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- BAMPS: Boltzmann parton transport including radiation
- Gunion-Bertsch ME (literature) and improved ME
- observables at RHIC and LHC (elliptic flow, jets, heavy quarks)



QCD thermalization using parton cascade
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BAMPS: Boltzmann Approach of MultiParton Scatterings

A transport algorithm solving the Boltzmann-Equations for
on-shell partons with pQCD Iinteractions
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screened partonic interactions in leading order pQCD
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O. Fochler

LPM - cutoff BESE
m transport model: incoherent treatment of gg—ggg processes

3 parent gluon must not scatter during formation time of emitted gluon

discard all possible interference effects (Bethe-Heitler regime)
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P+ spectra

at collision center: x;<1.5 fm, Az < 0.4t fm of a central Au+Au at s%?=200 GeV
Initial conditions: minijets p;>1.4 GeV; coupling a,=0.3
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Elliptic Flow and Shear Viscosity in 2-3 at RHIC

2-3 Parton cascade BAMPS
Z. Xu, CG, H. Stocker, PRL 101:082302,2008
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Jet Suppression in BAMPS Simulations at RHIC

Raa, Au+Au at 200 A GeV, 0%—-10% Raa, Au + Au at 200 A GeV, 40 %—50 %
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@ Hadronization via AKK fragmentation functions
@ Suppression in BAMPS is too strong O. Fochler et al,

. Phys. Rev. C 82 (2010)
@ Strong mean energy loss in 2 — 3 processes
e Sizeable conversion of quark jets into gluon jets
e Small difference in the energy loss of quarks and gluons



Jet Suppression and Elliptic Flow at LHC
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@ R, almost identical to RHIC, does not reproduce rise towards
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Jet Suppression and Elliptic Flow at LHC
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A Closer Look on the Gunion-Bertsch Approximation

« J.-W. Chen, J. Deng, H. Dong, Q. Wang claim:
BAMPS results are off by a factor 6 due to miscounting of
symmetry factors arxiv:1107:0522

* B. Zhang analyzes GB vs. exact and finds differences up to

50%
arXiv:1208.1224
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Gunion-Bertsch — Some Detalls

Diagrams:
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Kinematics: (light-cone coordinates)
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Rapidity of emitted gluon
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@ k = momentum of radiated gluon,
g = exchanged momentum

@ Gunion-Bertsch: A" = 0 gauge,
lower lines do not contribute (much)

@ Scalar QCD to simplify calculations



The Problems with Gunion-Bertsch

Gunion and Bertsch explicitly state the following approximations:
ki < s, qL < Vs, xqL <k,

So where are the problems?

@ A missing (1 — x)? term

Mags|® ~ (1 - X)

x is the fraction of forward-momentum carried by the radiated gluon, x = t—#ge”

@ When not at midrapidity, y =0 = x = i—,lg constraints are needed

to arrive at the GB result that break the symmetry and make it only
valid for forward emission
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Using x = “—V%EEF takes this into account.



A Closer Look on the Gunion-Bertsch Approximation
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* Infrared screening for both GB and exact: ©(cut) = 0(p;p; — 1)

* Integrationboth in GB coordinates and in standard phase space with
numeric 6-functions



The Problems with Gunion-Bertsch
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* Infrared screening for both GB and exact: ©(cut) = 0(p;p; — 1)
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numeric 6-functions



The Problems with Gunion-Bertsch
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* Infrared screening for both GB and exact: ©(cut) = 0(p;p; — 1)
* Integrationboth in GB coordinates and in standard phase space with

numeric &-functions



The Problems with Gunion-Bertsch
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Radiative pQCD processes

Exact matrix element
Kunszt, Pietarinen, Reya, Phys.Rev. D21 (1980) Q) —» Q
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LPM effect
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Only completely independent scatterings
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Radiative heavy quark processes:
Improved Gunion-Bertsch matrix element

. . g, k
Radiative processes for heavy quarks f@éG
g+Q —>g9g+Q+g Q, 1 - - (), p3
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q, P2 > - q, P4

Improved Gunion-Bertsch matrix element generalized to heavy quarks:

k, . q — ki
P+ 2202 T (qL —k.)Z + 222

_ 9 - ——qQ |2
’MqQ%ng’ = 1292(1 _37)2 |Mg | {

Fochler, Uphoff, Xu, CG, PRD 88 (2013) 014018

In accordance to scalar QCD result at mid- and forward rapidity from



Heavy flavor and charged hadron R,, at LHC
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Summary

Inelastic/radiative pQCD interactions (23 + 32) explain:

Gunion-Bertsch approximation needs corrections
faster thermalization

larger collective flow, also of heavy quarks
smaller shear viscosity of QCD

semirealistic jet-quenching , also of heavy quarks




shear viscosity
to entropy density
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Riemann problem at finite viscosity

p“o f = C 1 Bourasetal, PRL 103:032301 (2009)
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VISCOUS Solutions
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