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* Current status and versioning of PYQUEN and HYDJET

e Recent progress on simulating soft hadron spectra (FAST MC),
its validation at RHIC

e Examples of novel jet quenching observables in heavy 1on
collisons at LHC with HYDJET/PYQUEN

e Summary and outlook
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Jet quenching:
medium tomography

Collisional loss Radiation loss
(incoherent sum over scatterings?) (coherent LPM interference)
Bjorken; Mrowzinski; Thoma; Gylassy-Wang; BDMPS; GLV;
Markov; Mustafa et al... Zakharov, ASW; AdS CFT,...
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e Current status of PYQUEN and HYDJET

* PY QUEN - medium-induced partonic energy 1oss
model (modifies PY THIAG.4 jet event),
http://cern.ch/lokhtin/pygquen

« HYDJET - merging soft part (nuclear collective flow
phenomena) and multijets generated with PY QUEN,
http://cern.ch/lokhtin/hydro/hydjet.html

|. Lokhtin, A. Snigirev, Eur. Phys. J. C 46 (2006) 211

HYDJET reproduces RHIC data on high-p _hadron spectra and can be used for LHC energies.

HYDJET/PYQUEN are included in common LHC generator database GENSER. At this moment
HYDJET/PYQUEN are basic MC tools for HI analysis in CMS. As far as I know, they are also
included in software of ALICE and ATLAS.
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Medium-induced partonic energy loss in
PYQUEN

General kinetic integral equation:

AE(L,E)=] dxﬁ(x);\(x)—(x £), 2=

1
A () exp(—x/A(x))

1. Collisional loss and elastic scattering cross section.

2o (t
dE fdtdcr , do _ 2T 2S( )’ o= 127 :
dx 4T?\U - dt dt ¢ (33 —2N ) In (2/ Ayep)

, C=9/4(gg).1(gq).4/9(qq)

2. Radiative loss (BDMS )

dE, .. 2a,C, C; 16 - M)A, T, w 4
dx( ,=0)= — IM dw|1- y-l—2 ln|cos w T1| w,= \/ 1-y+ e )kl = k= o(l=y) T1—2Ag, y="7 CF—3
“dead cone’ approximation for massive quarks.
4/3
dE I dE B m
—(m, #0)= -—(m,=0), I= Az Ty
dx (1+(1w)"?) & o) \E
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Angular spectrum of gluon radiation

Three option for angular distribution of in-medium emitted gluons:

Collinear radiation 0=0
2
Small-angular radiation 4N S sin 0 exp —(6-9,) ), 0,~5°
(default) do 20
Broad-angular radiation ~ gpye 1
i0 *o
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Space-time evolution of QGP, created in region of initial overlaping of colliding nuclei, is
descibed by Lorenz-invariant Bjorken's hydrodynamics J.D. Bjorken, PRD 27 (1983) 140
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Monte-Carlo simulation of parton
rescattering and energy loss in PYQUEN

. Dlstrlbutlon over jet production vertex V(r cosy, r siny) at im.p. b
dN T,(r)T ,(r,)

—(b)=
dy dr 2 T
Y fdt//f rdrT ,(r)T ,(7,)

. Transverse distance between parton scatterings [=(7_-7)E/p_

Z,—?ZA (.. ,)exp( f A (T.+5)ds), A'=op
e Radiative and collisional energy loss per scattering
A Etot,i:A Emd Z+A Ecol,i

e Transverse momentum kick per scattering

2 2
. t {,
E— I — p— E it _m2

2m,, p 2m, 2p !

Ak?,i:
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PYQUEN (PYthia QUENched)

Initial parton configuration
PYTHIAG6.4 w/o hadronization: mstp(111)=0

!

