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A Brief Reminder: Jet Tomography

Pic: fda.gov

S. Bass, Talk Quark Matter 2001

Two observables:

e jet quenching: nuclear modification factor
parametrizes the jet suppression

dN AA / de
R — 3
aa(pr) NeondNop /dpr .

number of binary collisions heavy-ion collision

» elliptic flow: flow induced by high-p;
particles

o0
%:% 142> v, cos(nog)
n=1 Jets in a heavy-ion collision

2 12/10/13 NFQCD 2013, Mini-Symposium Day Barbara Betz



| T T T T | T T T T | T T T T T T T T | T T T T | l l rrrTd | l l l FTTTd | ‘
ALICE, Pb-Pb, ‘?NN =276 TeV 2 | SPS 17.3 GeV (PbPb) GLV: dN/dy =400 B
charged particles, [ < 0.8 norm. uncertainty : O = WAS8 (0-7%) GLV- dNfdy = 1400 -
1 1 -'.'"'__ - RHIC 200 GeV (AuAu) GLV: dNydy =2000-4000
- — - . — YaJEM-D -
e -] O =° PHENIX (0-10%) _
ST Ty TL1S B — elastic, small P___ 7
L = 1 5 — * I STAR (0-5%) -~ elastic, large P__ ]
| L : SPS LHC 2.76 TeV (PbPb) e VaJEM :
B J ® CMS (0-5%) — ASW
..... < B 7
¥ ' lf( - h ¢ ALICE (0-5%) PQM: <@> = 30 - 80 GeV’/fm |
ot " e u HT (Chen et al.) lower density
o == = HT (Chen et al.) higher density
101 . — HT (A.M.) —
munn ASW (TR)

Experimental Results
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ALICE Collaboration, Phys. Lett. B720, 52 (2013) CMS Collaboration, Eur. Phys. J C72, 1945 (2012)
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Overguenching @LHC

.. .. . \ I, Phys. Rev. Lett. 89, 252301 (2002
In contrast to predictions: remarkable similarity AL i e

—— dN%dy=200-350

& WAZS i° (174 AGeV) 1

of RHIC & LHC results at p;>15 GeV s s

u PHENIX n° (130 AGeV) |

7’ WHDG RHIC Constrained i == ;:éd:;zo?oz—nansig
n® WHDG LHC Extrapolation ’ .- v ( ev)

m  1° PHENIX0-5%

hen PHENIX 0-5%
%  he STAR 0-5%
® he ALICE 0-5% —T T
> he ALICE 70-80%

. *STAR h (200 AGeV) _:
T..do ]

pQCD-based predictions

mﬁ [ Au+Au at s"°=17, 200, 5500 AGeV
001 1 T mrrrrit T T T rrrri
2 10 100
p; [GeV]
o1 F W. Horowitz et al. ]
Nucl. Phys. A~ 1 (a) 0-5% PHENIX Collaboration, arXiv: 1208.2254
ey BT2,265(2011) P
0 5 10 15 20
Pr (GeVie) | PHENIX ° Au+Au 200GeV

ALICE h*" Pb+Pb 2.76TeV

—> The jet-medium coupling @LHC & [ [PL 696(2011)30] i;++

A

IIIIII]

seems to be smaller than @RHIC 7 - :T:_;!H!ri}
(points to a running-coupling effect  wi- .. .

consistent with pQCD). P, (GeVic)
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Jet Quenching in

0QCD vs. AdS/CFT

QCD View AdS View L d ]
Rmb g«;;i% ﬁ?"%’ i+ ong-standing question:
Quark Gluon TN ads, Can the jet-energy loss be described
Plasma " —p by pQCD or does one need an
“b” AdS/CFT prescription?
String
_~ pQCD-lik RHIC  Ads/CFT-like
Black Hole “-2:—' (@) W wapG AJW*IM;F: - — ® A Meiaascrr
M. Gyulassy Physics 2, 107 (2009) u.15f— + _-_- J,,,:.;HJ},F;; _: _: j:::}::i; N
L S L g i Jants,
> 04l LI e ]
PHENIX results seem to § § AR N
indicate an AdS/CFT-inspired " : NN
energy-loss??? I S £ I SRS
< EE dP/dr ~ 1! E dP/dr ~ 7%
el e
0 100 N, :rfa 300 0 100 N, :r‘tio 300
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A. Adare et al, Phys. Rev. Lett. 105, 142301 (2010)
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0QCD vs. AdS/CFT @RHIC

