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This file contains the collection of interesting experimental physics topics
presented during the Quark Matter 2006. The priority was completely
biased by the speaker’s taste.



Hadron Production and Flow



Elliptic flow
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s “perfect liquid” a unigue explanation?
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Scaling of soft physics
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| @ 200 GeV Aut+Au STAR

- 8 62 GeV Au+Au STAR (prelim.)

- B 200 GeV Cu+Cu STAR (prelim.)

[~ & 200 GeV d+Au STAR (prelim.)

¥ 200 GeV p+p STAR (prelim. L [?
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- O 200 GeV Au+Au PHENIX

GeV Pb+Pb CERES

—, 8.7 GeV Pb+Pb CERES
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Evidence from HBT and Strangeness
production shows that length plays an
important role in soft physics.



v, of light quarks
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When the mass effect removed by m;-m, only the quark number ratio shows up!
Is mass ordering of v, at low p; generated during or after hadronization?
Feed-down for pion is visible in p4, but not in m{-m, because

pr(daughter) < p(parent) , but m-m(daughter) ~ m-m(parent) ...

Decay kinematical effect is masked by the p; to m-m transformation.
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v, of strange hadrons
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Early freeze-out effect of multi-strangeness hadrons seen in spectra analysis with
radial flow does not show up here in v, analysis, this is an indication that v, is
already built up in early stage. 7



v, of charm quarks

B (1) c thermal
. (2) G, = 10 mb (AMPT)
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(1) Consistent with c-quark thermalization  [Phys.Lett. B595 202-208 |
(2) Large cross section is needed in AMPT ~10 mb [PRC72,024906]
(3) Resonance state of D & B in sQGP [PRC73,034913]

=» indicates quark level thermalization & strong coupling



v, of charged hadrons
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Light Quark Energy Loss
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Ligcht quark energy

loss

PHENIX, B. Sahimiuller
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PHENIX Preliminary Data and GLV Theory
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PHENIX Preliminary Data and PQM Theory

Use R,, to extract medium density:

l. Vitev: 1000 < dNy/dy < 2000
W. Horowitz: 600 < dNg/dy < 1600

C.lozides: 6 < § <24GeVv¥m
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N. Horowitz
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Statistical analysis to make optimal use of data

Caveat: R,, folds geometry, energy loss and fragmentation
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Energy dependence of Ry, (R¢;)
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Steeper initial jet spectra ?
Or Color charge dependence ?
At same pt: ~ 3 difference in X-.

Q. Wang and X.N. Wang, PRC 71, 014903 (2005)

Transverse momentum P (GeVi/c)

At 1.5 <p;<6 GeV/c: Rep(p+pbar) > Rp(m)
At p;> 6 GeV/c, Rep(pt+pbar) ~ Rp(m)
Similar to 200 GeV Au+Au collisions.
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Gluon jet contribution factor

Gluon vs quark energy loss
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40% of 1 from gluons

Protons are expected to have a larger contribution from gluons
compared to pions => larger energy loss

« But above p;~ 6 GeV/c — the same suppression pattern !
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R,a VS reaction plane

Au+Au collisions at 200GeV (PHENIX)
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energy loss in peripheral bins.
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Raa L, dependence
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Little/no energy loss for L, < 2 fm = Formation time effect?

V. Pantuev hep-ph/0506095
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Raa— €nergy dependence
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 Supression (and dN,/dy) decreases as we go down in energy —
consistent with SPS data

16




Energy dependence of E,

P Suppression at p; = 4 GeV/c: .-
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Jet Correlations
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Punch-through at high o
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1N, g0, AN/I(A0)
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Reaction plane dependence
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This effect itself is a one of v, sources,

which will be an important effect at LHC.
This should also lead different v, between bulk and jet.
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Softened away-side peak at low py
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C(Ad)

Jet shapes
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CY

Nearside vs awayside CY = dNPaT/d /NI

p"9 increases
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an = CYad/CYpp pr9increases
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3-Particle Correlations

0" : polar angle of the first
associated particle,
e*lassoc

A(I)* (I)*laSSOC _(I)*ZaSSOC

SIM Normal Jet Correlation PHENIX Acceptance
2.5<pri<d GeVic 0% ,0";,=0
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1-<pTI2,3 <2.5
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Correlation Topologies

\]sNN=2OOGeV PHENIX Total 3-Ptcle Jet Corrin.  Cent = 10-20%

2.5<py <4 GeV/c ——
: PH ENIX

assoc

1<p;,,<2.5 GeVic

N
":‘u‘. IR .‘\';' NN
NN

Cone Jet
(medium excitation)

triples/trigger 1/N* dN*®¢/dA0*dAd*

A¢* Azimuthal Section:

Au+Au \|s=200 GeV
PHENIX n True 3-Particle Jet Correlation along A¢*
assoc

2.5<p; <4 GeV/c 1<plry <2.5 GeVi/c
AB*=<1.65-2.2>rad  cent 10-20 %

[T e
04+
- PHENIX Preliminary
0.3 |
-y P
0'25+¢|L| ‘l ll‘+JT+il+|
| 'TlilTI SR A A I
0.1+ 0| "
I T‘
OF ¢ v v
: b | | IR [ |
0 0.5 1 1.5 2 25 3
A¢*(rad)



How to discriminate various possibilities?

