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Motivation + meaning of spectral function

 RTF  (essence + calculations)

 Results of  in-medium spectral function ( + ) Results of  in-medium spectral function ( + )

 Application on dilepton



Experimental motivation :
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In-medium modification
of  light vector mesons (specially ρ).

In-medium modification
of  light vector mesons (specially ρ).

D1:pathfreeMean
e.m.






e

e





Fourier
transform

t
0 1 2 3 4 5

N
(t
)/N
(0
)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Probabilistic amplitude of Unstable particleProbabilistic amplitude of Unstable particle

time  axis energy  axis

)2/exp(~)(

)exp(
)0(
)(

)0(
)(

2

ttimt

tt
N
tN

H 







)2/exp(~)(

)exp(
)0(
)(

)0(
)(

2

ttimt

tt
N
tN

H 







)(~Im)(,
2/)(

1~)(~

)()2/(
)(~
)(~

)(
)(

00
0

0

0

2

00

qq
imq

q

q
m
q

mN
qN

H

HH












3

)(~)( 00
0

Lim Hmqq 



QFT definition of spectral function
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Time evolution

operator
~ density matrix

Essence of RTF

Vacuum interacting propagator
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Field Theory of vacuum Field Theory at finite temperature
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thermal propagator

Thermal self-energy
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Diagonalization
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Self Energy of ρ formesonic loops :
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Self Energy of ρ for baryonic  loops :
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Physical interpretation of imaginary part
of in-medium self-energy :
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rate at which ρ try to be thermalized with the thermal bath
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Thermalized Hadronic matter with
mesons(H)           and       baryons(B)
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Real part
of self-energy

Baryonic loops

Mesonic loops



Effect  of various loops on low mass invariant mass space
in ρ spectral function :
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Effect of baryonic chemical potential on ρ
spectral function in low mass region:
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Effect of temperature on ρ
spectral function in low mass region:
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Effect of momentum of ρ in off mass shell on its
spectral function in low mass region:
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Self Energy of  formesonic loops :
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S. Ghosh & S. Sarkar
Eur. Phys. J. A 49 (2013) 97
S. Ghosh & S. Sarkar
Eur. Phys. J. A 49 (2013) 97

Self Energy of  for baryonic  loops :



ρ meson spectral function ω meson spectral function
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Formalism of dilepton :
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Contribution of ω is down by a factor ~ 10



Effect of  mesonic as well as baryonic medium modification of ρ
on dilepton rate in low mass region :
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Dilepton production in
transverse momentum and
invariant mass space :
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Fluid element
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Transverse momentum spectraTransverse momentum spectra
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Invariant mass spectraInvariant mass spectra



 contribution

Understanding low mass enhancement
in the language of  Thermal Field Theory :

Mesonic collision rate
(Landau cuts of H loops)
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Hdronic Matter

Quark Matter

Total

+

+
Mesonic collision rate
(Landau cuts of H loops)

Baryonic collision rate

Bose enhancement
of decay rate ()

Vacuum decay rate
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Baryon part from
Eltesky et. al.  [Phys. Rev. C 64, (2001) 035202 ]
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Low mass enhancement  at  SPS :
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J K Nayak, J Alam, T Hirano, S Sarkar and B SinhaJ K Nayak, J Alam, T Hirano, S Sarkar and B Sinha

Phys.Rev. C85 (2012) 064906
J K Nayak, J Alam, T Hirano, S Sarkar and B Sinha

Meson loop self-energies
(S.Ghosh, S.Mallik. S.Sarkar

Eur. Phys. C 70, (2010) 251)
+ Baryon part from Eltesky et. al.

(Phys. Rev. C 64, (2001) 035202)

S. Sarkar & S. Ghosh
J.Phys.Conf.Ser. 374 (2012) 012010

S. Sarkar & S. Ghosh
J.Phys.Conf.Ser. 374 (2012) 012010

Meson (S.Ghosh, S.Mallik. S.Sarkar
Eur. Phys. C 70, (2010) 251)

+ Bayon (S.Ghosh, S.Sarkar
Nucl. Phys. A 870, (2011) 94)

-loop self-energies

Meson loop self-energies
(S.Ghosh, S.Mallik. S.Sarkar

Eur. Phys. C 70, (2010) 251)
+ Baryon part from Eltesky et. al.

(Phys. Rev. C 64, (2001) 035202)



Analytic structure of ρ meson propagator at finite temperature
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