A. Adare et al., arXiv:1208.2254

in
RAA =

out
Raa =

dNana/dpy
o NeondNyy /dpr

Raa(pr)

Raa(l 4 2vo)
Raa(l —2vo)

PHENIX results strongly suggest that pQCD-based jet tomography
fails at RHIC and only AdS-inspired models explain jet asymmetry

In contrast to conclusion from R. Lacey et al. R Lacey, Phys. Rev. c 80, 051901 (2009)
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Energy-Loss Mechanisms

Generic model of jet-energy loss:

dP
dTt

generalized from

Jia's survival model
J. Jia et al., PRC 82, 024902 (2010)

— (%o, 0, 7) = =P (1) 77 T2 (%, (1), 7, ]

including fragmentation and examining an “averaged scenario” to study:

B.Betz et al., PRC 84, 024913 (2011)
* Bullet #1: R,,@RHIC & LHC
(overquenching & jet-medium

i i CD- I|ke AdS CFT-I|ke

Coupllng redUCt|On) n.z_—' I(al}l I IIQFP:'HJ.:)GI A 'l-ij_iSFi I I—_ _—I (b] / & i,m Ad’s,fcpr I I—_

= Bullet #2: v,@RHIC& LHC - SR SR | ;‘;jj__j}jjjﬁ:: ;
(transverse expansion) E w mer-fage 15 g @ e fag

= 0.1 - e LI 1L : ’ ) -

= Bullet #3: path-length : ‘?tl*\@ ]
dependence (pQCD vs. vas g ey NN
AdS/CFT?) R § S RS

B oLl ] ey AP /dr ~ 72

+ the energy-dependence s ::f w0/ ~ 7 fr ~

. . .y . u:i_ (c) L (d) N

-+ dlffel‘ent |n|t|a| COI’ldItIOﬂS ] 100 N 200 300 0 100 N 200 300 :
(Glauber and CGC-like) " A Adare et al, Phys. Rev. Lett. 105, 142301 (2010)
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Bullet #1: R,y @RHIC & LHC
overguenching and jet-medium
coupling




Raa

Bullet #1: Ry, and v, at RHIC vs. LHC

Bjorken expanding medium

B.Betz et al., PRC 86, 024903 (2012)

0.2 . . 0.2 —
RHIC Ty=1fm LHC  ALICE Prelim —e— LHC Red. Coupling
ATLAS Prelim —a—
)9 ‘ CMS Prelim —— 1 | {Z )_>
01t 104t 11 1t 11 4 1
(e)pr =10 GeV
0 ' 0 s
1.0 ' - - 7 1.0 e T S ——
PHENIX —=— | i - R B :
0.8 ﬁﬁ ] 08¢ Fixed-couplingjextrapolations
06 ¢ 1 o6} 11
0.4 | {1 o4} : 1t —
\ &
0.2t {1 o2} - 1t
cingh
2 reducing
01 (o) {01} (d N
o _ Glauber, EM3¢178° = — degel.2, B3T3 e
Fitting point for K ~ Glauber, E%'T° — - “Jia" deget .2, E'P°T° - - - - -
0 100 200 300 400 70 60 50 40 30 20 10 070 60 50 40 30 20 10 O
Noart Centrality [%)] Centrality [%]

—> Moderate reduction of the running coupling: aruc ~ 0.24 — 0.28
Slml|al’ for a” Scenarlos Similar: Pal et al., PLB 709, 012027 (2012); R. Lacey et al., arXiv: 1202.5537
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Raa

0.8

0.7 r
06

01 r

Bullet #1: Ry(py) at LHC & RHIC

LHC

v ALICE, all charged, arXiv:1208.2711
A CMS,Pb+Pb(2.76,075°/c)4)hi

(XLHC; 0.28

=

—
. A

0.5

0.4 r

Bjorken expanding medium

RHIC

RHIC, oy c=0.3

ALICE, all charged, arXiv:1208.2711 »—e—
Glauber, E0 = = |
Glauber, E'® —@- -

A dege1.2, E'° —@—
‘ . "Jia" degel.2, E! «-A--
20 40 60 80 100
pr [GeV]

