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What do we mean by “fluctuation measurements”

Many “event-averaged” observables can be studied:
particle yields, spectra, flow harmonics, two-particle correlations...

Fluctuation measurements:

when a given observable is measured on an event-by-event basis,

and the fluctuations are studied over the ensemble of the events.

= fluctuating net-charge, number of protons, mean-p;, forward-backward yields, etc.

Why e-by-e fluctuations:
= they help to characterize the properties of the “bulk” of the system
= fluctuations also are closely related to dynamics of the phase transitions
- A non-monotonic behaviour with experimentally varied parameter such as
the collision energy, centrality, system size, rapidity




What do we want from observables?

Usually we want to have an observable which is (1) sensitive to some particular

physics phenomena and (2) insensitive to other.

E-by-e analyses are much more sensitive to different biases

(than “event-averaged” observables). “A long list” of troubles: -
= non-flat efficiency, its dependence on multiplicity 7} ’\“
= contamination by secondary particles b K‘V’
= detector acceptance J
= conservation laws e ,‘_IA_FR_“B_“M%

resonance decays
trivial fluctuations of collision geometry (“volume fluctuations”)



What do we want from observables?

Usually we want to have an observable which is (1) sensitive to some particular
physics phenomena and (2) insensitive to other.

E-by-e analyses are much more sensitive to different biases

(than “event-averaged” observables). “A long list” of troubles: ‘
= non-flat efficiency, its dependence on multiplicity . 5 ,\
= contamination by secondary particles bfy'
= detector acceptance
= conservation laws e ,‘_ﬁ_FRQ“BLEM%

" resonance decays
= trivial fluctuations of collision geometry (“volume fluctuations”)

Our experience teaches: it’'s not enough just to define an arbitrary observable:
= need to know how robust itis in a real experiment
= provide a correction procedure if needed

In this talk:
= some observables will be discussed (properties, experimental results)
= new fluctuation observables are introduced




Measures for multiplicity fluctuations: the v, observable

Particle number fluctuations can be quantified by:

Variance — an extensive observable, “bad”
Scaled variance — intensive, but affected by “volume fluctuations” w=
Observables which are robust to “volume fluctuations”

(n?)—(n)*
(n)

Take particle number ratio:

Remajos  v= 30 (14 no V'

In case of Poissonian particle production:

1 1
Vstat = ( + . Vdyn =V —Vstat

Vg = <’I’LA (nA_ 1)> <nB (nB - ]-)> _9 <nAnB> Pruneau, Voloshin, Gavin
yn <nA>2 <nA>2 <nA> <nB> Phys.Rev. C66 (2002) 044904

= Measures deviations from Poissonian behaviour
M
A

= Correlations between particles A, B
Single n-window "

= Robust against efficiency losses
= |sasingle-window observable




[ Multiplicity fluctuations with v, at different energies

ALICE, arXiv:1712.07929

%1078 for charged pions and protons:
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= Sign change! But it is seen also in the URQMD and HSD where there are no
quark-gluon degrees of freedom
— String and resonance dynamics used in the models?
- No sign of critical behavior so far...
= Acceptance coverage is crucial, also resonance contributions should be better
understood
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Forward-backward multiplicity fluctuations with 2

Single n-window n :

ng np

Backward Forward 7

A strongly-intensive observable:

(np)wn, + (ng) wn, —2cov(npng)

M. I. Gorenstein, M. Gazdzicki Z(nF’ nB) = <n > + (n >
F B
PRC 84, 014904 (2011)
N1.3_|Illlllllllllllllllll--lIIII.IIIII.IIIIIIIIIII_
- / g d d t d l ALICE Preliminary 1 centrality class width 10%
n independent sources model. Lol POPDIS=276TeV T a0t i020n
measures the properties of a single source. - p>0.2GeV/c | 6+ Qa9
. M|<0.8, dn=0.2, ¢<(0,2n) I —+ 60-70% &-70 - 80%
E.Andronov, V.Vechernin 1oL I ]

arXiv:1808.09770 (2018)

" For Poissonian particle production: =1 1.153

= 3 is robust to volume fluctuations:
o no dependence on centrality bin

width and estimator :
= easy correction (needed just for <n_,>) 1t
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= ALICE data: peculiar change of 2 with centrality
= Not reproduced in models so far




Not only FB multiplicity correlations — can take mean p-!