Need 3-particle correlation to discriminate different physics mechanisms.
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Jet-flow subtraction in Au+Au
Triggered 0-12 %

Deflected Jet + Cone

Elongated Away Side Jet

Cone

Near Side

AQq,

Diagonal and Off-diagonal structures are suggestive of conical emission.
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ZDC central 12% Au+Au

Au+Au central 0- 12% ZQC
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Near-side jet
STAR, nucl-ex/0509030

Near-side long range correlation in An

Components

- near-side jet peak
- near-side ridge

- Away-side jet & v, modulation

3 < p+(trig) <6 GeV, 2 < p (assoc) < p(trig)

EI—-.— d+AU, 40-100%

3<pt,trigger<4 GeV, pt,assoc.>2 GeV

N

Ad
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Ridge+]et vield vs centrality

3<pt,trigger<4 GeV, pt,assoc.>2 GeV
Au+Au 0-10%; ST imi

A 470—5""
£  460]
u: 4507
a0
30
4201 J&
sof

PRC 73, 064907 (2006)

Au+Au. low p+

Jet+Ridge (Ad)
Jet (A9)
Jet (An)

STAR preliminary

°°

I Y Sy I |
50 100 150 200 250 300 350

N

part

“Jet” yield constant with N

Reminder from p;<2 GeV:
n elongated structure already in minbias Au+Au
¢ elongation in pp — to n elongation in Au+Au
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Near-side yield/trigger

N, K°§ near-side associated vield vs centrality in

Au+Au

Jet + Ridge Jet

0.8 [ {54=200 GeV, |An|<1.7 AutAu  d+Au ";’, 0.8 - y5,,,=200 GeV, |An|<0.7 AutAu  d+Au

- plilee'=3.6 GeVic n E{J“_h O E{J“_h o C piieeer=3.6 GeVic W h-h OOh-h
0-TF1.5 Gevle<py ™™™ *epy = AJR-h % AJR-h & O-TE 1.5 Gevloepy™ ™ “ep ™ : Pfu’ r-Ih % f; r]h
0.6 E_ % 0.6 E_ETAR preliminary
0.5 r 0.5

C Q C
0.4 2 0.4F
0.3F 03f
0.2 02F
L

- STAR preliminary L5 - " !

C | L1 1 1 | 11 11 I 11 11 I 1111 I 111 1 I 11 1 1 I 111 1 | 11 1 1 :

0550 100 150 200 250 300 350 400 0 350 300 350 300 350 400
N N
part

part
Charged hadrons: ridge yield increased vs. N, ,

A K° both have increase of near-side yield with centrality in Au+Au

A, K% ratio of yields in central Au+Au/d+Au-4-5

ridge yield of K « ridge yield of A

-> “ridge” yield increases with centrality

-> “jet” yield is constant vs Npart 32
same yield as in d+Au



v-jet correlations

p+p collisions at 200 GeV

0.6 9<p <12 -

§ E Titrig Inclusive v-h i

g “E ;

£

§ 0.43_ .............................. ........................ * .................. T

®e ,,F . % PHENIX Prellmmary :

z F

- n?_.. ............. ...............................................................................
02% 0 2 + Ei Trad]
0.6 - -

§ - R, =14 Direct-h |}

S 04— D T

- I :

2 02, ...................................................................... + ...................................

‘E' gf_.. ............ " o SURTRR W nns . + ........................... + ............ -——
_B .

0 Inclusive y-h
7 decay Y direct

Yinclusive—h :( }(decay—h +( )ydirect—h
yinclusive yinclusive

@ Decay y-h contribution
(via n°-hadron)

9 Direct y-h !

l 7/inc usive
(Ylncluswe—h R Ydecay h) R — Zinclusive

Y decay

direct-h —

1—1/ R
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Heavy Flavor
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Bdo/dy (nb)

J/V in p+p collisions

Gluon fusion dominates (NLO calculations add more
complicated diagrams, but still mostly with gluons)

60

-9
o

]
(=

Improved Run-5 pp reference data

\
Global scale uncertainty: 10.1%

L _v"‘ ""'_;‘- [ ] J/'l,]} -> e+e-
--0(gg) + Feed-down

1 ++1.25"NRQCD (CTEQEM)
e wDouble Gaussian

-2 0
y

hep—ex/0611020 (submitted to Phys. Rev. Lett.)