0.2 r

0.1 ¢

——
— —
—_— -
——

PHENIX, z°, QM12

Glauber, E°
Glauber, gl
dcgei.2, g3

"Jia" dcget.2, g --3--

10

15 20 25 30
pr [GeV]

B.Betz et al., Nucl. Phys. A 904, 717c (2013)

—> Rapid rise of Ry,(pr) rules out any model with dE/dx ~ E3>1/3
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Bullet #1: Temperature- dependent Coupllng

< A 0.2 . . . 0.2
I o B e ot =
K 1+ I .} To=1fm 1 015 | CMS prel|m —— .
=3k Sa 04 f 0.1
Ky == ;
- 0.05 |
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J.Liao et al,. PRL 102 (2009) 202302 1.0 . . Bjorken eXpa1n(§Ilng Ime(l:“urln
AT &
C :Kfl//{»Q 0.4 | T 04} ‘
) _ LHC extrapolalionS Mg .

<L
- 0.2+ (b) 1~ 0.2 ¢
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0.1 r . -

k(T) at RHIC and LHC!

Glauber, SL, {(=1/3 — — dcge1.2, SL, {=1/3  mm—
= eff kpue < eff kruic ' ' ' lcgel.2, SL, G173 =
because T35 ~ 1.3 TR 0 100 200 300 400 70 60 50 40 30 20 10 O
. RHIC Npart Centrality [%]
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Bullet #2: v,@RHIC & LHC
The impact of transverse
expansion




Bullet #2: PHENIX RY, and R34

A. Adare et al., arXiv:1208.2254

Au+Au 20-30% |'s,,=200GeV

RHIC

- == HT-pQCD (in)

E = = AMY-pQCD (in)
- == HT-pQCD (out) ]{

- === AMY-pQCD (out) {}

—— 0°<A0<15° —— 0°<Ap<156°
- 75° <Ad < 90° (a) - 75° <Ad < 90° (b)

- ==« ASW-pQCD (in) - ==« ASW-AAS/CFT (in)

[ — ASW-pQCD (out) 1} ] - ASW-AdS/CFT (out) l{ J
out of B -
% L > - o 3 $ *_} _________ ] - --'---r--g"!""!""'*‘}'"" ------l ---

-------

[ ] - [ ] 1
- _-,_w——if . A—v * l
—— 0°<A0<15° —— 0°<AG<15°
—a 75° <A < 90° (c) —a 75° < A0 < 90° (d)
PR [N TR T RO AN TN TR T AN TR TR TR N TR TN TR [ TN TR T N T TR PR [N T T T [T T TR T AN TR TR TR NN TR TN T NN TR TR TR NN TR T 1
6 8 10 12 14 16 18 6 8 10 12 14 16 18 20
P, (GeVic) p, (GeVic)

— R¥y = Raa(l + 2va)and RO = Raa (1 — 2vs) provide
information about both R,, and v,

—> Claim: Only AdS/CFT-like dE/dx = k X2 T can describe both Ry,
for a (2+1)d transverse + Bjorken expanding medium
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Bullet #2: Transverse expansion

0.25 T
PHENIX (0-10% & ~30%)
02+ —— 3D,0,=0.26 |
— — - 3D, stochastic, o, = 0.29
~ 0.15 }
>
R 0.1 f
0.05 } I
O §
5 10 15
pr [GeV]
D. Molnar etlal., arXiv:1209.2430
PHENIX (0-10% & ~30%)
0.8 | —— 3D, o, = 0.26
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3:‘: 0.6 }
(a4
e 04}
/—(:f _________
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RHIC

1® Ryal

p_AG)

A. Adare et al., arXiv:1208.2254

Au+Au 20-30% |'s,,=200GeV

—— 0 <Ab <15
- 757 < Ad < 90 (C)

—— 0"<Ap <15
- 757 < Ad < 90 (d)

G R R T A L
pT(GeWc)

BTN R T
pT(GeV.'c)

