
Centrality at large z-vertex coordinates 

V. Riabov for the MPD 

 A follow-up of my previous PF presentation on 17.06.2021 and 09.09.2021 

 Joint effort of many groups: 

 PHQMD event generator: V. Kireyeu 

 Centrality determination: P. Parfenov, D. Idrisov, V. Luong, A. Taranenko 

 FFD operation and simulation: S. Lobastov, V. Yurevich 

 FHCAL operation and simulation: M. Golubeva, A. Ivashkin 



Last time 
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• Expect wide z-vertex distribution based on the expected NICA performance (z ~ 40 cm) 

• Demonstrated that MPD can trigger on events with z-vertex in a wide range  

 PF on 17.06, https://indico.jinr.ru/event/2249/ 

 PF on 09.09, https://indico.jinr.ru/event/2429/ 

Need to understand the MPD capabilities to characterize events with large z-vertex  
in terms of centrality, b/Npart/Ncoll 

https://indico.jinr.ru/event/2249/
https://indico.jinr.ru/event/2249/
https://indico.jinr.ru/event/2429/
https://indico.jinr.ru/event/2429/


Trigger efficiency vs. true z-vertex 
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• FHCAL and FFD||FHCAL efficiencies do not depend on z-vertex 

• Comparable efficiencies from two event generators 

• Problem of centrality event categorization at large values of z-vertex remains … 

Tr.eff = 0.89 Tr.eff = 0.93 Tr.eff = 0.94 

>=1 channels per side 
>=2 channels per side 

>=3 channels per side 

>=4 channels per side 

PHQMD, BiBi@9.2 

Tr.eff = 0.85 Tr.eff = 0.92 Tr.eff = 0.93 

8 central per side 
24 central per side 
44 central per side 
>=1 modules per side 
>=2 modules per side 

DCM-QGSM-SMM, BiBi@9.2 



Centrality with TPC 
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• Centrality with TPC is asserted by the number of (primary) reconstructed tracks 

 event should have reconstructed vertex (evaluated by TPC) 

 event should have non-zero number of tracks (after all selections) 



Vertex reconstruction with TPC - I 
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• z-vertex reconstruction was recently improved by A.Zinchenko (code committed to MpdRoot) 

• BiBi@9.2, DCM-QGSM-SMM, 100k events, z-vertex by Gaussian ( = 50 cm) 

• z-vertex reconstruction efficiency vs. generated z-vertex and NTPC (all tracks): 𝒛𝒗𝒆𝒓𝒕𝒆𝒙𝒓𝒆𝒄
!=0 𝒛𝒗𝒆𝒓𝒕𝒆𝒙𝒓𝒆𝒄

!=0 && 𝒛𝒗𝒆𝒓𝒕𝒆𝒙𝒓𝒆𝒄 − 𝒛𝒗𝒆𝒓𝒕𝒆𝒙𝒈𝒆𝒏
<2 cm 

• z-vertex is reconstructed at |z-vertex| < 150 cm 

• z-vertex reconstruction efficiency slightly drops at small NTPC and large z-vertex 

• Not all reconstructed z-vertex coordinates are meaningful, problem is most pronounced at 
low track multiplicities and large values of z-vertex  

 



Vertex reconstruction with TPC - II 
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• Projections of 2D efficiencies from the previous slide 

• Plots confirm conclusions from the previous slide 

Black histograms: 𝑧𝑣𝑒𝑟𝑡𝑒𝑥𝑟𝑒𝑐 !=0; 

Red histograms: 𝑧𝑣𝑒𝑟𝑡𝑒𝑥𝑟𝑒𝑐 !=0 && 𝑧𝑣𝑒𝑟𝑡𝑒𝑥𝑟𝑒𝑐 − 𝑧𝑣𝑒𝑟𝑡𝑒𝑥𝑔𝑒𝑛
<2 cm; 

 



Conclusions (vertex with TPC) 
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* by A. Litvin, should be considered for all feasibility studies in BiBi@9.2 

• What z-vertex range do wee need to consider for physics studies? 

• The wider the better, BUT: 

 z-vertex is not reconstructed by TPC tracks beyond ±150 cm 

 FFD at z = ±140 cm, we do not want events occurring (inside)/(very close to) the FFD 

 expected z-vertex ~ 40 cm*, then 3z-vertex ~ 120 cm 

• Conclusions: 

 maximum z-vertex range for physics is |zvertex| < 120-130 cm 

 vertex in this range can be reconstructed with the TPC 

 ~ 2% of such events will have 𝑧𝑣𝑒𝑟𝑡𝑒𝑥𝑟𝑒𝑐 − 𝑧𝑣𝑒𝑟𝑡𝑒𝑥𝑔𝑒𝑛 > 2 cm 



Track reconstruction with TPC - I 
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• The larger the number of tracks is better (higher sensitivity to peripheral collisions) 