Hard parton rescattering and energy loss + emitted gluons
PYQUEN rearranges partonsto update nsstrings: nscall PYJOIN

l

Parton hadronization and final particle formation
PYTHIAG6.4 with hadronization: call PYEXEC
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Simple (but fast) model for HYDRO flow

The final hadron spectrum are given by the superposition of thermal

distribution and collective flow assuming Bjorken's scaling.
1. Thermal distribution of produced hadron in rest frame of fluid element

F(E)c ENE;—m’exp(—EyIT,), —1<cos6,<1, 0<¢p,<2m

2. Space position r and local 4-velocity u —(n-Y Znaj)z
f(r):Zr/R?(RA,b,d5)(0<r<Rf), f(n)ce T g<p<2m
urzsinhY?“x-r/\/Reﬁ(RA,b)-RA, u=v1+u-coshn, u =y1+u sinhn

3. Boost of hadron 4-momentum p in c.m. frame of the event

p.=p,sin@,cosp,+u cos®|E +(u' py)(u,+1)],

P,= P,sin 0sin ¢+ u sin®@| E +(u' py)(u,+1)],
P.=DpocosOyt+u | E,+(u' py)/(u,+1)],

E=Eu+(u'py), (u' py)=u_p,sin6,cos(D—¢,)+u, p,cosb,
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HYDJET (HYDrodynamics + JETSs)

generatesnjet (b, ptmin) NN subcollisions and for mation of
jet-induced state by calling (PY THIA+PYQUEN) njet times

!

filling HYJETSarrayswith npyt lines (hard event part)

l

generation of HY DRO-induced particles (soft part) with multiplicity
nhyd, and adding new particlesin HYJETS arrays (n=nhyd+npyt)

I.Lokhtin, ''Recent developments on HYDJET/PYQUEN event generators and novel jet quenching observables at LHC"' 10




Workshop on High-pT physics at LHC, Tokaj, Hungary, March 16-19, 2008

HYDJET: model parameters

Externa input

» beam and target nucleus atomic weight (A=B)

* C.M.S. energy per nucleon pair

o impact parameter (fixed or distributed) -

o total mean multiplicity of soft part in Central Pb+Pb events (multiplicity for

other centralities and atomic weights is cal culated automatically)
_ Parameter Can be varied by user

o ytfl - maximum transverse collective I‘aPIdlt% controls slope of low-pt spectra
(0.01<ytfl<3.0, default value is ytil=15) |

o yIfl - maximum longitudinal collective rapidity, controls width of n-spectra
(0.01<ylfl<7.0; default value is ylfl=4.

e Tf —hadron Treeze-out temperature (0.08 <Tf < 0.2, Tf(default)=0.1 GeV)

e fpart - fraction of multiplicity proportional to # of participants, o
1.-fpart) - fraction of multiplicity proportional to # of NN subcollisions
0.0<fpart<1.0, default value is fpart=1.)

e some parameters and flags of parton energy loss model PY QUEN _

o flags to switch on/off jet production, jet guenching and nucléar shadowing

e ptmin - minimal pt of parton-parton scattering in PY THIA

_ o ~ Internal setsfor softpart

. ][00| son multiplicty distribution

 thermal particle ratios
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HYDJET: output information

Output particle information:

« event record in PYTHIA/JETSET format

(common block HY JETS, #150000)

 copy of event record in adopted for high multiplicites JETSET arrays

(common block LUJETS, #150000)
Output global event characteristics:

 bgen - generated value of Impact parameter
 nbcol - mean # of NN subcollisions at given bgen
e npart - mean # of nucleon participants at given bgen
e Npyt - multiplicity of jet-induced particles in the event
e nhyd - multiplicity of HY DRO-induced particles in the event
e njet - number of hard parton-parton scatterings with pt>ptmin in event
e Sigin - total inelastic NN cross section at given c.m.s. energy
e sigjet - hard scattering NN cross section at given ptmin and energy
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HYDJET/PYQUEN versioning (1.2)

PYQUEN v.1.2 /HYDJET v. 1.2 completed in June 2007.

