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Introduction

Crn.mtn = (cos(mo1 +noa — (m +n)p3))

e Can be used for the search for evidence of CME - (15

e 3PC is useful to study correlation among different vn harmonics - ({93
e Objective - Study 2-PC and 3-PC

e Study effect of GMC

e Disentangle GMC and Flow signal



CME Results
PRL 103, 251601 (2009)

® Charge separation observed in AuAu at STAR
® Theoretical models (ho CME) can'’t explain data

Signal can be from CME!
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CME Results
PRL 103, 251601 (2009)

® Charge separation observed in AuAu at STAR
® Theoretical models (no CME) can’t explain data

Signal can be from CME!

® CMS compared C112 in large and small systems

® Expectation - Lower CME in p+Pb than Pb+Pb due
to reduced field strength and random field orientation

® Observed comparable signal

p+Pb signal not CME?7?7?
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® Charge separation observed in AuAu at STAR
® Theoretical models (no CME) can’t explain data
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CME Results £
PRL 103, 251601 (2009) ? :‘

Signal can be from CME!

® CMS compared C112 in large and small systems

® Expectation - Lower CME in p+Pb than Pb+Pb due
to reduced field strength and random field orientation
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® Observed comparable signal Pb+Pb p+Pb
p+Pb signal not CME??7? PRL 118, 122301 (2017)
e CME Correlator C112 - possible large background x10” g5 2 Ptztzbcen;?mﬂ%)

: Vswn = 5.02 TeV CMS .
e Background - Momentum Conservation and Local Charge

Conservation

—

Objective - To check impact of GMC in the 3P b o
corrlators and try to disentagle it from flow
signhal - Might give better and reliable results

for CME!! LI
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Calculation - 2PC and 3PC
D _; wicos(ng;) D, wisin(ng;) )
D i Wi | D i Wi

® Subevents a b C

-2.5 -0.83 0.83 2.5

® Flow Vector q;; — (




Calculation - 2PC and 3PC
D _; wicos(ng;) D, wisin(ng;) )
D i Wi | D i Wi

® Subevents a b C

-2.5 -0.83 0.83 2.5

e 2PC in terms of g-vectors

Chn = ({cosn(P1 — ¢2))) = (A, 4q;,)

e 3PC in terms of g-vectors

Cir2 = ((cos(91 + ¢2 = 20))) = (aiias")
Cizg = {(cos(é1 + 202 = 360))) = (afazats”
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® Flow Vector q;; — (




Momentum Conservation

deairs

dA¢ 142 Z Unn (pTlapT2) COS(?’LA¢)

n=1

® Azimuthal distributions for a pair of particles

e Factorisation forn>1:  Unn (P1y, P15 ) = Un(P1y )Vn(PTy)



Momentum Conservation

e Azimuthal distributions for a pair of particles d‘gffgs x 142 Z Vnn (PTy, PT, ) €OS(NAQ)

n=1
e Factorisation forn>1:  Upnyn (P17, PT) = Un(PT))Vn (PT:)
L - P11 PTy
® The factorization breaks forn =1 : Ull(pTlapTg) ~ Ul(pTl)vl(pTg) 5
M<pT>

® Correction due to global momentum conservation :
Fpidip,  dpy Ppy T U PIP2)




Momentum Conservation

: VI . : AN, s >0
e Azimuthal distributions for a pair of particles dng x 142 ; Vnn (P11, P, ) COS(NAD)
e Factorisation forn>1:  Upy, (P1y,01,) = Un (D1, )Un (DT3)
pT, pPT:
e The factorization breaks forn=1: v11(p1,,P1:) = V1 (P, )01 (PT) 1 22
M<pT>
® Correction due to global momentum conservation :
AN : dAN:: dN:.
3 7jg — 3 - 3 - [1 + C@'j(ppo)]
d°p1d°p2 d°p1 d°p2
e For 2PC and 3PC, the momentum conservation correction is :
C%Pc(pla pz) _ 2p1 - P2 PHYSICAL REVIEW C, VOLUME 62, 034902

M (p7,)

2(p1 P2+ P2 P3+Ps3-P1)
M (p3-)

CEJPC(P1,P27P3) = =



Momentum Conservation

®2and 3PCMC: CMC _¢ / Py cos(d1 — bo)cos(d1 — b )ddrdos
C{\{ZC :C/ [pTlpT2COS(¢1 — ¢2) ‘|‘pT2pTBCOS<¢2 — ¢3) ‘|‘pT1pT3COS(¢1 — ¢3>]

cos(p1 + P2 — 2¢3)dp1dP2ds
Cias :C/ [p1y P, COS(P1 — P2) + TP COS(P2 — G3) + Py PTCOS(P1 — B3)]

cos(P1 + 2¢2 — 3¢3)dp1dP2d s



Momentum Conservation

®2and 3PCMC: CMC _¢ / Py cos(d1 — bo)cos(d1 — b )ddrdos
C{\{QC :C/ [pTlpTQCOS(¢1 — ¢2) +pT2pTBCOS<¢2 — ¢3) ‘|‘pT1stcOS(¢1 — ¢3>]

cos(p1 + P2 — 2¢3)dp1dP2ds
Cias :C/ [p1y P, COS(P1 — P2) + TP COS(P2 — G3) + Py PTCOS(P1 — B3)]

cos(p1 + 2¢2 — 3¢3)dPp1ddad s
e Azimuthal distribution

dN 1
dp 27

1+ Z 2vp, (pr)cosn(¢p — Yrp)

