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Anisotropic flow?

Sourceanisotroy

= anisotropicemissionof particles:
(transwerse)FLOW
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Anisotropic flow?

Sourceanisotropy

= anisotropicemissionof particles:
(transerse)FLOW

dN
— x 1+ 20y cos(¢p — Pp)

do
+2vy cos2(p — PRr) + ...

vy “directed”, v “elliptic”
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Anisotropic flow?

Sourceanisotropy

= anisotropicemissionof particles:
(transerse)FLOW

dN
— x 1 4 2v; cos(¢p — PR)

do
+2vy cos2(p — PRr) + ...

vy “directed”, v “elliptic”

averageover particlesandevents:
v, = (cosn(¢p — Ppr))
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Anisotropic flow?

Sourceanisotroy

= anisotropicemissionof particles:
(transerse)FLOW

dN
— o 1 4+ 2v; cos(¢p — PR)

do
+2vy cos2(p — PRr) + ...

vy “directed”, v “elliptic”

averageover particlesandevents:
v, = (cosn(¢p — Ppr))

reactionplane,unknavn
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How IS v, measured?

® Reminder:analysisof v, till now
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How IS v, measured?

® Reminder:analysisof v, till now
® A new, simplemethodto analyzeanisotropiclow

s asimplerecipe @)
# aquickjustification:generatingunction, cumulantszeroes

» anenlighteninganalogy:Lee—-Yangzeroes

R.S.BhaleraoN.B., J.-Y. Ollitrault, Nucl. Phys. A727 (2003)373
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How IS v, measured?

® Reminder:analysisof v, till now
® A new, simplemethodto analyzeanisotropiclow

s asimplerecipe @)
# aquickjustification:generatingunction, cumulantszeroes

» anenlighteninganalogy:Lee—-Yangzeroes

$ Summary

R.S.BhaleraoN.B., J.-Y. Ollitrault, Nucl. Phys. A727 (2003)373
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Methods usedsofar (RHIC)

|dea: measure,, from interparticlecorrelations
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Methods usedsofar (RHIC)

|dea: measure,, from interparticlecorrelations

® Two-particlemethods:
» Event-plananethod I~ PHENIX, PHOBOS,STAR
o 2-particlecorrelationfunction& mixedevents I PHENIX
o Cumulantof 2-particlecorrelations  IF PHENIX, STAR
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Methods usedsofar (RHIC)

|dea: measure,, from interparticlecorrelations

® Two-particlemethods:
s Event-plananethod I PHENIX, PHOBOS,STAR
o 2-particlecorrelationfunction& mixedevents I PHENIX
i » Cumulantof 2-particlecorrelations  IEF PHENIX, STAR

Measured-particlecorrelationgplaguedoy nonflow effects a

® Cumulantsof 3-, 4-, 6-particlecorrelations s STAR

Most nonflow effectssu btracte(q
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ME '

An alternative to cumulants

(1) For eachevent,computey(ir) = H(l + ir cos ng; ) for variousr
J " lah frame
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ME '

An alternative to cumulants

(1) For eachevent,computey(ir) = H(l + ir cos ng; ) for variousr

J " lah frame
(2) Averageover events:
1 .
G(ir) = N Z g(ir)

evts
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ME '

An alternative to cumulants

(1) For eachevent,computey(ir) = H(l + ir cos ng; ) for variousr

J " lah frame
(2) Averageover events:
1 .
G(ir) = N Z g(ir),

evts

andplot |G (ir)|
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An alternativeto cumulants

(1) For eachevent,computey(ir) = H(l + ir cos ng; ) for variousr

J "\ lab. frame
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1
N evts

andplot |G (ir)]

G(ir)=

(3) Readout thefirst minimunt _ |
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An alternativeto cumulants
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An alternativeto cumulants

(1) For eachevent,computey(ir) = H(l + ir cos ng; ) for variousr

J " lab. frame
(2) Averageover events: .
G(l?“) — Z g(lT), +++20000 events, mean multiplicity M=300,26%
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THAT'S ALL FOLKS!
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G(z)=

comple

Generating function,
cumulants [part 1]

M

<H(1 + 2z cos nqu)> generatingunction (of multiparticleaveragey
j=1



Generating function,
cumulants [part 1]

M
G(Z) = <H (1 -+ Z COS nqb])> generating‘unction (of multiparticleaverage}
comple g=1
+00 k
. B 2
Cumulants;, aredefinedby In G(2) = ~cx o
k=1
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Generating function,
cumulants [part 1]

M
G(z)= <H(1 + 2 cos nqﬁj)> generatindunction (of multiparticleaveragey

complec =1
+oo i
_ o Z
Cumulantse, aredefinedby In G(z) = Z Ck 7y
k=1

ASSUMPTION no flow

zm“ Quark Matter, Oakland, January 15, 2004 N. BORGHINI, Anisotropic flow from Lee—Yang zeroes — p.6/10



