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Motivation: a historical view

» Rapidity correlations is an old story
ISR  UA5 UA5 E735 PHOBOS STAR ATLAS ALICE
1976 1983 1988 1995 2006 2009 2012 2015 Year

* Physics goal: understand production mechanism in early stage.
» More details see Longgang and Jiangyong’s talks.

Initial Stages 2016, Lisbon 02



Motivation: a historical view

» Rapidity correlations is an old story
ISR  UA5 UA5 E735 PHOBOS STAR ATLAS ALICE

1976 1983 1988 1995 2006 2009 2012 2015 Year

* Physics goal: understand production mechanism in early stage.
» More details see Longgang and Jiangyong’s talks.

* Why we come back to this analysis?
 Previous methods focused on limited phase space: n and —n;

« Short-range correlation and statistical dilution;

» Few direct comparisons among different systems;
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Motivation: a historical view

» Rapidity correlations is an old story
ISR  UA5 UA5 E735 PHOBOS STAR ATLAS ALICE

1976 1983 1988 1995 2006 2009 2012 2015 Year

 Physics goal: understand production mechanism in early stage.
» More details see Longgang and Jiangyong’s talks.

* Why we come back to this analysis?
 Previous methods focused on limited phase space: n and —n;
« We used a new observable that covers full n space;
« Short-range correlation and statistical dilution;
« We estimated short-range correlation;
» Few direct comparisons among different systems;
* We compared from large to small systems.
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Pb+Pb, p+Pb and pp datasets

 Correlation functions calculated using charged particles pr > 0.2 GeV;
« High-multiplicity track (HMT) trigger used to increase statistics;
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* Analysis carried out in many bins over 10 < N/£¢ < 300;
» Results presented as a function efficiency-corrected values N_,.
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Pb+Pb, p+Pb and pp datasets

 Correlation functions calculated using charged particles pr > 0.2 GeV;
« High-multiplicity track (HMT) trigger used to increase statistics;

)

ec
ch

dN/(dN'

1/Nevts

Inner detector n|<2.5
Pb+Pb 2.76 TeV, 2010, MB

p+Pb 5.02 TeV, 2013, MB+HMT
ptp 13 TeV, 2015, MB+HMT

* Analysis carried out in many bins over 10 < N/£¢ < 300;
» Results presented as a function efficiency-corrected values N_,.

« How long-range correlation compare among three systems,
at the same N_;,?

Initial Stages 2016, Lisbon 03



Observable

« Single particle observable

N(n)
(N(m))

Rs(n) =
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Observable

« Single particle observable ;4

Rs(n) =

N(n)
(N(m))
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—
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0.6
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Observable

llllllllllllllllllllllllllllllllllllllllllllllllll

» Single particle observable , A4f-Event 1 Centrality 10-15% — | Event2 Centrality 10-15% -
N(n) [ P, > 0.5 GeV i
1.2

N) I 1 H|J]ﬂ|‘

P, > 0.5 GeV

Rs(n) =

ﬂﬂmﬂl“m

« Dominated by statistical os}

f|UCtua'[I0nS' - ATLAS  Prelimin ry : ATLAS Prelimina ry 1
0.6 Pb+Pb,\s,,=2.76 TeV - [ Pb+Pb,\s,,=2.76 TeV -
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-2 -1 0 1 2 -2 -1 0 1 2
n n
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Observable

 Two particles observable (correlation function)

c( ) = (N(m1)N(m3))
T2 = NG OYN ()
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Observable

» Two particles observable (correlation function)

(N(m1)N(12)) Two-particle correlation is related
C(ny,m,) = (NMOXN(L)) (Rs(11)Rs (12)) to single-particle distribution.
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Observable

 Two particles observable (correlation function)

(N(m1)N(12)) Two-particle correlation is related
C(ny,m,) = (NMOXN(L)) (Rs(11)Rs (n2)) to single-particle distribution.

« Advantage of correlation function
» Disentangles dynamical fluctuation from statistical fluctuation.
 Detector effects removed by mixed events;

A. Bzdak and D. Teaney, PRC 87 (2013) 024906 Jia, Jiangyong, Sooraj Radhakrishnan, and MZ. Phys.Rev. C93 (2016) no.4, 044905
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FB multiplicity correlation C(n4,1,)

ATLAS Preliminar
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FB multiplicity correlation C(n4,1,)

n-1=1In—nzl =0
ATLAS Preliminar Short-range correlation 8gg¢ (11, 12)
Pb+Pb Y\ reflect correlation in the same source:
jet fragmentation, resonance decay...
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FB multiplicity correlation C(n4,1,)

n-1=1Iny—n2l=0
Short-range correlation sz (11, 12)

ATLAS Preliminar

Pb+Pb reflect correlation in the same source:
= s W 7 jet fragmentation, resonance decay...
= 1.01 :

Z
@)
0.99-

In-1 = In1 —n20 > 1.5
Long-range correlation Cyr-(n1,12)
reflect FB asymmetric number of sources:

participants, partons, tubes/strings...
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FB multiplicity correlation C(n4,1,)

n-1=1Iny—n2l=0
Short-range correlation sz (11, 12)

ATLAS Preliminar

Pb+Pb Y\ reflect correlation in the same source:
= s /. 4 jet fragmentation, resonance decay...
= 1.01

Z
@)

\\ "“ .
0.99- AN || » Goal: study the long-range correlation;

» Challenge: hard cut on |An| < 2 to
suppress SRC will lose information.

In-1 = In1 —n20 > 1.5
Long-range correlation Cyr-(n1,12)
reflect FB asymmetric number of sources:

participants, partons, tubes/strings...
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Charge dependence of C(n4,1,)

« Particles from the same source (SRC) have strong charge dependence.

ATLAS Preliminary

ATLAS Preliminary

Pb+Pb Oppe Pb+Pb Sam
=1.015 =
E" 1.01 5"1.005-
4 ]
8 1.0051_‘_ icl_) 4
0.9954 0.995+
2 2
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Charge dependence of C(n4,1,)

« Particles from the same source (SRC) have strong charge dependence.

ATLAS Preliminary i)
Pb+Pb OPPG-7" MR "

2 e
« Ratio of opposite to same charges R(n4,15)

* Very strong Gaussian-like SRC;
 Very weak LRC: charge-independent;
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Charge dependence of C(n4,1,)

« Particles from the same source (SRC) have strong charge dependence.

« Ratio of opposite to same charges R(n,n,) = [ 7 ATLAS Prefminay |
* Very strong Gaussian-like SRC; [ Pb+Pb :
- Very weak LRC: charge-independent; T ]

« Amplitude of R(n4,1n,) along n.: f(n,), reflects the
strength of SRC in the longitudinal direction;
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Charge dependence of C(n4,1,)

« Particles from the same source (SRC) have strong charge dependence.

« Ratio of opposite to same charges R(n,n,) = [ 7 ATLAS Prefminay |
* Very strong Gaussian-like SRC; [ Pb+Pb :
- Very weak LRC: charge-independent; T ]

« Amplitude of R(n4,1n,) along n.: f(n,), reflects the
strength of SRC in the longitudinal direction;

« Assumption: strength of SRC along n, is same for ! ]
same charge and opposite charge. L]
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Estimation of short-range correlation

» To estimate SRC, LRC pedestal is estimated first.
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Estimation of short-range correlation

» To estimate SRC, LRC pedestal is estimated first.

