One of the major goals of the relativistic heavy ion collision program is to produce a novel state of matter,
known as Quark-Gluon Plasma (QGP).

Direct photons are penetrating probes:

The quantum statistical interference between identical particles emitted from these collisions is expected
to provide valuable inputs for the space time description of the system.

emitted at all stages then survive unscathed ( αe<< αs).
“Historians” of the heavy ion collision:
They are result of convolutions of the emissions from
the entire history of the nuclear collision,
Provide direct information about the earliest hot and
dense stage of the system.

Evolution of the hot and dense matter created in relativistic heavy ion collisions
The spin averaged intensity correlation between
two photons with momenta k1 and k2 emitted
from a completely chaotic source is:
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The corresponding radii are obtained by approximating C as:

S(x,K) is the space time emission function.
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The outward, sideward, and longitudinal
correlation functions for thermal photons
from central collision of gold nuclei at
RHIC taking t0 = 0.2 fm/c. Symbols
denote the results of the calculation,
while the curves denote the fits.
Photons having KT  2 GeV/c are
considered for this study as they
get competing contributions from
the two phases.
Interference between the two phases
gives rise to unique structure in the
outward correlation function.

Correlation function in the two
phases can be approximated as

C(qi,α )  1  0.5 | ρi,α |2

t0 and TC dependence of the correlation functions
The transition
temperature (TC)
dependence of the
outward correlation
function at RHIC.
All other results
are for TC 180 MeV.

The outward and
the longitudinal
correlation functions
are quite sensitive
to formation time t0
of the plasma.
The sideward
correlation function
did not show any
perceptible change
due to the variation
of t0.

where,

 i,  I exp[  0.5 qi R i, ]
2
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i= out, side, and long
= quark matter (Q) or hadronic matter (H)

I Q  dN Q /( dN Q  dN H )

Ro,Q = 2.8, Ro,H = 7.0, DRo =12.3,
Rs,Q ≈ Rs,H = 2.8, DRs ≈ 0.,
Rℓ,Q = 0.3, Rℓ,H = 1.8, DRℓ ≈ 0.
(all values are in fm.)

I H  dN H /( dN Q  dN H )
The final correlation function
can be approximated as:

C(qi )  1  0.5[ | ρ i,Q |2  | ρ i, H |2
 2 | ρ i,Q | | ρ i,H | cos (q DR i )]

DRi stands for the space-time separation
of the two sources.
The outward, sideward, and longitudinal
correlation
functions
for
thermal
photons produced in central collision of
lead nuclei at LHC taking t0 = 0.2 fm/c.

Transverse momentum
dependence of
fraction of thermal
photons from quark
matter (IQ) and
hadronic matter (IH)
at RHIC energy.

Left panel:
Transverse momentum dependence of (a) the outward radii and temporal
duration along with (b) the sideward and (c) the longitudinal radii for the
hadronic and quark-matter sources obtained by fitting the final correlation
function for thermal photons at RHIC.
The radii determined from the root mean square momentum difference
for the correlation function are also given for a comparison.
Middle panel
The radial dependence of the source distribution function for emission of
photons having transverse momenta of (a) 0.5, (b) 1.0, and (c) 2.0 GeV/c
at RHIC energy.
Right panel:
The temporal dependence of the source distribution function for radiation
of photons having transverse momenta of (a) 0.5, (b) 1.0, and (c) 2.0
GeV/c at RHIC.
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We give a first prediction of the interference of thermal photons from quark and the hadronic matter phases.
If measured, this will give size of the system in the quark phase and the hadronic phase, relative contributions from the
two phases and the life-time of the emitting source.
Similar results are expected at 40-60 MeV/A at the superconducting cyclotron energies.
Simultaneous measurements of elliptic flow and the angle dependent interferometry would be very valuable.
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The study has thrown open an interesting possibility of determination of transition temperature and the formation time of
the plasma.
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