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* heavy-flavor energy loss
 direct photons

Observables: R,,, particle ratios, two-particle correlations

vs system size, energy, rapidity
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hadrons

- gluon radiation
- elastic collisions with surrounding partons

—> softening of particle spectra at high p-

 energy loss different for gluon, light and heavy quarks
(color factor, dead cone effect)

Goal: Use in-medium energy loss to measure medium properties
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« medium properties can be characterized by a single constant:

2
e.g. transport coefficient § = % ‘average k-kick per mean-free-path’

» static medium: AE oc L2due to interference effects, expanding medium: AE oc L
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RHIC pp at s = 200 GeV vs NLO pQCD:
m inclusive jets, Rm=0.4, 0.2<n<0.8 [STAR]
— PDF: CTEQ6M, u=p /2-2p_[Vogelsang]
4 10 x inclusive I, [n|<1 [STAR]
i o 0 [n|<0.35 [PHENIX]
A, — PDF: CTEQBM, FF: KKP, u=p /2-2p_[Vogelsang]
iy ¥ prompt ¥ n|<0.35 [PHENIX]
—— PDF: CTEQ6M, FF: BFG-I, u=p /2-2p_ [Vogelsang]

mrrnw I HIHH| I HHITFWTWTWWIWI

- D,B (non-photonic €-)

- negative charged hadrons n=3.2

¥ "non-photonic" e* [PHENIX]

10° — FONLL (c.b— e, total) [Cacciari]
1 0-10 # 10 x inclusive h', m|=3.2 [BRAHMS]
__PDF: CTEQS6M, FF: Kretzer, p=pT.’2-2pT [Vogelsang]

10 1 10

* 9 orders of magnitude (10mb-10pb)
broad range in p;

P, (GeV/c)
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Pion and proton spectra agree with
NLO pQCD using the latest AKK
fragmentation functions

c||||
[4)]

(Note: p is more sensitive to gluon
fragmentation — KKP does not work!)
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« STAR measurement of strange particles in p+p constrained AKK FF

AKK fragmentation functions agree well with both mesons and baryons at mid-rapidity.

J. Bielcikova (Yale)

KKP (Kniehl-Kramer-Potter): NPB 582 (200)
AKK (Albino-Kniehl-Kramer): NPB 734, 50 (2006)
DSV (DeFlorian-Stratmann-Vogelsang): PRD57, 58111 (1998)
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NLO pQCD describes production of pions and kaons well at y~3, but fails to account
for large proton yields and small p/p ratio even with AKK FF.

J. Bielcikova (Yale)
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dlrtucie ratios
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Au+Au\[s,,, = 200GeV, 0-10%
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T. Isobe (PHENIX), QM’06
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binary collision scaling p+p reference

ngoing study at Vsy\=

n% and n:

* Run 5: extended reach in p;
out to 20 GeV/c for n° and
15 GeV/c for n

* both have a common R,,~0.2

J. Bielcikova (Yale) 2007 RHIC&AGS Annual Users' Meeting 12



s Suppression at pr = 4 GeV/c:
{ 1 .4 T T 1 T T T T 1 T T T T T L T T 1 T I LI T T T T 1 I T T T 1 o . Pb Pb 0 X 0_70/ t I AQB
= - _ S 20 +Pb — P+ s central [WAS8]
m B ] [} A Pb+Au — wEeX 0-5% central [CERES]
1.2 1— PHENIX preliminary — O 0 SeAU = 724X 0-8% central [WASO]
B ] ‘I'I' @ AutAu — %X 0-10% central [PHENIX]
L | [=3
S’
08 vertical normalization error on 62.4 GeV p+p ref. not shown: 19 % lIé
B 8 62.4GeV 7] £
= 4 200 GeV 4 —073
B _ 0.2- X.N.Wang jet quenching:
02 — MNon-Abelian energy loss A EE/A Eq =9/4
-~ n°Preliminary, 0-10% central L4 | | e "Non-QCD" energy loss: A, =A Eg
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pr (GeV/c) s w(GeV)

=

New!
Measured p+p reference at \/SNN = 62 GeV instead of previously used ISR data

> Ry, at Vs=62 GeV is now very close to Vs, =200 GeV !
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PHENIX Preliminary Data and PQM Theory

Stat. and Sys. Both

ability (1-pvalue)
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v? minimization fit to obtain the probability of a given parameter
values given for probability > 10%

