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Input signal from Pluto

Simulate di-electrons from various low mass mesons.

Some input parameters are to be set to generate the input signal.

Source by source simulations are performed: π0 → γ e+e−, η →
γ e+e−, ω→ π0 e+e−, ω→ e+e−, φ→ e+e− and ρ0 → e+e−.

Values of particle multiplicities can be taken from HSD (Hadron
String Dynamics) or thermal sources (CBM di-leptons group).

Measured pT and rapidity spectra need to be used to restore the
shape in Pluto.
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Inputs to Pluto

Stable and broad particles are emitted by so-called “fireball” which is set
for each particle; with inputs such as temperature, beam energy.

These particles are then subsequently decayed in the Pluto framework.

For stable particle, with fixed masses, sampling of either,
Case I: mT-distribution and rapidity distribution,

dN
dmT

∝m2
T×K1(mT/T) &

dN
dy
∝ exp−(y2/2σ2

y ) OR

Case II: Energy and polar angle distribution,

dN
dE ∝ pEe(E/T) & dN

dΩ ∝ 1+A2cos2(θc.m.)+A4cos4(θc.m.)

At the moment, input parameters for Pluto:
⇒ rapidity width, σy = 1.0 and source temperature Tπ = 0.10 GeV, Tη =
0.14 GeV, Tω,ρ = 0.16 GeV, Tφ = 0.19 GeV⇒ may need to update
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Inputs to Pluto

where, g(m) is Breit Wigner distribution,

Γtot (m) is mass-dependent/dynamic width used for which models are specified otherwise
fixed-width is used (Case II). The partial width of direct decay of vector mesons,

where the the index V refers to one of ρ0, ω and φ, and cV is 3.079 × 10−6, 0.287 × 10−6, and
1.450 × 10−6 GeV4 respectively
As an alternative way, mT and rapidity spectra can be also sampled with mass being sampled using
fixed-width Breit-Weigner distribution (Case I).
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π0 and η meson: Generated from Pluto
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ω-meson: Generated from Pluto
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invariant mass distribution pT-distribution

rapidity distribution



φ-meson: Generated from Pluto
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invariant mass distribution pT-distribution

rapidity distribution



ρ0-meson: Generated from Pluto
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rapidity distribution



Multiplicities from HSD
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Comparison of multiplicities

Multiplicities from CBM dilepton group: https://cbm-wiki.gsi.
de/foswiki/bin/view/PWG/CbmDileptonInfoMult.

For b = 0.5 fm, < Npart > ≈ 388 using Monte Carlo Glauber model
(https://github.com/jbernhard/glauber-model.git)

The π0 multiplicity per participant nucleon (fit to central Au+Au data).

η, ρ, ω, φ multiplicities from a thermal model.

Species HSD CBM Dilepton group
π0 337 0.713*< Npart > = 277
η 33 0.064*< Npart > = 25
ω 38 0.044*< Npart > = 17
ρ0 23 0.069*< Npart > = 27
φ 1.28 0.010*< Npart > = 3.88
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https://cbm-wiki.gsi.de/foswiki/bin/view/PWG/CbmDileptonInfoMult
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First result: Au–Au at
√

sNN = 7 GeV
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For all particles, mT and rapidity spectra are sampled (Case I).
Fixed masses for stable particles and for broad particles, masses are
sampled with fixed-width Breit-Weigner distribution.
Di-electrons from different sources are simulated separately.
Scaled with multiplicities from HSD and branching ratios.
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No pT-cut on daughter electrons
1. π0 → γ e+e−; (3.5M)

2. η → γ e+e−; (3.8M)

3. ω → π0 e+e−; (3.7M)

4. ω → e+e−; (3.9M)

5. φ→ e+e−; (2M)

6. ρ0 → e+e−; (3M)

Cuts:
TPC points > 20, |η | < 1.2
DCAr and DCAz < 3 σ.



First result: Au–Au at
√

sNN = 7 GeV
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For all particles, mT and rapidity spectra are sampled (Case I).
Fixed masses for stable particles and for broad particles, masses are
sampled with fixed-width Breit-Weigner distribution.
Di-electrons from different sources are simulated separately.
Scaled with multiplicities from HSD and branching ratios.
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pe±
T > 0.2 GeV/c 1. π0 → γ e+e−; (3.5M)

2. η → γ e+e−; (4.4M)

3. ω → π0 e+e−; (4.6M)

4. ω → e+e−; (4.4M)

5. φ→ e+e−; (3.3M)

6. ρ0 → e+e−; (3.1M)

Cuts:
TPC points > 20, |η | < 1.2
DCAr and DCAz < 3 σ.