1) PYQUEN and HYDJET can be used for different beam energies now
(introducing input paramer “energy’)

2) Initial parameters of QGP and some energy loss model settings can be
specified by user now
(common block "pygpar”)

3) New subroutine HYINIT has been created for HYDJET initialization:
- PYTHIA initialization at given c.m.s. energy per nucleon pair,
- calculation of total inelastic NN cross section at given energy;
- calculation of hard scattering NN cross section at given ptmin and energy;
- calculation of number of participants & binary collisions at Pb+Pb (b=0).
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HYDJET/PYQUEN versioning (1.3)

PYQUEN v.1.3/HYDIJET v. 1.3 completed in the October 2007.

1) New physics feature of HYDJET1 3: nuclear shadowing correction for
parton distributions (important at LHC!)

Impact-parameter dependent parameterization of NS

(K. Tywoniuk, I.Arsene, L.Bravina, A.Kaidalov and E.Zabrodin, Phys. Lett. B 657
(2007) 170) is provided by Konrad Tywoniuk from Oslo University. It based on
Glauber-Gribov theory for NS (Pomeron diagram sum). Estimated reducing in
“hard” multiplicty for central PbPb at 5.5 A TeV up to ~50% due to NS

2) Another physics update: introducing the isospin effect

The probability to have pp, pn or nn hard sub-collision depends on number of
protons (Z) and neutrons (A-Z) in the stable nucleus A:

7=A/(1.98+0.015A%°)

3) Plus a few technical improvements and bug fixing
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HYDJET/PYQUEN versioning (1.4)

PEN v.1.4 /HYDIJET v. 1.4 completed in the October 2007.

1) New £hysws feature of HYDJETI 4 and PYQUENI 4:
Wood-Saxon nucleon distribution instead of simple hard sphere (similar results for central
AA collisions, some difference for non-central)

p(r):p0(1+exp((r-RA))/d)'1, p0=3/((41TRA3(1+(Trd/RA)2)), d=0.54 fm

Tabulation of impact parameter dependences of nuclear thickness T (b) and nuclear overlap
T (D) functions is performed in HYINIT & PYQUEN.

The radial profile of energy density in PYQUEN: &(r,r)oc T (r) * T (r)

HYDJETI 4: effect on Npart(b) and Nbcol(b), and alSO on o AA(b) for zﬂ) 1
PYQUENI_4: effect on medium-induced v,; and also on o AA(b) for ifb=1

2) Main technical improvement in HYDJET1 4: transition to “double precision” for all
calculations. One exception is still hold: JET. SET arrays in common block LUJETS with
output particle information (contains "REAL” copy of original “DP” event record from
common block HYJETS). Such copy allows the user to perform easily some useful
manipulations with the event record using standard JETSET subroutines and functions (to
exclude unstable particles, to list an event, to provide various event data, etc.
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HYDJET/PYQUEN versioning (1.5)

PYQUEN v.1.5/HYDJET v. 1.5 completed in the December 2007.

1) The treatment of hadronization of in-medium emitted gluons in frames of PYTHIA
string fragmentation scheme is improved by additional re-ordering of colour
connections of such gluons along the string. The appearance of small rapidity
asymmetry of hadroproduction coming from PYQUEN-rearranged strings is avoided
by such a way.

Increasing low-pt hadron multiplicity due to in-medium radiation reduces in this case,
but high-pt spectra remain the same.

2) The previous sharp rapidity dependence of initial energy density in nuclear
overlapping zone is replaced by the smooth (Gaussian-like) distribution. The input
parameter TO has now meaning of the effective initial temperature in central Pb-Pb
collisions at mid-rapidity (y=0).
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HYDJET: developments in progress

HYDJET+H (HYDJET&FAST MC) (impact on soft physics)
At this moment, the “private” test version exists. Detailed hydro-type
model for soft particle production (including resonance decays,
thermal & chemical freeze-outs, etc.) was written in C++ within
ROOT framework, and merged with hard part of HYDJET. But
different structures of standard (Fortran written) HYDJET and
HYDJET++ do not allow one to use both generators by the same way.
For hard hadroproduction HYDJET is OK. For soft hadroproduction
studies HYDJET++ is preferable, but new way of implementation in
LHC software (GENSER) is needed.

