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PYQUEN - model of jet quenching in heavy 10on collisions
Nuclear modification factors for jets and high-P_hadrons

Jet fragmentation function measured by leading hadrons
Transverse momentum imbalance in dimuon tagged jet events
Summary
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Monte-Carlo models to simulate jet
quenching and flow effects in HIC

* PYQUEN - fast code to simulate jet quenching (modify
PYTHIAG6.4 jet event), http://cern.ch/lokhtin/pyquen

e HYDJET - merging soft part (with including flow
effects) and multiyjets generated with PYQUEN
http://cern.ch/lokhtin/hydro/hydjet.html

HydjetRHIC and PyquenRHIC are also available by web

The codes are included in LHC generator database GENSER
(HYDJETI I and PYQUEN 1_1 are latest versions)

I. Lokhtin, A. Snigirev, Eur. Phys. J. C 46 (2006) 211
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Medium-induced partonic energy loss

General kinetic integral equation:
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Nuclear geometry and QGP evolution

impact parameter b= 10 O | - transverse distance between nucleus centers

Space-time evolution of QGP, created in region of initial overlaping of colliding nucleli, is
descibed by Lorenz-invariant Bjorken's hydrodynamics J.D. Bjorken, PRD 27 (1983) 140

I.LoKhtin, " Monte-Carlo simulation of jet quenching and high transverse momentum observables at LHC"



CERN TH Workshop “Heavy Ion Collisions at the LHC: Last Call for Predictions”’, May 14 — June 8, 2007

Monte-Carlo simulation of parton

rescattering and energy loss in QGP

* Distribution over jet production vertex V(r cosy, r sing) at im.p. b

diip]\;r(b)_h T, (r))T ,(r,)
fd(,l/f rdrT ,(r,)T ,(r,)

e Transverse distance between parton scatterings [ =( T T ) E/pT
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* Radiative and collisional energy loss per scattering
A Etot,i:A Emd l—l_A Ecol,i
* Transverse momentum kigk per scatterln
t E ,
Ak =|E- —|p— —m
2m,, p2m,, 2 p !

I.LoKhtin, " Monte-Carlo simulation of jet quenching and high transverse momentum observables at LHC"



CERN _TH Workshop “Heavy Ion Collisions at the LHC: Last Call for Predictions”’, May 14 — June 8, 2007

Angular spectrum of gluon radiation

Medium-modified jet fragmentation depends on fraction of
partonic energy loss falling outside the jet cone

But full treatment of angular spectrum of emitted gluons 1s
sophisticated and model-dependent

Two simple parameterizations of gluon angular distribution:

- ant —(0-6,)
Small-angular radiation: ~jg ocsin 0 exp ( ) 02

), 0,~5°

Broad-angular radiation: dN° 1

do 0
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PYQUEN (PYthia QUENched)

Initial parton configuration
PYTHIA6.4 w/o hadronization: mstp(111)=0

g

Hard parton rescattering and energy loss + emitted gluons
PYQUEN rearranges partons to update ns strings: ns call PYJOIN

N2

Parton hadronization and final particle formation
PYTHIA6.4 with hadronization: mstp(111)=1, call PYEXEC

More details on PYQUEN physics can be found 1n:
[.Lokhtin, A.Snigirev, EPJ C45 (2006) 211; ; and references therein.
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Jet quenching in heavy ion collisions at
the LHC

jet

AE UT’ (temperature), g (number degrees of freedom) [ AEQGP >>AE
LHC, central Pb+Pb:

T ~1GeV >>T. " ~0.2GeV,

0, QGP 0, HG
gQGP > gHG
[]
AE _/AE > (1 GeV/0.2GeV) ~ 10
QGP HG
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Jet quenching at LHC (I):
jet nuclear modification factors

PYQUEN, Pb+Pb (b=0), Vs=5.5A TeV (T0=1 GeV, T 0=0.1 fm/c, nf=0)
(~10° events with E it > 100 GeV is expected for 1 month LHC run, L=0.5 nb")
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Jet quenching at LHC (II):

jet fragmentation function

leading Jet fragmentation function D(z):
particle probability distribution for leading hadron
j et in the jet to carry fraction z(= pTh/ijet) of

jet transverse momentum:

o g, N i, ONE
emitted g,h D)= | dfid—=Mile-pyfof) | | dlpf Pty
inside cone e o
/72 emitted g,h
w2~ out of cone

initial In the jet induced by heavy quark, the
parton energetic muon can be produced
(“b-tagging”)
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Medium-modified jet fragmentation
function measured with leading h=, h°

Pb+Pb (b=0), Vs=5.5A TeV, E; jt > 100 GeV (~0.6 millions unquenched Jets w1th z>0 2 for 1 month LHC run)

Jet fragmentation function

= PbPb, no energy loss
« PbPb, PYQUEN energy loss
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JFF softening vs. jet rate suppression

Jet fragmentation versus jet suppression
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Medium-moditied JFF softening
and jet rate suppression depends
on the fraction £ of jet energy loss
falling outside the jet cone

The anti-correlation between two
effects can be carried out in order
to differentiate between various
energy loss mechanisms (small-
angular radiation vs. wide-angular
radiation and collisional loss).

L.P.Lokhtin and A.M.Snigirev,
Phys.Lett. B567 (2003) 39
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Jet quenching at LHC (11I):
y*[Z(>u"p)+jet production

COMHEP + PYTHIA R 5. D 55 GeV/
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Phys. Lett. B 599 (260) 2004
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Invariant mass spectrum of u“u’-pairs
from y*/Z+jet production
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Imbalance of transverse momentum in
y*[Z(>pu"p)+jet channel in HIC

Dimuon-jet leader correlation (minimum bias PbPb)
Y 1Z° (—pt) + jet
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Advantage in using P_-imbalance between leading hadron in a jet (but not jet itself) and muon pair:
week dependence on dispersion of jet energy determination
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Summary on PYQUEN predictions for
high-P_ jets in PbPb events at the LHC

Strong suppression of high-p_ hadrons (by a factor of ~4 for jet triggered
central events and ~6 for central events without jet trigger, R, , slightly
Increases with p_) and significant suppression of the absolute jet rates

(due to in-medium gluon bremsstrahlung out of jet cone and collisional
loss: by a factor of ~2 and almost independent on E. ).

Strong softening of the jet fragmentation function D(z) measured with
leading hadron (by a factor of ~4 and slightly increasing with z). The
anti-correlation between softening of the D(z) and jet rate suppression
allows oneto differentiate between various ener gy |oss mechanisms

(small-angular radiation vs. wide-angular radiation and collisional |0ss).

Significant P_-imbalance between the muon pair and a leading particle
inajet for y*/Z(>u"w)+et production.
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