ATLAS Preliminary

* C(nq,m,) from same charge used to estimate
LRC pedestal because of small SRC;
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Estimation of short-range correlation

» To estimate SRC, LRC pedestal is estimated first.

ATLAS Preliminary

2 7D W\,
2 - ATLAS ]
—, 1.002] n,1<0.4 & Prcim. ]
Pb+Pb
1 ;
0.998f -
0.996} .

* C(nq,m,) from same charge used to estimate
LRC pedestal because of small SRC;

] + LRC pedestal is fitted with quadratic function;
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Estimation of short-range correlation

» To estimate SRC, LRC pedestal is estimated first.
ATLAS Preliminary

\\\\

N m

?' oo | « C(ny,1,) from same charge used to estimate
= LRC pedestal because of small SRC;
fr | » LRC pedestal is fitted with quadratic function;
0.998} ] » The additional structure upon LRC pedestal
determines the shape of SRC;
0.996}
e
gl
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Estimation of short-range correlation

» To estimate SRC, LRC pedestal is estimated first.
ATLAS Preliminary

\\\\

N w

| « C(ny,n,) from same charge used to estimate
LRC pedestal because of small SRC;

| » LRC pedestal is fitted with quadratic function;

1 * The additional structure upon LRC pedestal
determines the shape of SRC;

| { * The full §spc (11, 712) is then populated using
5 o0 5 f(n)scaling.

o

©

©

o))
1
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Quantify shape fluctuation: Legendre expansion
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Quantify shape fluctuation: Legendre expansion

« Analysis focuses on dynamical _ N@m _ N(mN(2))
: Rs;(n) = C( ) =
fluctuation upon average; sV =N T 2] = N G DN (17,))
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Quantify shape fluctuation: Legendre expansion
_g _IIIIIIIIIllllllllllllllllllllllllllllllllllllll_

© ~0-10%
10°

(

" - 10-20% 1l
I ~20-30% I

(

--30-40%

(

--1| — I-0.5I — '0 — IO.SI — 1 -+ 40-50%

 Analysis focuses on dynamical
fluctuation upon average; ~50-60%

 However, average multiplicity 10°
changes with centrality;

(

(

--60-70%

|

== 70-RN°
_ 7080% o 4 |

Pb+Pb\/s\,=2.76 TeV
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Quantify shape fluctuation: Legendre expansion

 Analysis focuses on dynamical
fluctuation upon average;

* However, average multiplicity
changes with centrality;

» The residual centrality dependence is
removed by normalizing C(n4,1,)
C(TllJ 772)

Cp (nl)Cp (772)

Cn(M,m2) =

_llllllllIllllllllllllllllllllllllllllllllllllll_
- 0-10%
| (RN s w waeaAENRONEEEE
. ~10-20% !
- AAAMAAAAAAAMAMALAAAAAAAAAAAAAAAAAMARAAALLY 4
I ~20-30% I
AL LS A AL
i --30-40% |
R
_ +40-50% _
s L — L
-50-60%
I -60-70% |
e _QNo
i 70-80%  ,o 4o
lllllJllIllllllllllllllPItl)-l'-lPlFLlllw\illl 16!I\I/II
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Quantify shape fluctuation: Legendre expansion

P,: FB asymmetry of
the EbyE fluctuation,

* The linear shape quantifies the FB
multiplicity asymmetry;
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Quantify shape fluctuation: Legendre expansion

P: FB asymmetry of
the EbyE fluctuation,

* The linear shape quantifies the FB
multiplicity asymmetry;

« HIJING shows strong correlation
between final multiplicity asymmetry
and initial participant asymmetry;

0.2

-0.2

- HIJING

FarXiv:1506.03496, ety
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Quantify shape fluctuation: Legendre expansion

- HIJING o
02-arXiv:1506.03496.

P: FB asymmetry of
the EbyE fluctuation,

=1500

* The linear shape quantifies the FB
multiplicity asymmetry;

« HIJING shows strong correlation
between final multiplicity asymmetry
and initial participant asymmetry;

« As will be shown later, this component
dominates the shape fluctuation.
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Quantify shape fluctuation: Legendre expansion

P,: Centrality dependence

P,: FB asymmetry of
the EbyE fluctuation

P,: N(n) distribution width
of EbyE fluctuation
L 0

05

0

05 1

Initial Stages 2016, Lisbon

— * Expansion of correlation function Cy(n4,1,)

2

14 Zoo (a,a,) T T (M2) + T, (m2) T (171)
nm=1
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Quantify shape fluctuation: Legendre expansion

« Expansion of correlation function Cy(14,7,)

P,: Centrality dependence

P,: FB asymmetry of
the EbyE fluctuation,

143" (a2 @) 1o @)

4

P,: N(n) distribution width
of EbyE fluctuation

AIII|IIII|III

g 1 L 1 L | 1 1 1 1 | 1 1 1 1 |

-1 05 0 05

* If linear shape dominates:

Cv(m,m2) =1+ (a%>771772
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Quantify shape fluctuation: Legendre expansion

« Expansion of correlation function Cy(14,7,)

P,: Centrality dependence

P,: FB asymmetry of
the EbyE fluctuation,

143" (a2 @) 1o @)

4

P,: N(n) distribution width
of EbyE fluctuation

AIII|IIII|III

g 1 L 1 L | 1 1 1 1 | 1 1 1 1 |

-1 05 0 05

* If linear shape dominates:

Cv(m,m2) =1+ (a%>771772

» Expressed as n, and n_:

(af) .
Cv(n,m2) =1+ e (nt —n2)
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Results: correlation functions

rec

100 < N3~ < 120  p.>0.2GeV

s, =2.76 TeV, 7 ub”
\ NN

Raw
Cn(M1,12)

Short-range
dsrc(M1,M2)

-+

Long-range
sz/ub (11,M2)

DT &,
Pb+Pb p+Pb pp
g Initial Stages 2016, Lisbon 09
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Results: correlation functions

rec

100 < Nggy < 120 p, >02GeV
\Swy = 5.02 TeV, 28 nb™”

Raw
Cn(M1,12)

Short-range
dsrc(M1,M2)

-+

Long-range
sz/ub (11,M2)

Pb+Pb pp
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Results: correlation functions

100 <N <120 ~ p.>02GeV

Raw
Cn(M1,12) S

Short-range
dsrc(M1,M2)

-+

Long-range 2
C*0 (1, m2) E

Pb+Pb p+Pb
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Results: correlation functions

rec

| ) _1 100< N, <120 | ) ) P, > 0.2 GeV
\Syny = 2.76 TeV,7 ub \Sy = 5.02 TeV, 28 nb

Raw
Cn(M1,12)

Short-range
dsrc(M1,M2)

-+

Long-range
sz/ub (11,M2)

Pb+Pb p+Pb pp
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ATLAS

EXPERIMENT



Results: correlation functions

100 < N3° < 120 p.>0.2GeV
Sy =2.76 TeV, 7 ub™ \Swy = 5.02 TeV, 28 nb™” \s=13TeV, 14 nb™
Raw

