentaro Miki
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V, - coﬁstﬁ&@ﬁfﬁﬁ‘éﬂkaﬂﬁww QMO6

N

>
0

observed quark DOF scaling up to KE;/n, ~ 1GeV/c? for p,K,p,d,¢

0.1

||||||||||||||||||||
- [a} ® THT {PHENII] > p+p (PHENIX) (b}
i ® K'+K (PHENIX) © A+A (STAR) 1
K: (STAR) 1 Z+= (STAR)
Phys. Rev. Lett. 98, 162301 (2007)
i 1 [ ]
ST e
o .
— g — ﬁ ]
[ R
8]

o [

[ ]
- . b

o
. oF

i
JILlJIJII.ll]I]lI.IL]l] | JJJ[LLII'IIIJ]JLLI
0 05 1 15 2 0 0.5 1 1.5 2

pTr’n‘I (GeVic) KE,/n_(GeV)
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v, - scales with v,

08
V4 +Au+AU 5, =200 GeV
- 20-60% '
: + erx
0.06 | 8 + oK o
- -+ mpp
i, i,
_ L] ! L
0.04 | g ; ]
}"ﬂ'

g | ’éé;gi | ";
&

| i | . |

FHEMNIX Preliminary

V()2

©  kivaing)?

o 1 2 3 o0 1
pr (GeV/c)

2
KE; (GeV/c?)

3 0.0 0.5 1.0 1.5

E; /ny (GeV/c?)
v, scales with n,, v, with n,? partonic degree of freedom

1 0.12

1 0.10

-4 0.08

1 0.06

1 0.04

4 0.02

1 0.00

v/(n,)*
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V, - identified particles @ high p+

centrality 00 - 20 %
V2 : e v, (RXNP)
0.255 o v, (RunT preliminary)
o.zi—
o.15§—
0.1F F."""";{; %
0.052—.-' % } : } l
% |
-u.usi— Tr+ 1T+ 10
O
pr (GeV/c)

030 centrality 20 - 60 %
V2 . s v, (RXNP)
0.25¢ e v, (RunT preliminary)
02
E L ITE
ot "
0.05"
0;
0.05" T+ 10 + 10

charged and neutral pions agree well



Forward Inclusive y v,
from Cu+Cu and Au+Au collisions at 200 GeV

& o014F  Forinclusivey -
~ C CuCu at 200GeV .
> 012f 2 AuAU at 200GeV - STAR PMD
oaf  HTEnEEE 0w " ] Detector used in
L ] ] .
0.08 - A 1 the analysis
B A A 7]
o.o6| & -
0.04 F 4 4 Parallel: R. Raniwala
4 . S.M. Dogra
0.02| =
05 ~""'56"""100 150 200 350 300 350 400
II|'Ipa\rt

1) v, scaled with eccentricity increase with centrality:
reflects the strength of collective expansion.

2) For large values of N ., scaled v, tends to saturate,
as expected in an equilibrium scenario.




New Results Non-photonic e v,

0.2

2

0.15

0.1

Heavy Flavor Electron v

0.05

-0.05

® PHENIX Final Run4
Hees &t al.
@ PHENIX Freliminary Run7 [ Jvan Hees eta

minimum-bias

e
N PH -ENIX
PRELIMINARY

Au+Au /syy =

200 GeV
Losogl L

|-||||---llI
Oy 05 1

15 2 25 3 35 4

4.5 5
P, [GeVic]

PHENIX run-1V:
PRL, 98, 172301 (2007)

Parallel: R. Averbeck;
Poster: A. Dion

1) Heavy quark collectivity => light quark thermalization!

Muller nucl-th/0404015

2) Non-photonic electron v, indicates non-zero v, of Charm-hadrons.
3) Large systematic errors.

Need directly reconstructed heavy quark-hadrons!!

Nu Xu
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Dileptons at RHIC

Expected sources

« Light hadron decays minimum bias Au+Au @\s = 200 GeV
— Dalitz decays 10, n T pirs ]
— Direct decays p/wand @

 Hard processes

-
o

Possible modifications
. Chiral symmetry restoration

dN/dm,_ dy [¢*/GeV]

— Charm (beauty) production continuum enhancement
— Much larger at RHIC than at SPS 10™ modification of vector mesons
: thermal radiation
2 charm modification