B S8 pld - > i pY Quantify correlations using
- pTl;g np :5“’ T g the correlation coefficient:
e L SRS prr—pr _ \PE PB) — (PF)(PB)
Backward 0 Forward M cort <p_F2> — <p_F>2
Anp Anr ALICE, J. Phys. G: Nucl. Part. Phys. 32 1295 (2006)
[2)
. ALICE Preliminary 02<p_<2.0GeV/c c
Example.’. . N 0-8"Pb-Pb [5,=276 TeV 1 0.8, 3n=0.4 %
correlation in central collisions | class 0-5% == *
6\ B | ]
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0.7
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—> Correlation coefficient b__ . is the slope of the linear fit.

corr

Igor Altsybeev, Recent developments in particle yield fluctuation measurements



FB mean-p,correlations: data and the interpretation

K& 027 WG Preliminary || 0.245,<20 Gevic | What can cause mean-p; FB correlations?
— T
"2 | Pb-Pb\sy,=276TeV n,,,=0.8, 51=0.4 - : : :
[ e, centrality by VOM Size fluctuations <> p; fluctuations
015" e _
- arXiv:1711.04844 | A T Phys. Rev. C 96, 014904 (2017)
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. HIJING (10%) It g g ) e .
0-05[ 7" AMPT SM On, rescatiering On (5%) TR fluctuations of the density in the fireball.
L ---}-- AMPT SM On, rescattering Off (5%) )
N - A AMPT SM Off, rescattering On (5%) N\ T
0_ I\\ \I\l \I\I\ I\\\Il 1 ;I I\\lkk; 1 I\\IH\‘ \\\Ikl 1 | \I 11 | | L1 1 1 | L1 1 I_ . .
¢ 10 20 30 40 S0 60 70 80 String fusion model
Centrality percentile

Nucl. Phys. B 390 542-558 (1993)
strings overlap

= robust to volume fluctuations! - modification of string tension
' —> increased p; of particles

= rises from peripheral to mid-central from the fused strings
" drops towards central collisions Monte Carlo realization: arXiv:1308.6618

Correlation strength:

= [Mean-p; correlations are sensitive to the properties of the initial state.
= Non-trivial to explain the centrality trend of mean-p; correlations.



M FB correlations between ratios of particle yields

Definition:
take ratios r’ and r? of particle yields in F and B windows event-by-event
and define a correlation strength as:

Y SR ¢

Backward Forward >1”|

Example: kaon-to-pion ratior=n,/n_.

Some properties:
= if independent particle production > b_,. =0

= if only short-range effects (decays, jets) suppressed at large n,,, 2>b
— not the case for the “classical” v, !

0

corr —
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[ FB correlations between ratios of particle yields

Definition:
take ratios r’ and r? of particle yields in F and B windows event-by-event
and define a correlation strength as:

n Tt
Peorr = By >
AT Backward Forward ™M

Example: kaon-to-pion ratior=n,/n_.

Some properties:
= if independent particle production > b_,. =0

= if only short-range effects (decays, jets) suppressed at large n,,, 2>b
— not the case for the “classical”

0

corr —

Vayn !

Physics case of interest:
correlations between strangeness production at large n gaps
(string interactions, thermal models, ...)
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n Approximation for the correlation strength

L |

If number of produced particles is large (i.e. non-peripheral A-A):  Backward Forward T
ap A0k o Anpo Anf o An? Ifl>b _(rF B =2
F— <'n/IF(>, F— <n1pr*>a B— < B)’ B— ( 1§>, corr—<,rF><,rB> ~ .
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n Approximation for the correlation strength

L |
If number of produced particles is large (i.e. non-peripheral A-A):  Backward Forward T
(1+ar)(14+ap)
aF_Anﬁ ﬂF—An’I: oy AnB fy AnB Ifl>b _(rF B 1N<(1+5§)(1+ﬂ§)>
T (nF\’ T (nF\’ B’ ’ corr — /I B\ 7 /1+a 1+o _
(nK (n'lr) < ) <1r> <7‘ ><T > <1+,3§: <1+,B§

