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Abstract
The study of femtoscopic correlations of photon pairs, emitted from heavy-ion collisions, can serve as a unique
probe of the evolution of the source in space and time. Unlike commonly used charged particles photons are not
subject to strong, nor electromagnetic interactions. These properties imply no distortion of the information
carried by y from the point of their creation up to the detection in experiment. Therefore, it might be possible
plausible to investigate source features, which are not only based on the information available after thermal
freeze-out, but also include previous stages of the expansion. Moreover, results obtained this way are not
burdened by distortions caused by surrounding particles. Unfortunately, direct photon detection is not trivial and
the total photon yield is mainly dominated by m° meson decays, making a direct photon analysis suffering from
the need to separate them from a background of photons emitted at different (later) stages of the collision.
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Motivation and challenges

Clear and undistorted information
(due to lack of interaction).

Access to various stages of the collision
by photons from different sources.
Very simple correlation function
parametrization (only Bose-Einstein
statistics involved).
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P, (p) - probability of observing single particle
with momentum p.
Py, ,(p1, p2) - probability of observing the pair.

Femtoscopic (HBT) correlations [1,2]:
 Theoretical:

P1(P) = [ S(x,p)dx

P ,(p1,02) = J SCx1,p1) S(x2,p2) [ (x1, x2)|?dx; dx;,

CF(p1,02) = ==
Ve P (p1)P:1(p2)

S(%, D) - emission function.
Y(x{,x5) - pair wavefunction.

S(Q;nv) —same event particles Q;yy distribution.
B(Q;nv) — different event particles Q;yy distribution.
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Example of correlation function
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The HADES spectrometer

Fixed target experiment,

1-2 A GeV kinetic beam energy.
Probing low-temperature and
high-density matter (neutron star
mergers region).

Designed for measurement of
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0

light vector mesons,

decaying into dilepton pairs
(p,w,).

High angular acceptance
(O<@<2m, 18°<0<85°), split into
6 sectors.

High e* reconstruction efficiency
and t*/p* separation (RICH,
TOF/RPC + MDC, ECAL).

QCD phase diagram

Source: https://www.densean
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Photon detection with HADES

Photon Conversion
Method (PCM)

I%
N

target/detector material

High acceptance of e* in HADES.

High momentum resolution of
reconstructed photons.

Conversion probability
decreases drastically with an
increase of y energy and
momentum — low statistics.
Close track effects on e* level.

2 stage reconstruction (e* - ).

ECAL detection

i asciocchi, GSI Darmstadt and Univers

+ Direct reconstruction.
+ Based on y energy deposition —

high statistics.
Low granularity — poor angular

resolution (merging close by
showers).

Covers only small 8 angle.
~50% of modules available
during beamtime in 2019.

ity of Heidelberg




Photons reconstructed with PCM

simulation experiment

Photon reconstructed with ECAL

Centrality:

0-40% simulation

simulation vs
experiment

B vs pxq distribution, hardeut + RICH + ECAL + purity selection
RPC, simulation

Work in progress
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RPC, experiment
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simulation = UrQMD + GEANT
experiment = real data

Only statistical uncertainties shown
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Photons from
real data are
more smeared
due to
calibration and
noise issues
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ObtaiHEd COI‘fElation functions Centrality: 0-40% Only statistical uncertainties shown

simulation = only photons
from 7% and n included, no

2y from PCM 2y from ECAL

PCM y + ECALY

Two conversion y candidates, tagged dalitz ° and n

guantum statistics modeled

Two ECAL y candidates, o >6.5°, tagged dalitz 2 and n

Conversion + ECAL v candidates, all sources,
0.05<Ay<0.15, ApT-:ESIJ[MeV], AE<250[MeV], tagged dalitz 7" and 1
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No visible correlation (not enough statistics) » _ 79 peak shifted in real data,
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* |nvestigate in more detail 2 ECAL photon correlation. .98 TN _-’ ] in , direct region” (15-50 MeV/c)
* Fit theoretical function (Gaussian parametrization). T T T T observed.
* Try increasing signal/noise ratio to enhance correlation effect. S B g eV
* Estimate statistical uncertainties.
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