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VNI

MC-simulation program to study high-energy particle collisions in QCD by space-time evolution
of parton-cascades and parton-hadron conversion

BNL-63632, hep-ph/9701226

Klaus Geiger

Physics Department, Brookhaven National Laboratory, Upton, N.Y. 11973, U.S.A.

e-mail: klaus@bnl.gov
http://penguin.phy.bnl.gov/~klaus
phone: (516) 344-3791
fax: (516) 344-2918

VNI is a general: purpose Monte-Carlo event-generator, which includes the simulation of lepton-lepton,
lepton-hadron, lepton-nucleus, hadron-hadron, hadron-nucleus, and nucleus-nucleus collisions. On the basis of
renormalization-group improved parton description and quantum-kinetic theory, it uses the real-time evolution of
parton cascades in conjunction with a self-consistent hadronization scheme that is governed by the dynamics itself.
The causal evolution from a specific initial state (determined by the colliding beam particles) is followed by the
time-development of the phase-space densities of partons, pre-hadronic parton clusters, and final-state hadrons, in
position-space, momentum-space and color-space. The parton-evolution is Hescribed in terms of a space-time
generalization of the familiar momentum-space description of multipl (semi) hard interactions in QCD, involving 2 ->
2 parton collisions, 2 -> 1 parton fusion processes, and 1 -> 2 emission processes. The formation of color-singlet
pre-hadronic clusters and their decays into hadrons, on the other hand, is treated by using a spatial criterion
molivated by corfinement and a non-perturbative model for hadronization. This article gives a brief review of the
physics underlying VNI, which is followed by a detailed description of the program itself. The latter program
description emphasizes easy-to-use pragmatism and explains how to use the program (including a simple example),
annofates input and control parameters, and discusses output data provided by it.
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THe TARTON CASCADE ModeL (PCM)
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ORIGIN OF ENTROPY
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Classical Glue af small x : Melerran + Venugopalan
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RLEM can be ju.s'h"f-\‘!.d An Color ~dlipole mode
for‘ Mmucleons . (Kovchesov)

Deloslled semiclassical calewdlaNon of gluon pre-
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2. HARD VS. SOFT PROCESSES

Hard processes (3‘2‘1,6@,“.) occur fost
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* No evidence of dE/dx in A+A Collisions
Implications:
— Life time of dense matter short ~ 2 fm/c
— Long formation time T~ 1 p,/m, fm/c
— Weak jet interaction in hadronic matter

— Constraints on thermalization of the system



A - dependence of energy depos.‘h‘on y
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A - dependence of energy dtposa‘ﬁ‘on:
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Alse nofe that .
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Self - screened parton cascade SN Wang
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Makilin ¢ Surdutorich  (lep -ph/ X903 364 ) .

QLD +mn;‘:>ov+ + eveluhon es?u.a.h‘ws must
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In efe” , PP collisions R Srkju../o.wiﬁ‘v; Qre
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3. HADRoNiC Frecze- Our

Most f\\a.a/ state Parﬁtl&s are hadrons
Final State almost thermal —> no memory re

(Except T, <p>, <p> )

SPs data dndicate differenkiation : S, 52 .

Freeze -~out cendifion : A== >L .

f ©C¢
(W: =/ chemi'eal : S eact 3 HBT: dtot)
Limiteol cS'f'u.dJ — Rakash®, Ve.nugopa.lav\,wdkg (23/7¢)

Comp’el-e S‘l"uda with hqc(r‘onfc. Ca.scade models
Weuld. be verzy usefu(.

What exactly are dewatons fmm haclrenic.
equilibrivm (T, 4 Tey , ek.) telhvg us?

Bialas' avgument: HG 3. QGP  (hep-ph[f2o8¢sy)



Inverse Slope T [MeV]

: NA4.9 c.entral Pb+Pb
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2001,

0 05 1 15 2
Particle Mass [GeV/cz]

Transverse Velocity Effect — T = T(mass,B,T,)

(Lee, Heinz, Schnedermann, Z. Phys. C48 (1990) 525)



Slope Parameter T (GeV)
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Hedron {orma#on é] ?ua.rk Coalescence.
(Bim« Bmanys , Uods, BM, Rafelsks , ..., Bialas )
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oteften A. Bass

Time evolution of multiplicities
and hadranic callisian rates

Au+Au, sqrt(s)=200 GeV

VNI + UrQMD
cut:-1<y.m <1

=== partons
== formed hadrons
[ ] nucleons
deita's
+ pions
kaons
2 hyperons
o rho's

ct-1<yem<l

"E
:
3
:

-
S
[

s 10°

tem (fm/c)

e overlap between partonic and hadronic phase
e had. rescattering dominated by MM and MB interaction
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’ Proton freeze-out hypersurface I

Au+-Au, RHIC

VNI + had. decays

dzN/ (re dr, dtg,)

protons

IQ"mmonwdl|

=== direct emission
=== had. decays and rescattering

e strong rescattering effects

e two sources: direct emission vs. rescattered

emission




Steffen A. Bass

‘ Pion freeze-out hypersurface I

Au+Au, RHIC

VNI +'had- deca'ys s direct emission
=== had. decays and rescattering

- d’N/(r, dr, dtg)

|~~~ TO0T"Tmonow?>»

o~ AU A — WA <\
VNI + UrQMD

e source extended both in temporal and radial
direction due to rescattering

— sensitivity towards HB'T analysis
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‘ Rescattering of baryons I

Au+Au sqrt(s) 200 GeV

VNI+UrQMD
cut:-1<y... <1

® protons
4 hyperons

i‘%i

+4?$ %;éi g i

e massive rescattering for protons and hyperons:
(nh ) ~ 14 and (n} ;) ~ 15

only 15% of protons and 6% of hyperons do not
rescatter at all

— propagation of baryons in dense mesonic medium
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Effects of hadronic rescattering:
transverse mass spectra

Au+Au, sqrt(s)=200 GeV

[y
Q‘

* VNI + had. decays
& VNI + UrQMD

S
W L]

negative hadrons

3
NN o

1/m;dN/dm,

—
=
-

-
(=]
e W o

cut.: -1.5 S.,:.m. 5‘1.5 ‘ . . f ¢ f+ ¢

[N

[y
=

“ VNI + had. decays
e ® VNI + UrQMD
@

5
2
1L

- protons

e
2 W o

1/m, dN/dm,
s

-
[—]

[
S )
R T

-m:‘1£Y&m.£1

0.5 1.0 1.5 2.0 2.5 3.0 35 4.0 4.5
mg

h™: depletion and slight cooling for high m;
enhancement at low my

protons: strong depletion at low m; (BB annihilation)
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Decomposition of h~ m; spectrum:
direct emission at high m;

Au+Au, sqrt(s)=200 GeV

gm' + UrQMD

¢ negative hadrons
# Ne=0
- Ncoll >1

cut: -1.5 <y, .. < 1.51

m, < 1.75 GeV : T=240 MeV
m, > 1.75 GeV : T=470 MeV

1.0 1.5 2.0 2.5 3.0 3.5
m,

rescattered h™: dominate for m; < 1.75 GeV
81% of total yield
dominate for m; > 2 GeV
19% of total yield