(arpap)+(BrBB)—(arBB)—(aBBr)—(arBr)—(asfr)+(B%)+(B%)—(BE) — (BE)+(arBr)+{(aBBB)
1+(B%)+(B%) —(arBr)—{(aBpB)

%@Hwﬁm (arBp)—(apBr) >

b (nfni) N nEnBy  (nEnB) (nFn) | v robust to efficiency (as v,,,)
™ k) nf) | E)nB)  (nf)(nB) ()l ¥ it possible to apply the
N 7 \ ) Identity Method for this

\ Y '
“same-species” terms “cross-species” terms class of observables!

=R+ Ror—Ricr— Rz (discussed later)
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n Approximation for the correlation strength

L |
If number of produced particles is large (i.e. non-peripheral A-A):  Backward Forward T
F B (1t+ar)(1+ap)
< ‘T > 1l < (1+,3F)(1+,BB)>

Anﬁ Anf An An B r
aFr=-——7%, BFr=-"—72v, OB= , BB= : beorr = ———a- — 1R . aa v
nk (nE) (n B) ( 1r> If|> (rf)(rB) <iiﬁF><iiﬁB
(apap)+(BrBe)—(arBe)—(aBBr)—(arBr)—(apBr)+(B8%)+(B%)— (%) — (B%)+(arBr)+{aslB)
14+(8%)+(B%) — (arBr)—(aBB)

%@Hﬂpﬁm (arBp)—(apBr) >

(nEnB) (nEnB) (nEnB) (nEFnB) v’ robust to efficiency (as vy,
beorr (nE)( B>+<nF><nB>_< F) (nB) - (nF)(nB) v’ it’s possible to apply the

K nK ™ v nK 'I'LK i )
N 7 \ ) Identity Method for this
Y Y |
“same-species” terms “cross-species” terms class of Ob(zervablzsl. )
L iscussed later
=Rxx+Rrr—Rgr— Rk

Note: we can recognize a similar “structure” of the observable as in the balance function:

BF~R.,+R _—R, —R_ I:> BF can be considered as the approximation to
forward-backward b____between r = n+/n-!

corr
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M FB correlations between K/mt ratios in models

§ 14 AMPT Pb-Pb {5y, =2.76 TeV n:(-0.8, -0.4)...(0.4, 0.8) O enckward  orvard. oM
=>° - SM ON, Rescat. ON 0.2<p <5.0 GeV/c
3 reb o (nknB) | (nEnB) _ (nknB)  (nEnf)
B - corr ™~
ST * classes 10% (nig)(ng) ~ (ni)(n7) (nig)(nB) (nk)(ng)
23 .
< . ° ¢l 5% .
0.8F- asses ove In an independent sources model:
B s b . 1 bsource
0.6— corr — CcOorr
A Sey o¢O ?eo 0e0o Qe ¢ OQO <N30U7'C€5>
0.4_— % ! !
0.2 , . :
- A convenient experimental quantity:
Coo o o b o o by o o by e o by o by o by by
% 10 20 3 40 50 60 70 80 beorr * ( Nsources) ~ beorr* (AIN/dn)

Centrality (%) @ (as forv, )
dyn

Observables of this type are robust
to volume fluctuations (as v,,,).
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M FB correlations between K/m ratios in models

x(dN_ /cn)

K/n-Kin
bcorr

1.4

1.2

0.8

0.6

&

0.4

0.2

IIIIIIIIIIIIIIIIIII|III|IIIII

Illll

(o]

0.2<pT<5.0 GeV/c

AMPT Pb-Pb VSNN =2.76 TeV n:(-0.8,-0.4)...(0.4, 0.8)
SM ON, Rescat. ON

direct calculation

approximation

1|111||1111

centrality class width 10%

-08 -06 -04 -02 0O 02 04 06 08 n
Backward Forward

TPy
Voo = Y By
_(nfnf)  (nFnB)  (nfnmB)  (nFnf)

beorr R <nIF{> <’I’L£> (7?,7}:> <n71?> B <’I’L§> (nf?) B <’I’L7I:> <n§>

OO

10

l 50 60 1701 B
Centrality (%)

