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Introduction

I Spin studies reveal interaction mechanisms of hadronic matter
I HADES experiment conducted studies at 1.49 GeV
I Polarisation information in dileptons
I Electromagnetic probes can escape collision volume
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Introduction

I Split the diagram into production and decay part
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Introduction

I E. Speranza et al. investigated πN → Ne+e−
E. Speranza, M. Zétényi, B. Friman Phys.Lett. B764 (2017)

I Introduced anisotropy coefficients
I s- and u-channel diagrams for different nucleon resonances
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Introduction

I E. Speranza et al. investigated πN → Ne+e−
E. Speranza, M. Zétényi, B. Friman Phys.Lett. B764 (2017)

I Introduced anisotropy coefficients
I s- and u-channel diagrams for different nucleon resonances
I Goal: include t-channel
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Theory - Decay Matrix

I M =
∑
λ

M decay(λ)M prod(λ)
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Theory - Decay Matrix

e+

e−

γ

I −i
∑
λ

M (λ)=
∑
λ

−euγµvεµ(λ) = −eLµεµ(λ)

I |M |2=
∑
pol

∑
λ,λ′

e2Lµεµ(λ)ε∗ν (λ′)L∗ν

I Lµν=
∑
pol

LµL∗ν

I ρdecay
λλ′ = ε∗µ(λ)Lµνεν (λ′)
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Theory - Kinematics
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I πN CM-system
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Theory - Anisotropy Coefficients

I Align z′-axis along virtual photon momentum
I Boost to γ∗-rest frame:
I εµ(p,−1) = 1√

2
(0, 1,−i, 0)µ

I εµ(p, +1) = −1√
2
(0, 1, i, 0)µ

I εµ(p, 0) = (0, 0, 0, 1)µ
I Choose canonical spherical coordinates for dilepton momenta in γ∗-RF
I p± = q(1,± sinϑ cosϕ,± sinϑ sinϕ,± cosϑ)
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Theory - Anisotropy Coefficients

I ρdecay
λ′λ = ε∗µ(λ′)Lµνεν (λ)

I ρdecay
λ′λ = 4q2

 1 + cos2 ϑ −
√

2
2 eiϕ sin 2ϑ e2iϕ sin2 ϑ

−
√

2
2 e−iϕ sin 2ϑ 2(1 − cos2 ϑ)

√
2

2 eiϕ sin 2ϑ
e−2iϕ sin2 ϑ

√
2

2 e−iϕ sin 2ϑ 1 + cos2ϑ


λ′λ

I Total invariant amplitude: |M |2 =
∑
λ,λ′

ρdecay
λ′,λ ρ

prod
λ,λ′

I Hadron Tensor M prod = ε∗µH
µ

I Hµν =
∑
pol

HµH∗ν

I ρprod
λλ′ = ε∗µ(λ)Hµνεν (λ′)
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Theory - Anisotropy Coefficients

I |M |2 ∝ N
(
1 + λϑ cos2 ϑ + λϕ sin2 ϑ cos 2ϕ + λϑϕ sin 2ϑ cosϕ+

λ⊥ϕ sin2 ϑ sin 2ϕ + λ⊥ϑϕ sin 2ϑ sinϕ
)

I λϑ = 1
N

(
ρprod
−1,−1 + ρprod

+1,+1 − 2ρprod
0,0

)
I λϕ = 2 1

N Re
(
ρprod
−1,+1

)
I λϑϕ =

√
2

N Re
(
ρprod

0,+1 − ρprod
−1,0

)
I λ⊥ϕ = 2

N Im
(
ρprod
−1,+1

)
I λ⊥ϑϕ =

√
2

N Im
(
ρprod

0,+1 − ρprod
−1,0

)
I N = ρprod

−1,−1 + ρprod
+1,+1 + 2ρprod

0,0
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Theory - Anisotropy Coefficients

I λϑ = 1
N

(
ρprod
−1,−1 + ρprod

+1,+1 − 2ρprod
0,0

)
I Σ⊥ = ρprod

−1,−1 + ρprod
+1,1 Σ‖ = 2ρprod

0,0

I λϑ = Σ⊥−Σ‖
Σ⊥+Σ‖

I Interpretation of λϑ:
I λϑ = + 1 → completely transversely polarised photon
I λϑ = − 1 → completely longitudinally polarised photon
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Theory - Production Matrix

I M = M decayM prod
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Theory - Vector Meson Dominance

I J. J. Sakurai proposed intermediate vector mesons Ann. Phys., 11 (1960)

I L1
ργπ = − em2

ρ

gρ
ρ0
µAµ − gρππρ

0
µJµ

I Refined by N. M. Kroll, T. D. Lee, and B. Zumino Phys. Rev., 157 (1967)

I L2
ργπ = − e

2gρ
Fµνρ0

µν − gρππρ
0
µJµ − eJµAµ

I because in p-space L2
ργ = − e

gρ
p2Aµρµ

γ

π

π

= γ

π

π

+ ρ γ

π

π
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Results

I Nuclear Resonances N∗(1440) and N∗(1520)
I t-channel: π, ρ and a1

I
√

s = 1.49 GeV
I minv = 100...500 MeV
I Interactions taken from M. Zétényi and G. Wolf Phys. Rev. C 86 (2012)
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Results - Validation

I Reproduction of s- and u-channel resonant diagrams
I Hypothetical on-shell resonances with m =

√
s = 1.49 GeV
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Results - Validation

I Reproduction of s- and u-channel resonant diagrams
I Interference between dominant N(1440) and N(1520)
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Results - t-Channel minv = 500 MeV
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Results - t-Channel minv = 400 MeV
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Results - t-Channel minv = 300 MeV
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Results - t-Channel minv = 200 MeV
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Results - t-Channel minv = 100 MeV
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Summary / Outlook

I Implemented the t-channel in πN → Ne+e−

I Main contribution in t-channel due to pions
I t-channel ρ-meson has no visible impact
I Impact of a1-resonance diminishes with lower invariant dilepton mass

I Include non-resonant terms
I Different

√
s

I Heavy-ion collisions
I ω in VMD
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Interactions

I LρNR1/2 = gρNR

2mρ
ψRτσ

µν Γ̃ψN · ρµν + h.c.

I LγNR1/2 = gρNR

2mρ
ψRσ

µν Γ̃ψNFµν + h.c.

I LπNR1/2 = − gπNR
mπ

ψRΓγ
µτψN · ∂µπ + h.c.

I LρNR3/2 = −i
gρNR

mρ
ψ
µ

RT γν Γ̃ψN · ρµν + h.c.

I LγNR3/2 = −i
gρNR

mρ
ψ
µ

Rγ
ν Γ̃ψNFµν + h.c.

I LπNR3/2 = gπNR
mπ

ψ
µ

RΓT ψN · ∂µπ + h.c.

I Γ = γ5 for resonances with JP ∈ {1/2+, 3/2−} and Γ = 1 otherwise, and
Γ̃ = γ5Γ
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Interactions

I LπNN = − gπNN
mπ

ψNγ
5γµτψN · ∂µπ

I LρNN = gρ

2 ψN

(
/ρ− κρ

σµν

4mNρµν

)
· τψN

I La1NN = ga1NNψNγ
µγ5τψNa1µ

I Lππρ = −gππρ[(∂µπ) × π]ρµ
I Lππγ = −eAµJµ

π

I Lρπγ = e gπργ

4mπ
εµναβF

µνραβ · π
I La1πγ = −ie ga1πγ

mπ
a1µF

µν · ∂νπ
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