Bd?c/dydp_ [nb/(GeV/c)’]

T

127 p

Forw/Mid-Rapidity

-
L=
N

-
o

- ="y —_
(=] (=] =
&2 [ s

—
=
=

pi®> = 4.14+0.18
+0.30-0.20

o |yle[1.2,2.2]; x10
m |y|<0.35

Iy
ha g
&
—_ 8
e
T T I T T T I T T T I T E
Global scale uncertainty: 10.1% 3
a) -

«p?> = 3.59+0.06
+0.16

e
o

T IIII| T TTTI IIIIII|T| I}Jllllll IIIIIIII| T'T III| I

=Y
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J/Y¥ in d+Au collisions o =0 A”

PHENIX, PRL 96, 012304 (2006) Jhy for different Vs collisions
— T T T T T T T 1.1 T | T T T T T T T T
1 L (@ 1. =(b) |
& & dAu/pp J/\I] 200 GeV E open char%}pno
| 1ol [E UL S I - S A-dep at mid-rapidity
T~ ---ABSorption
= %_§\" i ! ) O — T %ig%— E-H T
~ 1 something |73 | =~ <7 .
°A 0.9 "more, e.g. &Emore') 1T :Q:Ef’: i
) |l | gluon dE/M o - _ |
. h 4 hox _,JJ Ii'- -
©r 1 o8 e [L -+ T -
0.4} “may [ ? T o Es66(39Gev) % i
- — - EKS 1mb (Vogt) 1 O 7 - 19 GeV/-- o NA3 (19 GeV) ik o
02 — EKS 3mb (Vogt) . ) @ PHENIX p'i (200 Gev)
ol .-+ FGS 3mb (Vogt) _ L I 39 GeV 1 B PHENIX e'e (200 GeV) I
A E789, D° (39 GeV)
0 | P I TR I T NN | ! 0.6 ] ] ) ] |
2 1.0 1 2 102 10" 0.0 02 04 06 08
Rapidity X, Xe =X =X,
Data favors weak shadowing & absorption Not universal vs x, as expected for shadowing,
- With limited statistics difficult to but does scale with x;, why?
disentangle nuclear effects « Initial-state gluon energy loss?
_ Need another d+Au run! « Sudakov suppression (energy conservation)?
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J/W in Au+Au collisions

_ rryrrrrrr T Tr T T T
£ ] X (050
[ & (0.58 fm}

‘{QO.G :l -
o5 & 'Egb'(o.ss fm) B
04 K% Debye length from lattice QCD B
03 | J / Wio.29 fm) R
02 | .

i éov T (013 tm)
01 f 3
0 M | | | P | [
1 1.5 2 2.5 3 3.5 4 4.5
1T
I PHENIX 200 GeV J/y -- Preliminary
: T T T

Bl A B @ CuCupp

randchamp, Rapp, Brown ® CuCuee
hep-ph/0306077 & CuCupp62Gev

— Rapp total (y=0) B AvAupu

« = . Rapp direct (y=0) B AvAuee

— = Rapp regen (y=0) & dAupp

1/
0.0 0

T

T < T,

VAN

Y ;’:hY‘x‘h W

1.00

0.75

0.50

from H. Satz, hep-ph/0609197
=1.2T, T= 3T,

Y £y’ Y

S(Iw)

® In—In, SPS
O Pb—Pb, SPS

w Au—Au, RHIC, Jy| < 0.35
A Au-Au, RHIC, ly|=[1.2,2.2]

£ (GeV/fm?3)

1 2

-Survival probability corrected for

normal absorption

-On the other hand, recent lattice
calculations suggest J/y not

screened after all. Suppression only

via feed-down from screened y- & ¢’ 37



J/W in Au+Au collisions

- Most central collisions suppressed to ~0.2

* Forward suppressed more than mid-rapidity
* saturation of forward/mid suppression ratio rapidity @ ~0.6 for N,,, = 1007
* trend opposite to that of CNM (solid lines) and comover (dashed) models

' | Also CuCu preliminary results
PHENIX lyl<0.35 .
: PHENIX f_;b.m (open circles) follow AuAu trend
— CNM3mb (y=0) vs centrality for N, below ~100
—— CNM 3mb (y=1.7) par
— - Ferriero y=0 PHENIX 200 GeV Jhy
— - Ferreiro y=1.8 15— ' " 0 'cuCuly<0.35
B L ] CuCu 1.2<|y|<2.2 ]|
- I o —_— AuAu |y|<0.35 T
0.2 | Y1<0.35 syst 129 ey Ao 1 ocly 2.2
| 1.2<lyl<2.2 syst 7% i i dAu |y|<0.35
0 | : _=| : ______ dAu 1_2_<_|!|f_22
< rS__~———~"" 3 - ]
e 121 lyl<0.35 syst 12%
i o CNM. 1.2<Iyl<2.2 syst 7%]
T, B - 0.5F -
m 0‘6 B fiH 7] B i E n
= 04 - 1 | AuAu & dAu PHENIX Final ] gi |
g Uarr 7] | CuCu PHENIX Preliminary
g 0.2} Global syst 14% PHENIX - [ g‘
£ T | nucl-ex/0611020 - | |
0 L 1 1 1 OO L1 1 1 1 1 T S N I | 1
0 100 200 300 400 10 N 100
Npm'l part
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J/¥W in Au+Au collisions

200 GeV d+Au -> J/Psi

Vogt expanding octet absorption

RdAu

sk

| J | ! |
— EKS98 0 mb —
------ EKS98 3 mb

Low X, ~0.003

(shadowing region)

O mb

PHENIX PRL 96, 012304 (2006) —

* CNM calculations with shadowing &
absorption — R. Vogt, nucl-th/0507027

* Present d+Au data probably only
constrains absorption to 0,55 ~ 0-3

mb

-2 0 2
Rapidity

0.5

AuAu - PHENIX
200 GeV J/y - MRST, EKS98

CuCu - PHENIX Preliminary data
200 GeV Jhy - MRST, EKS98

®
. AuAu [ ]

@
1.2<lyl<2.2 syst 7% [
I I I NI T IR B

1 CuCu — Omb
1.2«lyl<22 - 3 mb

Rl. \I/og‘r CINIIV\| c;:(llcsl.

e o
5 oo e O

| AuAu
lyl<0.35 syst 12%

| CuCu
lyl<0.35

0O 50 100 150 200 250 300
Npart

periph.