Web-page with the first version and documentation to be created soon

(hopefully).
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FAST MC:
fast hadron freeze-out generator

Part I: N.S. Amelin, R. Lednisky, T.A. Pocheptsov, I.P. Lokhtin, L.V. Malinina,
A.M. Snigirev, Yu.A. Karpenko, Yu.M. Sinyukov, Phys. Rev. C 74 (2006) 064901
Part II: N.S. Amelin, R. Lednisky, I.P. Lokhtin, L.V. Malinina, A.M. Snigirev,
Yu.A. Karpenko, Yu.M. Sinyukov, I.C. Arsene, L. Bravina, Phys. Rev. C 77 (2008)
014903

e fast (but realistic) HYDJET-inspired MC procedure for soft hadron
generation

e multiplicities are determined assuming thermal equilibrium

e hypersurface represented by a parameterization (Bjorken- or Hubble-like)
or a numerical solution of relativistic hydrodynamics

e chemical and kinetic freeze-out temperatures are input model parameters

e decays of hadronic resonances are taken into account

e written within ROOT framework (C++), avaiable for public use at
http://uhkm.jinr.ru/

e the model reproduces soft hadroproduction features at RHIC (flows, HBT)
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A hydrodynamic expansion of the fireball is supposed ends by a sudden system
breakup at given T and chemical potentials. Momentum distribution of produced
hadrons keeps the thermal character of the equilibrium distribution.

d3 1 [ V
Cooper-Frye formula: P’ 7y ) Jd30 ()" S (p uy (x);Tp,)
0 (x)
- FAST MC avoids straightforward 6-dimensional integration by using the special
simulation procedure (like HYDJET): momentum generation in the rest frame of

fluid element, then Lorentz transformation in the global frame — uniform weights —
effective von-Neumann rejection-acception procedure.
Freeze-out surface parameterizations

1. The Bjorken model with hypersurface 1= (t"-2°)"" = const
2. Linear transverse flow rapidity profile P, = E'D o
3. The total effective volume for particle production at )

FAST MC - main model assumptions

7 r]max R max : max max
Vo = J’d 0, (x)u" (x)= rJ’y rdrIng J’dn = 2nrAnEpmaXE (p)* sinh p ™ - coshp ™ +1)

g (x) 1 min u
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FAST MC - input parameters for central
collisions

1. Thermodynamic parameters at chemical freeze-out: T", ., 1% uQ}.

2. If thermal freeze-out is considered: T", and n -effective chemical
potential of pions at thermal freeze-out (=0 for single freeze-out). .

3. As an option, strangeness suppression y_ < 1 (the possibility to use
phenomenological parameterization y_ (T, p ) is foreseen).

4. Volume parameters: the freeze-out proper time t_and its standard
deviation (emission duration) Arf, firebal transverse radius R.

5. Maximal transverse flow rapidity for Bjorken-like parametrization p ™
6. Maximal space-time longitudinal flow rapidity n ™"

/7. Option tocalculate T and p_ using phenomenological parameterization
(\/s), T( n, ) is foreseen.
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FAST MC - additional input parameters
for non-central collisions

The SAME parameters which are used to simulate central collisions, are used for
noncentral collisions at different centralities.

Only two additional parameters are needed for noncentral collisions.

For the impact parameter range: (bmin , bmax)
8. Flow anisotropy parameter: o(b)
9. Coordinate anisotropy parameter: £(b)

Y 4 ;=0 = Y 4 5:51] Y4 ’;:ZZ(;M Y & i’gz
M. () : <> T
K} X X X -

time
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[Initialization of input model parameters

L]

{ Calculation of Veff and particle densities

The mean multiplicities N, = 0. (T,u,)V,,

Multiplicities by Poisson distr.