= good agreement between direct calculations and the approximation
= aflat trend in AMPT with centrality
= jmpact from resonance decays (p°, ¢)?
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M FB correlations between K/mt ratios in models

x(dN_ /cn)

K/n-Kin
corr

b

1.4

1.2

0.8

0.6

0.4

0.2

-08 -06 -04 -02 0 02 04 06 08 n

Backward Forward
F _,.B
S Gt B
(rf)(rB)
(ngng) | (nEnZ)  (ngn?)  (nfng)

o

beorr R <nIF{> <’I’L£> (7?,7}:> <n71?> B <’I’L§> (’II?) B <’I’L7I:> <n§>

— AMPT Pb-Pb |5, =2.76 TeV n:(-0.8, -0.4)...(0.4, 0.8)
- SM ON, Rescat. ON 0.2<p <5.0 GeV/c
- = direct calculation
11— o approximation
B HIJING (approx.)
% @ o T
N centrality class width 10%
0 B L 1 l L L 1 L l L L L L l 1 1 L L l 1 Ll L I L L L 1 I L L L 1 l L L 1
0 10 20 30 40 50 60 70

Centrality (%)

= good agreement between direct calculations and the approximation
= aflat trend in AMPT with centrality
= jmpact from resonance decays (p°, ¢)?

AMPT and HUING give consistent results — quite an unusual case!

- Looking forward for real data results...
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FB correlations between yield ratio and average p-

Definition:
determine event-by-event mean transverse momentum in F window
and r® in B, and define a correlation strength as:

—F . B - B ot
8= T 1 : /
(P" ) (r”) Z
rB=n8 nB, Z_)F:n"pr% Backward Forward >“r]
=1
5 (P"ng)  (P"nf)
Approximation: | bph. ~ — — =
PN (ng) @) (nE)

Properties:

= Properties are the same as of the b__.. between ratios

corr

I\
Physics case of interest: T
correlations between strangeness production *‘* ‘—‘*
and density of the fireball <> average p; ; |
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FB correlations between yield ratio and average p-

= i -08 -06 -04 02 0 02 04 06 08
- AMPT Pb-Pb | =2.76 TeV :(-0.8, -0.4)...(0.4, 0.
2 : b-Pb Sy =2.76 TeV m: (:08,-0.4)..(04,0.8) Backward Forward i
—=° 0.1— SM ON, Rescat. ON 0.2<p_<5.0 GeV/c
Z N
sx 008: = direct calculation br’ﬁ B @F -’I'B ) 1
¥ £ OUo Lo corr — /—F\ /. B\
k.8 - o approximation <p ><7- >
B =F B =F B
0.06|— | P A (" -ng) _ (" -n;)
B corr ™ /—_F\ /. B 7\ (B
- # : G B nD)
0.04— #) # #, #
0.02}— #
Of— ————— =
- centrality class width 10%
C | | | i PSR ST S BTSN S A SRR ST A B EE |
0 10 20 30 40 50 60 70 80

= good agreement between direct calculations and the approximation
= jmpact from resonance decays (p°, ¢)?
= some evolution with centrality in AMPT (?)
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FB correlations between yield ratio and average p-

= i -08 06 04 -02 0 02 04 06 08
- AMPT Pb-Pb | =2.76 TeV : (-0.8, -0.4)...(0.4, 0.
< - b-Pb ysyy 6TeV. n:(-08,-04)..(04,08) Backward Forward "
—=° 0.1— SM ON, Rescat. ON 0.2<p_<5.0 GeV/c
Z _
X B = direct calculation _ @F .,,,B>
B 0.08/— . . b’r,p — —1
¥ ¢ 0.00r o approximation COrT —F> < B>
K n HIJING (approx.) " )(r
= ~F B =F B
0.06 ‘ | P A (" -ng) _ (" -n;)
- | | | corr ™ /=F\ [ B =F\ (B
oo 4 w ooy ") ng) ) (nB)
- | | ‘
- [ ‘
0.02— %
o—=——--c_ . £ = o e e ———
- centrality class width 10%
_l L L L I L L L 1 I L L L L I 1 1 1 1 I 1 1 1 1 ] 1 L Ll ] L ¢ B 1 l L L L L I
0 10 20 30 40 50 60 70 80

= good agreement between direct calculations and the approximation
= jmpact from resonance decays (p°, ¢)?