Generating function,
cumulants [part 1]

M
G(Z) = <H (1 -+ Z COS nqb])> generating‘unction (of multiparticleaverage}
comple g=1
+00 k
. B 2
Cumulants;, aredefinedby In G(2) = ~cx o
k=1

ASSUMPTION noflow = no collectve behaior
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Generating function,
cumulants [part 1]

M
G(Z) = <H(1 -+ Z COS nqb])> generating‘unction(of multiparticleaverage}
comple g=1
+00 k
. B 2
Cumulants;, aredefinedby In G(2) = ~cx o
k=1

ASSUMPTION noflow = nocollective behaior
systemmadeof independensubsystems

= G =]] Gan(2)

subsyst.
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Generating function,
cumulants [part 1]

M
G(Z) = <H(1 -+ Z COS ngb])> generating‘unction(of multiparticleaverage}
comple g=1
+00 k
. B 2
Cumulants;, aredefinedby In G(2) = ~cx o
k=1

ASSUMPTION noflow = nocollective behaior
systemmadeof independensubsystems

= G =]] Gan(2)

subsyst.

InG(z) = Z In Ggup.(2)

subsyst.
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Generating function,
cumulants [part 1]

M
G(Z) = <H(1 -+ Z COS ngbj)> generating‘unction(of multiparticleaverage}
comple g=1
+00 Lk
. <
Cumulants:;, aredefinedby In G(z) = Z ko
k=1 '

ASSUMPTION noflow = nocollective beharior
systemmadeof independensubsystems

= G =]] Gan(2)

subsyst.
In G(Z) = Z In Gsub,(z) = C = Z (Ck)sub.
subsyst. subsyst.

20%“ Quark Matter, Oakland, January 15, 2004 N. BORGHINI, Anisotropic flow from Lee—Yang zeroes — p.6/10



Generating function,
cumulants [part 1]

M
G(Z) = <H(1 -+ Z COS nq5])> generating‘unction(of multiparticleaverage}
comple g=1
+00 Lk
. <
Cumulants:;, aredefinedby In G(z) = Z ko
k=1 '

ASSUMPTION noflow = nocollective beharior
systemmadeof independensubsystems

= G =]] Gan(2)

subsyst.
In G(Z) = Z In Gsub,(z) = C = Z (Ck)sub.
subsyst. subsyst.

If thereis noflow, all cumulantsscalelinearly with the systemsize M
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Generating function,

M 4o /T cumulant
z
<H(1+zcoanbj)>, 1HG(Z)EZC]€H
j=1 k=1

ASSUMPTION systemwith flow



Generating function,
cumulants [part 2]

M too /T cumulant
z
<H(1+zcoanbj)>, lnG(z)EchH
j=1 k=1

ASSUMPTION systemwith flow

® Consideffirst collisionswith thesamereactionplane® p:

(cosng) = v, cosn®pr
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Generating function,
cumulants [part 2]

u too - cumulant
=1 k=1 '

ASSUMPTION systemwith flow

® Consideffirst collisionswith thesamereactionplane® p:

(cosng) = v, cosn®pr

afew omittedsteps
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Generating function,
cumulants [part 2]

u too - cumulant
=1 k=1 '

ASSUMPTION systemwith flow

® Consideffirst collisionswith thesamereactionplane® p:

<Cosn¢> = U, COS n(I)R + G(Z) — () eZM’Un cosn®pr

afew omittedsteps
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Generating function,
cumulants [part 2]

u too - cumulant
=1 k=1 '

ASSUMPTION systemwith flow

® Consideffirst collisionswith the samereactionplane®y:

<COS7”L¢> = U, COS n(I)R + G(Z) — () eszn cosn®pr

afew omittedsteps
® Thenaverageover®r:  G(z) = (...) Ip( zM v,)
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Generating function,
cumulants [part 2]

u too - cumulant
=1 k=1 '

ASSUMPTION systemwith flow

® Consideffirst collisionswith the samereactionplane®y:

(cosng) = v, cosn®r ... G(z) = (...) e#Muvncosndp

afew omittedsteps
® Thenaverageover®rp:  G(z) = (...) Ip(2M vy,)

= z* goeswith afactor M*
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Generating function,
cumulants [part 2]

u too - cumulant
=1 k=1 '

ASSUMPTION systemwith flow

® Consideffirst collisionswith the samereactionplane®y:

(cosng) = v, cosn®r ... G(z) = (...) e#Muvncosndp

afew omittedsteps
® Thenaverageover®rp:  G(z) = (...) Ip(2M vy,)

