
METHOD

The data from the rho spectral function was imported and

processed within the thermal field theory framework, which can

best be represented in compact form as

where

and mρ, gρ, f B and Im Dρ are vector-meson masses, coupling

constants, the Bose factor, and spectral functions, respectively [1].

Following the calculation of thermal photon rates, data

fitting of the initial function at μN=0 GeV baryochemical potential

was considered as a method to describe the rates. The introduction

of baryochemical potential to the system causes a low-momenta

effect (see Fig. 2), which requires the addition of a correction

factor. This factor is determined by fitting the difference between

the case with baryochemical potential and the case without.

Addition of this correction to the original case yields a

compensation for baryochemical potential.

Using the results of the subtraction, a correction term was

employed in order to adjust the spectrum for the introduction of

baryochemical potential. This chemical potential term was found to

be clearly μN, T dependent and thus the coefficients were

parameterized in terms of each of these cases.

For each set of parameterizations attempted, an error plot

was produced using the ratio of the fit to the data (see Fig. 3) in

order to provide a graphical representation of regions in which the

parameterization accuracy suffered.

Fig. 3: Parameterization Error Plot at μN=0.2 GeV
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ABSTRACT

We study the rate of thermal emission of photons from hot and

dense hadronic matter. As the production of photons and dileptons

from high-energy collisions is able to provide information on the

high temperature and high density phases of nuclear matter, an

improved and universal parameterization of the rather involved

microscopic calculations is key to honing the theory behind this

production. We focus on photon emission rates from hadronic

many-body calculations of the in-medium rho spectral function,

which includes the effects of baryons and antibaryons. Across a

range of temperatures from 0.1 to 0.18 GeV and baryochemical

potentials from 0 to 0.4 GeV, a parameterization of thermal photon

rates for energies from 0.2 to 5 GeV is numerically determined

through the use of nested fitting methods. This provides a fully

functional description of thermal photon production largely within

an unprecedented 20% of the calculated values from the spectral

function, a significant reduction in error from available

parameterizations. The contribution of photons and dileptons from

pion-pion bremsstrahlung is evaluated for the importance of its

contribution. The functional form, coupled with the comparison to

the bremsstrahlung production of thermal photons, will provide a

baseline for guiding future studies.

MOTIVATIONS

One of the major objectives of this project is to aid in

determining the material properties of nuclear matter in the QCD

phase diagram (Fig. 1). Accurate data fitting of the photon spectrum

with respect to temperature and baryochemical potential will allow

for a reliable means of determining the temperature encountered,

what state the matter is in given a rate of photon production. This in

turn allows for the probing of hot and dense hadronic matter as the

size of the fireball is much smaller than the mean free path of

photons as the photons escape the fireball largely unaffected.

[2,3,4].

The results found in the course of this investigation will

allow for more accurate modeling of the fireball based on existing

thermal photon spectra from RHIC and SPS with further

application to the LHC [2,3]. Additionally, the result could provide

guidance for experiments at these experimental facilities.

PARAMETRIZATION

The first result found was the base thermal parameterization (μN=0

GeV) which took the form

where the parameters a, b, and c are functions of temperature

exclusively with polynomial fits as shown below

The correction term calculated for each baryochemical potential

enhancement is functionally influenced by both change in

temperature and baryochemical potential. Thus the correction term

is calculated as a function of these quantities with the general form

where the parameters d, k, and m are functions of both temperature

and chemical potential. The baryochemical potential

parameterization takes the form below.

The coefficients of μN in each of these terms is then determined as

a function of temperature exclusively. Altogether, when the two

terms are multiplied, this yields a functional form which models

thermal photon production to unprecedented accuracy as shown in

the comparison below.
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Beyond the sub-0.4 GeV momentum region, the bremsstrahlung

contribution becomes a less than 10% effect and therefore is trivial

to the overall spectrum. Following the method previously

described, the bremsstrahlung rate of photon production is

parameterized as

This yields a parameterization with mostly within 10% of the data,

albeit with a maximum error of approximately 18%.
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Fig. 1: The QCD (Quantum ChromoDynamics) Phase Diagram [5]
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Fig. 2: Baryochemical Enhancement at T=0.150 GeV
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CONCLUSIONS
We can conclude that a universal parameterization, though complex,

exists and can serve as a guide for phenomenological calculations.

Furthermore, the unexpected result that low photon momenta is

dominated by the bremsstrahlung effect provides inspiration for

continuing studies into this region and reexamining the role of

bremsstrahlung in strongly interacting nuclear matter with this new

result to supplement previously existing results, most notably those in

[6]. Additionally, the universal parameterization provided herein

demonstrates the low momentum enhancement caused by

baryochemical potential with a sufficient degree of accuracy such that

it can be used in guiding future studies at BNL-RHIC and CERN-

LHC.

Fig. 4: Calculated Data as Compared to Parameterization

PARAMETERIZATION OF BREMSSTRAHLUNG

The calculation of the bremsstrahlung contribution was

performed in a manner similar to the overall calculation based on

calculations from [6]. It is then plotted at the same temperature as

another, bremsstrahlung free spectrum. The result, as shown in Fig.

5, reveals bremsstrahlung photon dominance in the low-momentum

range, thereby superseding the inaccuracies of the parameterization

in the sub-0.4 GeV momenta region in keeping with expectations for

meson-meson bremsstrahlung from [6].

Fig. 5: Overlay of Rho Spectral Function Rate and Bremsstrahlung Rate
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