• Number of tracks in the TPC depends on track selection cuts: 

 want tracks associated with primary vertex  select only tracks matched to the vertex  

 vertex and track-to-vertex resolution depends on many factors: event multiplicity and z-vertex;  
track pT, number of TPC hits etc. 

 z-vertex resolution and track-to-vertex distributions are not exactly Gaussian 

Gaussian fit 
RMS (truncated to ± 2 cm) 

z-vertex resolution vs. NTPC 
z-vertex resolution vs. pT 

 select tracks matched to primary vertex, |DCAx,y,z| < 2 cm 



Track reconstruction with TPC - II 
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• Number of tracks in the TPC depends on track selection cuts: 

 tracks associated with primary vertex  |DCAx,y,z| < 2 cm 

 number of TPC hits, nhits > 10 

 transverse momentum, pT > 0.1 GeV/c 

 rapidity cut, || < ???  will be discussed later 

 … no other cuts 

|| < 1.0 || < 0.5 

~ 2%  events have zero tracks ~ 4.5%  events have zero tracks 



Centrality tests 
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• Event and track selection cuts as discussed in previous slides 

• Centrality determination following report by P. Parfenov at Physics Forum from April, 15 

|| < 1.0 

|| < 0.5 

• Note small number of tracks in peripheral collisions even with rather loose track selections !!! 



   0-10% 
70-90% x 0.5 

Centrality bias 
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• Event distribution vs. generated z-vertex and centrality (10 bins)  expect occupancy ~ 0.1 

• Events leak from central to peripheral bins at large values of z-vertex, stronger with || < 1.0 

• Track reconstruction efficiency depends on the event z-vertex and track rapidity !!! 

|| < 1.0 || < 0.5 

   0-10% 
70-90% x 0.5 



Relative track reconstruction efficiency - I 
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• Track reconstruction efficiency depends on the event z-vertex and track rapidity 

• Among other things accounts for z-dependence of the event vertex reconstruction and track-
to-vertex matching efficiencies 

•  Clearly see effect of central membrane and the boundary effects 

• The number of reconstructed tracks should be corrected for reconstruction efficiency  
modified multiplicity distribution  modified centrality 

• The reconstruction efficiency shows noticeable multiplicity dependence (right plot) 



Relative track reconstruction efficiency - II 
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• Zoom in … |z-vertex| < 130 cm, || < 1.2 

• With || < 1 selection we loose tracks at |z-vertex| > 
100 cm  lost tracks can not be corrected for the 
reconstruction efficiency  limited to centrality 
studies at |z-vertex| < 100 cm 

• To select events within |z-vertex| < 130 cm, the track 
-range should be limited to || < 0.5-0.6 

• The reconstruction efficiency does not show a strong 
dependence on multiplicity at || < 0.5 and |z-vertex| 
< 130 cm 



Multiplicity distributions, || < 0.5 
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• Observe a small change in multiplicity distribution with the efficiency correction 

• Definition of centrality classes hardly changes compared to slide 8 

With efficiency correction 
No correction (old) 



Centrality bias, || < 0.5 
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• The distributions without (left) and with (right) track efficiency corrections 

• The centrality distribution does not show z-vertex bias after the efficiency correction 

   0-10% 
70-90% x 0.5 

   0-10% 
70-90% x 0.5 

From slide 9 (no efficiency corrections) with efficiency corrections 



Centrality with TPC - I 
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Model 
MC-Gl 

• DCM-QGSM-SMM, BiBi@9.2 • Track selections: 

 |DCAx,y,z| < 2 cm 

 number of TPC hits, nhits > 10 

 pT > 0.1 GeV/c 

 || < 0.5 

 efficiency correction vs. z-vertex and   

• Event selection: 

 at least one primary track at || < 1 

 reconstructed vertex, z-vertex !=0 

 |z-vertex| < 130 cm 

• Simulated parameters are reproduced 

Measured multiplicity distribution 
MC-Gl fit (fit range 5-300) 



Centrality with TPC - II 
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Npart Ncoll 

• Events without centrality (number of good tracks == 0) 

• Npart and Ncoll vs. centrality 

 rejected events are all peripheral events 

 counts at |z-vertex| > 130 cm are events 
with misreconstructed vertices 

  <b> of rejected events does not depend 
on z-vertex at |z-vertex| < 130 cm 



Centrality vs. absolute TPC efficiency 
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• Default: 

• Ntrack * 1.2: 

• Ntrack * 1.5: 



DCM-QGSM-SMM vs. PHQMD - I 
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Model 
MC-Gl 

                  DCM-QGSM-SMM 

• Same event and track selections for two models 

• Track multiplicity is ~ 10% higher in PHQMD  somewhat different centrality definitions 