L]

Simulation of particle freeze-out 4-coordinates N
0
d

in the fireball rest frame :
n each hypersurface segment accord. to element

‘ot = a'c; DY sampling uniformly distributed o,

L]

4
~

collective flow four-velocities
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FAST MC - hadron generation procedure

The particle 3-momenta in the fluid element rest frame
accord. to the probability /i (P :T-4,)p"dp’d cost ,dy,

by sampling uniformly distributed cos(0*p) and ¢*p

Ik

von Neumann rejection/acceptance procedure to
> P

account for diff. between the true and gen. (3-5)
prob. Residual weight # = a- =25 simulated x

are accepted W> &- a test variable randomly
simulated in [0,W_max], otherwise-> 3

—

the hadron four-momentum is }

boosted to the lab system

4

{ Calculation of the corresponding

)

resonance decays are simulated

The two-body, three-body and many-body
(resonances — from SHARE table)
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FAST MC - particle ratios at RHIC

Parameter T =0.165 TW=0.130 T% = (L1000 I[I]
r. fm/c 7.0 7.2 8.0 5. F . 5 + 4 -
AT, fimfe 2.0 2.0 2.0 =3 E a E ' < B S E |[x] '¥ 1
Rib = 0} fm 9.0 9.5 10.0 T ~ ~ |2 2 ; * e = 7 [IT
f-lll:l.l\{i;-} — '}':I 'J._ h‘q ”_ I.J 1 R I g ! IQ ! |Q | [I] I[I] [I] %

T i) (.10 a1l 10

Figure 1- Modzl pasmaters for cenmal Au=Au collisions at /Sy = 200GV for different thermal Feeze-
out temperatres b (GeV). Chepucal freezs-put parameters are T = 0185 GeV, g = 002GV, &

i = DA0Ge and figg = —0.001 GeV. = . @ ® ® ’
T=0.165 GeV pn _=0.028, 1 . 3 .
1 =0.007, g _=-0.001GeV 107E ¢
y ’
T"=0.100, 0.130, 0.165 GeV 102

Particle nhumber ratios

near mid-rapidity in 10°
central Au Au !
COIIiSionS 10—4 | | | | | | | | | | | | | | | |
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FAST MC: radial flow at RHIC

Wb 0-5% |- 5-10%
e = e .
-~ T,=165MeV,T, =100 MeV | |1 bBroton
10-20%| 20-30%
=[5 3
°|E [ -
‘_‘E_ % Wi M*‘\\
= 1;_ W;— ES}MC results: sha
? L - :p:qton L .
wl 30-40%| 40-50%
: 6"'0.'2"'014"'0.'6':'6'"o.'z"'o.'4"'o.'e'
m, [GeV]
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FAST MC: elliptic flow at RHIC
dN

4N
d’pdy 2npdp.dy

(1+ v,cos2¢ + 2v,cos4f + ...)

0.25

Teh =0.165 MeV, T =100 MeV

0.2

0.15

0.1

0.05

™ STAR measured v,
FASTMC calculated v,

0.25

0.2

™
> 0.15

0.1

10-20% ®

20-30%

0.05

\

0.25

0.2

0.15

30-40% 40-60%

0.1

0.05

0.5 1 15

pTI [GIeVI’!ci

o5 1 15 2
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2
out

2 2
qout Rside qside R

2

FAST MC: momentum correlations
CF(p,p,)=1+ A (- R,

2 2
long qlong 2R0ut,long qoutqlong)

T=T"=165 MeV
] STAR data
[ ] FASTMC, all pions

A FASTMC, no weak decay pions

T"=165MeV, T"=130 MeV
0 STAR data
L] FASTMC, all pions

T"'=165MeV, T"=100 MeV
o STAR data
- FASTMC, all pions

A FASTMC, direct pions only

O

TRGevid)

0.2

K, [GeV/c]

Kk, [Gevic]

0.5
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Potential of jet physics at CERN-LHC
Y (Pb+Pb, vs = 5500 A GeV)

New regime of HI physics where hard and semi-hard QCD production
dominates over soft “background” and probes hot and long lived QGP
complementary measurements from ALICE & CMS/ATLAS