. o _ 10 B\ eI exoticbound states 3
« Photons and dileptons: radiation from the media | : ; ; ; :
— direct probes of any collision stages (no final-state 103 ......... L L ................ ......... ............... =
interactions) F : : 5 5 ]
— |arge emission rates in hot and dense matter 10"4 o I % IEAEY S MRONRSRRER e, ) 7 SR
— according to the VMD their production is mediated in - suppression (enhancement) 3
the hadronic phase by the light neutral vector mesons 10°L AL ] o)
(p, w, and @) which have short life-time = _ _ : : : -
»  Changes in position and width: signals of the chiral ~,¢[.L},] M) g | i ]

transition? 0 05 1 15 2 25 3 35 ,4
m,, [GeVic]

PHENIX, A.Toia, Quark Matter 2008



Hl low-mass dileptons at a glance

« time scale of experiments  NAGO  AUCE

| | | | >

85 90 95 00 05 10 |
period of data taking

* energy scale of experiments

| DS (KEKE235)  CERES A TeV
———— | —— | | ———————— : >
10 158 [A GeV]
———— | —— | | ————————— : >

17 200 Vs [GeV]
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Au+Au M__ at PHENIX

Data and Cocktalil
absolutely normalized

Al
19" € min. bias Au+Au at \[s,,, = 200 GeV

:, 'l' lDAg‘E‘?:S a? - yee JI¥ - ee
1023 <0 -aa M yEe ¥ > ee : .
1 pr>02GeVic 00 seeees T o6 (PYTHIA) — Cocktail normalized to

Au+Au measurements
« Except ccbar
Low mass excess
- 150 <M_, <750

p—»>ee eeeees cC— ee (random correlation)

o — ee & r'ee
=== ¢ — ee & nee

Intermediate mass

dN/dm,, [cszeU] IN PHENIX ACCEPTANCE

\ agreement
5 \ """" L]
3 - | T T, —
= RS- T — Thermal contribution
0 05 %}I}\“\x\”\\ﬁ?ﬂ'k’zuu’ié"“ N v S iy perhaps if ccbar mass
m,, [GeV/c'] spectrum softened by
arXiv:0706.3034 rescatt.[’
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PHENIX: LM dileptons

arXiv: 0706.3034
arXiv: 0802.0050

VS P

">"‘ T T | T T T | T T T T T T T T | T | T T T | T T T
@ — —
;qm; 0.0 GeVic < p_<8.0 GeVic = PHENIX Preliminary 0.0 GeVic <p <07 GeVic 3
% O min. bias Au+Au (Rund) O min. bias Au+Au (Rund) a
=R & p+p (Runs) ] & p+p (Runs) |
g 107 E — Cocktail p+p =3 — Cocktail p+p E
-] = both normalized to m,, < 100 MeVic® 3T both normalized to m,, < 100 MeWe® 3
E — — —
SR = =
10 = =
10° = —JJ——;
= o° ]
-| 0<p;<8.0 GeV/c T +—
= 10 E A HA=
E'E 10 s = E
s B PHENIX Preliminary 0.7 GeVlc < p < 1.5 GeVic =+ PHENIX Preliminary 1.5 GeVic < p = 8.0 GeVic 3
% O min. bias Au+Au (Rund) 0T O min. bias Au+Au (Rund) ]
£ o & p+p (Runs) @ p+p (Run5) B
g 10 — Cocktail p+p = — Cocktail p+p E
5 both normalized to m,, < 100 MeVic® 3 both normalized to m,, < 100 MeVic® 3
S0 =% E
0 E = E
10° =
| 0.7<p;<15GeV/c - 1.5<p,<8 GeV/c
10‘3 E_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 == 1 1 | 1 1 | | =
0 0.2 0.4 0.6 0.8 1) 0.2 0.4 0.6 0.8 1 1.2
i . m,, (GeVic?) m,, {GeVic?)
p+p: follows the cocktail
Au+Au: enhancement concentrated at low py 50
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PHENIX LM dileptons summary

* First measurements of dielectron continuum at RHIC

P+p Au+Au
Low mass Low mass
» Excellent agreement with  Enhancement above the
cocktall cocktail expectations:
3.4+£0.2(stat.)

+1.3(syst.)£0.7(model)
» Centrality dependency:
iIncrease faster than N
* p; dependency:
enhancement concentrated
at low p+

part
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NAGQO: Excess e*e- mass spectra vs centrality
Eur.Phys.J.C 49 (2007) 235

> >
3 | a<anjoncto z 10<d7c4dn<20 é | 20<aN, Jdn<30
I

g allp, S - alpy g | alp
& 400/ g 5 400
3 3 3
5 Z §

200 200 w % ool

' f * # mﬁ ﬁ'
%0204 06 08 1 12 14 % 02 04 06 08 1 T2 14 00 RV os e
M {GeV) M(Gev) 0 02 04 06 08 1 b2 1
> F >
3 [ a0<aN,fdn<s0 T | so<an/an<t0 3 [ 70N, /dr<0
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81000 allp, @1000 allp, @ | all p,
3 2 g r
= | = = |
5 5 T
=z r z prd |
5 soof Wi S soo M 5 S000 ﬂ Wﬁﬂj
| *HW**"** S i *W*' |
%6z 04 08 08 T 12 1t

