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General structure

Two-gluon one-photon vertex

• From gauge invariance, the vertex must be transverse when 
contracted with the gluons and photons momenta 

• The vertex must be symmetric under gluon exchange 

• The vertex is invariant under CP 

• The basis will be expressed as a set of polarization vectors and the 
photon’s momentum: 

•  

•  

•  

•

qμ

lμ
q ≡ ̂Fμβqβ

l*μ
q ≡ ̂F*μβqβ

kμ
q ≡

q2

l2
q

̂Fμβ ̂Fβσqσ + qμ
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Two-gluon one-photon vertex
General structure

• Assuming a constant magnetic field in the  direction, the polarizations can be explicitly written 

• In principle, there are 27 possible tensor structures that can be constructed with  

and  

• By considering the gluon exchange symmetry, that number is reduced to 18 

• Assuming that the gauge bosons are on-shell, then  

• Imposing the conservation of energy-momentum, which implies that the gauge bosons are 
collinear

̂z

qμ, ̂l*,μ
q , ̂l*,μ

q

kμ
q

kμ
q → qμ

10



Two-gluon one-photon vertex
General structure

• If we write the transformation properties of each coefficient as  and consider all the 
possible Lorentz scalars that can be constructed, it is possible to see that odd structures 
with respect to  and , are not available to express the on-shell vertex 

• Hence we arrive at  

•  

aCP
i

Ĉ ̂P

Γμνα
ab (p1, p2, q)on-shell = a++

1
̂lμ
p1 a

̂lν
p2 b

̂lα
q + a++

2
̂l*μ
p1 a

̂l*ν
p2 b

̂lα
q +

a++
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2
̂lμ
p1 a

̂l*ν
p2 b + ̂l*μ

p1 a
̂lν
p2 b

̂l*α
q
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One-loop approximation

Two-gluon one-photon vertex

• At the leading order in  and , the vertex is 

•  

 
 

 

• Where  is the product of Schiwnger phases 
and 

•

αs αem

Γμνα
ab = − ig2qf ∫ d4xd4yd4z∫

d4r1

(2π)4

d4r2

(2π)4

d4r3

(2π)4

× e−ir3⋅(y−x)e−ir2⋅(x−z)e−ir1⋅(z−y)e−ip1⋅ze−ip1⋅ze−ip2⋅ye−ip3⋅x

× Tr γαS(r2)γμtaS(r1)γνtbS(r3) Φ(x, y, z, x)
× Tr γαS(r3)γνtaS(r1)γμtbS(r2) Φ(x, z, y, x)

Φ(x, y, z, x)

S(p) = ∫
∞

0

ds
cos(qf Bs)

eisp2
∥ + p2

⊥
tan(qf Bs)

qf Bs − m2
f + iϵ eiqf BsΣ3(mf + /p∥) +

/p⊥

cos(qf Bs)
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One-loop approximation

Two-gluon one-photon vertex

• In the on-shell limit, the vertex is  

•  

 

 

 

Γμνα
ab = − i

g2q2
f B

2π2
Tr[tatb]δ4(p1 + p2 − q)

× ∫
∞

0

ds1ds2ds3

c2
1c2

2c2
3

1
t1t2t3 − t1 − t2 − t3

e−ism2
f

s

× e
− i

s (s1s3ω2
p1

+s2s3ω2
p2

+s1s2ω2
q) q2

⊥
ω2q

× e
− i

ω2q

q2
⊥

|qf B |
1

t1t2t3 − t1 − t2 − t3
(t1t3ω2

p1
+t2t3ω2

p2
+t1t2ω2

q)

×
19

∑
j=1

Tμνα
𝒜j

+ Tμνα
ℬj
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Two-gluon one-photon vertex
One-loop approximation at the intermediate field regime

• Since we are interested in the regime where  and  MeV, the hierarchy of scales is  

• If we perform the change of variable  with ,  and , in general we have 
integrals of the form 

•
, where ,    and 

  , with  

• Where the region of the integrand that provides the largest contribution to the integral comes from , thus, we 

have neglected terms proportional to 

qf B ∼ m2
π q⊥ ≳ 500 m2

f < |qf B | < q2
⊥

si = svi v3 = 1 − v1 − v2 v1 ≤ 1 v2 ≤ 1 − v1

19

∑
j=1

∫ ds dv1 dv2 csci+1(x) eiArg Gμνα
j i = 1,2,3 Arg =

q2
⊥

|qf B |
x3F(v1, v2)

Gμνα
j = i

g2qf

16π2
Tr[tatb]x sec(v1x)sec(v2x)sec(x(1 − v1 − v2))Tμνα

𝒜j
+ Tμνα

ℬj
s = x / qf B

qf Bs ≪ 1
m2

f
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One-loop approximation at the intermediate field regime

Two-gluon one-photon vertex

• There are 3 kinds of integrands, all proportional to 
, with  and the principal value can 

be obtained as 

•  

 

• To perform the integrals over  and  we resort to 
the stationary phase approximation 

•  

csci(x) i = 2, 3, 4

∫
∞

0
dx cscj+1 eiArgGj(x, v1, v2) = ∑ Res(cscj+1(x)eiArgGj(x, v1, v2), nπ)

−∫
∞

0
dτ cscj+1(τeiπ/6)e− q2

⊥
qf B τ3F(v1,v2)Gj(τeiπ/6, v1, v2)

v1 v2

∫ dv1dv2ℱ(v1, v2)eiχψ(v1,v2) ≈ ∑⃗
v0∈Υ

eiχψ( ⃗v0 | det(Hess(Ψ( ⃗v0))) |1/2

× ei π
4sign(Hess(Ψ( ⃗v0))) 2π

χ

2/2
ℱ( ⃗v0) + 𝒪(χ−1/2)

15



Two-gluon one-photon vertex
One-loop approximation at the intermediate field regime
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Two-gluon one-photon vertex
One-loop approximation at the intermediate field regime

17

Ou t [ ] =

∑
|a
i++

2
[G
eV

6 ]

θ

π /10

3π /10

π /2

0.008 0.012 0.016 0.020

5

10

15

eB [GeV2]

∑
|a
i++

2 [G
eV

6 ]

ωq [GeV]

1

2

3

4

π
10

π
4

π
2

3π
4

9π
10

0

1

2

3

4

5

θ

Ou t [ ] =

∑
|a
i++

2
[G
eV

6 ]

θ

π /10

3π /10

π /2

1 2 3 4

1

2

3

4

ωq [GeV]



Summary and conclusions

• We found the general structure  of the two-gluon one-photon vertex in the presence of a 
constant magnetic field  

• We have obtained it at the one-loop level in the intermediate field regime, which is the most 
appropriate one to describe the possible effects of the presence of a magnetic field as a 
catalyzer of photon emission during preequilibrium  

• The most favored direction of photon propagation is transverse to the magnetic field 
(contribution to positive elliptic flow) 

• These findings will be used for the computation of the photon yield and elliptic flow 
coefficient 
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Thank you !
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