Particle Hi%b-rlomemum CMs ATLA
Particle \ S
Time Indetn"ctﬂmion \dentification Compact Muon Solenoidal Detector for LHC Muon Det o
PFO]EC“III‘I etector y. Detector uon De Electromagnetlg Calorimeters
amber - o VAN \
.MJWI'IWI' / \\ Forward Calorimeters
" Dipole Magnet " Cap Toroid

Magnet

] i _; 7] { ok 2 )
2 1 Tl & (( N
s 11 i ilssie: 1y . 3 [ I >
: . = ‘ [ A
R s L : '"' _'-;i: \ — — ¢ = "'
"=:\ . ; RN % i i fm — = / o ‘
| U e =l — P i ) \ 4
3 : . o —
= - - — 0 % / ~—1;
i e L] T - \ 3
. " \ = »
: | ;! B ! f l - e L / == | D y ‘\
| | Muon Chambers Y’ gt 145001, s } D T A
| ! ’ o
! Photon 1C€ g:::”?eﬁ;ntﬁler; ggg m ‘SURERCONDUCTING COIL Bafrel Toroid fner Detector Hadronic Calorimeters Shielding
Inner  Spectrometer Magnetic field : 4 Tesla RETU
Trackln'g : %
Syste

ALICE (low-pt particle tracking & ID, CMS/ATLAS (high-pt particle tracking, central

forward u (J/y, )/), y multiplicity,...) U (J/Y, ¥, 7), jets with calorimetry & tracker....)
soft probes + selected hard probes  hard probes + selected soft probes
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Jet quenching studies at the LHC

. high E_QCD jets
jets tagged leadin 770
-jets by leadi in
. agﬂet f)f% (oup,e'e +Jet
— fyr, e'e
. hlgh -p, hadron spectra

° cnergy ﬂow

Requires adequate reconstruction:
jets

y/

charged particle tracking in jets
muons .

event centrality, event plane
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HYDJET: eftect of jet quenching and
nuclear shadowing on hadron spectra

HYDJET1.4, PbPb (b=0) dNi/dp, (In1<2.5), HYDJET 1.4, PbPb (b=0)

24001 L. <N(soft)>=30000 10 35 ;’:f;‘:?;g;o/ocoo
ptmin=10 GeV/c :
2200} ‘ 10 2; with quenching, with shadowing
I ________ with quenching, w/o shadowing
2000 i 10 kg ; wieme /0 quenching, with shadowing
I u ; ,,,,,,,,,,,,,,, w/0 quenching, w/o shadowing
1800 1 .o
1600, i
1400 with quenching, with shadowing _25
I with quenching, w/o shadowing 10 g
1 200:_“?-'_:-- viemr. /0 quenching, with shadowing ‘”‘ _35
I — w /o quenching, w/o shadowing i 10 - .
0005 —3—3=2 -1 0 1 2 3 4 5 5 10 15 20 25 30
y P;, GeV/c
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Jet quenching at LHC (example I):
jet nuclear modification factor

PYQUEN, Pb+Pb (b=0), \s=5.5 A TeV (T =1 GeV, T,=0.1 fm/c, n.=0)
(~10° events with E > 100 GeV is expected for 1 month LHC run, L=0.5 nb™)

_<:<<J: 1:"'I"'I"‘I"'I"'I"'I"'I"'I"'I"': 40—3--;:1: 1!: SR L L L L L L
3 E R _ e E
0-9¢ charged hadrons |n|"<2.5 |- 0.9 jets (R=0.5) |nf“<3 ]
0.8F 1n jet events i 0.8¢ E
0.7 4 07f + §
0.6 0.61 1 | =
: | i : ST B %HH i
0.5F B T 05, s 50 %'h}# Tl (M
0.4F . [ T |1 | 0.4F i
- o 4 %T{' l T T - \ i
ok SR HH.T N S E
0.21 I W 0.2 3
0.1 : 0.1F -
o S I IR P AT AT I N W M N N N T T
0 20 40 60 80 100120140160 180200 %00 150 200 250 300 350 400 450 500
py. GeV/c EF', GeV
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Jet quenching at LHC (example II):
fujet fragmentation function with leading h*°

Pb+Pb (b=0), Vs=5.5 A TeV, E_i* > 100 GeV (~0.6 millions unquenched jets with z>0.2 for 1 month LHC run)

10°

ﬁ1o5§....