• MC-Gl calculations reproduce the generated parameters, consistent for two models 

Model 
MC-Gl 

  PHQMD 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



DCM-QGSM-SMM vs. PHQMD - II 
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• Npart and Ncoll are consistent 

                  DCM-QGSM-SMM 

  PHQMD 

                  DCM-QGSM-SMM 

  PHQMD 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



Conclusions (centrality with TPC)  
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• TPC can provide centrality measurements in the wide z-vertex range, |z-vertex| < 120-130 cm 

• Use of TPC as a vertex & centrality detector  reduces efficiency of event selection by ~ 5 %  
 the “effective trigger efficiency” is reduced for peripheral events 



Centrality with FHCAL 
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• Centrality with FHCAL is asserted by the measured energies 

 event should have non-zero measured energies in FHCAL-E and FHCAL-W  

 event vertex is not needed 

• Potentially all triggered events can potentially be characterized by centrality 



Total E vs. impact parameter 
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 BiBi@9.2: 

 MpdRoot reconstruction with Geant-4 

 𝜎𝑧𝑣𝑒𝑟𝑡𝑒𝑥= 50 cm – wide z-vertex distribution;  

 

 quite significant model dependence of the predicted FHCAL  signals 

 central-peripheral ambiguity for two event generators 

 PHQMD predicts smaller ambiguities (more linear dependence) 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



Total E vs. TPC multiplicity 
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 BiBi@9.2: 

 MpdRoot reconstruction with Geant-4 

 𝜎𝑧𝑣𝑒𝑟𝑡𝑒𝑥= 50 cm – wide z-vertex distribution; |z-vertex| < 100 cm 

 TPC tracks: pT > 50 MeV/c, 5 cm matching to PV, nhits > 10, || < 1.0 

 quite significant model dependence of the predicted FHCAL  signals 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



Total E vs. Emax (cone-fit maximum) 
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 BiBi@9.2: 

 MpdRoot reconstruction with Geant-4 

 𝜎𝑧𝑣𝑒𝑟𝑡𝑒𝑥= 50 cm – wide z-vertex distribution 

 E vs. Emax correlation helps to separate central-peripheral events at the same measured total E 

 Quite significant model dependence of the FHCAL  simulated signals 

 If there is a hook in PHQMD then it is not resolved 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



Total E vs. z-vertex 
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 Zoom-in + fit to a constant within [-100, 100] cm: 

 total E does not depend on z-vertex within |z-vertex| < 100 cm  centrality should not be biased by z-vrtx 

 predictions are consistent for two event generators 



Total E vs. Emax (cone-fit maximum) 
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 BiBi@9.2: 

 MpdRoot reconstruction with Geant-4 

 𝜎𝑧𝑣𝑒𝑟𝑡𝑒𝑥= 50 cm – wide z-vertex distribution 

 Same distributions as in slide 2 divided in subsamples by z-vertex: 

 |z-vertex| < 150 cm  |z-vertex| < 50 cm  50 < |z-vertex| < 100 cm  |z-vertex| > 100 cm 

 DCM-QGSM-SMM does not show any dependence on z-vertex 

 PHQMD shows very modest z-vertex dependence at |z-vertex| < 100 cm; at larger |z-vertex| values the 
shape of dependence changes (becomes more linear) 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



FHCAL, summary 
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• Total energy deposition is z-vertex independent at |z-vertex| < 100 cm 

• Observe non-linear effects at larger values of |z-vertex| > 100 cm 

• Conclusions are qualitatively the same for two event generators 

 

 FHCAL can be used for centrality measurements at |z-vertex| < 100 cm 

With external z-vertex measurements with resolution ~ cm the range can be extended 
with z-dependent energy correction 

 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



DCM-QGSM-SMM: centrality bins 
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 BiBi@9.2: 

 MpdRoot reconstruction with Geant-4 

 𝜎𝑧𝑣𝑒𝑟𝑡𝑒𝑥= 50 cm – wide z-vertex distribution; |z-vertex| < 130 cm 

 FHCAL: 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



DCM-QGSM-SMM: Z-vertex bias? 
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 No z-vertex bias at |z-vertex| < 100 cm 

 Noticeable vertex bias at larger z-vertex values 

|z-vertex| < 50 cm 50 cm < |z-vertex| < 100 cm 

z-vertex: 
0-130 cm 
0-50 cm 

50-100 cm 
100-130 cm 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



DCM-QGSM-SMM: FHCAL vs. TPC 
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FHCAL TPC 

TPC 
FHCAL 

TPC 
FHCAL 

 Centrality/multiplicity classes select similar events by impact parameter 

 b-resolution is generally better with the TPC except for very peripheral events 



PHQMD: centrality bins 
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 BiBi@9.2: 