02 04 06 08 1 12 14

%02 04 06 08 1 12 14
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3
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o N
5 # 51000 5 |
iy a a1ooof
3 s 2
> 5001 2 3
© 5 500 s
f m * Wﬂ* WW W
_t_j/\&% E Y L *
Cb 02 04 06 08 1 12 14 ‘h 07704 06 08 1 12 ¢ %6z 04 06 08 1 12 14
M (GeV) M (GeV)
> > 3 800
2 | 150<dN/dn<170 21000/~ 170<N,/dn<190 2 190<dN,/dn<240
8 all P, = [ all P, 8 all P,
1000 P 5 600
< : s
o = = L
2 2 S 400+
r4 > 500 2400
500~ ©r + t
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* +W W
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M (Ge V)

M (GeV!

NAG0O, S. Damjanovic, Quark Matter 2008

M (GeV)

toy4

clear excess above the
cocktail p (bound to the
w with p/w=1.0)

excess centered at the
nominal p pole rising
with centrality
monotonic broadening
with centrality

v

“melting” of the p

In-medium p spectral function
identified; no significant

mass shift of the intermediate p,
only broadening;

connection to chiral restoration?



NAGO: Centrality dependence of e*e- excess yields

6_ E ; In-In SemiCentral
."% E ; all p_ )
o £ L U
” © b
15005 +++++++
WM* .
e +++++++++
T T 1 (GeV)
peak: R=C-1/2(L+U)

continuum: 3/2(L+U)

normalization to cocktail p,
bound to w with p/w=1.0

- strong increase of continuum (by a factor of >10)

- decrease of p peak (nearly a factor of 2)
- rapid initial increase of total, reaching already 3 at dN,/dn=N =30
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Direct Radiation from the Matter

< 350+ |

g m _ NABO In In dimuons
(ﬂl.}} = 7 dN, fdn>@30 . vIMR _
-~ % 300_ .................................................... + ................ ................................. .LMRWIIGDY ...................... __
— A ® IMR, wig DY
- ;
% o5 DYWL ' hadr@ﬂsm ..... P, 9) [
& -
S wol ¥
Q
Q
o -
» 1

- | ~ PRL(07)

100 | = = |
0 0.5 1 15 ' 25

S. Damjanovic

2
M (GeV)

JES—

|

Di-leptons allow us
to measure the direct
radiation from the
matter with partonic
degrees of freedom,
no hadronization!

Puzzle 1: dramatic

change of the slope
parameter at m ~ 1
GeV

Puzzle 2: source of
Tatmz= 1.5 GeV

RHIC & LHC:
T will increase with
mass!




FUTURE PROGRAMS



ALICE: A Large lon Collider Experiment at CERN-LHC

TRACKING ]
CHAMBERS

MUON
FILTER

ZDC

=11&m from LR,

TRIGGER
-HAMBER

(" ZDC J
-1 1 &m Froen LF,

T

Size: 16 x 26 meters
Weight: 10,000 tonnes
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Particle Identification in ALICE

1PC + Ts TN LU

(dEdx) [ O L
/K
TOF
- eln
]
HMPID (RICH)
TRD
PHOS
MUON
u L !
: ; . L ! \ 10 10°
0 1 2 3 4 5 p (GeVic)

« ‘stable’ hadrons (1, K, p): 100 MeV/c < p < 5 GeV/c; (11 and p with ~ 80 % purity to ~ 60 GeV/c)
» dE/dx in silicon (ITS) and gas (TPC) + time-of-flight (TOF) + Cherenkov (RICH)

« decay topologies (K%, K*, K-, A, D)
« Kand L decays beyond 10 GeV/c

« leptons (e,u ), photons, T°
« electrons TRD: p > 1 GeV/c, muons: p > 5 GeV/c, m%in PHOS: 1 <p < 80 GeV/c

« excellent particle ID up to ~ 50 to 60 GeV/c

o7



The LHC lon Collider

* Running conditions for ‘typical’ Alice year:

Collision NN L, <L>/L, Run time O geom
system (TeV) (cm2s1) (%) (s/year) (b)

PP 14.0 1031" 107 0.07
PbPb 9.5 1027 70-50 106°" 7.7

« + other collision systems: pA, lighter ions (Sn, Kr, Ar, O)
* energies (pp @ 5.5 TeV).

