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CollectiveflowatSPS/RHICenergies

NA61/SHINEPb-ionbeamenergy
scan(p

LAB
=13-150AGeV/c):

● ExtendexistingNA49data
● ComplementarytoSTAR@RHIC
● BridgetoFAIR/NICAbeamenergies


AdvantageoftheNA61/SHINE
fixedtargetsetup:

● Trackingandparticleidentification
overwiderapidityrange

● Projectilespectatorsmeasurement
withforwardcalorimeter

HADESCollaboration
JPCS742(2016)012008

STARCollaboration
PRL112(2014)162301

Directedflow(slope) Ellipticflow
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PbbeamenergyscanwithNA61/SHINEatCERNSPS

● Fixedtargetexperiment

● Forwardrapiditycalorimeter(PSD)

● Largeacceptancehadronspectrometer(TPC)

-Fullcoverageofforwardhemisphere
-tracking+identificationdowntop

T
=0GeV/c

● Pb+Pbbeammomentumscan:

-13A,30A GeV/crecordedin2016
(pilotrunat150AGeV/c)

-150AGeV/ccominglaterthisyear2018

120cm

120cm

transverselayout

Projectile
Spectator
Detector
(PSD)

21 3
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Collisiongeometryandtheanisotropictransverseflow

Asymmetryincoordinatespaceconvertsduetointeractioninto
momentumasymmetrywithrespecttothesymmetryplane:

Neededcomponentstocalculatevn:
● momentum(φ,Y,p

T
)

● centralityestimation
● particleidentification
● symmetryplane(Ψs)estimation

ρ(φ)=
1

2π
[1+2∑

n=1

∞

vn cos (n (φ−Ψ s))] v n=⟨cos (n [φ−Ψ s]) ⟩

Ψ
s
canbeestimatedfromproducedparticles

(Ψ
pp

)orprojectile(target)spectatorsΨ
proj

(Ψ
targ

)
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Eventselection

NA61/SHINE,
Pb+Pb,30AGeV/c

T4
T2

Minimumbiastrigger(T4):1.1Mevents

Centraltrigger(T2):0.6Mevents

0-5%

-593<Zvtx(cm)<-591
-1.1<Xvtx(cm)<0.0
-0.8<Yvtx(cm)<0.4

Eventhasfittedvertex
Goodbeamposition
Nooverlapevents/beamparticles

PSDenergy(GeV)

C
ou

nt
s
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Trackselectionandefficiencymaps

Numberofclusters:
Nclusters{VTPC1+VTPC2}>15
Nclusters{Total}>30
0.55<Ncl{Total}/Ncl{Total,pot}<1

Distanceofclosestapproachtovertex
|b

x
|<2cm

|b
y
|<1cm

TPCenergyloss(dE/dx)
chargedpions&protonidentification

Trackingefficiency
GEANT4Monte-CarlowithDCM-QGSM

π-

Exampleofefficiencymap
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Correctionsfordetectorazimuthalnon-uniformity
QnVector Corrections Framework

● Datadrivencorrectionsforazimuthalacceptancenon-uniformity
I.SelyuzhenkovandS.Voloshin[PRC77034904(2008)]

● QnVectorCorrectionsFramework(usedbyALICE)
J.Onderwaater,V.Gonzalez,I.Selyuzhenkov

https://github.com/jonderwaater/FlowVectorCorrections

● Recentering,twist,andrescalingcorrectionsapplied
timedependent(run-by-run)andasafunctionofcentrality

Flow Analysis Framework

● ExtendedQ
n
-vectorcorrectionsforp

T
/y-differential

● Multi-dimensionalcorrelationsofuandQ-vectors
L.Kreis(GSI/Heidelberg)andI.Selyuzhenkov(GSI/MEPhI)

https://github.com/jonderwaater/FlowVectorCorrections
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Scalarproductmethodwith1stharmonicQ-vector

NA61/SHINE performance, 
Pb+Pb @ 30A GeV/c

21 3

v1=
⟨2u1 ,iQ1 ,i⟩

R1 ,i

R1 ,i
A

[B ,C ]=√2
⟨Q1 ,i

A Q1 , i
B

⟩ ⟨Q1 ,i
A Q1 , i

C
⟩

⟨Q1 , i
B Q1 ,i

C
⟩

v2=
4 ⟨u2, iQ1 , j

A Q1 ,k
B

⟩

R1 , j
A R1 ,k

B

Directedflow:

Ellipticflow:

Firstharmonicresolutioncorrectionfactor:

un=(cosnφ
sin nφ ) Qn=∑

j

un
j

uandQ-vectors:

i , j , k=[ x , y ]

Scalarproductcorrectionfactor

PSDcentrality(%)
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“Systematics”fordirectedflow(v
1
)components

Forpreliminaryresults:onlyx-componentisusedandPSDsubeventsarecombined

x/ycomponentsshowconsistentresults,while
resultsfory-componentshowslargererrors

ConsistentresultsforPSDsubevents
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Preliminaryresults
&

comparisonswithNA49andSTAR
Resultsarepresentedforcorrelationsbetween
chargedpionsandprotons*(intheTPCacceptance)and
allhadronsatforwardrapidity(inthePSDacceptance)

Theresultsarecorrectedfordetectornon-uniformity.
Nocorrectionsforsecondaryinteractionsandweakdecaysaredoneyet.
Onlystatisticaluncertaintiesareshown.

