
Dileptons in HSD 2.5

Elena Bratkovskaya and Wolfgang Cassing

Uni. Frankfurt & Uni. Giessen

February 23, 2005

HSD home-page:

http://www.th.physik.uni-frankfurt.de/∼brat/hsd.html

Contact E-mails:

Wolfgang.Cassing@theo.physik.uni-giessen.de

Elena.Bratkovskaya@th.physik.uni-frankfurt.de



1 Dilepton channels

The dilepton (e+e− or μ+μ−) spectra in HSD are calculated perturbatively with the time

integration method. For the details of the dilepton implementation see our review [1] and

also Refs. [2, 3, 4, 5, 6, 7, 8, 9]. The time integration is perfomed over the actual dilepton

emission rate during the full reaction time (contrary to the ’spontaneous decay’ assumption

which counts the dilepton radiation only at freeze-out). 1

Table 1: Dilepton channels in HSD 2.5

i Dilepton channel

1 Dalitz decay of π0: π0 → γe+e−

2 Dalitz decay of η: η → γe+e− (or μ+μ−, also for channels below)

3 Dalitz decay of ω: ω → π0e+e−

4 Dalitz decay of Δ: Δ → Ne+e−

5 direct decay of ω: ω → e+e−

6 direct decay of ρ: ρ → e+e−

7 direct decay of φ: φ → e+e−

8 direct decay of J/Ψ: J/Ψ → e+e−

9 direct decay of Ψ′: Ψ′ → e+e−

10 Dalitz decay of η′: η′ → γe+e−

11 pn bremsstrahlung: pn → pne+e−

12 π±N bremsstrahlung: π±N → πNe+e−, where N = p or n

All branching ratios, electromagnetic partial and total decay widths are taken from the

PDG [10].

1. The pn and π±N bremstrahlungs are calculated in the soft-photon approximation

(SPA). Only elastic pn and π±N collisions are accounted in the bremsstrahlung (i.e. pn →
pne+e−, π±N → πNe+e−). We stress that the SPA approximation might be considered as an

upper limit for the bremsstrahlung contribution (especially for πN !). The bremsstrahlung

channels are switched off for Elab ≥ 6 GeV since it is very questionable to use the SPA at

high energies.

2. The channel ρ → e+e− includes the dilepton radiation by all rho mesons produced

in baryon-baryon, meson-baryon or meson-meson (e.g. π+π− annihilation) collisions. The

same holds for the other mesons – ρ, η, ω, φ, J/Ψ, Ψ′.

1Useful link: HSD-home page - talk at HADES Collaboration Meeting (Feb. 2005).
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2 Dilitz decays A → B l+l−

Here l+l− are electron e+e− or muon μ+μ− pairs, i.e. ml = me = 0.511 · 10−3 GeV or

ml = mμ = 0.105658389 GeV.

2.1 Dalitz decay π0 → γ l+l−

dΓπ0→γ l+l−

dM
=

4α

3π

Γπ0→γγ

M

(
1 − 4m2

l

M2

)1/2 (
1 +

2m2
l

M2

)(
1 − M2

m2
π

)3

|F π0→γγ(M)|2, (1)

where

F π0→γγ(M) = 1 + Bπ0M2, Bπ0 = 5.5 GeV−2

Γπ0→γγ = 7.8 · 10−9 GeV

Γtot
π0 � Γπ0→γγ

Brπ0→γγ = 0.988 (2)

2.2 Dalitz decay η → γ l+l−

dΓη→γ l+l−

dM
=

4α

3π

Γη→γγ

M

(
1 − 4m2

l

M2

)1/2 (
1 +

2m2
l

M2

)(
1 − M2

m2
η

)3

|F η→γγ(M)|2, (3)

where

F η→γγ(M) =

(
1 − M2

Λ2
η

)−1

Λη = 0.72 GeV

Γη→γγ = 4.6 · 10−7 GeV

Γtot
η = 1.18 · 10−6 GeV

Brη→γγ = 0.3933 (4)

2.3 Dalitz decay ω → γ l+l−

dΓω→π0 l+l−

dM
=

2α

3π

Γω→π0γ

M

(
1 − 4m2

l

M2

)1/2 (
1 +

2m2
l

M2

)

×
⎡
⎣
(

1 +
M2

(m2
ω − m2

π)

)2

− 4m2
ωM2

(m2
ω − m2

π)2
−
⎤
⎦

3/2

|F ω→π0l+l−(M)|2, (5)

where

|F ω→π0l+l−(M)|2 =
Λ4

ω

(Λ2
ω − M2)2 + Λ2

ωΓ2
ω

Λω = 0.65 GeV, Γω = 0.075 GeV

Γω→π0γ = 7.17 · 10−4 GeV

Γtot
ω = 8.44 · 10−3 GeV

Brω→π0γ = 0.085 (6)
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2.4 Dalitz decay η′ → γ l+l−

dΓη′→γ l+l−

dM
=

4α

3π

Γη′→γγ

M

(
1 − 4m2

l

M2

)1/2 (
1 +

2m2
l

M2

)(
1 − M2

m2
η′

)3

|F η′→γγ(M)|2, (7)

where

|F η′→γγ(M)|2 =
Λ4

η′

(Λ2
η′ − M2)2 + Λ2

η′Γ2
η′

Λη′ = 0.75 GeV Γη′ = 0.14 GeV

Γη′→γγ = 4.28 · 10−6 GeV

Γtot
η′ = 0.202 · 10−3 GeV

Brη′→γγ = 0.0212

mη′ = 0.95778 GeV (8)