* L., (ALICE) = 103
** Lint (ALICE) ~ 0.7 nb''/year
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The CBM experiment

« tracking, momentum determination, vertex reconstruction: radiation hard silicon
pixel/strip detectors (STS) in a magnetic dipole field

* hadron ID: TOF (& RICH) * PSD for event characterization
* photons, T°, n: ECAL * high speed DAQ and trigger — rare probes!
* electron ID: RICH & TRD * muon ID: absorber + detector layer sandwich
— Ttsuppression = 104 — move out absorbers for hadron runs
TOF ECAL

absorber
+

detectors

aim: optimize setup to include

both, electron and muon IE}
- €



Dileptons in CBM

* dileptons are only one of several very interesting physics topics of CBM
CBM: comprehensive measurement of A+A interactions from 10-45 AGeV
including rare probes (charm, dileptons), flow, correlations, fluctuations

 measurement of dileptons (low and high masses) very interesting at FAIR:
CBM: 10-45 AGeV, HADES 2-10 AGeV
* highest baryon densities reached, phase border to partonic phase
» restoration of chiral symmetry? critical point?
» charm production at threshold? charm propagation in-medium?

* dileptons from p to §' measurable in electron and muon channel
« similar performance — although background is of very different origin
» good phase-space coverage

 low-mass dielectrons even down to lowest masses and pt
» detector development started

« CBM will (hopefully) not be limited by statistics

« systematic uncertainties might be limiting in the end

— a measurement of both, muons and electrons will be the best systematic
study we can ever do!



STARBcam Energy Scan at RHIC: Vsyy ~ 5-50 GeV

experimental window to QCD phenomenology

at finite temperature and and baryon number density

At RHIC : indications of sQGP found

but remain unknown:
(1) properties of hypothesized sQGP

(2) boundary between hadronic and
partonic phases

(3) possible critical point

Grazyna Odyniec

O D!
T [GeV] * Lattice QCD critical point estimates

— Chemical freeze-out ceresrs spmne
0.3 :

o Haavy ion freeze-oul data

|:|' E Ejii, E-" al. 7003
T g 3
3& p— Fodor, Katz 2004
G -::f;q:u 2008
0.1
i
[ Search area covered by low energy scan
Tatal ssarch area covered by RHIC facility
% 0.2 0.4 0.6 0.8

g [GeV]
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(
(
(

STAR

1
2

)
)
)

Collider geometry (acceptance won't change with VS, track density varies slowly)
3) STAR detectors well suited (large acceptance), tested & understood

RHIC run 10 (fall 2009)

Large energy range accessible

STAR PAC 2007 Strawman proposal:

Vs [Pgl Mg <BBC Rate> Days/ # events | # beam days
GeV [GeV/c] | [MeV] [Hz] Mevent

4.6 [9.6] 570 3 9 5M 45

6.3 [18.8] 470 7 4 5M 20

7.6 [27.9] 410 13 2 5M 10

8.8 [37.7] 380 20 1.5 5M 7.5

12 [71.0] 300 54 0.5 5M 2.5

18 [161] 220 >100 0.25 5M 1.5

28 [391] 150 >100 0.25 5M 1.5

Note: NAG61 @ CERN (starting in 2010): 10, 20, 30, 40, 80, 158 GeV/c

Grazyna Odyniec



STAR STAR future:

* The unique RHIC energy scan program will map the QCD diagram
in Vs =5-50 GeV, (corresponding to pig ~ 600-150 MeV)

— systematic study of collective dynamics and fluctuations with p, A\, =, Q, Tt K, K*, p, @...
— turning off partonic activities (e.g. v, of ¢, Q, D —no NQ scaling, quenching ->0, ...)

« STAR detector with 21Tacceptance is ready to carry out this program
— can trigger on low energy events (tests)
— full TOF in 2010 ->PID
— low energy e-cooling at RHIC extremely beneficial

Grazyna Odyniec
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NA 49/61 Future Program

NA49-future

10 20 30 40 80 158 M. Gazdzicki

energy (A GeV)



Virtual Journal on QCD Matter

N Tals Wirtual jmarmal on GO0 Matiar

e Digest of preprints on EETE R IR — - '

% hot & dense QCD
matter

% the QGP
% relat. heavy-ion
collisions

e Targeted at graduate
students & junior postdocs

e Aims to provide a bigger
picture, on how individual
publications shape the
advancement of the field

http://qgp.phy.duke.edu/

Berndt Mueller — Duke University



