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IntrodutionCollision geometryFlutuationsTorqueSummaryBasi idea
• determination of the initial state is ruial [review by S. Bass℄
• event-by-event �utuationsThese elements jointly lead to interesting new e�ets, in partiularto forward-bakward �ow orrelations
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IntrodutionCollision geometryFlutuationsTorqueSummary Emission pro�les from d-AuEmission pro�les in AACollision geometry[Bialas and Czyz, Ata Phys. Polon. B36, 905 (2005)℄
d-Au ollisions at RHIC
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Wounded nuleons emitpredominantly in theirforward hemisphere[similar ideas: Brodsky, Gunion, Kuhn (1977); Adil, Gyulassy (2005); Adil,Gyulassy, Hirano (2006)℄ WB Torque



IntrodutionCollision geometryFlutuationsTorqueSummary Emission pro�les from d-AuEmission pro�les in AAExtension to AA ollisions[Gazdziki, Gorenstein (2006); Bzdak (2009); Bzdak, Wozniak (2010); Bozek,Wyskiel, PRC 81 (2010) 054902℄
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α ∼ 14% at RHICexplains the F-B multipliity�utuations (Bzdak+Wozniak)WB Torque



IntrodutionCollision geometryFlutuationsTorqueSummary Emission pro�les from d-AuEmission pro�les in AAExtension to AA ollisions[Gazdziki, Gorenstein (2006); Bzdak (2009); Bzdak, Wozniak (2010); Bozek,Wyskiel, PRC 81 (2010) 054902℄
fHΗ°L=f+HΗ°L+f-HΗ°L

f+HΗ°Lf-HΗ°L

-5 -2.5 0 2.5 5
0

0.2

0.4

0.6

0.8

1

Η°

fH
Η
°
L

mixed model: three soures
Nbin, N+

w , N−

W

Nprod ∼ 1− α

2
Nw + αNbin

α ∼ 14% at RHICexplains the F-B multipliity�utuations (Bzdak+Wozniak)Key formula: spae-time rapidity (η‖) and transverse (x, y) distribution:
F (η‖, x, y) = (1− α)[ρ+(x, y)f+(η‖) + ρ−(x, y)f−(η‖)] + αρbin(x, y)f(η‖)WB Torque



IntrodutionCollision geometryFlutuationsTorqueSummary Initial-state �utuations in GlauberFlutuations in the Glauber approah
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y • shape and size �utuations originatefrom the statistial nature of thedistribution of soures in thetransverse plane
• inreased eentriity → hydro →inreased v2
• e-by-e �utuations of v2
• triangular �ow, higher Fourieromponents, the ridge

WB Torque
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• inreased eentriity → hydro →inreased v2
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IntrodutionCollision geometryFlutuationsTorqueSummary Initial-state �utuations in GlauberDigression: pT �utuations
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IntrodutionCollision geometryFlutuationsTorqueSummary Torque from �utuations and asymmetri emissionMeasures of the torqueCumulantsThe torque
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IntrodutionCollision geometryFlutuationsTorqueSummary Torque from �utuations and asymmetri emissionMeasures of the torqueCumulantsThe torque
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IntrodutionCollision geometryFlutuationsTorqueSummary Torque from �utuations and asymmetri emissionMeasures of the torqueCumulantsThe torque
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IntrodutionCollision geometryFlutuationsTorqueSummary Torque from �utuations and asymmetri emissionMeasures of the torqueCumulantsDistribution of the torque angleGLISSANDO simulations in the mixed model
∆FB - torque angle between the forward and bakward rapidity regions
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IntrodutionCollision geometryFlutuationsTorqueSummary Torque from �utuations and asymmetri emissionMeasures of the torqueCumulantsDistribution of the torque angleGLISSANDO simulations in the mixed model
∆FB - torque angle between the forward and bakward rapidity regions
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IntrodutionCollision geometryFlutuationsTorqueSummary Torque from �utuations and asymmetri emissionMeasures of the torqueCumulantsHydrodynami evolution
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• hydro (here perfet 3+1 with realistiEoS) evolution → the torque survives
• statistial hadronization leads toadditional �utuations - an we sortout the e�et?
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IntrodutionCollision geometryFlutuationsTorqueSummary Torque from �utuations and asymmetri emissionMeasures of the torqueCumulantsMeasures of the torque based on umulants
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i2(φi−φj)When no orrelations, then

f(φ) = v0 + 2
∑

k=1

vk cos[k(φ−Ψ(k))]and
〈

e
i2(φF−φB)

〉

= 〈v2,F v2,B cos(2∆FB)〉eventsSine we are interested in measuring the average cos[2(ΨF −ΨB)], we need todivide by v2,F vk,B . This an be ahieved by onsidering the ratio
cos(2∆FB) {2} ≡

〈

ei2(φF −φB)
〉

√

〈

ei2(φF,1−φF,2)
〉 〈

ei2(φB,1−φB,2)
〉

= 〈cos(2∆FB)〉events+ nonflow(similar for higher Fourier omponents, also more-partile umulants may beused) WB Torque



IntrodutionCollision geometryFlutuationsTorqueSummary Torque from �utuations and asymmetri emissionMeasures of the torqueCumulantsSimulations with THERMINATORtriangles - no torque, squares - with torque (100 000 events)
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IntrodutionCollision geometryFlutuationsTorqueSummary Torque from �utuations and asymmetri emissionMeasures of the torqueCumulantsSimulations with THERMINATORtriangles - no torque, squares - with torque (100 000 events)
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IntrodutionCollision geometryFlutuationsTorqueSummarySummaryRapidity dependent reation plane from simple assumptions: asymmetriemission pro�les in rapidity + �utuations → torque
∼ 20o torque angle between F and B regions in most entral and ∼ 10oin mid-peripheral Au+Au ollisions at the highest RHIC energySimilar for higher-order Fourier omponentsTorqued �reball → torqued olletive �ow → torqued prinipal axes ofthe pT distributions at di�erent rapiditiesSignal detetable through the use of umulants involving F and B partilesWith the fantastially high statistis available in experiments the e�etan be examined in experiments, but large rapidity overage neededThe e�et in�uenes the ellipti and direted �ow studies, whih use thereation planes determined in di�erent pseudorapidity intervalsBeause of the inrease in the statistial noise, one should look for thetorque e�ets in mid-entral/mid-peripheral ollisions (v2√n should bemaximal) WB Torque



IntrodutionCollision geometryFlutuationsTorqueSummary
The e�ets momentum, angular-momentum, and harge onservationshould be examinedThe torque �utuations in other multi-soure models should beinvestigatedThe experimental detetion of the torque would provide independentinformation on the initial state, in partiular would on�rm theassumptions on the initial emission pro�le from the soures

WB Torque



IntrodutionCollision geometryFlutuationsTorqueSummary
The e�ets momentum, angular-momentum, and harge onservationshould be examinedThe torque �utuations in other multi-soure models should beinvestigatedThe experimental detetion of the torque would provide independentinformation on the initial state, in partiular would on�rm theassumptions on the initial emission pro�le from the souresPlease, analyze the data!

WB Torque
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