10°E

10E

Jet fragmentation function
|IIII|IIII|IIII|IIII|IIII|IIII|IIII

= PbPb, no energy loss .
« PbPb, PYQUEN energy loss -

2 03 04 05 06 0.7 0.8 09 ,1
Z= pT/pT

—

DM (z)/D™(z

0.57 T T

0.4

0.2

0.3_

0.1

InP<3, |n|"<2.5
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Jet quenching at LHC (example I1I):
'f P,-imbalance in y*/Z(—p'p)+jet channel

minimum bias Pb+Pb, Vs=5.5 A TeV, ETj"t ,P_">50 GeV (~500 events for 1 month LHC run)

17 (—ut) + jet
e 0.0 e e

:
o
=
o
o
=
q
8
e)
7
“

-- PbPb, PYQUEN
energy loss

||||||||.-|-'h3||||||||||||||||||||||||||||||||||

?00 80 -60-40-20 0O 20 40 60 80 100
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Jet quenching at LHC (example 1V):
nuclear modification factors for
high-mass dimuons and secondary J/y

~5x10* events for each unquenched channels is expected for 1 month LHC run (with showering b-bbar production)

BB — uu B— /¥ (—u'w)
< 1:| L T 1T | L | L | L T T T |: < 1: L T T | T T | T T T | T T | L T T ]
<C - ] < -

C 0.9F 400 0.9F =
0.8F 4 0.8f e
0.7F 4 07F -
0.6f 1 0.6F =
0.5F o.5f L— —— | E
0.4f 0.4F =
0.3 {  03f =
0.2 [nl'<2.5,p ">5 GeV/e 4 0.2f -

0.1 1 O01fF

Covav o b v v oo b b v b 1T Coo v b b e o b b T
%O 2|5 3|0 3|5 4|0 4|5 o( q 0O 12 14 16 18 2|0 2|2 24
M(p'w), GeVic® pr. GeVic
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Jet quenching at LHC (example V):

~ 0__,,||,,,|,|,|,|, . Introducing Wood-Saxon
: 1 nucleon distribution in
0.09- - Hard sphere 7 PYQUEN partonic energy
0.08 ° Wood-Saxon ° 4 lossmodel almost does not
0 07E 4 change azimuthally
TUE {1 Integrated hadron spectra,
0.061 4 but reduces azimuthal
005 - anisotropy of high-P_
0.04C 1 hadron yield (appearing
= 1 duetojet quenching).
0.03 =
0.02- 3
0.01- =

Impact parameter dependence of elliptic flow coefficient, v.=<cos(2¢)>, for charged
hadrons with p >20 GeV/c in jet-triggered PbPb collisions & v&=5.5 A'TeV.
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Summary and outlook

Among other heavy ion event generators (HIJING, DPMJET, PSM,
UrQMD, AMPT, THERMINATOR, QGSM, etc.), HYDJET/PYQUEN
are concentrated on detailed simulation of jet quenching effect, and also
reproducing main features of nuclear collective dynamic (radial and
elliptic flow) by fast and simple way. So the final hadron state in
HYDJET represents the superposition of hard multi-parton state and
soft hydro-type part. The model is capable of reproducing main
features of the jet quenching pattern at RHIC and applying to probe
dense QCD-matter by jet quenching in various novel channels at LHC.

Detailed HYDJET-inspired hydro-type event generator FAST MC for
soft hadroproduction (including resonance decays, thermal & chemical
freeze-outs, etc.) has been created. It describes well bulk properties of
multi-particle system created in HIC at RHIC (particle spectra and
ratios, radial and elliptic flow, HBT-correlation). Merging of FAST MC
and HYDJET is under way.

