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¢ Ultra-Relativistic Heavy Ion Collisions:
s (i) A -+ A—Hadronic Matter
¢ (ii) A + A— [Hadronic Mattez]®

o (iii) A + A— QGP— Mix. Phase — Hadronic Mattes™
- Electromagnetic i1~
* large mean free path
* negligible final state inferactions

* emitted at all stages.
e Sources of real PHOTONS:

- Decay photons 1 — vy, 7 — vy
- Prompt photons (A + B — v + X)
- Thermal Photons

* fromn quark matier

* from hadronic matter
¢+ Sources of DILEPTONS (virtual photous):

- Dalitz (e.g. #% — vete).
- Drell-Yan (4 + B — "7 + X}; D meson decays
- Thermal Dileptons -
* from quark matter

* fro ]




& From QGP (QCD Compton, Annihilation, Bremsstrahlung & ¢
annthilation with scattering}:
(Kapusta et al, 1991; Baicr et al 1992; Aurenche et al 1998,)
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(3 BJ‘IEM) (q,E;.ﬂ.:m) ( A-w-8.)

dR 5 aa, 2912 F
B = gam 1 o(=E/T) [ (=7
' {JT Ji)
———{ln2
where Jp oo 4,45, Jp o2 —4.26 and
o, = 6w . k=8

| (38— 2ng) (<17 10)
os(T = 200MeV) ~ 03 g2 ~ 4 -

g << 1=, << 0.08
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¢ Universal Scaling Hypothesis

* * " A
= L= _ j
my  fr W

A =1/6, Brown — Rho, Scaling

(Brown & Rho, 1991)




Thermal photons from hot hadronic matft_-:_r

Essential components ate 7 p 7 w, @

£ = —Gpua? - (7 X 8 = eyt EF™ (5, X ),

where
JE = (B % B3 + (7 X (OPF + gonalt X P))a
To O{e’gZ,,) imaginary part leads to rates for
T — Py
TE— BY

p — TRY
For example: :

@ o (0

We also include
T — Ty
AT =+ Ty
W — ®Y
- Lapa, 18 taken from Guaged Linear Sigma Model.
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Medium Effects
* Quantum Hadrodynamics(QHD)

The effective mass of p/w can be parametrized as:
T(GeV))™*
0.16
T(GeV)\ "™
0.16
(Sarkar et. al. 1999)
¢ Universal Scaling Hypothesis
my _ 9 (1 TT
my  fv  wp )
A = 1/6(1/2) Brown — Rho(Nambu) Scaling
(Brown & Rho, 1996)
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EOS and Space Time Evolution

¢ Quark Gluon Plasma:

’T
oGP = 9[} -"FT =|—B
? “
-P{QGP = .EI_[]"IQGPJ B
ﬂ.ﬂ

0GP = gﬂm{;’p’f

» Hadronic Matter (m, p, &, 1, a1 and V)

€y = ?Qz’f ;33;3 E f(E,T)

d.‘i 2
Pr = T g f o5 5z F(ET)

-9 T2np 3 E
sy = PO o = 4—g a(m (1), THT
T a0~"* ’
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c, < citedd = Slow Cooling,



Photon _Emission

AdA = QGP = Mixed — Hadronic Phase : 8PS, RHIC
A+ A — Hadronic Matter : SPS

¢« QGP: 47 = gv, 49 — @7V,
Q¢ = ¢Y, g9 > gy eic.

¢ Hadronic Matter: a1 — gy, Tp — Ty, g = *T%,
T~ Ty, AT = 7Y, & = 77

e Space-Time Evolution: (34+1)d Hydrodynamics
¢ Equation of State: Bag Model for QGP
All Hadrons upto mass 2.5 GeV
» Initial Conditions: T;=200 MeV, r,=1 fm/c for SPS
T;=265 MeV, n,=0.6 fm/c for RHIC
e Criticial Ten;pemture: 170 MeV

¢ Freezeout Temperature: 120 MeV



¢ Space Tiine Evolution:
(341)D Hydrodynamics - Initial Conditions:

ds AN 45¢(3) 3
TR Tdy . T RATdy ( 2! ) e
AN 450(3Y 5 el
B el Ao d ;T
dy 5 ﬂ'IﬂA atf L T

7, = 1fm/e

T, ~ 200(196) MeV for Hadronic Matter (QGP).

