
Pion induced dilepton production

TORIC, Crete

Sept. 05-09, 2011

Gy. Wolf

together with M. Zétényi
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Introduction

Dileptons are good probe for the hot/dense medium

Experiment: HADES, DLS, CBM?

Theory

• We need a good knowledge of elementary processes

• The description of elementary NN data is not settled

• lot of freedom in the models, parameters are not well constrained

• we need predictions for πN



Dilepton production in NN collisions

Strategy 1: put the measured NN → NNe+e−, π+π− → e+e− and

the estimated cross secton for the secondaries to a transport and

obtain the HIC result.

Problem: Hunted in-medium effects are buried in the NN →

NNe+e− cross section

Strategy 2: microscopic understanding of channels contributing to

NN → NNe+e−

OBE: meson-nucleon couplings determined from elastic NN scat.

energy dependent couplings

• L.P. Kaptari, B. Kämpfer, Nucl. Phys. A 764 (2006) 338.

• R. Shyam, U. Mosel, Phys. Rev. C67 (2003) 065202, C79 (2009)

035203, nucl-th:1006.3873



Dilepton production in OBE
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Feynman diagrams contributing to the process

π +N → N + e+e−



Vector meson dominance
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em2
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The width of R → Nγ and R → Nρ are not independent

photons from ρ (ρ-width taken from PDG) already overestimate

the γ-width

• LVMD2 = − e
2gρ
F µνρ0µν

From ρ-width the contribution to the photonic decay can be ob-

tained by multiplying it with e
gρ

k2

m2
ρ−k2−iqΓρ(k2)

Decay through ρ does not contribute to the real photonic width.

We use VMD2. The final result depend on the choice, the ratio:
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Dalitz-decay of baryon resonances

dΓR→Ne+e−

dM2
=

α

3π

1

M2
ΓR→Nγ(M).

ΓR→Nγ(M) =

√

λ(m2
∗
,m2,M2)

16πm3
∗

1

npol,R

∑

pol

|〈Nγ|T |R〉|2,

• spin-J fermion, J ≥ 3/2: Rarita-Schwinger spinor-tensor field

u···ρi···ρk···(p∗, λ∗) = u···ρk···ρi···(p∗, λ∗),

u···σ···σ
···(p∗, λ∗) = u···σ···(p∗, λ∗)p∗σ = u···σ···(p∗, λ∗)γσ = 0,

Zétényi, Wolf, Phys. Rev. C67 (2003) 044002; Heavy Ion Phys.

17 (2003) 27.



EM coupling of baryon resonances

• There are 3 independent tensor structures (for S≥ 3/2) for cou-

pling of nucleon and Rarita-Schwinger spinors (G = 1 or γ5):

Γµρ1···ρn =
3

∑

i=1

fi(q
2 =M2)χi

µρ1
pρ2 · · · pρnG,

with

χ1
µρ = γµqρ − q/gµρ,

χ2
µρ = Pµqρ − (P · q)gµρ,

χ3
µρ = qµqρ − q2gµρ,



Dalitz-decay contributions
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m∗ = 1.5 GeV. Dimensionless coupling constants are set to 1.

In the S= 1/2 case g2 and in the S≥ 3/2 case g3 cannot be fixed at

M=0, since their contributions there are identically 0.



∆(1232)
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The Zétényi-Wolf results agree with the Tübingen ones (Fuchs).



Electromagnetic interaction of hadrons

For nucleons

LNNγ = −eψ̄N

[

1+τ3
2

{A/− (κs + κvτ3)
σµν

4mN
Fµν

]

ψN

LNNρ = −gNNρψ̄N~τ ·
(

~ρ/− κρ
σµν

4mN
~ρµν

)

ψN

For spin-1/2 nucleon resonances we use the Lagrangians

LR1/2Nγ =
gRNγ

2mρ
ψ̄Rσ

µνΓψNFµν + h.c.