Considering a combination of
(D)GLV and the parton
transport model (MPC) and

D. Molnar et al., Phys. Rev. C 62, 054907 (2000)

a 3d expansion

—> The pion v, at RHIC energies is
a factor of 2 too small

NFQCD 2013, Mini-Symposium Day
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CUJET 2.0 = DGLYV (run. coupl.) + VISHZ 1 (n/s 008)
first results




0.40

Aa(PT)

0.20

R

0.10

1.0 |

0.5

Raa(PT)

PHENIX 0-10% A¢=0-15% -
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T I ! I ! I ! I f I
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CMS h* 0-5% ~e-

CUJET2.0 (0.23,1,0) —

CUJET2.0 (0.40,2,0) - -
| " | L 1 1

20 40 60 80 100

Jichen Xu and M. Gyulassy, prelim. p7 (GeV/c)
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12/10/13

CUJETZ2.0 = DGLV (run. coupl) + VISH2.1 (n/s=0.08)

[ AutAu—n’, Vspn=200GeV
0.80 | .

V, is about a factor of 2 too small,
consistent with other pQCD-based models
(D. Molnar, AMY, HT, ASW, ...)

T T T T T T T T T T
Pb+Pb—h", Vs\\=2.76TeV 1
0.20 t%: CMS 0-10% -e- -
e CMS 20-30% -o- |
o g (0.23,1,0)+VISH —
0.15 (0.40,2,0)+VISH - -
S ® (0.23,1,0)+VISH — |
= (0.40,2,0)+VISH -
> 0.10 \ i
[ N L
I A . Omax  Mp=(1,2)mp { magnetic
m -
0.05 % (HTL),LQCD] 4 screening
000 F . . . .

pr (GeVic)
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Bullet #2: Transverse expansion

0.25 T 0.2 . . .
PHENIX (0-10% & ~30%) RHIC RHIC PHENIX
02t —— 3D,0,=026 ) pr=7.5 GeV
— — - 3D, stochastic, o, = 0.29 - *
~ 0.15
>
< =
= 0.1 } &0 F
0.05 i ————
0 : = 7
5 10 15 8
_ pr [GeV] 1. “
D. Molnar et al., arXiv:1209.2430 0.8 'I' \
' ' | 06 N
PHENIX (0-10% & ~30%) i N o
0.8 f—— 3D, 0,=10.26 - 0.4
— — = 3D, stochastic, o, = 0.29 o -
< 06} <
Q_/?: CE< 0.2
04 ' an, o eetiz ¥ 4 T M -
_/_—_____-—.——’-’:zf— _—— O 1 i pQCD, Eg’c:‘l
02 | "mngpens msi—nm— 1 ' SL Model, EoTz
' T AdS/CFT, E’t
0 EbE, SL Model -
5 10 15 20 0 100 200 300 400
pr [GeV] Npart

—> Reduction of the pion v, by a factor of 2 considering transverse expansion
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Hydrodynamic Expansion

"Temperature' [GeV]

10

y [fm]
o

-10
-10 S 0 5 10

f R Paul Romatschke et al.
x [fm] Uli Heinz et al.
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Energy-Loss Mechanisms 2.0

Generic model of jet-energy loss: RHIC & LHC

P a z me=2—a-+z[ =
W(:{:o,qﬁ? T) = —kP(7) T T=2""T2[Z (1), T, 1]

Calculate R}, and Ry /R,, and v, @ RHIC & LHC for:

M. Gyulassy et al, PRL 86, 2537 (2001)

Blast wave model: v=0.6

QCDrad: a=0, z=1, const. «

C. Shen et al., PRC 82, 054904 (2010); PRC

VISH2+1 s4,044903 2011)

M. Luzum and P. Romatschke, PRC 78,
RL Hyd FO 034915 (2008); [Erratum-ibid. C 79, 039903
2009)]; PRL 103, 262302 (2009).

QCDel: a=0, z=0, const. «

AdS: a=0, z=2, const. k

SLTc: a=0, z=1, «(T)  We asked for hydro expansions that reproduce
the bulk properties. For the results used, some
parameters (viscosity, ...) differ between RHIC
and LHC.
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B. Betz et al., arXiv:1305.6458
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QCDrad ~ rc CUJET1.1

I AdS ~ fixed t'Hooft

conformal falling string

= SLTc ~ temperature-

dependent coupling

| All scenarios based on

(visc.) hydro background

1 account for p;>8 GeV
1 data, while blast wave
. model (v=0.6) fails

| Qualitative difference to
1 PHENIX results to due
1o 12 14 16 18 details of hydro simulation

and jet-energy loss.