*hadronsproducedbystronginteractionprocessesandtheirelectromagneticdecays

NA61/SHINEacceptance:
TPC:https://edms.cern.ch/document/1549298/1
PSD:https://edms.cern.ch/document/1867336/1

https://edms.cern.ch/document/1549298/1
https://edms.cern.ch/document/1867336/1
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Chargedpionv
1
vstransversemomentum

Generalfeatures:

● Strongcentralitydependenceofv
1

● v
1
(p

T
~0GeV/c)=0

● v
1
changessignatp

T
~1GeV/c

stat.errorsonly
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ComparisonwiththeNA49data

● SimilarresultstonewNA49analysisofpions
relativetothespectatorplane

● MoredetailsaboutnewNA49analysis
andcomparisonwithpublishedNA49data:

Poster #367:

O.Golosov,I.Selyuzhenkov,
V.Klochkov,andE.Kashirin

stat.errorsonly https://indico.cern.ch/event/656452/contributions/2859496

https://indico.cern.ch/event/656452/contributions/2859496
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Particletypedependenceofv
1
(p

T
)

● Significantmassdependenceofv
1

● Differencebetweenπ+andπ-v
1

issensitivetotheelectromagneticeffects*

Chargedpionsyieldasymmetryfrom
NA61/SHINEwillbepresentednextweekat
WPCF2018(M.KielbowiczforNA61/SHINE)

stat.errorsonly

*A.Rybicki,etal.,ActaPhys.Polon.B46(2015)no.3,737
A.Rybicki,A.Szczurek,Phys.Rev.C87(2013)no.5,054909
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Slopeofv
1
atmidrapidityvs.centrality

Slopeextractionprocedure:

● 1storderpolynomialfitwith2parameters
(slopeandoffset):

➢ offsetforπ+/π-consistentwith0(allcentrality)

➢ Offsetforprotonsisbelow6x10-3for
centrality0-60%andincreasingupto
3x10-2forcentrality>60%.

Observations:

● Slopeofprotonv
1
changessign

atabout50%centrality

● Slopeofpionsv
1
isalwaysnegative

stat.errorsonly



V.KlochkovandI.Selyuzhenkov:AnisotropicflowwithNA61/SHINEatCERNSPS 15

Slopeofv
1
atmidrapidity:comparisonwithSTAR

STAR

STARCollaborationPRL112(2014)162301

STAR

Preliminaryresultsforcentralitydependence
presentedbySTARCollaboration:
NPA956(2016)260

Slopeextractionissensitivetofitfunctionandrapidityrange

stat.errorsonly
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Ellipticflowv
2
(p

T
):particletypedependence

● Clearmassdependence

→radialflow

● Differencebetweenπ+andπ-v
2
issmall
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Comparisonofprotonv
2
withSTAR

● Similarresultsforcentralandperipheral

● Tensionformid-centralcollisionscouldbe
duetodifferentcentralityestimators:

✔ Particlemultiplicityatmidrapidity(STAR)
✔ Projectilespectators(NA61/SHINE)

STARCollaborationPRC88(2013)014902
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OutlookforPbionbeamenergyscan:Pb+Pb@13AGeV/c

● GoodperformanceoftheProjectileSpectatorDetectoratlowestSPSenergy
-veryclosetothetopenergyofCBM@FAIR
(CBMwillhaveasimilarforwardcalorimeterforcentralityandspectatorplanedetermination)

NA61/SHINE performance, 
Pb+Pb @ 13A GeV/c

Scalarproductcorrectionfactor

PSDcentrality(%)
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Summary

● Preliminaryresultsforchargedpionsandprotonsdirectedandellipticflow
forPb+Pbcollisionsat30AGeV/crecordedin2016bytheNA61/SHINEexperiment
arepresenteddifferentiallyvs.centrality,rapidityandtransversemomentum

● ResultsarecomparedtothenewanalysisoftheNA49datausing
forwardcalorimetersandtotheSTAR@RHICBeamEnergyScandata

Outlook

● CompletesystematicanalysisofthePbionbeamenergyscandata:
13A (2016) and150A GeV/c (fallthisyear2018)

● StudycollectiveeffectsinsmallercollisionsystemsavailablefromNA61/SHINE
systemsize(Be+Be,Ar+Sc,Xe+La)andbeamenergy(13A–158AGeV/c)scan
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BACKUP
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Slopeofv
1
(STARPreliminary)

STARCollaborationNPA956(2016)260
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