LR1/2Nρ =
gRNρ

2mρ
ψ̄R~τσ

µνΓψN · ~ρµν + h.c.

For spin-3/2 nucleon resonances the corresponding Lagrangians are

LR3/2Nγ = −
igRNγ

mρ
ψ̄µ
Rγ

νΓψNFµν + h.c.

LR3/2Nρ = −
igRNρ

mρ
ψ̄µ
R~τγ

νΓψN · ~ρµν + h.c.

and for spin-5/2 nucleon resonances we use

LR5/2Nγ = −
igRNγ

mρ
ψ̄µρ
R γνΓ(∂ρψN )Fµν + h.c.

LR5/2Nρ = −
igRNρ

mρ
ψ̄µρ
R ~τγνΓ(∂ρψN ) · ~ρµν + h.c.

For pions

Lγππ = −eAµJ
µ
π Lρππ = −gρππ [(∂

µ~π)× ~π] · ~ρµ



Results

Dilepton yield at different (1.1-1.9 GeV) pion energies
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Interference between resonances

-15

-10

-5

 0

 5

 10

 15

 20

 25

 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1

dσ
/d

M
  [

µb
/G

eV
]

dilepton mass (M)  [GeV/c2]

total
N(1680)
∆(1905)
N(1520)

N(1680) - ∆(1905)
N(1520) - N(1680)
N(1520) - ∆(1905)

The main contributions come from N(1680),∆(1905) 5/2 spin reso-

nances and from the N(1520) 3/2 spin resonance.



Contribution of N(1520)

interference between u and s channels
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cut-off is introduced to suppress u-graphs for γN→Nπ.



Contribution of N(1680)

interference between u and s channels
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same cut-off is used as for lower spins to suppress u-graphs.

It seems for 5/2 states this suppression should be larger.



Summary

• Lot of uncertainties even on the level of the model

• interference effects are important

• u-diagrams cannot be neglected (as was shown in photon induced

reactions, too)

• global fit to gamma induced pion production is needed (sign prob-

lem, u channel problem)



Effective interactions

LNNπ = igNNπψ̄γ5~τψ · ~π.

Lρπγ = e
gρπγ
4mπ

F̃µν~ρ
µν · ~π.

we employ ps couplings in the case of spin-1/2 nucleon resonances,

LR1/2Nπ = igRNπψ̄RΓ̃~τψN · ~π + h.c..

In the spin-3/2 case we use the Lagrangian

LR3/2Nπ =
gRNπ

mπ

ψ̄µ
RΓ̃~τψN · ∂µ~π + h.c.,

while in the spin-5/2 case the Lagrangian

LR5/2Nπ =
gRNπ

mπ

ψ̄µν
R Γ̃~τψN · ∂µ∂ν~π + h.c..

~τ is replaced by ~T in the case of ∆ resonances.



Propagators

Gµν
R3/2

(p) =
i

p2 − (mR − iΓR(p2)/2)
2
Pµν
3/2(p,mR)

Pµν
3/2(p,mR) = −(p/+mR)

(

gµν −

γµγν

3
−

2

3

pµpν

m2
R

+
pµγν

− pνγµ

3mR

)

.

On the mass-shell Pµν
3/2

(p,mR) coincides with the spin-3/2 projector operator.

Gµν,ρσ
R5/2

(p) =
i

p2 − (mR − iΓR(p2)/2)
2
Pµν,ρσ
5/2 (p,mR),

Pµν,ρσ
5/2 (p,mR) = (p/+mR)

[

3

10
(GµρGνσ +GµσGνρ)−

1

5
GµνGρσ

−

1

10
(TµρGνσ + T νσGµρ + TµσGνρ + T νρGµσ)

]

,

Gµν = −gµν +
pµpν

m2
R

,

Tµν = −

1

2
(γµγν

− γνγµ) +
pµ (p/γν

− γνp/)

2m2
R

−

pν (p/γµ
− γµp/)

2m2
R

.