Cn(M1,12)

ATLAS Preliminar

ATLAS Prellmlnar__'_.‘-" R
Short-range | = oo -::::1iii-;;::"" o = '

£ 000617 o £
Osre(M1,M2) | 3 oo 5

-+

Long-range
Cyt* (n1,1m2)

Pb+Pb p+Pb
ATLAS

PP
Initial Stages 2016, Lisbon
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Results: correlation functions

rec

100 < N3~ < 120  p.>0.2GeV

Raw
Cn(M1,12)

Short-range

Osrc (1,712)
ATLAS Preliminar ATLAS Preliminar ATLAS Preliminar
Long-l’ange & 1.005 ASIININ 5. 1.005 SR = 1.005
= 5 : c 4 . : =
Csub( ) g~ % ol A SN} 9~
N 771; TIZ 5 0.995 S %5 0.995 s T 4 0.995

- 0
2 2 -1 <\,

0
2 T ™

 After SRC subtraction, similar LRC in all three systems!
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Results: Legendre spectra before SRC removal

*® Calculated from C(n,,
1 +z (anam)Tn(m)Tm(nz)JZrTn(nz)Tm(nl) | o opposite ulated from Cy(m,m,) |
= 0004  \sy=276TeV,Pb+Pb, 7 ub"'  _
ATLAS Prelimina Raw - all pairs ATLAS Preliminary -

rec

Pb+Pb =y \Cv(num2) | 100 =Nj <120 -

ot 1.02; -@ Samepalls 5 5 02Gev -
~— .002— —
< 1.01 0.00 o
Z .. B 7]
14
O - U og ]
0.99: o O :
" ° _
N €s
p8e®”
=2 -2 “‘\ _/\/\/\ A~ /\/\/\/\/\/\_
A+ Al 0 S A bh& ©” o 7 w7~ 0™ N
@ ®© @ © © © ©_© © «© (Um
~ ~ ~ ~ ~— v\“; \“;N\“;mg#\“;
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Results: Legendre spectra before SRC removal

143" (aa \ Tn 1T (12) + T (02) o (12) | opposite 2 cuated from Gyngny)
n*“*m
nm=1 2 0004  \S\w=276TeV,Pb+Pb, 7 ub"' |

ATLAS Prelimina Raw - all pairs ATLAS Preliminary -

Pb+Pb =y \Cv(num2) | 100 =Nj <120 -

ot 1.02; -@ SAMeEPaArs 1, 5 0.2 Gev !
S"v— 1.01% 0.0021- o .|
Z o B
1.»
& LY e
0.99- o U
2 i © a = o
0_ ..................................................... i ...... g ...... g ..... ! ..... !
=2 -2 t‘\‘\ _/\ RS o N &% -

 Higher order coefficients observed;
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Results: Legendre spectra before SRC removal

0 Qalculated from C,(n,
1+2 (anam)Tn(m)Tm(nz);—Tn(nz)Tm(m) opposite ] ulated from Cy(m;m,) |
= 0.004 ISy =296 TeV, Pb+Pb, 7 b _
ATLAS Preliminar Raw [ all pairs ATLAS Preliminary -

rec

Pb+Pb =y \Cv(11,72) 100 =Nj <120 -

,;N 1.02- @ same pairs p.>0.2 GeV ]
E:— 1.01% 0.0021- o —
zZ .. B ]
1.»

O - D9 ]
0.99! o U |

2 i © a = o
0_ ...................................................... i ...... g ...... g ..... ! ..... !_
", L n

=2 ™ R & &

@ @ © @© @©
~ ~ ~ ~ ~ ~

 Higher order coefficients observed;
 Coefficients depend on charge combinations;
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Results: Legendre spectra before SRC removal

0 Calculated from C,,(n,
1+ (@) TR (12) ; T (12) Ton (1) | opposite nmmy)
n.m=1 0004  \s\w=276TeV,Pb+Pb, 7 ub"  _
ATLAS Preliminar Raw | all pairs ATLAS Preliminary -

rec

Pb+Pb A Nev(m2) | 100 =Nj <120 -
| @ Same pairs

PR p.>0.2 GeV 7
= - 0.002]- ' .
= 1ot : o
pd . B 7]
14
@) - U og ]
0.99: o O _
2 i © a = o
0_ ........................................................................................
geer
-2 -2 “‘\ _/\/\/\ T &% -

RCRORCNCIRC RN UL
» Higher order coefficients observed; oo
 Coefficients depend on charge combinations;

« Complicated and very hard to interpret: due to SRC!
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Results: Legendre spectra after SRC removal

" +z°° (anam>Tn(n1)Tm(n2)
nm=1

ATLAS Preliminar

- - .
+ T (m2) T (1) BinE Calculated from C"(n,n,) |
2 - E
- - +- pairs .
@
Long-range e Sel
b - ]
L \lelu (M1, M2) O all pairs
) 0.001- .
2 O . o . I -
0 I o
N\
A Al vl ¥ b& o » 1~ o N
© © © @ © @© G © © O o
80009
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Results: Legendre spectra after SRC removal

+ T (12) T (1)

" +z°° (anam>Tn(n1)Tm(nz)
nm=1

ATLAS Preliminar

0.002

2

Long-range
.“\Ci\g/ub (11,M2)

0.001

Calculated from C;“b(nfnz)

- +- pairs

® +,--pairs

O all pairs
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Results: Legendre spectra after SRC removal

+ T (12) T (1)

2

" +z°° (anam>Tn(n1)Tm(nz)
nm=1

ATLAS Preliminar

0.002

Long-range

L \Cﬁ/ub (11,M2)

.
.
.
.
.
* .
o\ .
* .
.

0.001

.

Calculated from C;“b(n1,n2)

- +- pairs .

® +,--pairs

O all pairs

! ..... ..... ..... ﬁa ..... i ..... ..... e

C @© ©
NN NN N N

D i T i WO S
A Y_NNNN (sp1aV}

P i T oS
<IN IOAN ©

(8p] < W0 © M~
@ @© @© © ©
R AN ™ <t w0
@ @© @© © ®©
N . i i

 Higher order coefficients consistent with 0: dominated by a;;
 Coefficients independent of charge combinations;
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Results: Legendre spectra after SRC removal

+ T (12) T (1)

2

" +z°° (anam>Tn(n1)Tm(nz)
nm=1

0.002

ATLAS Preliminar

Long-range

.“\Ci\g/ub (11,M2)

0.001

.

Calculated from C;“b(nfnz)

- +- pairs

® +,--pairs

O all pairs

! ..... ..... ..... ﬁa ..... i ..... ..... e

C @© ©
Al S VAl .l VAN -

« Much simpler picture after SRC subtracted
« LRC is dominated by linear multiplicity fluctuation in n
« LRC is independent of charge combination.

D i T i WO S
A FNMNN (sp1aV}

PN NG NG NG G P NG
<IN IOAN © ™M < L0 O N~
@ @© @© © ©
= ™ < W0
C @© @©
~N~— N N N

Al
~—
H
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How stable are the results?

- Four largely independent methods are applied to determine (a%);
« Different methods have different sensitivity to the analysis procedures;
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How stable are the results?