Barbara Betz



TRAAPT)

RAA and v, at the LHC

21
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NFQCD 2013, Mini-Symposium Day

dE/dx ~ EOt1T3
reproduces BOTH
Raa @nd v, within

I the uncertainties of

bulk space time
evolution (IC, n/s, 1)

Running coupling
radiative QCDrad
appears to be
preferred over
running coupling
QCDel.

Barbara Betz



RAA and v, at the LHC

22
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Conformal AdS

and the SLTc model
considered for a
fixed coupling
overquench at the
LHC.

—>Conformal AdS
is ruled out by the
rapid rise of the

Raa(Pr)

Barbara Betz



Bullet #3: path-length dependence
pQCD vs. non-conformal AdS




Bullet #3: The path-length dependence

Conformal AdS: scale cannot change, i.e. coupling cannot run.

W. A. Horowitz, J. Phys. G 35, 044025 (2008)
. —— ——

1 T | LI S S Sy m s s— —
. t  —— pQCD Rad+El
Using conformal AdS, oo T MIBICET, D=3 1
. . - | —-- AdS/CFT, A
Horowitz et al. predicted S I
: T |
a flat Rys(pr)@LHC in :;W.; i
constrast to measured |
02—“\ e aErar s -~ - }
data \/ AdS/CFT AdS/CFT
O 0 20 30 @0 50 s 100 %0
py(GeV) pr(GeV)

Using non-standard AdS, A. Ficnar et al. found:

A. Ficnar et al., arXiv: 1311.6160

dE/dx = kT2 1. 20(T") + Il]2 z0(T’): Initial “radial” jet-production point

leading to a temperature-dependent path-length dependence, interpola-

ting between the above discussed cases (extremes) QCDel and AdS:
T.20(T) » «T : dE/dz = k[T, 20(T)]*T? = s (T)E z"17?
T.20(1T) « 21" : dF/dx = k2T
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0.8f

Raa at RHIC and LHC for non-standard AdS

The “surprising transparency” at LHC as compared to RHIC was also

proven applying the new analytic, non-standard AdS energy-loss
formula:

dE /dx = K 1. 20(T") + ;I:T]Q' z0('1"): Initial “radial” jet-production point

0.0

1.0

A. Ficnar et al., arXiv: 1311.6160

| | PHENIX data, AuAu @ RHIC, 0-5%

I [ ] CMS data, PbPb @ LHC, 0-5 %

0.8

0.0
0

20 40 50 80 100
pr/ GeV
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R.aand v, at the LHC for nCF AdS

Allowing the coupling to vary, all of the above discussed models will repro-
produce the measured data (note: QCDel dE/dx~ E%t0T?2 is less preferred):

ADJUSTED
1 ' ' 0.2 4 ' 0.2 — ' 024
(c1) LHG, AdS[xEx"T] _ _ _ | (c2)LHC, AdS[xEx"T] _ _ _ _
0.8 '_\F/{II_SE%}L ] VISH2+1
e " =« = RL Hydro |
|emmus v=0.6 -'}'_; o5 v=0.6

KLHC < XRHIC |

IM‘_ CMS 20_300/

~e< ALICE, 0-5% |
- CMS, 0-5% |

- CMS, 10-30% | .
10 20 30 40 50 10 20 30 40 50
pr [GeV] pr [GeV]

Only conformal AdS fails to describe the data (R,, and v,) BOTH @RHIC
& LHC
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Summary
Comparison of recent R,, and v, @RHIC and @LHC with
pPQCD-like, AdS/CFT-inspired, and a T--dominated energy-loss model

Bullet #1.:
The overquenching @LHC points to a moderate reduction of the
running coupling.

Bullet #2:

In a (2+1)d transverse + Bjorken expanding medium, the high-p; v,-
values tends to be too low in various models (Molnar, CUJET2.0, AMY,
ASW, HT). However, our idealized dE™d/dx~ E%1T3 seems to fit best the
data both @RHIC and @LHC.

