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Collision geometry and anisotropic transverse flow

Asymmetry in coordinate space converts due to interaction into

momentum asymmetry with respect to the symmetry plane (reaction plane - RP)

plp —Vgrp) = <1+2Zvncos< n(p — \IlRp))>
V

= projectile spectators
= Wep “;./ vp = (cos[n(p — ¥rp)|)

beam
A N
farget AN °<~Q Needed components to measure v :
{0 N
spectators participants e?c}' e momentum (o, y, p;)

< e centrality estimation
e particle identification
o W, estimation

Impact parameter



Collective flow at FAIR energies
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CBM will extend existing data and provide new measurements for identified charged hadrons,
di-leptons and multistrange hyperons (see talk by O. Lubynets, 27/08)



Collective flow at FAIR energies
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di-leptons and multistrange hyperons (see talk by O. Lubynets, 27/08)



Detector subsystems used for flow analysis

CBM subsystems important for v. measurements:
. Particle momentum (@,y, p;): STS+MVD
. Centrality estimation: event classes defined with PSD energy or/and STS multiplicity

. Particle identification: TOF
- Reaction plane (W;): PSD transverse energy asymmetry (¢ distribution in STS)

PSD transverse layout
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Simulation setup

Model
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Statistics

CBM geometry

PSD geometry

Transport code

Detector response
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Centrality determination (charged hadron multiplicity)
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See talk by I. Segal (24/08)



m2/q? (GeV?/c?)

Bayesian charged hadron identification with TOF
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Bayesian selection of positive pions and protons

"5 - CBM performance
%S 2 Au+Au @ 12A GeV/c 10*
S [ DCM-QGSM-SMM
T | e
T 0 10
1_
i 10
i 10
0~
B 1 1
0 10 15

g x p (GeV/c)

Proton and pion selection with 90% purity requirement 11
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Proton and pion acceptance & efficiency maps
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Azimuthal non-uniformity of the CBM response
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(p;.y)-differential corrections are needed! 3



Scalar product method for v_measurement

u and Q-vectors:

ur = {u1,e; U1y} = {cos ¢;sin @}

Q= {Qm; Ql,y} —

% Zwk sin ¢ }

Scalar product method:
v_with respect to symmetry plane estimated using group of particles “a:

a . 2<u1,’i(pT7 y) (ib,z'> .
vl,i<pT7 y) — a , L=0,Y.
1.

R?, .is a 15t order event plane resolution correction (see next slide)
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Resolution correction factor with 3-subevent method

PDS modules layout with
rectangular beam hole
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MC-true subevent resolution correction for performance checks:

Rj”iwc (Q1 . cosWrp), Rcféwc—< 1,sinYgp)
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QnTools: flow corrections and analysis framework

Based on data driven procedure for azimuthal acceptance non-uniformity corrections
|. Selyuzhenkov and S. Voloshin, PRC77 034904 (2008)

QnCorrections Framework (originally developed for ALICE)

J. Onderwaater, V. Gonzalez, |. Selyuzhenkov
https://qithub.com/FlowCorrections/FlowVectorCorrections

e Recentering, twist, and rescaling corrections applied
e time dependent (run-by-run) and as a function of centrality

QnTools
e Extended QnCorrections framework for p./y-differential
e Multi-dimensional Q-vector correlation analysis

L. Kreis (GSI / Heidelberg) and |. Selyuzhenkov (GSI / MEPhI)
https://github.com/HeavylonAnalysis/QnTools
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https://github.com/FlowCorrections/FlowVectorCorrections
https://github.com/HeavyIonAnalysis/QnTools

Resolution correction factor with 3-subevent method
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Resolution correction factor with 3-subevent method
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Significant bias in correlations due to hadronic shower leakage
among the neighbouring PSD subevents



p. (GeV/c)

Resolution correction factor with 4-subevent method
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Resolution correction factor with 4-subevent method

4th subevent: positive pions
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Overall good agreement between MC-true and reconstructed values of R,



Resolution correction factor with 4-subevent method

4th subevent: positive pions
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Much better performance than 3-subevent method
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Resolution correction factor with 4-subevent method

4th subevent: protons

4-subevent, STS protons CBM performance
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Worse performance compared to 4th subevent from positive pions.
Additional bias (correlation) between protons in STS and PSD



Resolution correction factor with mixed harmonic method
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Mixed harmonic method needs more statistics to get precise value of R, 23



Results for pion and proton v,

Results obtained for correlations between positively charged identified hadrons (pions
and protons in STS) and all hadrons at forward rapidity (PSD acceptance).

The results are corrected for detector non-uniformity.

Resolution correction performed with 4-subevent method (3 PSD + STS positive pions)
Correction for PID and tracking efficiency is not yet done.

Only statistical uncertainties are shown.
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Proton v, vs. rapidity
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Results with reconstructed protons relative to the reaction plane agrees with the input v,
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Proton v, vs. rapidity
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Results with reconstructed protons & PSD1 subevent (with true resolution correction) agrees with the input v,
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Proton v, vs. rapidity
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Proton V, with different PSD subevents
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Proton v, vs. p- for back/fwrd. rapidity windows
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Proton v, slope at midrapidity (dv./dy) vs. centrality
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Pion directed flow vs. rapidity
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Summary

Presented performance for charged pion and proton directed flow

as a function of p, y and centrality for Au+Au collisions at 12A GeV/c
e Investigated effects of the spectator plane estimation
e Centrality using track multiplicity

e Bayesian identification with TOF information

TODO:

e Implement (p,,y)-dependent efficiency correction
e Investigate charged hadrons (negative pions, charged kaons)

e Other harmonics (elliptic flow v, et. al.)
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Backup
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Particle identification with Bayesian approach
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