Two Particle Interferometry — Determination of 'Size' of Fireball
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The method: Pion HBT interferometry

When phase space volume smaller than
Ap,.Ax = I is considered,

chaotic system of identical non-interacting
particles exhibits quantum fluctuations
following Bose-Einstein or Fermi statistics

First application in astrophysics
(Hanbury Brown and Twiss) — size of stars
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more complications, but also more information
for non-static source:

duration of emission, space-momentum correla-
tions due to expansion, strong & EDM interac-
tion, decays of resonances ...
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The two particle correlation function is related via Fourier transformation to source
emission function

e.g. a Gaussian source profile in x direction leads to a two boson correlation
function C(p '.p %) = 1 + exp(-q /26 ’)

typically there 1s also correlation due to Coulomb repulsion, data need to be
corrected before fitting correlation function to extract geometry of source



The vector momentum difference as analyzed in terms of its 3 components:
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3D information

Au+Au: central collisions \
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HBT in expanding systems

space-momentum correlations:

pions with similar momenta (small q) are
preferentially emitted from close-by
regions

=> length of homogeneity: (smaller than
geometrical dimension of system)
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Fthermal vs. geometrical length scale
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> HBT radius parameters depend on ,

- differential HBT-analysis as function of m,

contains information about source
expansion
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— longitudinal expansion and lifetime

CERES Pb-Au Nucl. Phys. A714 (2003) 124
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— transverse expansion and geometry
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CERES Pb-Au Nucl. Phys. A714 (2003) 124
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enerally:

out side

At 158 AGeV:
Short but finite duration
of emission

AT =2 fm/c

from

At — URZ, —R:

out side
t

ou

Rt (fm)

.— duration of emission

CERES Pb-Au Nucl. Phys. A714 (2003) 124

6,

4 oo — >15% ¢
) AN r

2 °

10-15¥

10-15%

9 ~

5-10¥

ASY

]
0-5% .
®
40 AGeV i

80 AGeV ]

0 02 04 06 0 0.2

04 0.6

02 04 06

158 AGeV ]

008
0068
oS

38

0.2 04 0.6
(GeVic)




Riong (fM)

Rside (fm)

(o)}

oo

()]

(o]

HBT radius parameters: AGS — SPS — RHIC

CERES Nucl. Phys. A714 (2003) 124
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Rlong:
increase SPS ->>RHIC?

...but by and large a weak
E,  dependence

> 1s there a universal

| freeze-out criterion?
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o SPS (NA49)
o RHIC (STAR)

Fit of particle spectra and 2 particle correlations using socalled blast wave model -
Retiere/Lisa nucl-th/0312024




how can one understand very short
duration of pion emission?

one possibility: as system hadronizes
simultaneously chemical freeze-out
(hadron abundancies are fixed) and
thermal freeze-out (spectra and
momentum correlations are fixed)

Broniowski, Baran, Florkowski, nucl-
th/0212053

assuming T = 160 MeV and linear

transverse velocity profile with radius
and <f>=0.47 B =0.64
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