- Four largely independent methods are applied to determine (a%);
« Different methods have different sensitivity to the analysis procedures;

i
N~
@©

—~—_ 10"

=——7 r & & 7 [ ~ & & & [ T 11

ATLAS Preliminary pT>O.2 GeV|

g \Syy = 2.76 TeV, Pb+Pb, 7 ub™

_ @\@\ _

- g _
‘Q\&

® FitCy"(n_) for m, | <O.1
@) FltCitb )for09<|n|<11
\ \FV“'SU (n)for22<|n |<24

0] dlrect calc from C ( ,n )
PR T L a1
0 100 200 300

\9

. _ . _Nch
« Four methods give consistent a,: conclusions are insensitive to the procedure.
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Dependence on N, and collision systems
SRC

O Ll Ll J I J 1 1 1 I 1 T J Ll I 1 J 1
<]5:) ATLAS Preliminary P, > 0.2 GeV .
- ® PbiPb s, =2.76 TeV
O p+Pb \s,=5.02 TeV
10 N @ p+p  \Sy=13 TeV

strength of SRC on single-particle level
N T T SRR TR A TR SR TN SN N SN SN SR U NN SR S|
0 100 200 300

N

ch

« Strength of SRC defined as: \/Aspc = J Osre (1, 112)AMm Az,

4Y?2
» Depends on N, : strength of SRC increases towards peripheral;
» Depends on system size: SRC is stronger in small system.
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Dependence on N, and collision systems
LRC

L B L
ATLAS Preliminary P, > 0.2 GeV

® Pb+Pb \s,,=2.76 TeV ]
O p+Pb \s,=5.02 TeV -

p+p  \Sy=13 TeV

0 100 200 300

« Strength of LRC is characterized by dominating coefficient \/? ;
* Depends on N,: FB multiplicity fluctuation is larger in peripheral;
 Independent of system size: require sources at partonic level!

« Strength of SRC and LRC also follow pow-law function: why?
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Dependence on N, and collision systems

SRC LRC
g ) T ) I ) 1 1 1 I 1 T ) T I 1 ) 1 (\T\;_ 1 1 ) T I T ) T 1 I 1 1 T 1 I ) T )
<]cn - ATLAS Preliminary P, > 0.2 GeV 1 8 1 ATLAS Preliminary P, > 0.2 GeV
=10 -
- ® Pb+Pb \s,,=2.76 TeV ® Pb+Pb \s,,=2.76 TeV
O p+Pb \s,=5.02 TeV - O p+Pb \s,,=5.02 TeV -
10 NN @ p+p  \Sy=13TeV - i p+p  \Sy=13 TeV
strength of SRC on single-particle level | a, from C;“b(m,nz) )
- PR R N N R T T A I T T S TR I SR T R P T SR T A SR SR ST S N S SR S SR N S S
0 100 200 300 0 100 200 300
N N
ch ch

* In an independent cluster model, each cluster emits same number of pairs;

« Both SRC and LRC scale approximately as the inverse of number of
clusters n;
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Dependence on N, and collision systems

SRC LRC
g ) T ) I ) 1 1 1 I 1 T ) T I 1 ) 1 (\T\;_ 1 1 ) T I T ) T 1 I 1 1 T 1 I ) T )
<]cn - ATLAS Preliminary P, > 0.2 GeV 1 8 1 ATLAS Preliminary P, > 0.2 GeV
=10 -
- ® Pb+Pb \s,,=2.76 TeV ® Pb+Pb \s,,=2.76 TeV
O p+Pb \s,=5.02 TeV - O p+Pb \s,,=5.02 TeV -
10 NN @ p+p  \Sy=13TeV - i p+p  \Sy=13 TeV
strength of SRC on single-particle level | a, from C;“b(m,nz) )
- PR R N N R T T A I T T S TR I SR T R P T SR T A SR SR ST S N S SR S SR N S S
0 100 200 300 0 100 200 300
N N
ch ch

* In an independent cluster model, each cluster emits same number of pairs;

« Both SRC and LRC scale approximately as the inverse of number of
clusters n;

« Assuming n and N_; are directly related, then

\/r , 5 1 1
SRC™ | A1~ ~
1 na gl
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Dependence on N, and collision systems

-1 1
NIASRCN ay~ a""Na ,a"’O.S
ch

Initial Stages 2016, Lisbon

SRC LRC
O T T T T T T T T T ] - L L L L
& ATLAS Preliminary p_> 0.2 GeV 1 8 ATLAS Preliminary p_> 0.2 GeV
< ! — 10" ! n
- ® Pb+Pb \s,,=2.76 TeV ® Pb+Pb |5, =2.76 TeV ]
O p+Pb \s,=5.02 TeV O p+Pb \s,=5.02 TeV -
101 X ; @ p+p \«"sNN=13 TeV  — i p+p \r"sNN=13 TeV
strength of SRC on single-particle level a, from C3°(n n) )
= T R T T N TR TR T SR N TR TN SR S NN TR SR T L | 1 P
0 100 200 300 0 100 200 300
N
ch ch
Pb+Pb p+Pb pp
Fit with a for VAgre | 0.505 +£0.011 | 0.450 + 0.010 | 0.365 + 0.014
(04
Nen | o for \/<a%) 0.454 +0.011 | 0.433 £0.014 | 0.465 + 0.018

13



Asymmetry in p+Pb collision

ATLAS Prelimina

p+Pb
RN
S 1.02
£ 1.01

2 Mo N\

« Asymmetry observed in p+Pb
collision: stronger correlation in
the proton-going side.
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Asymmetry in p+Pb collision

p+Pb
RN
S 1.02
& 1,01

. .
. .
. .
. .
. . .
. . .
. . .
. . .
. .
. .
. .
. .
. .
.
.
.
.
.

ATLAS Prelimina

-2 ) ‘(\\ p+Pb
: R :
» Asymmetry observed in p+Pb  &_ 1005 .. * LRC is
collision: stronger correlation in = 3 symmetric.
the proton-going side. 257 0.9951 4

22~ W\,
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Asymmetry in p+Pb collision

« Asymmetry
entirely due to
SRC!

-2 Mo N\

* LRC is
symmetric.

. AN
« Asymmetry observed in p+Pb  <_1005%-"
collision: stronger correlation in £ 14
the proton-going side. 22 490514
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Asymmetry in p+Pb collision

« Asymmetry
entirely due to
SRC!

2 Mo N\

. AN
« Asymmetry observed in p+Pb  <_1005%-"
collision: stronger correlation in £ 14
the proton-going side. 22 490514

* LRC is
symmetric.

« Why the asymmetric collision
causes asymmetric SRC?