Bullet #3:

While conformal AdS string-like jet holography appears to be ruled out by
the LHC data, novel non-conformal generalizations of AdS string models
(Ficnar et al.) may provide an alternative description.

The evolution of the bulk medium influences the jet-energy loss &
all details of both bulk evolution and jet-energy loss matter!
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Backup




Energy-Loss Mechanisms

Raa IS @ ratio of jet penetrating a QGP to the initial jet spectrum

R Py i ) = Yacr D ) JdNGGE(Py) _ B NG PPy)] NP
Ja 0 deodpz dydodP3 — dP? dydpdPg dydpd P2

One needs to determine the P,(Ps) from the dP/dt ansatz

1

1—a

P .| K = (- akC

‘T

fﬂﬂ)[ﬁ“+K/

<+ T0

Fra 9 mentatl on. momentum of the observed pion pQCD cross-sections fragmentation functions

! e
< 2. . % doq (pf) AA (p;'(___,)) Do sn (4 P;)>
To,Npart

a—=q,q9 Zmin

j‘gfl (I)TF . (—D- i?\rpa?wf_) —

S [ € dog (%) Dasr (= 2)

a=4q.,9g Zmin

inti docos{20} R, A
Elliptic Flow: v (Nput) = J ds 5{ (',_} ,:}A( P £y Q)
f d’@ RLZLA (A’part (7))
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Energy-Loss Mechanisms

Having fixed «k, the harmonics can be calculated

_‘ér.‘ ) ‘ &
_ Jdcos (n]p— u)} Raa(d)  SORTEEERY
= . NS ’.

”Un(Npaqnt) f d@ RAA (Cb)

S I ’
B. Alver, Talk at the Glasma Workshop, BNL, May 2010

determining the angle with the reaction plane

1 rsin(no
U, (1) = —tan~ 1 < (n9))
n (rcos(no))

and the Fourier density components are given by

en(t) =

\/<7‘2 cos(ng))” + (r2sin(ng))”

(r?
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Reduced Jet-Medium Coupling

What is the physical meaning of a reduced coupling? v
pQCD: x x o ’i
1/3 0 ps

"O'RHIC aruic ~ 0.3

XLHC — (KLHC/RRHIC)

fit to LHC most central data: oy e ~ 0.24 — 0.28

(independent of initial time) IF o is reduced at the LHC,
B.Betz et al., PRC 86, 024903 (2012) K iS reduced as We"'

—> Reasonable moderate reduction of the running coupling

AdS/CFT: r < VA < t'Hooft coupling
ALnc = (KLuc/kruic)® ARHIC Aruic ~ 20(heavy quarks)

with the values used: M\ pc ~ 5 — 10

—> Rather strong conformal symmetry breaking over a narrow
temperature interval (1-2)T. is required
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0.2

Lattice QCD running coupling

r,T)

Olgq (

daq
T/T,
1.05
1.50
3.00
6.00
9.00
12.0

LN *
01 | ___7___7,,___‘--—--0*" ‘“# e ° : A A
r [fm]
0.01
0. Kaczmarek et al., Phys. Rev. D 70, 074505 (2004)
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We found that the re-
duction of k needed to
fit the LHC data is
larger in a transverse
expanding medium.

This points to a tem-
perature-dependent
running coupling as
predicted by Lattice QCD

Barbara Betz



Jet-medium coupling, transverse expansion

pQCD mode (a=0, z=1) ((il—]:(a‘;’o,qﬁ, 7) = —kP(7) 7% T°=27*[7 (1), 7, ]
Koox o
ALHC — (HLLHC/HJRHIC)USO&RHIC arprc ~ 0.3
K ne/ ¥ruic OLHC

vy = 0.0 0.82 0.28

vr = 0.6 0.66 0.26

vy =0.9 0.608 0.25

VISH2+1 0.43 0.23

Romatschke 0.504 0.24
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Raa

R,a and v, at RHIC for a 3d expansion

0.2

0.6 |
0.4 |

0.2 r

0.1 F

34

RHIC

PHENIX —8—
pr=7.5

GeV

elastic, Egﬂ1
SL Model, EO’C2
AdS/CFT, E"1
EpE, SL Model .