= some evolution with centrality in AMPT (?)

= absence of correlations in HIJING?
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What if sub-divide also into ¢ sectors?

n./n,

FB correlations between K/mt ratios:

0.0035

0.003

0.0025

b

(" rP)
beor =1y 7By

_ (ofnf) | (nFnB)  (ofnB)  (nfnd)
T BB T (nE)Y(nB)  (nE)(nB) (nE)(nE)

— AMPT Pb-Pb (5, =2.76 TeV  n:(-0.8, -0.4)...(0.4, 0.8)
SM ON, Rescat. ON 0.2<pT<5.0 GeV/e

e direct calculation
o approximation
HIJING (approx.)

O
oe
—— ——
e
o
——
S =

I‘IIIIIIIIIlIIIII_L!II]IIIlIIIIII]

: +
____________________________ *WW

* The approximation works well (even
when numbers of kaons in windows
are small)

= AMPT: a visible azimuthal structure,
while HUING seems to give a constant
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What if sub-divide also into ¢ sectors?

p

FB correlations between K/m and average p;:

T pF B
e Gy
o o ) (G ond)

O (GEYnB)  (@F)(nB)

x107°
— Pb-Pb s, =2.76 TeV n: (-0.8, -0.4)...(0.4, 0.8)
= 0.2<pT<5.0 GeV/c
- ° AMPT . :
- ; @prox) | AMPT shows clear azimuthal structure,
- HIJING . . . . .
I + : (approx. while HUING is consistent with zero
m v . N - .. .. 1
i $ +
i t 4
[+
i | | P |

-1 0 1 2

Peep (rad.)
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Finally: prospects with the Identity Method

PRC 86, 044906 (2012), PRC 89, 054902 (2014)

Allows to solve the problem with particle mis-identification!

200

TPC dE/dx (arb. units)

180

160
140

02 03 1 2

ALICE

PERFORMANCE
18/05/2011 4
Pb-Pb {5,5=2.76 TeV ]

L PR R ST A | ]
3 4 5678910 20
p (GeV/c)

w;(x;) €[0,1] |:> W; = Z wj(z;) |:> <an> =A_1<an>
i=1

counts (a.u.)

I L ) L L ] [ [ ] [
105 E ALICE Preliminary, Pb-Pb (s_m =276 TeV ¢+ Data é
= et - -Total Fit 3
o AN, 0.2<1<0.3, 0.73<p<0.75 GeV/c [JElectron 3
104 E "" \" Generalisgd Gauss function: % ;ia‘::‘n E
s ,* \ nel®) ( 1+erf [u(:—g] ) [JProton =
]
e 3
- . 7
B / =
10° 1 E|
= / =
B ! =
10 ¢
- '
C | ‘} plot by M. s/anclfsf
L 20 60 80 100 120 140 160

TPC dE/dx Signal (a.u.)

— correction for the moments!

= |mplementation is available:

M. Arslandok, A. Rustamov,
arXiv:1807.06370

= Used in ALICE for corrections of den[W,K], [7T,p], [p,K] (arXiv:1712.07929)
= Can be directly used for FB correlations with the introduced observables!

b ~

(ning) | (npng) () (nrng)

corr ~ (nﬁxnll@ T <n7f:> (nf) B (’I’L§> <n7§> <n7€> <n£>
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Summary

Event-by-event measurements help to characterize the properties of the “bulk” of the
system, they also are closely related to dynamics of the phase transitions.
Challenges from the experimental point of view:

o fluctuations of the volume of the created system

o corrections on efficiency and contamination, limited acceptance

o difficult to interpret the data due to resonance decays, conservation laws
Over the past years:

o a set of robust variables has been proposed and measured in experiments

o powerful correction methods, such as Identity method, have been developed
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Summary

Event-by-event measurements help to characterize the properties of the “bulk” of the
system, they also are closely related to dynamics of the phase transitions.