2.5 Dalitz decay Δ → N l+l−

dΓΔ→N l+l−

dM
=

2α

3π

Γ0(M, MΔ)

M
, (9)

Γ0(M, MΔ) =
λ1/2(M2, m2

N , M2
Δ)

16πM2
Δ

· mN · [2mT (M, MΔ) + mL(M, MΔ)]

mL(M, MΔ) = (efg)2 M2
Δ

9mN

M2 · 4(MΔ − mN − q0), e2 = 4πα, g = 5.44

mT (M, MΔ) = (efg)2 M2
Δ

9mN

[
q2
0(5MΔ − 3(q0 + mN)) − M2(MΔ + mN + q0)

]

f = −1.5
MΔ + mN

mN ((mN + MΔ)2 − M2)

q0 = (M2 + p2
f)

1/2 (10)

p2
f =

(M2
Δ − (mN + M)2)(M2

Δ − (mN − M)2)

4M2
Δ

λ(M2, m2
N , M2

Δ) = M4 + m4
N + M4

Δ − 2(M2m2
N + M2M2

Δ + m2
NM2

Δ).

Here MΔ is the current mass of the Δ-resonance - calculated in HSD according to the spectral

function with the total width from Ref. [12] (cf. also Ref. [11]) :

Γtot
Δ (MΔ) = ΓR

MΔ0

MΔ

·
(

q

qr

)3

· F 2(q) (11)

F (q) =
β2

r + q2
r

β2 + q2

q2 =
(M2

Δ − (mN + mπ)2)(M2
Δ − (mN − mπ)2)

4M2
Δ

q2
r = 0.051936, β2

r = 0.09

ΓR = 0.11 GeV, MΔ0 = 1.232 GeV (12)
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3 Direct decay of vector mesons V → l+l−

The dilepton decay width of vector meson V with the mass M (calculated in HSD according

to the spectral function) is

ΓV →l+l−(M) = CV
m4

V

M3
, (13)

where CV = ΓV →l+l−(mV )
mV

, mV is the pole mass of the vector meson V .

For broad resonances such as ρ meson, the branching ratio to dileptons depends on the

mass M :

BrV →l+l−(M) =
ΓV →l+l−(M)

ΓV
tot(M)

. (14)

Here the total width of the ρ meson is

Γρ
tot(M) � Γρ→ππ = Γ0

(
mV

M

)2
(

q

qV

)3

(15)

q =
(M2 − 4m2

π)1/2

2
, qV =

(m2
V − 4m2

π)1/2

2

For narrow resonances such as ω, φ, J/Ψ, Ψ′ a constant total width and branching ratio

are used: ΓV
tot ≡ Γtot(mV ), BrV →l+l−

0 ≡ BrV →l+l−(mV ).
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Table 2: The parameters for dilepton decay of vector mesons used in HSD 2.5

meson V electron pair: e+e− muon pair μ+μ−

ρ-meson Brρ→e+e−(mρ) = 4.49 · 10−5 Brρ→μ+μ−
(mρ) = 4.6 · 10−5

Γρ→e+e−(mρ) = 6.77 · 10−6 GeV Γρ→μ+μ−
(mρ) = 6.9 · 10−6 GeV

Cρ→e+e−(mρ) = 8.814 · 10−6 Cρ→μ+μ−
(mρ) = 8.96 · 10−6

ω-meson Brω→e+e−(mω) = 7.07 · 10−5 Brω→μ+μ−
(mω) = 8.06 · 10−5 GeV

Γω→e+e−(mω) = 0.6 · 10−6 GeV Γω→μ+μ−
(mω) = 0.68 · 10−6

Cω→e+e−(mω) = 0.767 · 10−6 Cω→μ+μ−
(mω) = 0.863 · 10−6

φ-meson Brφ→e+e−(mφ) = 2.91 · 10−4 Brφ→μ+μ−
(mφ) = 3.7 · 10−4

Γφ→e+e−(mφ) = 1.297 · 10−6 GeV Γφ→μ+μ−
(mφ) = 1.649 · 10−6 GeV

Cφ→e+e−(mφ) = 1.27 · 10−6 Cφ→μ+μ−
(mφ) = 1.618 · 10−6

J/Ψ-meson BrJ/Ψ→e+e−(mJ/Ψ) = 5.93 · 10−2 BrJ/Ψ→μ+μ−
(mJ/Ψ) = 5.88 · 10−2

ΓJ/Ψ→e+e−(mJ/Ψ) = 5.26 · 10−6 GeV ΓJ/Ψ→μ+μ−
(mJ/Ψ) = 5.12 · 10−6 GeV

CJ/Ψ→e+e−(mJ/Ψ) = 1.698 · 10−6 CJ/Ψ→μ+μ−
(mJ/Ψ) = 1.652 · 10−6

Ψ′-meson BrΨ′→e+e−(mΨ′) = 8.8 · 10−3 BrΨ′→μ+μ−
(mΨ′) = 1.03 · 10−2

ΓΨ′→e+e−(mΨ′) = 2.12 · 10−6 GeV ΓΨ′→μ+μ−
(mΨ′) = 2.853 · 10−6 GeV

CΨ′→e+e−(mΨ′) = 0.575 · 10−6 CΨ′→μ+μ−
(mΨ′) = 0.774 · 10−6
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