Initial Stages 2016, Lisbon 14



SRC asymmetry in p+Pb collision

“+1.4F

s 1 ATLAS Preliminary

p+Pb
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SRC asymmetry in p+Pb collision

“+1.4F

s 1 ATLAS Preliminary

p+Pb

i —
d L L L L ] L L L L EI
0.8 51’

rl/]+
« Assume there are n clusters and each one emits m particles on average;

n{m(m — 1)) 1
(n(m))2  n

Osrc X
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SRC asymmetry in p+Pb collision

“+1.4F

s 1 ATLAS Preliminary

p+Pb

i —
d L L L L ] L L L L EI
0.8 51’

rl/]+
« Assume there are n clusters and each one emits m particles on average;

« Assume n is proportional to local particle density dN.;, /dn;

5 nim(m-1)) 1 1
SRC T m)2 . n . dN/dn
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SRC asymmetry in p+Pb collision

— T T T T T T T T T T 1 | T T 1 | 1T T 1 | I [ I ‘ T [ ‘ 1T 1T 71
+1.4r N g 5 | ATLAS
s | ATLAS Preliminary | | e 4Pb, 1 b
A % i 0-1% Pea Sy =502TeV |
' o, = 0.465
p+Pb | 60  1-5% 5 o allp, N

L “M..‘“.‘ '0000......‘.
B (3 bt [ i
5-10% ®eq L
- .Q“M.O... .... (3 —
_nno, ®eq ....m.“m"'o %
| 40+ 10-20% L
i 'o“””""o..“ ®000000000000000e,, ..'o.' |
i 20-30% “eoes %000,
- { ] -
_ *30-40% Se0seee,
I ”%”'".:OQ“'W |
4 201 40-60% N
i oe®® eecsccsces, |
| 60-90%

' TR |
1 1 f f | L L 1 1 L L L1 L1 L L L1
0.83 s P og

n
i
- Assume there are n clusters and each one emits m particles on average;
« Assume n is proportional to local particle density dN.;,/dn;

5 nim(m-1)) 1 1 Inverse to multiplicity
SrRc X = - L
(n{m))>? n dN.,/dn distribution
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Compare SRC shape in three systems

Symmetrized p+Pb

’-"\+1 -3 _I 1 I LI I LILEL I LI | I L] I 1 I_

ATLAS Preliminary

: ‘( SNN = 5.02 TeV
1.2f |
p+Pb symmetrized, 28 nb™;

100 = N3’ <120

f(n

1.1:

0.9}

 For better comparison with pp and Pb+Pb, p+Pb is symmetrized;
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Compare SRC shape in three systems
pp

ATLAS Preliminary
Vs =13 TeV
p+p, 65 nb™
100 = N3, <120

, n,
* For better comparison with pp and Pb+Pb, p+Pb is symmetrized;
* In high-multiplicity pp, SRC shape is slightly larger than p+Pb;
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Compare SRC shape in three systems
Pb+Pb

ATLAS Preliminary
L \s =276 TeV
- Pb+Pb, 7 ub"!

100 = Nj;’ <120

 For better comparison with pp and Pb+Pb, p+Pb is symmetrized;
* In high-multiplicity pp, SRC shape is slightly larger than p+Pb;
« However in Pb+Pb, SRC shape is more flat.

Initial Stages 2016, Lisbon
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Compare SRC shape in three systems

Symmetrized p+Pb pp Pb+Pb

Ty [ | L L L L B B [ I L LN B B | i I B LS NLNLELEY N
< ATLAS Preliminary Il ATLAS Preliminary I ATLAS Preliminary ]
of \Sw=502TeV I Vs=13Tev I Vsw=276Tev ]
' p+Pb symmetrized, 28 nb™'{[ p+p, 65 nb™ 1t Pb+Pb, 7 ub™ '

[ 100 = N’ <120 I 100 = N3, <120 I 100 = Nj;’ <120
1A ¢ o1 1T ]
09k 1L L ]
ol | 1 I L1 1 I 1 L_1 I 1 1 1 I L1 1 I [ [ i ol | 1 I 11 1 I L1 1 I 1 1 1 I L1 1 I L 1L 1 I 1 1 1 I L1 1 I 1 L1 I 1 1 1 I L1

4 2 0 2 4 4 2 0 2 4 4 2 0 2 4

mn, n, n,

 For better comparison with pp and Pb+Pb, p+Pb is symmetrized;
* In high-multiplicity pp, SRC shape is slightly larger than p+Pb;
« However in Pb+Pb, SRC shape is more flat.

« EbyE asymmetry of multiplicity (relative to average multiplicity) in high-
multiplicity pp is larger than p+Pb while Pb+Pb collision is more symmetric.
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» Forward-backward multiplicity correlation Cy(n4,7n,) is measured in Pb+Pb,
p+Pb and pp collisions at similar event multiplicity.

» Correlation function consistent of a strong short-range component and a
long-range component.

» A data-driven method is used to estimate SRC based on the fact that SRC
has strong charge dependence, while LRC does not.

» Legendre expansion as well as other three independent methods shows
that shape of LRC is dominated by leading linear fluctuation 1 + (a?)n,7,.

» The N_,-scaling of LRC and SRC across three systems are studied.
« SRC depends strongly on collision systems and decrease with N_;
« LRC decrease with N_; but independent of system size;

 Both follows power-law of N, with an index close to 0.5: information on
the number of sources for particle production?

« EbyE asymmetry of multiplicity (relative to the average) in high-multiplicity
pp is larger than p+Pb, while Pb+Pb collision is more symmetric.
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« Forward-backward multiplicity correlation Cy(n4,7n,) is measured in Pb+Pb,
p+Pb and pp collisions at similar event multiplicity.

» Correlation function consistent of a

L R
ATLAS Preliminary p. > 0.2 GeV

® Pb+Pb \s,=2.76 TeV

O p+Pb \s,=5.02 TeV -

P,: FB asymmetry of 1N, | 8] N
. : N p+p  ¥5=13 TeV
the EbyE fluctuation i 5 p+p

sub

a, from C (n1;r]2)
PR T SR TR [ SR SR TN S N SR S
0 100 200

« LRC decrease with N_; but independent of system size;

* Both follows power-law of N_;, with an index close to 0.5: information on
the number of sources for particle production?

« EbyE asymmetry of multiplicity (relative to the average) in high-multiplicity
pp is larger than p+Pb, while Pb+Pb collision is more symmetric.
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T T T T I I I T

0.1 | Pb+Pb 2760 Gev |ATLAS prelim. |
pr>0.5 GeV initial entropy density = ]
. n/s=0, T/s=0 .
: n/s=0.12, (T/s)(T)
. ! . . 20-25%
~— 0.01 . R
z i } « b
S ; } . ) i
0.001 | 1 . :
 Monnai, Akihiko, and Bjorn Schenke. i
Physics Letters B 752 (2016): 317-321.

(1,1)(2,2)(3,3)(4,4)(5,5)(6,6)(1 3)(2 4)(3,5)(4, 6)(5 7)

 Results show the viscous hydro
compared with data (LRC+SRC);

« Initial entropy density (modified Glauber)
describe the data quite well;

« Hydro-expansion damps the coefficients.
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Cn(nq,n2) Pb+Pb@2.76TeV, c=30-40%

With length
fluctuation

Without length fluctuation
Broniowski, Wojciech, and Piotr Bozek.
arXiv:1512.01945 (2015).

 Length of sources fluctuation could also
explain the shape observed in data.

Initial Stages 2016, Lisbon 18
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Cn(nq,n2) Pb+Pb@2.76TeV, c=30-40%

T T T T I I T

0.1 | Pb+Pb 2760 Gev |ATLAS prelim. it
pr>0.5 GeV initial entropy density E
- T|/S=0, t_,ls:o .
$ n/s=0.12, (I/s)(T)
o ' ; . 20-25%
E t } ¢ ot
S . } s . i

0.001

v

Monnai, Akihiko, and Bjorn Schenke.
Physics Letters B 752 (2016): 317-321.