0 20 40 60 80 100
central

v

« AuAu suppression is stronger than
CNM calculations predict especially
for most central mid-rapidity & at

forward rapidity
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Models w/o regeneratlon

QGP sequen‘hal scr‘eenmg

$

I lu,\ k‘lf 1 T/ g
£ T = L {'\
Z 08| A~ —_ ‘ 2% '
3 Svonr B S 25l
g - ., =
5 o6} L 2
§ % B &= 20F ",
2 04| Digal, Fortunato, Satz E— of ‘ )
4 hep-ph/0310354 ‘Capella, Sousa
S 02} Pb-Pb,Vs=17.4GeV wrEPJ €30, 117 (2003)

0 : : . . . . : 3F

0 50 100 150 200 250 300 350 400 e

u Pi-b 1995 - pubhs.r’ el
& Fb-Ph 1998 - reanalysis

# PhPh 2000 - analysis B
¢ Pb-Pb 2000 - analysis €

4 FbuPh2000 - Eppe~> By

comovers

gy
i

Capella Ferreiro } 5—h h/0306077 :
hep-ph/0505032 — Mot

c(J/¥)o(DY), g, 5
5 5 8 ROz g
R Tt R Lk B ~ ey

-i*

B
U
'
3
)
3
o
o
>
=)
3
4
o
)
<
e
w
3
o
3
3

+ Pb-Pb, NASO
____ suppression
+ regeneration
= = suppression only
« = regeneration
..... variable T,

1~ total

\~_
-

-

=
S

200 40
Number of participants

Models that reproduce NAS5O results at
lower energies (above):

«Satz - color screening in QGP
(percolation model) with CNM added
(EKS shadowing + 1 mb)

*Capella — comovers with normal
absorption and shadowing

*Rapp — direct production with CNM
effects (without regeneration)

But predict too much suppression for RHIC
mid-rapidity (at right)!

Need regeneration models! (M. Leitch’s
talk)

60 80 100 120 140

1.5

0.0

40
Ey (GeV) hT

100
[GeV]

1 direct

I~ regeneratic

1.0

|
Rapp direct
Capella 1 mb
- Capella 3 mb

—— Satz percolation (with CNM added)

All models for y=0

NPATRTIA

PHENIX 200 GeV J/y
| 1

m AuAu |y|<0.35
B AuAu 1.2<ly|<2.2
¢ dAu 1.2<|y|<2.2

nucl-ex/0611020 |

ly|<0.35 syst 12%
1.2<|y|<2.2 syst 7%

|
100



PHENIX non-photonic electrons

Ratio:
1.72 +/-0.02 (stat) +/- 0.19 (sys)

hep—-ex/0609010

(accepted by Phys. Rev. Lett.)

(0.3 < p;:<9.0 GeV/c)

CDF, PRL 91, 241804 (2003)

derdpy [nb(GeVich|

=
=
ra

10°

-
=

~factor 2

DO

'.:? [Gevie

‘v,A10.1lIIIIIIIIlllIIlllIIlllIIllIllllllllllllllll T 17T

No *
> 10 *  p+p— (" +€)/2 + X at\s=200 GeV

a 10°
E e PHENIX data
e el | FONLL(total)
MQ. 107 & —— FONLL(c— e)
-5 7 ? % FONLL(b — €)
B 10° = \ e, —— FONLL(b—=c—€)
° F e
w qo* 3 .o..
= ) e
10'7 E- 4 é
10°® E
10° —
= Theoretical Uncertainty Band
-10 -~
10 %rlll!llllllllll!llll!llll!llll!l\’l\\All!llll|l =
3 —
J25
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O 25
L. .
< 1.5
= JF E
S, o =
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[(GeV/c)?)]