Raa Shows only a small sensitivity to model parameters

J. Bielcikova (Yale)

B. Sahimueller (PHENIX), QM’06
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L =5 fm, dN /dy = 1000, ct, = .3 ]
15 GeV u,d Quark Energy Loss i

— hydrodynamics
5 GeV - = black core
— box density

—— Elastic
— Radiative
— Total

-..__.-
—
—
“-“'—-——.q——___
— o

0.1

Renk, Eskola, PRC 75, 054910 (2007) b2 0 02 04 06 o8 1

e=AE/E
Wicks,Horowitz,Djordjevic,Gyulassy
NPA 784, 426 (2007)

Energy loss distributions very different for BDMPS and GLV formalisms

BUT! R,, is similar
More differential probes needed!
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NLO PQCD calculations with AKK FF

Gluon jet contribution factor

041
0.2+ ﬁKg

L (}p
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p, (GeVic)

AKK = particle + anti-particle
AKK (Albino-Kniehl-Kramer): NPB 734, 50 (2006)

and

At high p; for same beam energy,
system and centrality:




Au+Au Collisions at\s,, = 200 GeV

< 1.2 O w*+r 0-10% 200 GeV
:GG 1.0 ] p+ﬁ 0-10% 200 GeV binary scaling
S 0.8F D[ﬂ% Similarity
S
£ 0.6 ¢
&S DD
Oog %

Species dependence

Difference
N | N N N

STAR Preliminary

2
Transverse momentum P, (GeV/c)

4 6 8 10

AuAu:0-5% / 40-60%
STAR Preliminary

1 2 3 4 5 6 7 8 9 10
pT[GeVIc]

Intermediate-p; (p; =2-5 GeV/c): baryon/meson splitting

Rcp(meson)<Rp(baryon)
High-p; (p;> 5 GeV/c):

Rep()~Rep(P)
Rcp(K)~Rcp(A)

Does it mean similar energy loss of quarks and gluons ?



STAR, PRL

STAR, nucl-ex/0703040

[ —— AutAuwithE

© 200 GeV

=
e

-
------

.......

Au+AuwithNo E__,
|

o

10

—
(=2}
lllllllllllllllll

s

2 4 6 8
Transverse momentum P, (GeVic)
© 200 GeV
[162.4 GeV

1 ol T
0.8f
0'6;_ Au+Au 200 GeV with E,___
0'45_ seeesss AU+AU 200 GeV with No E,__,
0.2—_, P PR BRI SRR BT
0 2 4 6 8 10

Transverse momentum P, (GeV/c)

F ©200 Gev
1.0[ 062.4 GeV
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O

n/n*: independent of pr
p/p: model calculations with/without

Eoss do not describe data
X.-N. Wang et al., PRC 70 (2004) — E

loss

Baryon junction and coalescence models
describe data at intermediate p;

l. Vitev et al.. NPA 715 (2003) - baryon junction
V. Greco et al., PRC 71 (2005) - coalescence
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R, independent of rapidity for produced mesons
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- 5=0.0 L/A=4.0+0.25

Au + A [ stat y
U u final state E o 7%, 0—10% PHENIX
B AR

= 9=1.0 L/A=3.5+0.25
" F v (h"+h7}/2, 0-10% BRAHMS

06F -
0.4 '."v",v"ﬂ. ML }
02F ™ I ———
?:' NN RN S s ST ST ST S N M
- forward y = a unique information about medium  ,gF 7=2-2 L/A\=2.5£0.25
in the longitudinal direction in the early stage o5t * h 'I:—]Hm BRAHMS +

» competing effects: shadowing, multiple scattering
energy loss (GLV), geometry
 opacity decreases ~ linearly with y
BUT!
» shadowing stronger at forward y
- effects compensate each other
- R,, independent of y

L/)\ = opacity
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T T I T I T I
STAR Au+Au 0-5% PRL 98,192301 (2007)
° Phenix Au+Au 0-10% PRL 98172301 (20075
........... DGLV Rad ng/dy =1000 (I)
— — — BDMPS c+b = 10 GeV?/fm (II)
i — DGLV Rad+EL (lll)
----------- van Hees Elastic (IV)
— DGLV charm Rad+EL (V)
Collisional dissociation (VI)
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Note: ~ agreement between STAR and PHENIX

medium agree better (1)
N. Armesto et al., PLB 637 (2006) 362
» collisional energy loss/resonant

elastic scattering (H1,1V,V)
S. Wicks et al., NPA 784, (2007) 426
H. v. Hees, R. Rapp, PRC 73 (2006) 034913

» heavy quark fragmentation and
dissociation in medium — strong

suppression for c and b (VI)
A. Adil, I. Vitev, PLB 649, (2007) 139

(disagreement is common to p+p/Au+Au and cancels out in Ry,)
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Au+Au collisions at 200GeV

10-20%

» factor 2 suppression out-of-plane
0 20 40 60 80 0 20 40 60 80 than in_plane
Angle A¢ (degrees) Angle Ag (degrees) Y | . . hOWS no
3<p <5 GeV/c in plane emission s _
energy loss in peripheral bins.

