
Centrality determination in HEP experiments¶

Arkadiy Taranenko

1



Centrality – LHC experiments
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Centrality in ALICE

3



Centrality in ALICE

4



Centrality in ALICE

5



Centrality in ALICE

6



Centrality in ALICE

7



Centrality in ALICE
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Centrality in PHENIX

9



Centrality in PHENIX
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Centrality in PHENIX
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Centrality in PHENIX
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Centrality in STAR
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Npart in PHENIX/STAR 200 GeV
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Centrality Beam Energy Scan
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Centrality Beam Energy Scan
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Centrality Beam Energy Scan
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Centrality Beam Energy Scan
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Centrality in  STAR BES
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Centrality in  HADES
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Centrality in  HADES
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Centrality in  HADES
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Centrality  at NICA
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Centrality  at NICA
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Centrality  at NICA
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Trigger efficiency: events with zvrtx != 0 and NTPC > 0
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• Request 26 production, 1M DCM-QGSM-SMM

• Trigger efficiency is flat vs. z-vertex

• Trigger efficiency dropped by ~ 5% due extra req-s

• Proposal is to use FFD||FHCAL trigger selection 

for the large productions and ignore the fact that T0 

measurements are not available for !FFD events

• The resulting trigger efficiency is ~ 91%

FFD + vertex + Ntr >0 FHCAL+ vertex + Ntr >0

FFD||FHCAL+ vertex + Ntr >0



Centrality by TPC multiplicity, DCM-QGSM-SMM
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• Resulting multiplicity distribution samples ~91% of the total cross section

• Event multiplicity is calculated using weight for each track ~ 1/RecEff(z-vertex, )

• Centrality is defined as percentile of the total multiplicity with maximum of 91%

• Only for good events:

✓ reconstructed vertex: z-vertex !=0

✓ reconstructed vertex is outside of the FFD: |z-vertex| < 130 cm

✓ number of tracks: NTPC > 0, track selections: nhits > 10; pT > 0.1 GeV/c; DCA < 2.0 cm; || < 0.5

✓ Rndm() > TrigEff[NTPC]



Glauber fit to 𝑵𝑻𝑷𝑪
𝑻𝒓𝑬𝒇𝒇

 distribution, DCM-QGSM-SMM
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• Predicted trigger efficiency: Integral(data) / Integral (fit) = 83%

• Close but not quite the simulated 91% → why?

• Event multiplicity is calculated using weight for each track ~ 1/RecEff(z-vertex, )

• Fit range: 9-308

• Only for good events, isEventOk:

✓ reconstructed vertex: z-vertex !=0

✓ reconstructed vertex is outside of the FFD: |z-vertex| < 130 cm

✓ number of tracks: NTPC > 0, track selections: nhits > 10; pT > 0.1 GeV/c; DCA < 2.0 cm; || < 0.5

✓ Rndm() > TrigEff[NTPC]

f = 0.17 mu = 0.32 k = 9 chi2 = 1.7



Impact parameter distributions, DCM-QGSM-SMM
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• Lets compare impact parameter distributions in Glauber and DCM-QGSM-SMM

• Distributions are different at b > 12 fm → different radii, definition of inelastic collisions ???

• Glauber can be reweighted to have the same b-distribution as in DCM-QGSM-SMM

Glauber

DCM-QGSM-SMM



Weighted Glauber fit to 𝑵𝑻𝑷𝑪
𝑻𝒓𝑬𝒇𝒇

 distribution, DCM-QGSM-SMM
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• Predicted trigger efficiency: Integral(data) / Integral (fit) = 90%  simulated 91%

• Turn on curve is very similar to the simulated one (it should not be identical)

• Same conditions as in slide 7, but with weights for Glauber events by b-value

f = 0.16 mu = 0.31 k = 78 chi2 = 1.7

Glauber(𝑵𝑻𝑷𝑪
𝑻𝒓𝑬𝒇𝒇

)
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