d°N
p, dp_dy

1
2n

Heavy flavor in Au+Au

103{||‘|||||\|\||||\||||||‘||||||||||||\||||\|| nucl—ex/0611018
102 Yol FTTTTT T (submitted to Phys. Rev. Lett.
* .o_ _22.5, | ]
> E - 3 .
10 g5 ® ’.“”i * E No suppression at low Pt
1 ] ;.%ns:— ... ; + E
> g
28 b ¢ ; .
10” 7 Suppression observed for p;>3.0 GeV/c,
10° 5 SR smaller than for light quarks.
10° N
10-4 o . [ ) o g _; L ‘ T 1 T | T 177 | T 1T | T LI | T T LI | T T T | L \_
103 " B o 1-4:— Au+Au @ \[s = 200 GeV - B
10° ! . ¢ I 1.2} - — H
- @
107 E ¢
A l 1-;. * o
10° I o —
10° I * 0.8 i+ += - —r —
-10 O Min-Bias x 10° h g | e (6] — _:
10 ® 0.10%x10? O-eF + - o .
1011 ® 1020%x 10’ | = + + e '5 ]
A 20.40%x 10° 0.4 — ]
102E v wamco’  PHYCENIX e ~ @ :ip, >03GeVic ; ]
13 © 60:92%x10* //\\ ] — O € :p.>3.0GeV/c N ; .
10 T pepx10%42mb  Au+Au @ \[S|, 1 0.2 0. " 4.0 GeV/ P >>><<<EN|X —
10_14||||\|||||\|\||||\||||||\||||||||||||\||||\||| - E"pT>i eCI | | | | ]
o 1 2 3 4 5 6 7 8 9 O 50 100 150 200 _ 250 _ 300 350

p, [GeV/c] part
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Heavy quark energy loss and flow

nucl-ex/0611018
(submitted to Phys. Rev. Lett.)

Radiative energy loss only
fails to reproduce v,

Heavy quark transport model
has reasonable agreement
with both R,, and v,HF.

Small relaxation time t or
diffusion coefficient Dy,
inferred for charm.

<
<
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..&Illllllll\‘lll

I
C

(a)  0-10% central = == Armesto et al. (l)

[ ] vanHeesetal. (ll)

3/(2xT) Moore &
12/(21T) Teaney (lll)

]
.'.’.l.

Au+Au @ \|sNN =200 GeV

J'.'-“lrUI.

$

Im
l.l.l.l*l.l.l.f.r-ll
|

(b) .
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D n° Ry, P> 4 GeVic
n 1lv, p, >2GeVic
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Charm quark collectivity

N. Xu, SQM 2006, PHENIX (x, K, p, Jiy): PRC69, 034909(04), QM05; STAR (¢, E, 2): QM05

PBM et. al. QMO06

Temperature T, (GeV)

AuAu Central
charm hadron

Particle mass (GercE)

:é-; 06 | (a) Pb + Pb at vs,,,=17.2 GeV (b) Au + Au at Vs, =200 GeV || —— T=180Mev, =03
5 oo T=360 MeV, B=0.1
S RHIC . PHENIX J/y/
o oo e == 1] Sy sy =200 GeV
@ - =/
E NASO data © Jhy
7 oy
-------- fit
3 r K p{p.-'h = D A, dhp o wr By T=164 MeV
0 1 2 3 40 1 2 3 4 Lo, B=0.205

strangeness hadron . . up

AuAu Central |1

* D'in AutAu [x101]

S ¥¢ D' in diAu [x2x10% 7
‘.(5“: 10° —g“:tﬁut it L] E*En AutAu mml:n.gs .

0.18} 4 = e B etin AutAu central 12% [5]
> A I in Au+Au minbias .
Chemical freeze-out te o [ 2\ I in Aut Au central 12% 3] |
0.16 | g4 & ¢ O etindtAu ]
. Q_'- F [ etin p+p —
= 100 ]
0. 1 4 B g}(%s‘%) — N; _% Systematic Error ;
= I R ]
= -
0.12} 1g 1
0%, . o
- ° -
0.08f - 1- _ 7 | 1
107 |
— 2-0 SQMOS, Yifei Zhang | AuAu Central i i
Moo | 2 ¥ |Q l | g ™ K, P ;\ o b b b by g 14

| | I 0 1 2 3 4 5
0 04 02 03 04 05 06 vty

Collective Velocity <B> (c)

Jhy would need
re-generation,
both J/y and open
charm spectra are
consistent with
small transverse
radial flow, which
might be built up
during partonic
stage...
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t‘.ﬂ 7 1 1 I 1 1 1 [ 1 11 | T T T 1 R
- — —
o 10 44 *  D"in Au+Au [x107]
S ----- ot ¥t D%in d+Au [2x10%) °
- 0 na+Au X —_
8 5| :.:_:Duﬂiﬂltm ® ¢ in Au+Au minbias 10
= 10 e Dt B ¢ in AusAucentral 12% 3]
= | Power-Law A 1 in Au+Au minbias -
-u|_ n A |*in Au+Aucentral 12% [S] |
_g. - Tk O e ind+Au 1 e
o b O etinpp -
Yoo *
& 1005 ey .
= %‘ Systematic Error
T —
z' i :
E _,\c‘ '. . —
Z R ¥
Nﬂ 2 l‘ "l.___
R R L .
- '-._I-l - '.-.
e Ye.
- o, " - - |
- B O, Ve, -
1071 - ; =
- STAI|l Preliminary | o --‘-._..|_
= [ | I L1 1 1 L1 1 1 L1 1 1 —
0 1 2 3 4 5
P, (GeV/c)

do™N_/dy from p+p to A+A

DO e%, and u* combined fit
Advantage: Covers ~95% of cross section
Mid-rapidity deNN_./dy vs N,
o"N_ follows binary scaling

— Charm production from initial state as

expected

Higher than FONLL prediction in pp
collisions.