Challenges from the experimental point of view:
o fluctuations of the volume of the created system
o corrections on efficiency and contamination, limited acceptance
o difficult to interpret the data due to resonance decays, conservation laws

Over the past years:
o a set of robust variables has been proposed and measured in experiments
o powerful correction methods, such as Identity method, have been developed

Forward-backward correlations between ratios of identified particle yields are proposed
o robust observable, allows to suppress contributions from decays
o sensitive to correlation between strangeness production <> fireball density
o possible to measure in experiments with strong PID capabilities (ALICE, STAR, MPD?)
o ldentity Method can be utilized for corrections

25



Summary

Event-by-event measurements help to characterize the properties of the “bulk” of the
system, they also are closely related to dynamics of the phase transitions.

Challenges from the experimental point of view:
o fluctuations of the volume of the created system
o corrections on efficiency and contamination, limited acceptance
o difficult to interpret the data due to resonance decays, conservation laws

Over the past years:
o a set of robust variables has been proposed and measured in experiments
o powerful correction methods, such as Identity method, have been developed
Forward-backward correlations between ratios of identified particle yields are proposed
o robust observable, allows to suppress contributions from decays
o sensitive to correlation between strangeness production <> fireball density
o possible to measure in experiments with strong PID capabilities (ALICE, STAR, MPD?)
o ldentity Method can be utilized for corrections

Thank You for your attention!

This work is supported by the Russian Science
Foundation, grant 17-72-20045. 26
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x(dN_ /cn)

p/n-p/n
corr

b

FB correlation strength between p/m ratios

18- AMPT Pb-Pb |5, =2.76 TeV  n:(-0.8, -0.4)...(0.4, 0.8)
~ SM ON, Rescat. ON 0.2<p <5.0 GeV/c
1.6
1.4
1.2
i
0.8
- 8 0
0.6: ®
0.4 = direct calculation
s o approximation
0.2~ HIJING (approx.)
O 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 [ 1 1 1 1 l 1 1 1 1 I
0 10 20 30 40 50 60 70

80

Centrality (%)

-08 -0.6 -04 -0.2
Backward

0

good agreement between direct calculations and approximation
robust to centrality class width
HIJING vs AMPT: need deeper investigations to understand the difference

0.2 04 06 038 n
Forward



Net-proton fluctuations in Pb-Pb: the 2" moment

Protons and antiprotons with 0.6<p<1.5 GeV/c and|n|<0.8

15t and 2"d cumulants:

K,(P-P)/x,(Skellam)

k1(Ang) = (Ang)
k2(Ang) = (Ang) — (Anp)>= K(ng) + Ko(ng) — 2 ((npng) — (ng) (ng))

if Skellam correlation term

Skellam distribution:

prob. distribution of difference of two random
variables, each generated from statistically
independent Poisson distributions.

kn(Skellam) = (X1) + (—1)" (X3)

Deviation from Skellam:
genuine physics or non-dynamical contributions?

50— 1117
[ ALICE Preliminary, Pb-Pb \/%:2.76 TeV = K,(p-P) ]
40; 06<p<15GeV/c, nl<0.8 £H<2(Skellam) ]
:i —o-K4(p) ]
30— . 5 k4(D) _]
B = ]
20jQ ]
[ e W i
1o ° - ]
- © —
L ® - _
- ™ i _ -
71 | l ) l ) l ) l | I — l 1 l©l 1 l 1 ll 1 F
| | SasE ]
iy ratio to Skellam =0.95 2~
095 ° | L
O 10 20 30 40 50 60 70

centrality [%]
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Net-proton fluctuations in Pb-Pb: the 2" moment %

