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PYTHIA8 Parameters for J/ψ (pp, 𝑠𝑠 = 27 GeV) 
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Processes: “Charmonium:all =on”

• 1470431 dimuon events were selected
• After normalisation to Lint = 1 fb−1 : 1255689 Events (At SPD CDR 12000000 is expected)
• 𝜎𝜎𝐽𝐽/𝜓𝜓⟶ µ+µ− = 1.256 𝑛𝑛𝑛𝑛 (At SPD CDR ~12 nb is expected)

PDF: “MRST2004qed_proton” nEvents: 100 000 000

Why?



𝜋𝜋+𝜋𝜋−⟶µ+µ− Background

Types of Pions Background

1. Both of pions decayed inside the detector
(before Range System)

2. The first pion decayed before RS. The second 
one was misidentified in RS as muon

3. Both of pions were misidentified in RS as 
muons
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A. Guskov “Physic program of SPD at NICA”
https://indico.cern.ch/event/802303/contri
butions/3590184/attachments/1934258/32
04827/SPD_NICADAYS.pdf



PYTHIA8 Parameters for Background (pp, 𝑠𝑠 = 27 GeV) 
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Processes: “HardQCD:all =on”

Pions decay:
• Pions decay ON

• Cylindrical volume which pions can 
decay in

SPD CDR

PDF: “MRST2004qed_proton” nEvents: 10 000 000 000



Dimuons Selection in Background
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A. Guskov “Physic program of SPD at NICA”
https://indico.cern.ch/event/802303/contri
butions/3590184/attachments/1934258/32
04827/SPD_NICADAYS.pdf

Selection conditions

• Muon should be from pion decay
• Just one couple of opposite charged 

muons in one events was selected (but in 
one event could me more)

• Different combinations of muons were 
considered. Couple with
3.095<M<3.0995 GeV was selected
Events selected: 25964 events
Cross Section: σ = 9.34 nbn

Normalized to 𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖 = 1 𝑓𝑓𝑓𝑓−1 is presented

If select
2.5<M<4 GeV 



First Signal/Background Comparison
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𝜎𝜎𝐽𝐽/𝜓𝜓⟶ µ+µ− = 1.256 𝑛𝑛𝑛𝑛

𝜎𝜎𝜋𝜋+𝜋𝜋−⟶µ+µ− = 9.34 𝑛𝑛𝑛𝑛

Cross sections at 3.095 < M < 3.0995 GeV

𝜎𝜎𝑆𝑆
𝜎𝜎𝐵𝐵

~ 0.14

Cross sections at 3.096 < M < 3.0978 GeV
𝜎𝜎𝐽𝐽/𝜓𝜓⟶ µ+µ− = 1.256 𝑛𝑛𝑛𝑛

𝜎𝜎𝜋𝜋+𝜋𝜋−⟶µ+µ− = 1.9 𝑛𝑛𝑛𝑛
𝜎𝜎𝑆𝑆
𝜎𝜎𝐵𝐵

~ 0.66



Dimuons Selection in Background

7

𝜎𝜎𝐽𝐽/𝜓𝜓⟶ µ+µ− = 1.256 𝑛𝑛𝑛𝑛

𝜎𝜎𝜋𝜋+𝜋𝜋−⟶µ+µ− = 9.34 𝑛𝑛𝑛𝑛

Cross sections at 3.095 < M < 3.0995 GeV

𝜎𝜎𝑆𝑆
𝜎𝜎𝐵𝐵

~ 0.14

Cross sections at 3.096 < M < 3.0978 GeV
𝜎𝜎𝐽𝐽/𝜓𝜓⟶ µ+µ− = 1.256 𝑛𝑛𝑛𝑛

𝜎𝜎𝜋𝜋+𝜋𝜋−⟶µ+µ− = 1.9 𝑛𝑛𝑛𝑛

𝜎𝜎𝑆𝑆
𝜎𝜎𝐵𝐵

~ 0.66

Normalized to 𝐿𝐿𝑖𝑖𝑖𝑖𝑖𝑖 = 1 𝑓𝑓𝑓𝑓−1 is presented



Using processes:
"Charmonium:gg2ccbar(3S1)[3S1(1)]g = on,off";
"Charmonium:gg2ccbar(3S1)[3S1(8)]g = on,off";
"Charmonium:qg2ccbar(3S1)[3S1(8)]q = on,off";
"Charmonium:qqbar2ccbar(3S1)[3S1(8)]g = on,off";
"Charmonium:gg2ccbar(3S1)[1S0(8)]g = on,off";
"Charmonium:qg2ccbar(3S1)[1S0(8)]q = on,off");
"Charmonium:qqbar2ccbar(3S1)[1S0(8)]g = on,off";

"Charmonium:gg2ccbar(3S1)[3PJ(8)]g = on,off";
"Charmonium:qg2ccbar(3S1)[3PJ(8)]q = on,off";
"Charmonium:qqbar2ccbar(3S1)[3PJ(8)]g = on,off";

Decay mode (always to mu+ mu-):
"443:onMode = off“
"443:onIfAny = 13 -13“

Invariant mass distributions of muon (left) and electron (right) pairs of J/ψ decay.
Generated 50.000 and 10.000 of events, respectively.

J/ψ simulation using SPDRoot



Distributions of J/ψ pT and e+(left) / µ+(right) pT from corresponding channels of decay

J/ψ simulation using SPDRoot



Conclusions

J/ψ production at NICA conditions was studied with PYTHIA8:
 100 000 000 Charmonium:all events were generated
 1470431 Events were selected 
 After normalisation to Lint = 1 fb−1 : 1255689 Events (At SPD CDR 12000000 is expected)
 𝜎𝜎𝐽𝐽/𝜓𝜓⟶ µ+µ− = 1.256 𝑛𝑛𝑛𝑛 (At SPD CDR ~12 nb is expected)

First steps in J/ψ simulation using SPDRoot were also done:
 First kinematic plots for 𝐽𝐽/𝜓𝜓⟶ µ+µ− and 𝐽𝐽/𝜓𝜓⟶ 𝑒𝑒+𝑒𝑒− were obtained

An "upper estimate" of the background cross section for the observation of J/ψ from pairs of 
charged pions was made using a MC generator PYTHIA8

 10 000 000 000 QCD:all events were generated
 25964 were selected

 Ratio
𝜎𝜎𝐽𝐽/𝜓𝜓⟶ µ+µ−

𝜎𝜎𝜋𝜋+𝜋𝜋−⟶µ+µ−
~ 0.66 (From results we have at this moment at 3.096 < M < 3.0978

GeV) 

 Continue work with SPDRoot: Using batch systems to achieve more statistics
 Background Simulation with SPDRot
 Background separation to different categories
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