Vv, = vpexp(inV,)

= {vpcos(nV,), v, sin(n¥,)}



Momentum Conservation

®2and 3PCMC: CMC _¢ / Py cos(d1 — bo)cos(d1 — b )ddrdos
C{\{ZC :C/ [pTlpT2COS(¢1 — ¢2) ‘|‘pT2pTBCOS<¢2 — ¢3) ‘|‘pT1pT3COS(¢1 — ¢3>]

cos(p1 + P2 — 2¢3)dp1dP2d s
Cias C/ [p1y P, COS(P1 — P2) + TP COS(P2 — G3) + Py PTCOS(P1 — B3)]

cos(P1 + 2¢2 — 3¢3)dp1dP2d s

e _ 2 1L p g, g, 4014540

mnp dN dN dN
dp; do; dox dpidp;doy




Momentum Conservation

®2and 3PCMC: CMC _¢ / Py cos(d1 — bo)cos(d1 — b )ddrdos
C{\{QC :C/ [pTlpTQCOS(¢1 — ¢2) +pT2pTBCOS<¢2 — ¢3) ‘|‘pT1stcOS(¢1 — ¢3>]

cos(p1 + P2 — 2¢3)dp1dP2d s
Cias C/ [p1y P, COS(P1 — P2) + TP COS(P2 — G3) + Py PTCOS(P1 — B3)]

cos(P1 + 2¢2 — 3¢3)dp1dP2d s

e Azimuthal distribution cMC _ cpT12pT2 11+ vao(pr, )Vi(pr,) Y
AN me _C , x
i = 2vp, (pr)cosn(¢p — Yrp) Ci19o ngTlpTQ va(pr ) v (pry) + Vo (pr,)va(Dr1y)]
C : N * -
v, = vhexp(nV¥,,) + 5 PTLDTy vi(pr ) va(pr,)vs(pr,) + vi(pr ) vi(Pn))
= n), Unsin(nv¥,, C . . . :
) ( )} + nglpT3 \2! (pT2)V2 (pTl)VS (pTg) T V1 (pTQ)Vl (pT3)-
e Normalis MC : C{\ggc :EpTlpTQ [Vl (pTQ)VQ(pT1)V3(pT3) + V3(pT2)V3(pT3)]
C _
+ = p1p1s Vi1 ) V3 (P ) Va(PTs) + Vi(pr ) V(1) V2 (PTs)]
MO _ ol jqbi jq]b\; jéi do;dg;doy, é 2
mnp gg Cﬁ\; jqu\; d;de;dey, + 5Py va(pr, )ve(pr, ) vi(pTs) + Va2 (p1,) Vs (D13)]
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Results



Results - C11 MC v =vir)vpn) + CF57 1+ valpr v (pr))]
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Results - C11 MC v =vir)vpn) + CF57 1+ valpr v (pr))]

T oos% ® U1(pT) obtained after fitting
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C112 - Individual MC terms

02><10"3 002><10“3

Total MC

e For fixed pk=(0.5-1.0)
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o 05<p_ <1.0 a factor of 10

O 1.0<p:<1.5

o 1.5<p '<20 2 } :
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© 30<p <40 source of MC

o 4.0< p. < 6.0
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C
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C123 - Individual MC terms
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Results - C112

20-30%
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e Significant MC
contribution



C112_corr - Dependence on p_{T}
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e C112(p_{T2}) for different ® There seems little dependence on

pk at fixed p_{T1} L, P



C112/v2 - Dependence on p_{T3}
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Results - C123
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e Significant MC
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C12
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C123/v3 - Dependence on p_{T3}
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e C112/v3 removes some dependence
16 on p_{T3}



C123/v2 - Dependence on p_{T2}
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e C112/v2 scaling doesnt remove
dependence on p_{T2}
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Summary

e Did 2PC and 3PC in ATLAS 2.76TeV Pb+Pb

e 2PC results agree with published results

e Derived momentum conservation corrections in detail

e Simultaneous fitting of V11 to obtain v1(pT) and coefficient C
e Separated MC from flow signal in C112 and C123

® Observed significant MC in C112 and C123

e C112 could be broken down into ~ v1*v1*v2

® C123 has some contamination other than ~ v1*v2*v3

18



Summary

e Did 2PC and 3PC in ATLAS 2.76TeV Pb+Pb

e 2PC results agree with published results

e Derived momentum conservation corrections in detail

e Simultaneous fitting of V11 to obtain v1(pT) and coefficient C
e Separated MC from flow signal in C112 and C123

® Observed significant MC in C112 and C123

e C112 could be broken down into ~ v1*v1*v2

® C123 has some contamination other than ~ v1*v2*v3

Next Step

® Proper breakdown of C112 and C123
e Physical interpretation of 3PC
e Charge Dependence study

e Systematics
18



