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Outline of the Talk

Four classes of predictions submitted to this workshop

Characteristics of the non-Abelian energy loss in the GLV approach

e Distribution in gluon energy and angular distribution of radiative gluons
» Mean energy loss, gluon number and probability distributions in Pb+Pb at the LHC

Light hadron production and suppression at the LHC
* Light hadron cross sections at the LHC. High transverse momentum suppression
» Redistribution of the lost energy and impact on inclusive particle production.
 Importance of cold nuclear matter effects in p+A and A+A collisions

Direct photon production and suppression at the LHC
» Production cross sections at RHIC and the LHC
» Cold nuclear matter effects on pions versus direct photons in p+A reactions
* Direct photon quenching in Pb+Pb collisions at the LHC

Heavy meson production and suppression at the LHC
» Heavy flavor production and back-to-back correlations at the LHC
* Dissociation: new approach to D- and B-mesons suppression in the QGP
» Results for the LHC: inclusive charm and beauty and single electron quenching
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EST.1943

lvan Vitev



Medium-Induced Energy Loss in GLV
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Applicability: Cronin effect, initial-state e-loss,

final-state e-loss, meson dissociation,
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Probability Distributions and Medium Properties
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e Small probability not to radiate P, = g (s

Medium properties
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Gluon Energy and Angular Distributions
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* Gluon energies range from
w=0.5 GeV to w=5 GeV

Angle: 0 =k, /o

* Angles range from 6=1 at w=1GeV

to 6=0.3 at w=7 GeV
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Hard Probes from Factorized PQCD

o o -, D)
oy _ 5~ f dz. f dz, (. ) (x,) i |2 J‘d Py 0

dy1d2pT1 abed 4 min ( S) e 2

» Single and double inclusive hard production
in PQCD - applicable from photons to heavy
quarks
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in PQCD - applicable from photons to heavy
quarks P

Power laws: 0 _ 4 . A .
o (pin) (pr) Quenching factor

AE
n:n(\/;,pT,system) ln RAA - _(n - 2)8 ©= <?>

» Los Alamos

NATIONAL LABORATORY
S$T.1943

Ivan Vitev




Gluon Feedback to Single Inclusives
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* High p; suppression at the LHC can be
comparable and smaller than at RHIC

» LHC quenching follows the steepness
of the partonic spectra.
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» The redistribution of the lost energy is
very important at the LHC. 100%
correction and p<15 GeV affected
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Cold Nuclear Matter Effects
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Energy scale
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Direct Photon Production at RHIC and the LHC
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Cold Nuclear Matter Effects for =° and Direct vy
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* Where it starts from 1.5 e
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Direct Photon Quenching at the LHC
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Heavy Quark Production
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and Correlations

* Fast convergence of the perturbative
series

* Possibility for novel studies of heavy
guark-triggered (D and B) jets: hadron
composition of associated yields
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Conceptually Different Approachto D/ B

* Problem: treated in the same way as light quarks QGP extent
Had}/v Tform(pT =10 GeV) > B
Part "ok~
arton T Z P___k_l- Ao D B E . .
P M-y 25fm 1.6fm 0.4fm >

« Fragmentation and dissociation of hadrons from heavy quarks inside the QGP

Lowest order lightcone Fock component
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Heavy Meson Dissociation at RHIC and LHC

Coupled rate equations T T T
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* B-mesons as suppressed as D-mesons

at p;~ 15-20 GeV at the LHC
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Quenching of Non-Photonic Electrons

» Full semi-leptonic decays of C- and B- L No nuckearefect [
mesons and baryons included. PDG I S Lot ]
branching fractions and kinematics. — 0.8 $ Smroscheermanh |
o
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Conclusions

Looking forward to
jet physics at the LHC
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Scales in Thermalized QGP (GP)

* Experimental: Bjorken expansion * Theoretical: Gluon dominated plasma
dN?  3|dn|dN® 4z pdp _ #DoF ,
=—|— dN ¢ T o
dy  2{dy| dn dy =1200 P (1) = #DOF'[ p’T -1 (2n)’ L3l
p...(T) = 1 dN’ A =120 fm? where #DoF = 2(polarization)x8(color), ¢[3]=1.2
TUOATY o6 m ﬂ
. =0.
L o (5)=17 fm S>>  T=400 MeV
* Energy density
4
T -3 -3
= 7,) =18 GeV.fm™ 2100x0.14 GeV.fm
Eeory (T) = e X Prpeory (T)XT Eexp (To) =

* Transport coefficients (not a good measure for expanding medium)
2

U, ~gT, g=2-25 (o, =2 =0.3-0.5)
4

su 97, 1, =08-1Gev G="B=——p G=1-25GeV".fm"

2up 7 0%¥p 3 =075-042 fm ’

O

» Define the average for Bjorken << >> _ 2 : JL 6(z)2dz <<@>> —0.35-0.85 GeV2 fm~
W (L- Zo) %
» Los Alamos
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Light Hadron Quenching in A+A (E-LosSs)