PHENIX, nucl-ex/0611007, submitted to PRC
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L = matter thickness calculated in Glauber model

€

* R4 IS universal function of L, for all centrality classes and both p; ranges
» Little/no energy loss for L, < 2 fm
Formation time effect? Surface emission zone? v,? Pantuev, hep-ph/0506095,
Shuryak+Zahed, hep-ph/0307267
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STAR, PRL 91, 072304

4 <p.(trig)<6 GeV/c, 2 GeV/c <p (assoc)<p.(trig)

: e
o d+Au FTPC-Au 0-20%

e

k- —p+p min. bias

* Au+Au Central

A ¢ (radians)

(oosse)td

DAuAu / DdAu

Near side, |A}| < 0.63
L A B B

Away side, |A - | < 0.63
—

A d+Au min bias
O Au+Au 20-40%
o Au+Au 0-5%

=j:==-:4=:- N
l%}[ I

%{JI ]
PRI P iéléziiii

z; = p (assoc) / p_(trig)

« disappearance of away-side correlations observed at intermediate p+

in

* Run 4 statistics: a punch through observed at high p-

J. Bielcikova (Yale)

central Au+Au collisions

- away-side yield is suppressed: Ry, ~ laa
- suppression without angular broadening or medium modification

- Rpa ~ Ipain Cu+Cu as well

2007 RHIC&AGS Annual Users' Meeting
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What is the ridge? J. Putschke (STAR), HP2006, QM2006
1) Medium heating and parton recombination

Chiu & Hwa PRC 72, (034903) 2005

2) Radial flow + high-p; trigger particle 4) Momentum broadening in an anisotropic QGP
Voloshin, nucl-th/0312065 NPA 749, 287 (2005) Romatschke, PRC 75, 014901 (2007)
3) Parton radiation and its coupling 5) Longitudinal broadening of quenched
to the longitudinal flow jets in turbulent color fields
Armesto et al, PRL 93 (2004) Majumder, Mueller, Bass, hep-ph/0611135
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J. Putschke (STAR), QM’06
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J. Bielcikova (Yale)
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STAR, Phys
14

. Rev. Lett. 95 (2005) 15230, J. Putschke (STAR), QM2006

-
L

-
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t

energy”

I|III|III|III|III|III
e
—H—f—
—

near-side p magnitude sum (GeV/c)

B 4 < Pt trigger < 6 GeV/c
2 6 < pt,trigger <10 GeVic

~ 0.15 < Py ass0c < 4 GeV/c

o0 o 100 200 300 400 500 600 700 800
dN_, /dn

* near-side modification in published results also due to ridge
» energy content deposited in the ridge is few GeV
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Medium size =

& Rhotofis PHENIX
o nf

N

Raa(pr > 6.0 GeV/€)
[5)]

e
e —
L

I

0.5 (}
hadrons /0;
0750700 150 200 250 500 850
Npartlclpant

* hard process: pQCD calculations describe well measured data

* no surface bias

* calibrated probe: E; = pre-quenched Ey

« monochromatic source - differential measurement of jet-quenching

X.-N. Wang, Z. Huang, PRC 55, 3047, F. Arleo et al JEHP 0411, 009, T. Renk, PRC 71, 034906
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- 1 trigger pr<[7,9)GeV/c
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—-p+p
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PHENIX preliminary

» p+p: yields consistent with expectations from Pythia/HIJING
* Au+Au: a hint of away-side modification (?)
 ongoing studies in Cu+Cu (STAR/PHENIX)

« statistical and systematic uncertainties are large
« We have the tools, we just need more statistics ©

J. Bielcikova (Yale)
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‘the golden channel’ — y-jet is emerging

« data trigger lots of interest in theoretical community

» upgrades to PHENIX and STAR will bring us even more exciting results

THANKS to BRAHMS, PHENIX and STAR for their input to this talk !!!
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