3 TTT I‘ TTTT \l T T T T 717171 I‘ T T
. -
= _ 450 Sys. error \|SNN =200 GeV
1]
>
= 400 -
%‘ . Au+Au
%‘Io 350 __ central 12% ]
[$] ]
@) ]
T 300 =5 + ‘ =
250 N =
- d+A Au+A =
200 u mi;bi‘;\s milrl\-lgiaus ]
150}~ 3
100 . —
: FONLL (NLO) in p+p
S0 E
0 : L L L1 111 I‘ L 1 Ll 111 \l 1 1 L1 111 I‘ L 1 L1l \7
1 10 102 10° 45
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Discrepancy in total cross section

* FONLL as baseline

— Large uncertainties due to
guark masses,
factorization and
renormalization scale

* Phenix about a factor of 2
higher but consistent within
errors

— Only electrons but less
background
« STAR data about a factor of 5
higher
— More material but it is the

only direct measurement
of D-mesons

 95% of the total
Cross section is
measured

2000

[1b]

Oz

1500

1000

500

STAR

® dAau

B AuAu MB
A AuAuCT

Phenix

@ Audu 0-10% {2002
B Aubu MB (2002)
A Audu MB (2005)
¥ pp (2006)

() pp (2008)

p+p d+Au

Au+Au
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What about the spectral shape?

FONLL describes the
shape well

Experiments do not agree
to each other

— Low material in Phenix

* Less electron
background to
subtract

— Direct measurement of D-
mesons at STAR and low-

Pr

Is this shown only at
high-p;?

p_)d’

-
<

ipdeFONEL

N/dpr:

ev

T
| % T T T T T ey
E;_n-;xl.

1/(2=N

J o
Ibllll|

100 i ' !

T T T T T T T
—— STAR Combined fit MB

[N
OI
[N

: I | I I

? ENIX (hep-ex/060901% 1w

u, electrons’and D-mesons
STAR (nucl-ex/0607012)

AR (PHEH 20 ME3N) dater ce"plcFO

dN)/(N_ 2mp, dp, dy) (GeV/c

K

. N A
L1 IIIII;

NLL -

p, [GeV/c]

1 I I T [ B R N |
m'5 2 ] . 4 . ] 6. ] .8 .| o 4"
00 05 10 15 20 p2fGeWlic)
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Open heavy flavors—EL in Medium

— In vacuum, gluon radiation
suppressed at q < my/Eq

» “dead cone” effect implies
lower energy loss (Dokshitzer-
Kharzeeyv, ‘01)

e i

» energy distribution w di/dw of
radiated gluons suppressed
by angle-dependent factor

— Smaller energy loss would probe
inside the medium

— Collisional E-loss: qg — qg, qq —

aq
« dE/dX oc Inp - small?

03¢}

1
e

0.1t

palX, y=0, ¢=0) (a.ui.)

0.2¢

20—

15

10

dead cone | Ig ht
charm ’
(M.Djordjevic PRL 94 (2004)

. . . L=5fm, 1=1fm
5 10 15 20 25
E [GeV]

I T | T I T I T I T I T I T
Re - \\PJm(X)
y; N
/ \
- 7 \ —
/ \
/ \
/ \
7 Y\ Pagp(X)
/ \
/ b \
/ \
! \
I [
/ g
/
- = | 1 1 | 1
-6 4 2 0] 2 4 6
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Electron RM from d+Au to Au+Au

PHENIX nucl-ex/0611018

Use of non-photonic electron STAR nucl-ex/0607012
spectra as proxy for energy
loss study
Raa Show increasing & [ e  STARAUAuforp >3.0GeVic _
suppression from per|phera| to 1.5 ® Phenler.lu+Au for p.> 3.0 GeV/c —
central Au+Au [ 1 STARK"p, >6.0 GeVio -

— First evidence of heavy quark | [ Phenixnp, > 4.0 GeVie

EL .

— Differences between STAR
and PHENIX disappear in Ry,

IS It Sma”er than for |Ight-quark | STARAu+‘Au0-5“/a(nl|.|cl-ex!06070‘12) |
hadronS? F Phenix Au+Au 0-10% 1
For Varl.ous mOdeI . I:l STAR hadrons p_>6 GeV/c H
comparisons, see Suaide’s talk ::_E
— Bottom would be more i
important (larger collisional I | |
energy loss and larger dead 0.0 | : 350 400
cone effect) : Noar
— Collisional dissociation (heavy 0 | 10
quarks fragment inside the 107 , 1 3eVic)
medium and are suppressed L | ]
by dissociation) 0 2 4 8 P (GeVid)
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Collisional EL for heavy quarks

— Collisional and radiative energy losses are comparable!

« M.G.Mustafa,Phys.Rev.C72:014905
* A. K. Dutt-Mazumder et al.,Phys.Rev.D71:094016,2005

— Should strongly affect heavy quark R,

0.3 -
AE 0.2 -

0.1 1

E=10 GeV

4
L[fm]

% 012 + E—10 Gev
008 L collisional
AE -
E -
0.04 P
_f.—#' radiative
0 . BOTTOM
6 0 4 6
L[fm]

M. Djordjevic, nucl-th/0603066
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e-h azimuthal correlations in pp

What is the fraction of B mesons, B/(D+B)?