100

12/10/13

N

200

part

300

400

| >

Mimicking a transverse expansion by
a blast wave model:

(i )] o

ra(t) = \/1 + (vLt)2/(rms,.)?
ry(t) = \/1 + (v, t)?/(rms, )

| = Reduction of the pion v, by a factor of 2

Independent of «(T), pQCD or AdS/CFT-like
energy-loss

1 => Pre-Conclusion: It is impossible to describe

Raa @nd v, simultaneously!

NFQCD 2013, Mini-Symposium Day Barbara Betz



TRaA(PT)

TRaA(PT)

0.1

" and RQxat the LHC

r ——VISH2+1 r ——VISH2+1
[ — --RL Hydro L — --RL Hydro
"""V=0.6 """V=0.6

- KLHC<KRHIC ; 4

Rﬂt(zo-so%)

QCDrc, 0-5%
-~ ALICE, 0-5%

QCDel, 0-5%
-~ ALICE, 0-5%

- CMS,0-5%71 O1Ff - CMS, 0-5% ]
() LHC, AdS[KE°TH______| | [(d)LHC, SLTcIxME' T3 __ __
F—— VISH2+1 RiN(20-30%) F——VISH2+1
[ — - -RL Hydro Al [ — - -RL Hydro

-
P
-t

Feeeee y=0.6
r KLHC=KRHIC4

 sumns V=06
I KLHC=KRHIC4 ‘

SLTc, 0-5%

CMS, R, 10-30%

| CMS, R}, 10-30% | CMS, Raa, 10-30%

10 20 40 70 100 10 20 40 70 100
pr [GeV] pr [GeV]

Like at RHIC energies,
the blast wave model
fails to describe the data

The AdS and the SLTc
model (assuming no
running coupling) also
fail to describe the data

The pQCD-based
scenarios describe the
data both at RHIC and
at LHC

=2 XL HO ™~ 0.23 — 0.26

Caution: Hydro parameters may
differ between RHIC & LHC

S. Pal et al., PLB 709,

AMPT:ar1 ;7 ~ 0.24 012027 (2012)
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R7, and Rxat RHIC — EY/3-dependence

1 (aLRHIC. QCD1 [k EX! T° _ _ _ | 1 o) RHIC. QGD2 [k EI%' 78% _ _ _
[ —— VISH2+1 RNy RO T 1 [ —— VISH2+1
| — = RL Hydro 1 ] | == RL Hydro
IEEEREE v=0.6 - IEERREE v=0.6
B P i o5
Q [ e e
= | w L g
< @ Pl R L
(A - S
[
- PHENIX, z°, 0-5% - PHENIX, n°, 0-5%
01l 0°< A9 <15°,20-30% | g4 | = 0°< AQ <15°, 20-30%
CoLm L 75°< A¢ <90° 20-30% L 7T5°< A¢ <90° 20-30%
1 ([CLRHIC. AdS [k EX T4 _ _ _ _ | 1 [OLRHIC. ST [x(M E% T°)_ _ _ |
L —— VISH2+1 ' L —— VISH2+1
| === RL Hydro | === RL Hydro
[ seneen v=0.6
-
o
<
<
o
[
.- PHENIX, 7°, 0-5% - PHENIX, 7°, 0-5%
0 | = 0°< A0 <15°,20-30% | g1 | = 0°< AQ <15°, 20-30%
CoLm L 75°< A9 <90° 20-30% CoLm L 75°< A0 <90°, 20-30%
6 8 10 12 14 16 18 6 8 10 12 14 16 18
pr [GeV] pr [GeV]
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R7, and RO4 at LHC — EY/3-dependence