 MpdRoot reconstruction with Geant-4 

 𝜎𝑧𝑣𝑒𝑟𝑡𝑒𝑥= 50 cm – wide z-vertex distribution; |z-vertex| < 130 cm 

 FHCAL: 

Very wide and largely overlapping 
distributions for 0-10% and 10-

20% central collisions 

Probably there is a hook similar to that in 
DCM-SMM, but it is not resolved 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



z-vertex: 
0-130 cm 
0-50 cm 

50-100 cm 
100-130 cm 

PHQMD: Z-vertex bias? 
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 No z-vertex bias at |z-vertex| < 100 cm 

 Modest vertex bias at larger z-vertex values 

|z-vertex| < 50 cm 50 cm < |z-vertex| < 100 cm 
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PHQMD: FHCAL vs. TPC 
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FHCAL TPC 

TPC 
FHCAL 

TPC 
FHCAL 

 Centrality/multiplicity classes select similar events except for most central collisions 

 b-resolution is better with the TPC except for very peripheral events 



Conclusions (centrality with FHCAL) 
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• FHCAL is capable of measuring the event centrality at |z-vertex| < 100 cm 

• > 99.9% of triggered events will be characterized by the FHCAL (vs. ~ 95% with TPC) 

• Unlike for TPC, the models give quite different predictions for centrality estimations with the 
FHCAL: 

 DCM-QGSM-SMM predicts very similar performance of the TPC and FHCAL for centrality 
measurements; FHCAL has worse resolution in (semi)central collisions and better resolution in 
very peripheral events 

 PHQMD predicts quite different performance of the TPC and FHCAL for centrality measurements 
in central collisions - much worse resolution with the FHCAL  different events are selected; 
similar performance is predicted for peripheral events 

• What’s missing: 

• Validation of the models at forward rapidity (NA61 ???)  work in progress 

• Glauber b, Npart and Ncoll estimations based on the “measured” deposited energy 
 events in different centrality classes need to be characterized 

V. Riabov, NICA-MPD Seminar, 16.12.2021 



Npart vs. b, BiBi@9.2 
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Glauber DCM-QGSM-SMM 

PHQMD 

• b, Npart, Ncoll are provided by the model • b is provided, Npart = 2A - Nspectators 

• Presumably, models use the same Glauber initial 
conditions (parameters may slightly vary though) 

• Npart extracted from DCM-SMM and PHMD are not 
the Glauber ones  no sense to extract Npart 
distributions directly from the models 

• The models effectively convert part of spectators to 
participants  coalescence in fragmentation ??? 
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Reweighting the b-distributions 
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2. From FHCAL simulations we sample b-distributions for each centrality class 

 

3. By weighting the Glauber’s b-distribution to those from p.2, one can evaluate Npart and Ncoll distributions 

PHQMD DCM-SMM 

• What if we ignore the internal workouts of the models (black box) and directly relate the 
initial Glauber impact parameter ‘b’ taken from the models to Glauber-simulated Npart and 
Ncoll ??? 

1. Glauber model relates b, Npart, Ncoll  

V. Riabov, NICA-MPD Seminar, 16.12.2021 



DCM-QGSM-SMM, BiBi@9.2 
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 Initial Glauber distributions 

 Reweighted Npart and Ncoll distributions: 
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DCM-QGSM-SMM, comparison wit TPC 
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 Npart: 

 Ncoll: 

 Mean values are consistent, resolution is better with the TPC 

TPC 
FHCAL 

TPC 
FHCAL 

TPC 
FHCAL 

TPC 
FHCAL 
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PHQMD, BiBi@9.2 
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 Initial Glauber distributions 

 Reweighted Npart and Ncoll distributions: 
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PHQMD, comparison wit TPC 
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 Npart: 

 Ncoll: 

 Mean values are similar (except for 0-10%), resolution is much better with the TPC 

TPC 
FHCAL 

TPC 
FHCAL 

TPC 
FHCAL 

TPC 
FHCAL 
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Npart, Ncoll from FHCAL 
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 Is it a valid approach ??? 

 How to related energy to Glauber parameters??? 

 relate EFHCAL to Ntrack and just use EFHCAL as a proxy for the multiplicity 
 can be tried, but the EFHCAL vs. Ntrack correlation is rather wide and is prone to biases 

 use more sophisticated methods to related initiate state Glauber conditions to final state EFHCAL 
 no developed and tested approaches 

• What’s missing: 

• Validation of the models at forward rapidity (NA61 ???)  work in progress 

• Glauber b, Npart and Ncoll estimations based on the “measured” deposited energy 
 

So far, there is no framework for evaluation of event centrality with the FHCAL 
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BACKUP 
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