5.5 < P,(trig) < 6.5 GeV/c, PT[assn] > 0.3 GeVic

#  Preliminary p+p data

0.5:_ PYTHIA e from D decays
- e PYTHIA e from B decays
0.4:_ STAR Preliminary
o |
Z 0.3
~e ;
[ =)
< 0.2f
0.1
oL | ] | |
3 2 1 0 1 2 3

51



B in NP electrons vs o

p+p 200 GeV

B Data points
Data uncertainty band
—— FONLL B/(B+D) band
........ FONLL B/(B+D) for R calculation

* Non-zero B contribution 1

* Contribution consistent with FONLL 0.8
— Model dependent (PYTHIA)

— Depends on kinematics of D and B
decay (not on the fragmentation)

STAR Preliminary

-
_____
-----
""""
am

me="
______
L

an*

« Dominant systematic uncertainty:

— photonic background rejection effici
ency

— Additional uncertainties under study

0,25 3354 45555 6 65 7
P, (GeVic)
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Counts/500 MeV
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More beauty: Y signal in pp

n =25
— STAR | ere-M,, § : STAR Preliminary
[ Preliminary | _ e Unlike-Sign Pairs| 820F p+p 200 GeV
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m,, [GeV/c’] m,, [GeV/c’]
« Large dataset sampled in Run VI J‘g dt =9 pb—l
— Luminosity limited trigger

— Analyzed 5.6 pb-1, with corrections.
 Measure Y(1s+2s+3s) do/dy at y=0 53



Mid-rapidity Y(1s+2s+3s) Cross section

[ Y40+ —e'e |

N

4c 10007
- STAR Preliminary oo E
35 —— u -
- p*p 200 GeV vk STAR (stat) 0 O
5F [ STAR(syst) O
- pp — bB, NLOMRST, H70
il I " R. Vogt H
25F :-. .-.. B v counts He0
- n ]
2 - - . - —50
r - - b
15 %
E = L ] 30
1= " -
- —20
0.5 :_ —10

Y(1s+2s+3s) BR * do/dy
— 91 + 28 ,, £ 22 i pbt (Preliminary)

stat —

Consistent with NLO pQCD calculations
at midrapidity.

Trigger ready for next run and RHIC II:
luminosity limited

107"

T’+T|+T|l

D
7
[ W STAR p+p 200 GeV
v Preliminary

NLO in CEM

MRST HO, m=4.75, Wm=1
MRST HO, m=4.5, W/my=2
MRST HO, m=5.0

GRV 98 HO, m=4.75, u/m;=1

Bodwin ef al, hep-ph/0412158 S
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Direct Photons
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1

Direct photons

10%

Direct Photon Spectra vs Centrality

— - PbSc direct photon py spectra :

Py, el AMU\JS’_LEDD:;" extend to high p+
-"-----. - PHENIX preliminary 1< pT <20 GeV
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Direct y Ry, at 200 GeV

Au+Au\s,, =200GeV, 0-10%
g 1.8
- Direct y R, with measured

1.6
p+p reference data PHENIX preliminary

1.4 o0
=1
-=dir. photon
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Yairect INV. yield (GeVe))

Direct photons at low p;

10g
é "YdirectAu*L'&‘u (0"20%) . .
& . crrd QM 2005: Data consistent with
1=_ direct incl direct’ fincl. therma|+ NLO pQCD
: 01:_ pQCD uncertain at low p;
\ Gordon and Vogelsang
P R, PHENIX Preliminary Phys. Rev. D48, 3136 (1993)
2l
e Thermal d’Enterria, Perresounko
» Eur.Phys.J.C46:451-464,2006
10°
: (a) New experimental method for the
i measurement of direct photons
10%
— pQCD- T, =>» external conversion from beam pipe
10° thermal _
: pQCD + thermal (b) pp and d+Au reference data: work in
i progress.
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Model comparison

| Direct Photon Au+Au\s,,, = 200GeV, 0-10%|

2
1 E
® 4.8C PHENIX
1.62— preliminary 0-109% Au+Au
145
120
1 Nuclear effects + E-loss (frag y)
0.85
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0 2 4 6 8 10 12 14 16 pT?geWczju
Direct Photon Au+Au\[s,,, = 200GeV, 0-10%
a:é 2:
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12F
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04F pHTENIX
02f
D:...|...|...l...l...l...l...l..