; () LHC, QCD1 [k E%' T2 _ _ _ | 4 ) LHC, QCD2 [k E°r T%° _ _ |
[ — VISH2+1 [ — VISH2+1 R 20%) |
[+ v=0.6 oo v=0.6
. " KLHC<KRHIC + 'H i
& K ye<K
= LHCSKRHIC
DI-ETE — | (20-30%)
\ . Raa o |
QCD1, 0-5% QCD2, 0-5%
- ALICE, 0-5% - ALICE, 0-5%
- CMS,0-5%] 01 = CMS, 0-5% |
{ UGLLHC AdS[kE®TY_____ | | [(ILHC, SLTe (M ET T __ _ |
[ — VISH2+1 Ras 0% ] [ — VISH2+1 '
[ e v=0.6 | [ ==== v=0.6
[ KLHCZXRHIC 4 ,! i
& CXLHC™KR
% 2 B
C RQUt(20-30%)) ~ ]
' 7 \AdS, 0-5% SLTe, 0-5%
0.1 ”. _ 0.1 _ ]
- CMS, Ria, 10-30% CMS, Raa, 10-30%
CMS, R34, 10-30% + CMS, R34, 10-30%
10 20 40 70 100 10 20 40 70 100
pr [GeV] pr [GeV]

B. Betz et al., arXiv:1305.6458
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Raa @nd v, at RHIC

Similar results for

event-by-event and
averaged scenarios
(no fragmentation)
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Raa

part
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. a=0.3
pQCD-like, z=1
: : 1 0.2
pr=7.5 GeV
- + 0.15 t
= 0.1
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0 100 200 300 400
EH Glauber e-b-e é
1 {- Glauber Ave = 0
4 0.
- 0.
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: : : 0.1
100 200 300 400
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200 300
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0 100
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B.Betz et al., PRC 84, 024913 (2011)
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Raa @and v, at RHIC

02 PHENIX —=—
Jia CGC — - -
0.15 r
ﬁ>“' 1 ic\l 0.1 r
0.05 |
Similar results for
0 ' ' ' 0
event-by-event and ‘o % 100 200 300 400
. 0.8 ebe Gl. —e— 3 0.8
averaged scenarios ol aveGl. = ] ol
(including fragmentation) 04 - 04 |
K o i i K o i
o 0.2 o 0.2
0.1 0.1
0 1 60 260 3IOO 400 0 1 IOO 260 3IOO 400
Npart Npart
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Initial Conditions

4 [@LHC. const. x, E% _ __ __|
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One of the surprising [61] LHC discoveries was the similarity between R4 at RHIC and LHC despite the doubling
of the initial QGP density from RHIC to LHC. CUJET1.0 was able to quantitatively explain this by taking into
account the multi-scale running of the QCD coupling a(Q?) in the DGLV opacity series. At first order in opacity the
running coupling reDGLV induced gluon radiative distribution is given by [62]

(qu as(qg) ik
ey e
12(k+q) ( (ktq) Kk )(1- COS[(l<+q)2+x('r) TD
kPl \ktaPhaf) ) wh o))

where p%(r) = 4rag(4T%) is the local HTL color electric Debye screening mass squared in a pure gluonic plasma

with local temperature T/(r) o pgg p(x,7) along the jet path x(r) through the plasma. Here y(r) = M*2? +

fRu3(T(r))(1 - 2,)/y/2 controls the “dead cone” and LPM destructive interference effects due to both the finite

quark current mass M, and a thermal ghuon mg = f p(T)/v/2 mass.

We use the HTL deformation parameters (fp. fy) to vary the electric and magnetic screening scales relative
to HTL. In general HTL deformations could also change my(T). The default HTL plasma is (1,0) but we also
consider a deformed (2,2) plasma model motivated by lattice QCD screening data. We used the vacuum running
c_tﬁ(QQ) = minjagpgy. 27/ log(0? /AQ)] characterized by a nonperturbative maximum value gz, The parameters

IWQ£Q+9 (x,0)= / drpoap(x +0(0)7.7) /

(Qmaz, fE, fur) are therefore our main model control parameters, Slide taken from Miklos Gyulassy




CUJET 2.0 g-solution

ghat(E,T)/ T2 vs T, E=10 black, 50 red
Running Coupling CUJET2.0 solutions
(1) @pax=0.25, u= 1 mp(T) solid
(2) eax=0.4, p= 2=mp(T) dashed

4.0

q (E,T)/T3 £ const. -

E=50
CUJET2.0
non HTL (2)

3.0

HTL (1)

mx=0.25, u=mp(T)

— q (E, T)/T3 = const. N
(as used by e.g. ASW, ...) RN

&
is not supported by a full g N g
pQCD-calculation & realistic s/ NS T
(EoS, ...) hydro evolution. | om0 e 2emp® |
0.5
oL
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