(1,1)(2,2)(3,3)(4,4)(5,5)(6,6)(1,3)(2,4)(3,5)(4,6)(5,7)

 Results show the viscous hydro
compared with data (LRC+SRC);

« Initial entropy density (modified Glauber)

describe the data quite well; » Length of sources fluctuation could also
« Hydro-expansion damps the coefficients.  explain the shape observed in data.

Without length fluctuation
Broniowski, Wojciech, and Piotr Bozek.
arXiv:1512.01945 (2015).

« With SRC separated from LRC, these results will
provide better constrains to various initial models.
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ATLAS Preliminary_~ * C(n4,1n,) is a very comprehensive observable.

P+P -
1.04f"

AN

= )

5'_ 1.02¢°"
pd e

@) 11
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ATLAS Preliminary_~ * C(n4,1n,) is a very comprehensive observable.

P+P =
1.04f"

* Reconstruct balance function

2B(An) = 2C*~(An) — C**(An) — C~~(An)

AN

= )

5'_ 1.02¢°"
pd A

@) 11

2
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ATLAS Preliminary_~ * C(n4,1n,) is a very comprehensive observable.

P+P =
1.04f"

* Reconstruct balance function

2B(An) = 2C*~(An) — C**(An) — C~~(An)

AN

< )

5'_ 1.02¢°"
Z ‘-".-.

@) 11

2

« Test factorization: high-p; a! and low-p; ak
(a7 ar)

2N - AW ™
V{afall)(azar)
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ATLAS Preliminary

P+P -
1.04f"

AN

< )

5'_ 1.02¢°"
z g

@) 11

ATLAS Preliminary 0.5<p2"<5.0 GeV
pp \s=13 TeV

g Initial Stages 2016, Lisbon 19
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ATLAS Preliminary

ATLAS Preliminary
pp \s=13 TeV

C(N1, 12, Ap) !
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Residual centrality dependence

Mixed-events matched in NL‘;C

’—\N Rl AN
= i S/ fony ] . .44(/
1,002 R et A% T 1.00217 AR e,
11 A A A% N 090 %% 11" SOOI KL
',‘r2:.?;&0.6.‘&0&!04!{; ] .’-“::‘?z‘!‘?&&"s’. X ‘tg;::'
N V%
2
-2 -2
777 2 -2 7 2 -2
ATLAS Preliminary, Centrality 35-40%
p, > 0.5 GeV y Y
\s\\=2.76 TeV, Pb+Pb,L = 7 ub™
Mixed-events matched in FCal XE;
v 1.002{ : BEPT=SE ]
" R v VA VAVAY v.vV’v.".vov’vi - ..l .t ‘\{\V“ . =S 4’;‘ >
S ORI R e e e OO
~— 1 . ) % 7\ X N NS X /N
O

RIS 2
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Spectrum: before and after SRC subtraction

00081 ys,\ =276 TeV, Pb+Pb, 7pub™ ] 0008 ys, =502TeV,p+Pb, 28nb" 7| 0-006[F 15 = 13TeV, pip, 14 nb” ]
i ATLAS Preliminary . X ATLAS Preliminary X ATLAS Preliminary ]
o rec - o rec e o rec -
0.004k- 100 <Nj¥ <120 p >02GeV] .o o 100 <Nj7 <120 p >02GeV] oo [ 100 <N* <120 p_>0.2 GeV ]
:ﬁ .(anam) from Cy,(n,n,) .(anam) from Cy(n.n,) I .(anam) from C,(m,n,)
- sub L - sub - - sub 1
0.002}-4 ° (anam) from C, (111,712)_ 0.002 _. o [ (anam) from C, (n1,n2)_ 0.002k I ° (anam) from C, (n1,n2)_
o ] * e ] o s ]
- a e ? e . - - - . - -

O ... @ G‘&- .G_.....‘............. o -0--@ . O - o ® o0 -0--9-0--
| gssee o ik AT T LL
G od ¥d i d o o % T o~ Al ond @ o o m % T o TR @l ond 3@ &0 o "% T T TR
TS O oo d BT el o d o T s Wl d o
AR RG] g geges
0.016F  \syy=276TeV,Pb+Pb,7ub’ 1 0015F  |sy=502TeV,p+Pb,28nb" J 001 52' \s = 13 TeV, p+p, 14 nb™ i
I ATLAS  Preliminary ] I ATLAS  Preliminary ] [ ATLAS  Preliminary ]
© 20sN° <40 p_>0.2GeV. I 20N <40 p_>0.2GeV] [ 20<sNy <40 p.>0.2GeV]

ch T ch T ch T

0.01F - 0.01F - 0.01F -
_ 18 aa,) from Cyfn,n,) ] [ 6 @a,) from C (n,m,) ] - 10(a,a,) from Cyfn.n,) ]
i ° sub i i ° sub ] i ° sub ]
0.005L@ (a,a,) from C (n1,n2)_ 0.005 = o (a a.) from C (n1,n2)_ 0.005ke o (a a)from G (n1,n2)_
- © ] - %0 : °o ]
of - S o ' of S of .o '

- @ - .....-. o S O Y T e - @ - ............ Q- eREEE" S o -9--0--0- o -9
_ S8 s e Ofee S8 8e e >& 8
[ ] [ o ! o © ]
A rd il od A b& o o % b o~ G- ad od @b & o o % b o R G rd ol od *@ b do o % b o~
LRGN RN S RN RGN L RN LGNGO R RN
god ey RGN UGG
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Other methods to measure (af)
Cn (M1,12)

. ¢
n C,Q‘

Uy,
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Other methods to measure (a?)
Cn (11, 12)

- Expansion of C3*?(11,1,)

Ca*P(nu,my) =1+ (a%>771772

M2
« Use whole (n4,71,) space.
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Other methods to measure (af)

Cn(11,7M2) .
» Expansion of C3*?(n,,1,)

CR*P(my,mz) =1+ <a1 >771772

« Quadratic fit along C3*?(n_)

2
C*(n-) =1 +m(n+ n2)

» Longest level arm for SRC estimation.
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Other methods to measure (af)

Cn(M1,1m2)
» Expansion of C3*?(n,,1,)
Q& CR¥P (1, m2) = 1+ (a?)man2
Vv - Quadratic fit along €42 (1_)
(’ 2
N4 ch‘ sub(77 )_1_|_<_>(;7+ n%)
« Quadratic fit along C3*? (n,)
2
Cl
su,b(77 )_1+U(n+ 773)

Uy,

 Qutside the SRC region, not affected
by the SRC removal procedure.
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Other methods to measure (af)

Cnv(M1,12) .
» Expansion of C$¥2(n4,1,)
C C*P (M) = 14 <a1 >771772
-
» Quadratic fit along C3*? (n_)
Q 2
M c,Q‘ CP(m-) =1+ u(m n2)
B QS’ » Quadratic fit along C3** (n,.)
" Vv (@)
CP(m-) =1 +—(n+ )
n n sub — lelub(_n»nref)
ref 2 * Linear fit of ry (77 nref) S (m1rr)
N Ire
» Residual centrality dependence
cancels out. I (M Mrep) = 1 — 2(af )My
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Other methods to measure (a?)
Cn (11, 12)

- Expansion of C3*?(11,1,)

Ci* (1, m2) = 1+ (aZ)nin.