= z* goeswith afactor M*

® Takethelogarithm:the cumulantc;, scaledike M*
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Generating function, zeroes

nonflowv effectsc, o« M

collective flo A7k } to isolateflow, computec;, for large &
vV W Cp. X

Largek?
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Generating function, zeroes

nonflowv effectsc, o« M

collective flo A7k } to isolateflow, computecy, for large &
v W C X

Largek?
asymptotidoehaior of the coeficientsin theexpansionof In G(z)
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Generating function, zeroes

nonflowv effectsc, o« M

collective flo A7k } to isolateflow, computecy, for large &
v W C X

Largek?
asymptotidoehaior of the coeficientsin theexpansionof In G(z)

Entirely determinedy thefirst zeroof G(z) in thecomple plane!
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Generating function, zeroes

nonflowv effectsc, o« M

collective flo A7k } to isolateflow, computecy, for large &
v W C X

Largek?
asymptotidoehaior of the coeficientsin theexpansionof In G(z)

. Entirely determinedy thefirst zeroof G(z) in thecomple plane!

+ 00 k
Seefor |nstance1n<1 — —) = E . large-ordercoeficientsarecontrolledby zg
20 — k 2ok
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Generating function, zeroes

nonflowv effectsc, o« M

collective flo A7k } to isolateflow, computecy, for large &
v W C X

Largek?
asymptotidoehaior of the coeficientsin theexpansionof In G(z)

. Entirely determinedy thefirst zeroof GG(z) in thecomple plane!

Firstzerd?
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Generating function, zeroes

nonflowv effectsc, o« M

collective flo A7k } to isolateflow, computecy, for large &
v W C X

Largek?
asymptotidoehaior of the coeficientsin theexpansionof In G(z)

Entirely determinedy thefirst zeroof G(z) in thecomple plane!

Firstzerd? Whenthereis flow, G(z) = (...) Iop(zMuv,,):

nozero

2.4051

Un

Thefirst zeroliesat zy = . find 2y, andyou getu,
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Generating function, zeroes

nonflowv effectsc, o« M

L } to isolateflow, computec;, for largek

collective flow ¢, oxc M

Largek?
asymptotidoehaior of the coeficientsin theexpansionof In G(z)

Entirely determinedy thefirst zeroof G(z) in thecomple plane!

Firstzerd? Whenthereis flow, G(z) = (...) Iop(zMuv,,):

—~—
nozero
. . 2.4051
Thefirst zerolies at zy = - find 20, andyou getv,,
Un

finite numberof events o . _
&= find firstminimumof |G (ir) |, ratherthanfirst zeroof G'(ir)

unevendetectoracceptanc
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Analogy: Lee-Yang zeroes

Phys. Rev. 87(1952)404. atheoryof phasdransitions

400
® Grandpartitionfunction (7', V fixed): Q(u) = Z 7 el N/KT
N=0
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® Takeareferencevaluey., definez = (u — p.)/kT
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zom“ Quark Matter, Oakland, January 15, 2004 N. BORGHINI, Anisotropic flow from Lee—Yang zeroes — p.9/10



Analogy: Lee-Yang zeroes

Phys. Rev. 87(1952)404. atheoryof phasdransitions

+00
® Grandpartitionfunction (7', V fixed): Q(u) = Z Z el VKT
N=0

® Takeareferencevaluey., definez = (u — p.)/kT

+00
® letfG(z) = QQ((;L)> = Z Pye*N: generatingunction
¢/ N=0

probabilityto have N particlesat = pc
® |etthevolumeV (=thesystensize)increase

zom“ Quark Matter, Oakland, January 15, 2004 N. BORGHINI, Anisotropic flow from Lee—Yang zeroes — p.9/10



Analogy: Lee-Yang zeroes

Phys. Rev. 87(1952)404. atheoryof phasdransitions

+00

® Grandpartitionfunction (7', V" fixed): Q(u) =) ~ Zye!N/*T
N=0

® Takeareferencevaluey., definez = (u — p.) /kET

. LetG(z2) = Qn) = Z Pye*N: generatingunction
probabilityto have N particlesat = pc
® |etthevolumeV (=thesystensize)increase

» If nophasdransition thezeroesareunchanged
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Anisotropic flow analysis
with Lee-Yang zeroes

® Firstapplicationof Lee—Yangtheoryto experimentaldata ' )

® Directstudyof correlationgnvolving mary particles:
conceptuallythe bestway to analyzecollective flow

® Verysimpleimplementation

® Variousomittedfeatures(Nucl. Phys. A727, 373: 54 pages)
» Differentialflow
» Acceptanceorrections
o Stability with respecto nonflow effects
o Statisticalerrors(for STAR, the sameaswith 4-particle
cumulant$§)

® THE methodto analyzev, andv, atLHC

SeealsoPhys. Lett. B5s0 (2004)157
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