P R
0 2 4 6 8 10 12 14 16 pJgeWc%D



In-Medium Effects
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Di-lepton invariant mass spectra

dNidm.  [c’/GeV] IN PHENIX ACCEPTANCE

1071

minimum bias Au+Au @ Ns = 200 GeV

——————————————————————————————————————————————————————————————————————————
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dN/dm,, [c%GeV] IN PHENIX ACCEPTANCE

Centrality Dependence

0-10% -- central 60-100% -- peripheral
0-10% Au+Au @ s = 200 GeV PHENIX Preliminary all pairs
.- 0 B T[G—>“r"q_e
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— Iintermediate mass region, dominated by charm decays: suppression towards
central collisions, compatible with suppression pattern observed for HF
electrons and J/y 62

— low mass region: hint of enhancement but uncertainties are large


http://www.phenix.bnl.gov/
http://www.phenix.bnl.gov/

Nuclear Modification in Charm

Rep for 1.4 <m,, < 2.8 GeV/c? in Au+Au

- | | T
_,g 1.4 Au+Au @ \syy = 200 GeV =
w 1.2 H
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c 1
o
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Counis

More experimental data

JLAB-CLAS: G7 YA —> e e+ X

120
L — fit It :
L e Fe-Ti Target
100 | 0 — eve- w/o shift
: — p _""'"'E-I-E— !
[ —— 0> Tlese- XE B
0 — 0 yee | 0212
60 [
a0
20 - %
D i Fﬂm

04 06 08 1

e+e- Invariant Mass (GeV)

p slightly broadened; no mass shift

No consistent picture!!

KEK-E325: p (12 GeV) A— p, @ +X
events[/10 MeWcz]

000k (b) Cu +l_

. - [with 1

TOUp|mass — fit result
" Imodificatio -

600 - poe’e
A - : 0)—>e+e'

() / uJ 3 ;|1{_

invariant mass [GeV/c’]

o
{

p shifted in mass: m, = m[{l —{l.{]92£]:
no broadening!! Po

M. Naruki et al.,, PRL 96 (2006) 092301



More experimental data

KEK-E325: p (12 GeV) A= p, 0 +X; @ — eTe-

By<1.25 (Slow) 1.25<By<1.75

[T T

Target
dependence

11

v’ mdf=83/50 - /ndf=43/50

0.8 1 11 E',Iz 09 1 1.1 !!'z

mass shift of @ - meson for low recoil momenta in Cu: m, = mu{l —-0.04 ﬁ} 65
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More experimental data TAPS@ELSA

inclusive @—7'y signal for LH, and Nb target
D. Trnka et al., PRL 94 (2005) 192203

after background subtraction

o — 5 T 1T]1—=800 —T—————
© LN 1P, K05GeV/e |% I p,, I< 0.5 GeV/e
310 12e00f N ,
= 1S N
™ ] o | =2 —3.0% |
— [ 400 B
[7) ]~ I
- B ﬂ X
g : g 200 1
© 1 8 ]
0 hr i
_ ol _ .
700 800 900 600 700 800 900
M_, [MeV/c?] M, [MeV/c?]

difference in line shape of @ signal for proton and nuclear target

consistent with m_ = m, (1 - a p/p,) for aa=0.13 66



More experimental data

oy, 3500F - o 35001
3 " In-In SemiCentral %" - In-In SemiCentral ; sarvons
© 3000 g in-med p @ 30000 in-med
§ i P QGP = f allp; QGP ’
- D o .
l:ll 25001 A mix & 25000 ‘1DT.EF'I'IiK
(7] - Hees/Rapp . . '
Ec'ggﬂg:— dilepton excess below 500 MeV PP sum+in-med(e+¢)
o dominated by coupling to baryons
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Dielectrons in low energy HI collisions

« HADES @ GSI
G. Agakichiev et al, subm. to PRL * scaling of excess yield

— 2C +12C 2AGeV - — DLS: C+C @ 1.04 AGeV

© * . total/ln=6.5+ 05+ 2.1

=

8 n and n multiplicities vs. Ebeam

2% E‘Em; C+C

o ;

% k:

Zjl:: 4 ‘ N i 10 T

| ; . eXCess
04 06 08 1 /xii/
Mee [GeV/ C2] 10‘3E 0
 dielectron excess beyond i / . g

expectation from decays of long o
lived mesons Evean [A GeV]

— total/n = 2.07 + 0.21 + 0.38 for « excess scales with 119, which are

0.17 <m_, < 0.55 GeV/c? :
= produced via baryon resonances (!)
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Summary on in-medium effect

current status of in-medium modifications of vector mesons

KEK Jlab CBELSA/TAPS CERES NA 60

mass shift: -14%
[ (p=py)x100MeV

. _ - broadening favored
mass shift: -9% | no mass shift = no mass shift
p l leni | len; - over density ¢ | leni
no broadenine s0me broadening . strong broadening

SIS dependent mass shift e e

o 11.‘“155 5]",”1: .—4','»*1: - B ) )
I ':l'{ p[]}=4 P\IC\'&

despite of enormous progress in the experiments no fully consistent picture as yet
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Summary of summary

1. Hadron production
- Various scaling phenomena on flow and HBT

2. Light quark energy loss
- Energy, species, and geometry dependences

3. Jet and particle correlations
- Reaction plane dependence
- Detalled study on the shape of jets
- Existence of the mach cone established

4. Heavy flavor

- Yield suppression of heavy flavor in central AA is similar to that
for light quarks

- Discrepancy on the cross section still exist
- First b-production estimated

5. In-medium effects

- Complete suppression of intermediate mass region in central
Au+Au collisions at RHIC

- Mass shift and broadening of light vector mesons are still
controversial even experimentally.
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