* Theoretical reason: the only way — 1af % ge T stohuaaies -
to formulate energy loss without unphysical 12 =" A o PLENX i G50% e
Pe . . . | No nuclear effect
sensitivity to the formation time T ]
22 . —
AEM z—CRas it L Log 22E . 0.4k e T T, Y e e e ]
|::> 4 K9 M (L)L Tt . Lull_i—ﬂ.r—— i .
—  Static medium ! | *H H :
0 e T —
a0 9nCaos’ 1 N 26 FLeame = e
4 AJ_ dy 2('_)'_ 1-2_ ;ol:uc::arl;ﬁect m  PHENIX prelim.,0-10%Cu+Cu ]
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Sogl  TEESSSSssssssssss====o
T =400 MeV “ost  pUUpIEIEECIIOOINTNIES
S B :
€, (7,) =18 GeV.fm™ >100x0.14 GeV.fm™ _t + ;
A _ I L I 1 1 1
<<q>>:0_35—0.85 GeV 2. fm™ % 5 10 ; [1(§>eV] 20 25 30
T
A Significantly different values are
> Los Alamos indicative a theoretical inconsistency V-, Phys.Lett.B 639 (2006)
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E-loss in Back-to-Back Di-jets and Correlations

« Angular gluon distribution

Tag %’ a
A+A
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1 g

See talk by M. Brooks
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- Multi-particle modification

Two particle suppression / enhancement in A+A reactions

@
R AA

o — o — N
(9] — W S U = W N W W

(=)

do e
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<N _ > pp
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B gk = b, -2 0ev
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L 1 P I ST I N
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.Vitev, Phys.Lett.B630 (2005)
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When One # One

* Theoretical results: cancellation  Experimental findings:
between factor of 4 Cronin enhancement R IR
and 2- to 3-fold quenching Pb+Pb * " p+Pb
10 ' | ' T T T ' I ' 1.4
Au+Au ®  CERES 8% central n* 1 p+Pb reference

1.2

€ WA98 7% central n°

s'?217 GeV. dN¥dy=400

-  $"_62 GeV. no E-loss

s"?_62 GeV. dN¥dy=650

I\lcoII,Pb+Pb =807 +81

— = "_g2 GeV. dNYdy=800 0.8

|
—
_III|IIIIIIIIIIIlIIIIIIIlIIIlI

®  PHENIX 10% central n° ]
s"?-200. dN%/dy=1150 E 0.6 +++++ + + +
= = "2_62 GeV. no E-loss .
4 ] 0.4 + 14 ? H+ | +
e + l . o
| T | ’ ] 0.2 9’8 preliminary +
R T N N B R S
: 1 : | : 0.5 1 1.5 2 2.5 3 3.5
8 10 12
b [GeV] P, (GeVic)
I.V., Phys.Lett.B 632 (2005) S.Bathe., LANL seminar

« With any multiple scattering effect there is no reason to expect R,z (P ) =1

* |f one understands this in A+A collisions one should also accept this is
p+A collisions

» Los Alamos
NATIONAL LABORATORY
EST.1943
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Langevin Simulation of Heavy Quark Diffusion

Input in a Langevin simulation of heavy quark diffusion

of (p,t d 0
e )=ap_[pA(p,tHa—pBﬁ,—(p,t)}af(p,t)
« Drag coefficient: Oo;_
1 <5 pi> 0.16]
t = = |
Ai(p’ ) D St 50.14_
* Diffusion coefficient: ?‘1‘0'12-
= ol
NETUY/ TR
J 2 ot “ 0.06
Equilibration is imposed by Einstein’s < 0.04- /
fluctuation-dissipation relation: 0.02}/
0
B||(p1t) :T(t)E(p)Ai(pvt)

» Los Alamos
NATIONAL LABORATORY
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H. van Hees, |.V., R. Rapp, in preparation

T T T
p,=5GeV

Central Au+Au collisions

A, Radiative

—— Light quarks

— - C-quark M =1.5GeV|

- = B-quark M =4.5GeV

22

Radiative energy loss is dominant except for b-quarks and very small systems
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Transport + Quenching Approach

Numerical results for heavy quark diffusion

Results are pre"minary H. van Hees, |.V., R. Rapp, in preparation
D 25_""l“"l""l""l""
I o— ¢, pQCD+rad+reso (['=0.4-0.75 GeV) | [ = ¢, pQCD+rad+reso (I'=0.4-0.75 GeV)
_ — ¢, pQCD+rad 20F = c, pQCD+rad
1.5 Rgrs & PUCD#radreso (120.4-0.75 Gev) ! e b pQCD+reso+rad (T'=0.4-0.75 GeV)
[ — 15F Au-Au Vs=200 GeV (b=7 fm) -
< S .
e | ST R UIEITITITTIPNON . U —
(a7 N

0.5

| Au-Au Vs=200 GeV (b=7 fm)

—llllllllllllllllllllllll—
% 1 2 3 4 5

pp [GeV] pr [GeV]

» The suppression and v, are large when e-loss and g-resonance interactions are
combined

« Normal hierarchy: ¢ quarks are significantly more suppressed than b-quarks
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PHENIX Preliminary
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What Happens to Medium-Induced Radiation?
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