Comparison with data: φ meson generated from Pluto
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In case I, rapidity width (σ) is given by,

σsig = σπ ×
ysigmax
yπmax

⇒ σπ =

√
log(
√
s/2mN) & ymax = log(

√
s/m0)

⇒ Looking for rest of the data for the comparison.
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Future steps

To use mass-dependent width for resonances instead of
fixed-width.
Collect information about multiplicities, pT and rapidity
distributions of all the parent particles of interest at relevant
energies.
Estimate reconstruction efficiency (= reconstructed / generated) as
function of m, pT for the different sources.
Add sources like NN bremsstrahlung and Delta Dalitz decay to
the cocktail.
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BACK-UP
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Inputs to Pluto
For stable particle, either, 1) Energy-distribution,

dN
dE
∝ p×E× e(E/T) OR dN

dE
∝
√
p×E× e(E/T) OR dN

dE
∝ p3×E× e(E/T)

OR 2) mT-distribution and rapidity distribution,

dN
dmT

∝m2
T×K1(mT/T) &

dN
dy
∝ exp−(y2/2σ2

y )

σy is rapidity width which is given by,

σ
sig
y = σ

π
y ×

ysigmax
yπmax

⇒ σπy =

√
log(
√
s/2mN) & ymax = log(

√
s/m0)

At the moment, input parameters for Pluto: to be updated if needed
⇒ σy = 1.0
⇒ Tπ = 0.10 GeV, Tη = 0.14 GeV, Tω,ρ = 0.16 GeV, Tφ = 0.19 GeV
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Inputs to Pluto
The mass dependence of the decay width of Dalitz decay of pseudo-scalar
mesons, π0 and η is,

and, for vector mesons, ω is,

direct decay of vector mesons, ρ, ω and φ,

where the the index V refers to one of ρ0, ω and φ, and cV is 3.079 × 10−6,
0.287 × 10−6, and 1.450 × 10−6 GeV4 respectively
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Thermal models
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π0 and η meson: Generated from Pluto
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invariant mass distributions
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φ meson: Generated from Pluto
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ρ0-meson
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Pluto: QA
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Pluto: QA

0 0.2 0.4 0.6 0.8 1 1.2 1.4
)2 (GeV/cρ

invm

10

210

310

410

1 )
2

d
N

/d
M

  
(G

e
V

/c

, Pluto0
ρ

 = 1.0, T = 160yσ
y

σno 

Sudhir Pandurang Rode August 27, 2020 23 / 27



Multiplicities from CBM group
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First result: Au–Au at
√

sNN = 7 GeV
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Di-electrons from different sources are simulated separately.
Scaled with multiplicities from CBM dilepton group and
branching ratios.
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1. π0 → γ e+e−; (3.5M)

2. η → γ e+e−; (3.8M)

3. ω→ π0 e+e−; (3.7M)

4. ω→ e+e−; (3.9M)

5. φ→ e+e−; (2M)

6. ρ0 → e+e−; (3M)

Cuts:
TPC points > 20, |η | < 1.2
DCAr and DCAz < 3 σ.



First result: Au–Au at
√

sNN = 7 GeV
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Di-electrons from different sources are simulated separately.
Scaled with multiplicities from CBM dilepton group and
branching ratios.
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1. π0 → γ e+e−; (3.5M)

2. η → γ e+e−; (3.8M)

3. ω→ π0 e+e−; (3.7M)

4. ω→ e+e−; (3.9M)

5. φ→ e+e−; (2M)

6. ρ0 → e+e−; (3M)

Cuts:
TPC points > 20, |η | < 1.2
DCAr and DCAz < 3 σ.



First result: Au–Au at
√
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Di-electrons from different sources are simulated separately.
Scaled with multiplicities from HSD and branching ratios.
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1. π0 → γ e+e−; (3.5M)

2. η → γ e+e−; (3.8M)

3. ω→ π0 e+e−; (3.7M)

4. ω→ e+e−; (3.9M)

5. φ→ e+e−; (2M)

6. ρ0 → e+e−; (3M)

Cuts:
TPC points > 20, |η | < 1.2
DCAr and DCAz < 3 σ.