I.Lokhtin, ''Recent developments on HYDJET/PYQUEN event generators and novel jet quenching observables at LHC"'

35



Workshop on High-pT physics at LHC, Tokaj, Hungary, March 16-19, 2008

BACKUP SLIDES
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Fit RHIC spectra with HYDJET

o Fixing multiplicity and Y ™=3.5 from PHOBOS

n-spectra (no K-factor requested for PYTHIA6.4 )
o Fixing T=100 MeV, Y ™=1.3 and p_""=2.6 GeV/c

from PHENIX p_-spectra
o Fixing mitial QGP conditions from high-p_ part:
TOZSOO MeV, TOZO.4 fm/c and nf=2
» Calculating nuclear modification factor R, and

azimuthal correlation function C(Ap)
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Fit RHIC spectra with HYDJET

” ’ ’ F r ’ i %
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Reproducing jet quenching pattern at

RHIC with HYJDET
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Nuclear modification factor
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PYQUEN: mean energy loss dependences
J(LHC, Pb+PDb, T oGP (b=0) =1 GeV, T,=0.1 fm/c)

E-dependence L-dependence ¢p-dependence

Rodiotive enerqgy loss vs. initiol energy of quark  Energy loss of quork with 0/=100 GeV vs, poth length Energy loss of quark (p,°=100 GeV) vs. azimuthal angle
2 M r 50 -
5 o \/E i‘i 45 0 radiative loss
340
L <35
rodiotive . 300
o 25 “"‘_-.-- ‘“..".. h=6 fm . ,.".
20 [ R

BE {b,£)/A,(b,£100 GeV)

collisional loss

..................................................
...............
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Eq; Gev L/Rﬁb g[), er
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FAST MC physical frameworks:
hadron multiplicities

1. The hadronic matter created in heavy-ion collisions is considered as a
hydrodynamically expanding fireball with EOS of an ideal hadron gas.

2. “Concept of effective volume” T=const and p=const: the total yield of
particle speciesis N.= p (T, [ l_)Veﬂ.

3. Chemical freeze-out : T, u, = p, B, + ug S, + n, Q;; T, py —can be fixed
by particle ratios, or by phenomenological formulas ;

T(fy)=a-blig- c:u;;:uB(\/SNN):

1+ e}f S
4. Chemical freeze-out: all macroscopic characteristics of particle sys em
are determined via a set of equilibrium distribution functions in the
fluid element rest frame: i p

“A(p”: T, U=
Pl @) exp([p” - 1,1/T)t 1
pIT )= [dp £ (P T () (")) = 4n [ dp p= £ (p™ 3T )

0 0
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FAST MC physical frameworks:
thermal freeze-out

1. The particle densities at the chemical freeze-out stage are too high to consider
particles as free streaming and to associate this stage with the thermal freeze-out

2. Within the concept of chemically frozen evolution, assumption of the
conservation of the particle number ratios from the chemical to thermal freeze-out :

pT ™y (T ")
0Ty p (T
3. The absolute values o7 (7", /") are determined by the choice
eff .th

of the free parameter of the model: effective pion chemical potential U ; at Tth
Assuming for the other particles (heavier then pions) the Botzmann approximation :

/Jth:TthlnE pieq(TChaluz'Ch) p;q(Ttha ;ff’ﬂl)%
’ (T 1, =0) pA (T, 1)

Particles (stable, resonances) are generated on the thermal freeze-out hypersurface, the hadronic
composition at this stage is defined by the parameters of the system at chemical freeze-out
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Jet quenching at LHC (example VI):
jet shape broadening

It can be characterized by the special transverse energy-energy
correlator 1n the vicinity of maximum energy deposition of the event

d3: 1 1 E E
- > —3 . o(k—1—m)
an Nevent event An ki (E;Fs)z > E{%’J
2

vis M
Ey” = ¥ EBErj m = [n/An]

Measured dependence (or independence) of this correlator on
pseudorapidity can serve as a sensitive test of different types of partonic
energy loss models

I.P Lokhtin, S.V. Petrushanko, L.I. Sarycheva, A. Snigirev,
Phys. Rev. C 73 (2006) 064905; Phys. Atom. Nucl. 69 (2006) 1609
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