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1. Introduction

Bremsstrahlung photon is emitted from the charged particle which is
accelerated or decelerated by scattering (interaction)

According to Low's theorem (Phy.Rev.110,974)
1. Low-energy Bremsstrahlung photon is emitted from external legs

in Feynman diagram (complicated inner structure of scattering can

be ignored in the leading order)
2. Elastic scattering and photon emission are separable (factorizable)
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2. Low's theorem in QED
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Soft photon emission from the scattering
of fermions
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Making use of the Gordon decomposition [5].
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3. Low's theorem in QCD

(soft gluon emission from quark)
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Everything is same as in QED
except color factors
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i,J: color indices of incoming quarks

k,l: color indices of outgoing quarks
a: color index of emitted gluon

m: color index of intermediate quark

By using the simplest color structure
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one can show Slavnov-Taylor identity
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e-Print: 2210.04010 [nucl-th]
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Scattering amplitude square for
q+gq—q+q+g

9 9 9
| 5 g 9 mji ms
|Jlf'2t—i-j( C = T {4\{»_1 { — T "
ey 2 N, ( ) (p1-q)%2  (p2-q)?
9 9 1
m m* A1 - pe
n 3 5 + 4 ' } _ I 1 D2 |
(p3-q) (pa-q) (p1-q)(p2-q)
Aps - pa 2p1 - p3 2p2 - g
— + + — —— —
(p3-q@)(pa-q)  (P1-q9)p3-q)  (P2-9)(pa-q)

_9 NS _9 { P1-ps n P2 - P3 H
( ) (- pa-q)  (p2-0)(p3-q)
X |ﬂ.1rgq_}gq|2+




(soft gluon emission from gluon)
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Scattering amplitude square for
q+g—Qq+g+g
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4. Soft gluon emission from sQGP

« Propagators of dressed quark/gluon
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based on Dynamical Quasi-Particle Model (DQPM)
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Dynamical Quasi-Particle Model (DQPM)

Lattice EOS is well reproduced both at ug =0 and ug # 0
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Final state phase space for cross section

Maximum soft gluon energy:

kinetically allowed maximum from

assume
back-to-back
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T=

do/dcos6 [mb]

Differential charm cross sections

200 MeV
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T=400 MeV, s"*=10 GeV
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Integrated charm cross sections

T=200 MeV T=400 MeV
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Massive gluon cannot be produced in low energy scattering
That is why 2-to-3 scattering is suppressed at low s'/2
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g

do/dp_[mb/GeV]

Comparison with full calculations
from llia Grishmanovskii (14:20, today)

C+g->CHa+g (T 200 MeV, s"2—10 GeV)
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Drag coefficients of charm
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ghat/T3
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5. Summary

We have applied the soft photon approximation (Low's theorem) to soft
gluon emission from heavy quark scattering.

It makes the scattering amplitude (or cross section) separable into the
elastic scattering of heavy quark and soft gluon emission.

We have found that the approximation satisfies Slavnov-Taylor identity
(Ward identity in QED)

The soft gluon approximation is applied to sQGP within the Dynamical
Quasi-Particle Model (DQPM) which is fitted to the lattice EoS.

Taking v/—t for the upper limit of emitted gluon energy in the soft gluon
approximation, heavy quark transport coefficients little change at low
heavy quark momentum but enhance at large heavy quark
momentum.
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Thank you for your attention!
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normalized electromagnetic current

Bremsstrahlung photon from charged
particle stopping

Low frequency
photon is insensitive
to the stopping time
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Low frequency photon cannot provide the details of the stopping
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