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INITIAL CONDITION FOR HEAVY ION COLLISIONS
Origin of the saturation scale ()5 McLerran Venugopalan
Consider a fast moving nucleus: large density of partons

Average transverse distance between partons: /1~

Inside a region /7 ~ (¢°yt1) ': 1/g* partons

average charge:
1
ﬂ‘ﬂ;“‘— . .
— R =r

field strength A ~ 1/gR (Coulomb's law)
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= non-linear gauge field. l
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Saturation scale o

1 GeV at RHIC
2-3 GeV at LHC
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IMMEDIATELY AFTER COLLISION 7 ~ ()
Gluons are freed from colliding nuclei  typical momestua

= Two complementary descriptions of gluons with
momentum k ~ (J,:

e Classical field: applies when [, > |

e Particles: applies when 7, < k

mifp

For isotropic distribution functions: particle description
valid when f, < 1/c.
o’ .
Tty = ON(+fy) = 15 K fy - fp = k(afy)”

and both particle and field descriptions apply when

1

and the two must be equifnlenf




One promising approach:

e Follow the evolution of classical gluon field until
fp < a~ !, but still > 1 Krasnitz Venugopalan

e Compute f,: input for kinetic theory
¢ Evolve further according to the kinetic theory

ELEMENTS OF DESIRABLE KINETIC THEORY
e Be able to deal with large occupation #'s: f, > 1
fifa = fafa = [ufa(14+f3) (14 fa) — (1+ f1)(1+f2) fa fa

Can be implemented as cascade?

Elastic 2 — 2 collisions

Debye screening, dynamically: 17, = m[f,)].

Full HTL needed for gauge invariance.
Inelastic gluon production, 2 — 3 collisions

LPM effect




(o paoy - 4

Jaqumu woyodmose - & (%) afos = s 15 duasqns

hpswap - N :sjoqubs

E_ﬂtﬂrﬂ? ih..__l..ﬂ.l-..v._
i
$ .h....l..r. _n.ﬂ____u....ﬁi.__r
O’ \
__ | | .w..ﬂ_.___.r el e |
_ il \
| | yeq Ricoyr prot} |o2is5v)
! .N_.__.h:.-_i._____u_ﬁ Uﬁn_a | .
_ e 9| | «d€T
, Fwﬁm_o =1 sspusvd ¥os ¥19 _ ﬁ
* * N > >N oS we
| PRITwAME | o oo
My | 5 S _ :
,i__ _ r - h — - ) - - __...._,.m
o e SO . O s
'® L.ﬁqu_ © sP m.m.
i

)W) |
|>>®©  ss#904d uogvEipuwaiq- O



CLASSICAL EPOCH | < (0.7 < o %/?

(described by either fields or particles)

One-dimensional expansion = density drops

N(1) ~ ugi v_‘%\_'

It no scattering: f, = const (Liouville theorem), so
p. ~ 1/7, but due to off-plane scattering

Typical occupation number
fom — 1
P QEP,«; E{QETFIE

—3/2

drops to 1 when (), 7 ~ «




DEBYE SCREENING
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QUANTUM HARD PARTICLES + CLASSICAL SOFT
FIELD: o ¥° < (.7 < o 7/?

* Soft-gluon emission 2 — 3 ( gives rise o Hs)

e Elastic scattering of created soft gluons off initial
hard gluons  (N,,)

e Debye screening dominated by soft gluons

Three relations:

& density of soft gluons
k~ Vo Qs
becomes comparable to the number of initial hard

gluons when Q,7 ~ a~%/2,




HARD GLUONS IN A HEAT BATH:
a ¢ & Q;r = 13/5

e Soit gluon sector completely thermalized, 7'( )

e Hard gluons fewer than soft \;, << N, ~ T,
colliding with soft gluons and loosing energy to the
soft sector

Problem reduces to computing energy loss of hard
particle in a thermal background. !

e Deep in the LPM regime

e Weak logarithmic dependence on Debye screening
mp ~ gl

Boltzmann equation in explicit form: kinefic €9
- hﬂ‘,‘l ‘,l_dﬂ-l""

= Cle(p)]
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#a T lim p e(p)
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ener gy balance
Soft seclor




Selution

- should be possible numerically
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MOMENTUM SCALES
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RELATIVE DENSITIES : SoFT VS HARD




TEMPERATURE
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