)
EXI}(T—RAII‘.-'(&-I-I

e, r) =
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w0 agudocly
Temperature Profile fromr Transport Model:

Tlr) = (T — Too) e~ 4+ Ty,
(Rapp et al, 1997.)
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158 A GeV "Ph+ Pb

Central Collisions
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158 A GeV ™Pb + Pb

Central Collisions
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Summary:

¢ In order to reproduce the WA98 photon daia either a
substantial reduction in, vector meson masses or the formation
of QGP in the initial stage with T; ~ 200 MeV is necessary. A
gimple hadronic model is inadequate to reproduce the data.

¢ Enhancement of the lepton pairs inh the invariant mass

region ~ 0.3~ 0.6 GeV measured by CERES and the hadronic
spectra obtained by NA49 can be reproduced by the same

framework.
+ Invariant mass distribution of the lepton pair is sensi-

tive to both the pole shift and the broadening of the spectral

function, Photon spectra is insensitive to the hruademng.
« New method is required to evaluate photon emission rate

from QCD plasma, HTL approximation is not applicable at
SPS,.... energies,. .







@  Pheton Lnterfemmete

(6) Globof Inf-erFeromefry :
7, ff‘(i Ay K': K, Tft?[: P
Corel-dion Ef."’., T T (.1.) Cﬂ‘l’ﬁcl‘ul two !NP c‘md‘;"

i)
4

fo photons.
[‘H] Chhralal% 0% . medium
(i1) €.0.9 containo R adorie Thace
(E) Tnitial cndifims, -Frcc ge owl cmdihime &
E.0.5 nof?roluu WA 98 S?njlo fhrfm/
SP‘A" > !!f arkﬁajy

w29 G'\c[;’

> . -
: S”ljm]&am' "‘.ﬁmvl- ')fﬂ'fﬂ LT
514 : Bs(ey



o Intensity (or HBT) Interferometry is the only known
way to obtain direct experimental information on the
space~time structure of a pafticle ethitting source

e It is hence a powerful tool to study the geometry of the
evolving reaction zone in relativistic heavy ion collisions

e HBT Interferometry concerns the study of momentum
correlations of identical paricles measured in coincidence

¢ Hadronic correlators involving pions, kaons and protons
have been studied extensively. These reflect the
space-time extent of the source at freezeout

+ Photons are emitted at all stages of t.he collision and
undergo minimal rescattering - should provide dynamical
information about the size of the hot zone

- low yield
- large background



Forimulation

Detectors

- - Pk, k)
Colk, ko) = e
) = P (e
P(k) = | dz wiz, k)
. . Ny
dource function wiz, k) = Em |

K=" g =k —ky

kf = (krcoshys, ki} 1 ks = (kepcosh g, ki cosaly, kyr sinefy, kursinh g)

coherent source, Colky, ke) =1 —+ no correlation

chaotic source, 1 < Gg(ﬁl,ﬁg) < 2






Kinematic Variables

Transverse
Momentum
Plana
L, = = o (kg + kor
Gr=kr=ky ; Hr= 5 )
F - Kr (kfp — k3p)

TR Ry 1 Kby + 2kazhar cos(r — o)

‘fﬁ' X I?T‘ 2krrkar sin(th — thy)

|Kp| 1'/ ke + kdp + 2k phor cos(z — 402)

Hside =

Qlong — k15 — kax = ki sinh y — korsinh g

2 @ 2 2 Z
i = Bowr T Tmige + Ttong — D0

= 2kiphar[cosh{in - ) — cos(th — o))
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Parametrization: Co=14 Gh’IJ{"‘R:E:G%}

© Kpo~ 2 GeV

Rinu Rm:t R.ridrs Ruut,{ Hﬂé{iﬁ

SPS |Hadron®| 3.7 | 3.6 | 3.7 ro]

SPS | QGP [85(3635| ~1

RHIC| QGP |3.0|5.5| 3.0 1.8

R = scale of homogeneity
< geometric size for expanding systems

fn? ae b it”f 3




Suminary

¢ We evaluate the two-photon correlation function for SPS
and RHIC energies

s For SPS, constraints from the single-photon spectta have
been used

¢ We find that R../Rss. ~1 for SPS both for a QGP and
hot hadronic gas initial state

+ For RHIG, R,:.u_g f ng'd.g =1