« Quadratic fit along C3*?(n_)
2
aj
C*(n-) =1 +u(n+ n?)
« Quadratic fit along C3*? (n,)

(af)

Ci*P(m-) =1 +—(n+ n%)

CNub (_77»77ref)
2 (Mmrer)

1, e Linear fit of r ub(n nref) =

* Four methods have different
responses of the analysis procedures,  75*’ (n,nref) =1- Z(af)nnref
and are largely independent.
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Projection of Cy(n4,1,): position 1

. Pty 3 > S — ——
o L Sy =2.76 TeV, Pb+Pb, 7 ub™ {0 E 100 < Ng' <120 p_>0.2 GeV 1° | 22<M |<24  ATLAS Preliminary
| ATLAS Preliminary i n |<01 ] 11U ........................................ -
101__ . CN("'L) —_ 102_ - . L U U .
n,|<0.1 | A =] i
[ o Cym) s %o g
8 i) 1.01 [ - S8 ]
| IR . i R | . 0.98- -
= b 1- B .. ... i 7
0.99 Q;Dg_- : . CN(TI,) : i . I’N(n"’]rel) based on CN )
O] . o C;‘(b"‘) 1 0.96- 0 ry(mm,,) basedonC, n
] 099 ATLAS Preliminary o cy’m,) ] [ © ®(n,,)basedon C}” i
1 . 5 1 1 1 1 1 . C 1 1 ]
4 -4 -2 0 2 4 0 1 2
n. n, n
- ... — T 2z ——————————
O 1,02k VS =502 TeV, p+Pb symmetrized, 28nb"” o i 100 = N <120 p_>0.2 GeV 1 - 22<h _|<24  ATLAS Preliminary-
A N ATLAS Pre"minari 5 1-”i”i.“i. ................................ —
: CN(n_) ] B U E
[, |<0.1 . ] s 0og .
1.01F [\ 0 Cin) 1.02 - . Oog -
i Q ~ o CZ“"("_) ] 0.98_— —_
\.:_ ..... DDDDUDgDngDDD ........... _: i :
o0 T 1 0.96]- i
e m [ 18] ry(m ) basedon C _
0.99*0050 .500— o N
:OO OO: O ry(mm,) basedonC
- ] ATLAS Preliminary 0.94F © r*mm ) based on C:"b i
0.98 1 1 1 1 [ 1 1 1 1 1 1 1
-4 -2 0 2 4 -4 -2 0 2 4 0 1 2
n. n n
+
T ——— 2 1 .06 et oz ———————————————
(@] L Ys=13TeV, p+p, 65nb" 10O - 100 = N%° < 120 p,>0.2 GeV 1 22<in <24 ATLAS Preliminary
| ATLAS Preliminary ] : : 1... ........................................ —
m.|<0.1 )] ™) =]
[n,]<0.1 ee ®cym) A 1.04f ] - ¢ §O0oooooOo
1.02H" ‘ o cym) [ ] . ® .
L \ Ny [ ] I ° J
1.02 - |\
I | i o ]
1 p - 0.95 o
1= - e |
L i "N(Tl:ﬂ,e,) based on CN
[ o C's"(:]*) ] [ O ry(mn,)basedonC\ -
0'98_ ] 0981 arLAS Preliminary O Cytn,) 7] © ri®(mn_) based on C}"
PR ISP U U SRS NSRS S RS S R PR U S U SR NS S NS S C L " " &4 1 " " " " 1 -
-4 -2 0 2 4 -4 -2 0 2 4 0 1 2
n. L1 n
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Projection of Cy(n4,1n,): position 2

4 F T T T T T E T T T T z n T T ]
) L sy =2.76 TeV, Pb+Pb, 7 ub™ {10 - 100 < N3’ <120 p_>0.2GeV 1" i 16<m |<18  ATLAS Preliminary]
[ ATLAS Preliminary i I e g i N R ERRREL LD R PR AR .
[ 8l cyn) ] [ “I= 1 [ e g ]
1.010.9 < | < 1.1 ] g 1 i ® Oo ]
i 2 CN(:L) ] 1.005|- E 0.99F ° oy - _
i r \ o c®m) | i i i '. O g ]
1 ‘_ Z ] oosf Q .
. T, PP - — 5 w -
J 1. ase o Cym, A - - fn('flm,e,) based on CN ]
0.99 ] i o Cym,) ] 0.97F- o ry(nm, ) based on C, 5
i - ATLAS Preliminary o cy’m,) [ 0 r®mn,,) based on C:fb i
] 0.995 1 1 1 1 1 E 1 1 L
-4 -2 0 2 4 0 1 2
n. n, n
Z - 1 T 1 1 1 L Z B T T T T T B hz T | § o
) [ \syy = 5.02 TeV, p+Pb symmetrized, 28nb™" ] ©O - 100 < Ng' <120 p_>0.2 GeV . [ 1.6<h <18 ATLAS Preliminary’
B ATLAS Preliminary N 5 09< J -i ............................................ —
= - i n|<1.1 ]
1.02} Wco) ] .| R =F= o i ]
F0.9<m,|<1.1 A 1 1.005F - | Oopg i
- \ 0 Cin) 1 () 1
1.01F s ¢ o cy’m) ] i : ] sk . N
C ‘ ] - - : )
- SD - b | EEEEREREEE b R — B T
oeeeeeenees Dmge[j:lg B - § 7 i | \K.))) 1
oa” o [ ®cm,) ] - 18] ryin, ) based on C 1
099} 88 °8 - - © Gin) 1 0-96_- O rymm,) basedonC, ]
C ] —— | ATLAS Preliminary o Cy (,) 7] | © °mn,,) based on C:fb 1
3 1 1 1 1 1 = L L L 1 1 1 1 .
-4 -2 0 2 4 -4 -2 0 2 4 0 1 2
n. n, n
4 T T T T T 4 T T T T T ] hZ F T | E
&) - " {5 =13 TeV, p+p, 65 nb”" 10O 100 =N’ <120 p_>0.2 GeV ] L 1.6<in 1<18 ATLAS Preliminary{
04 ATLAS Preliminary = e i ] 1_-s .................................... -
I e ®lcym) | 1.005 R - X ]
[0.9<n,|<1.1 ':‘ - . ] i ]
- O Cim) 1 1 0.981- 1
1.021- [ 8 c*°m) ] . L ]
- e e N M) 1 _- - -
[ [ I ] 0.96/- ]
1 b—ccccccnene : ll:p Eﬂc l .......... — i o B A
L pod@ Oog [ o L 1@ rymm,_)basedonC 4
i ] 0.995 5 ] 0.94+ ref N -
i 8e o8 ] i o Céu(:]+) . : i O ry(nm,) basedonC :
0.98F - L imi O Cy(m,) L O r¥mm )based on C**° ]
P 1 I 1 L ] 0.99 ATLAS Prlehmmaryl L " L. 0.92 e nm') 1 N I =
-4 -2 0 2 4 -4 -2 0 2 4 0 1 2
n. n, n
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Projection of Cy(n4,1,): position 3

Z - 1 1 T 1 1 B Z T T T b4 L T i -
© | Vs =276 T:n:n;%, 7 ub™ ] O 3 {00 = Ng' <120 p_>0.2 GeV {1 = L 1.0< l<12 ATLAS Preliminary ]
i Preliminary i L 19 » n < 21 d 0 dEE )ittt nnnnm —
1.01H ®lcym) i I ¢S ogg ]
YVIM9<m<21 (95, ST VO, | PR (R (I " O
| FI+| B c! M ) _ 1 L ® O m] .
E L [ 1 - — O 1
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Gaussian width of fitting R(n,n,)
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Gaussian width of R(n)

Gaussian width as a function of N,
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Detector acceptance from SRC
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Detector acceptance from SRC
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Detector acceptance from SRC

* In general, the raw CF C(n4,15) could be decomposed as
C = Crrc + Csrc + Cspm

where Cgpy, 1s the contribution from single particle mode, and it could be removed through
normalizing Cp 4y, by the projections of itself C g;gd, where
proj __ ,~proj proj proj
¢ = Cire” T Csre” t Cspu

e Notice here CPr 27 = 1 because (a,,a,)2 %’ = 0, and because Cqpy, is supposed to be
LRC m“n/mmn+0 SPM

factorized in the (11,72) plane, so Csppy = E 1?4] . Then we have
CN — C/CprOJ = CLRC -+ CSRC - C.S?I;g]

where C ;’;gj didn’t vanish due to the acceptance effects;

* Because of the presence of Cf;gj , the estimated SRC C&E will be biased

est __ bias
Csrc = Csrc + Csgre

where C2L%S denotes the bias;

 However, if we calculate the projections of C&5%

est 1proj — PT0J bias|PT0) _ ~proj
[CsrelP™7 = Cope” + [CSRC ~ Csre

: roj . w : 5 ; ; : 5
where |CE%S ]p Tis negligible as long as the CZ:%5 <« Cgp( (it is true in this analysis, if not,

more iteration required until this relation holds);

* Finally, the contamination term —C S?I;gj could be subtracted from Cy
Cy = Cy + [C&e1P™) = Crre + Csre



Scan of projections: Pb+Pb
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Scan of projections: p+Pb

’;5 ’;+ i '100'<l\i,ec '120' ) OIQG.V R S b P L L -
= & 101 =M < Py >betae - ATLAS Preliminary ]
3z a2z . 0.1 1 &= ]
O O ! -] < 1 0995 3
[ 0 09< .| < 1.1 ] ]
1.0051 7 0.99F h
o O.9<Ir]|<1.1 - - [ O 16<In |<18 7
- O 19< [n |< 21 i [ ATLAS Preliminary ] 0'98:_ B 10<ml<12 _
09y, . oo = [y ' N T | ]
-5 0 5 -5 0 5 0 1 2
n_ Tl_,_ nref
s —T T T LA L L B R I UL — 1 rr T T I T T T
© - ATLAS Preliminary 1r ATLAS Preliminary ATLAS Preliminary
~
i 11 1L ]
0.04 m J H__
%% Vs = 5.02TeV, p+Pb, 28 nb"  |[ 100 <N*°< 120 02GeV ][ ]
-\SNN= . ev, p+rn, n 11 SNy < pT> . e i
sub 1F sub 1F sub
a, from G ~(n.) | a, from C_ "(n ) 1l a, from r,"(m)
0 1 1 1 1 1 PR T S R R [ TR TR TR N T S TR N SN S T S " 1 L L L | L L L |
-4 -2 0 2 4 -4 -2 0 2 4 -2 0 2
Tl_,_ is T]ref
g Initial Stages 2016, Lisbon

EXPERIMENT



Scan of projections: pp
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Charge dependence
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Systematic uncertainty: correlation function

Collision system Pb+Pb  p+Pb pp

Event-mixing [%] 04-0.7 04-22 0.2-14
Run-by-run stability [%] 0.3-0.5 0.3-1.5 0.2-1.5
Zytx variation [%] 0.3-0.6 0.3-1.5 0.2-1.6
Track selection & efficiency [%] | 0.6-1.2 0.2-1.3 0.3-0.7
MC consistency [%] 0.2-1.6 0.5-25 0.7-3.3
Charge dependence [%] 1.0-1.8 0.8-3.8 1.5-2.5
SRC subtraction [%] 1.1-2.1 1.0-59 1.2-5.0
Total [%] 1.7-3.2 2.1-7.6 2.5-6.9
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Systematic uncertainty: a,

Quadratic fit to the C° (1) i, 1<0.1

Quadratic fit to the Ci}lb(ﬂ+)|o.9<|q_|<1.1

Collision system Pb+Pb p+Pb pp Pb+Pb p+Pb pp
Event-mixing [%] 0.5-2.2 0.3-1.8 0.2-2.8 0.2-1.7 0.2-1.6 0.2-2.7
Run-by-run stability [%] 0.2-1.3 0.2-1.7 0.2-2.8 0.2-1.5 0.2-1.1 0.2-1.6
Zytx variation [%] 0.3-1.9 0.1-2.2 0.1-1.6 0.1-1.8  0.2-0.7 0.1-0.9
Track selec.& efficiency[%] | 0.4-2.1 0.3-0.9 0.8-2.2 0.8-3.7 1.0 0.9-1.2
MC consistency [%] 0.2-3.6 0.4-3.9 0.2-10.0 0243 0.2-24 0.2-4.7
Charge dependence [%] 0.9-42 1.0-10.2 2.8-4.6 04-3.8 0.6-3.1 1.2-6.2
SRC subtraction [%] 09-25 1.2-6.3 1.3-4.8 1.4-25 1.2-3.7 1.2-4.6
Total [%] 2.1-5.2 2.7-10.3 10-12 24-55 25-6.8 3.5-11.2
Linear fit to the r5¥° (1) |2.2< s <2.4 Global Legendre expansion of C5t°

Collision system Pb+Pb p+Pb pp Pb+Pb p+Pb pp
Event-mixing [%] 0.3-23 03-14 0.1-1.5 0.2-1.8 0.1-1.7 0.1-0.9
Run-by-run stability [%] 0.1-1.2 0.1-1.7 0.2-2.8 0.2-0.7 0.1-1.3 0.1-2.1
Zytx variation [%] 0.2-1.2 0.2-2.1 0.2-2.6 0.1-1.3  0.2-2.5 0.2-1.7
Track selec.& efficiency[%] | 0.4-1.3 0.6-0.9 0.7-1.7 0.3-09 04-0.7 0.8-2.4
MC consistency [%] 0.2-2.6 0.2-3.7 0.8-7.6 0.2-25 04-32 0.1-6.7
Charge dependence [%] 04-49 0.1-8.8 1.6-5.3 2.3-53 1.0-12.7 3.4-8.1
SRC subtraction [%] 1432 22-34 1.7-5.0 1.74.3 2.0-89 2.7-9.6
Total [%] 24-62 2.9-89 4.4-9.8 3464 4.1-129 6.2-12.5
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