ALICE
In addition to critical fluctuations, the correlation term may emerge
from the global conservation laws.
- Study acceptance dependence:
most central 0-5% events
§1.15()
6 © _ ALICE Preliminary, Pb-Pb Sy = 2.76 TeV i dN/dY
é EJ 1 . 1} 0.6 < p < 1.5 GeV/c, centrality 0-5% 7 A
Q\I @ i —@— ratio, stat. uncert. ] I '
h L — S};St.ol;ngsrzts.erv arXiv:1612.00702 ; | [Tl
< 1057 |:ysryt.uncert. HIJING, AMPT R AY kicks IH AY kicks
B ] |
R . < Y
) /— - g - acceptance
Poisson i b B Y >
limit 095:— aryon Number *: total
: COnservation ]
.911111111111111
0 0.5 1 1.5
An
_ measured
—> Deviation from Skellam can be well explained KZ(P—P) lea o= <P>
by global baryon number conservation. i (Skellam) a B <B>4”
2

No evidence for dynamical fluctuations

Model by A.Rustamov et al.,
Nucl.Phys.A 960 (2017) 114, arXiv:1612.00702
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Net-A fluctuations in Pb-Pb: the 2" moment

(9

ALICE

Why measure net-A fluctuations?

— to explore correlated fluctuations of baryon number and strang
= different contributions from resonances, etc., than in net-proton measurement

k2(Ang) = (Ang) — (Anp)*= Ky(ng) + Ko(ng) — 2 ((npng) — (ns) (np))

[ ALICE Preliminary, Pb-Pb |s = 2.76 TeV
[ 06<p<15GeV/c,nl<0.8

= K,(p-P)

B K,(Skellam) |
e k() Note changed notations:
[ = k4P) _
" ‘ 1 K, 2>C
recall net-proton " n
. ﬂuctuat‘lons; = different kinematic range
- L 7 = different contributions from
““““““ T I resonance decays
e
10 20 30 40 50 60 70

centrality [%]

Qualitatively similar conclusion as for net-protons.

c 507\ 1T T 1T ‘ LI ‘ T 1T ‘ T 1T ‘ LI ‘ 1T ‘ |
o L ALICE Preliminary 4 & 90r
- Pb-Pb, |5, = 5.02 TeV i
40— 1<p. <4GeVic,Inl<05 — 40¢
| TA A |
. ¢ i 30
B C1(A) N
80 = C,(A) 1 20
‘w1 . 22(%) 1
L ° |
o[- AR B
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: oo ! i
L ] |
10 - . —
| [ _|
B e 4 ]
— 0 T T T I I A ﬁ i *\_
E 1057\ 1T ‘ 1T \-‘ LI ‘ 1T ‘ 1T ‘ LI ‘ 1T ‘ LI
s ratio to Skellam =0.95 :
g v TR TN =
OposF ® E
= P f fF 5§ 1 B { :
\<-</\l 09?\ 1 1| ‘ 1111 ‘ 1111 ‘ 1111 ‘ 1111 ‘ 1111 ‘ 1111 ‘ 1 1| \i
© 80

70
Centrality (%)
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Net-proton fluctuations in Pb-Pb: the 2" moment

In addition to critical fluctuations, the correlation term may emerge
from the global conservation laws.

- Study acceptance dependence:

115 (most central 0-5% events) Comparison with HUING:

—_— . 7 T T [ 7T T
— i ] —~| E I )
o c_Eu | ALICE Preliminary, Pb-Pb |5, = 2.76 TeV ] | © - ALICE Preliminary, Pb-Pb |s,,=2.76 TeV -
é E 1 . 1j 0.6 < p < 1.5 GeV/c, centrality 0-5% 7] é EJ 1 1? 0.6 < p< 1.5 GeV/c, centrality 0-5% N

MN @ : E ratio, stat. uncert. : !N @ B —@— ratio, stat. uncert.
o - S);Stlol;ngsggew arXiv: _ N i [ syst. uncert. )
# 1 05: :yg uncert. HIJINé, A1'\;3|1:§.00702 ] < B H — HUING 7
: : L R -

1; """"""""""""""" o i H H !
Poisson i Ear ) I ]
limit 0-991 Yon numper © - 0.9- -
i conservation § [ |
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0.5 1 1.5 0.5 1 1.5
An An
_ measured
—> Deviation from Skellam can be well explained KZ(P—P) l—o <P>
. = ]1— a —_
by global baryon number conservation. i (Skellam) <B>4n
2
. . . Model by A.Rustamov et al.,
No evidence for dynamical fluctuations Nucl.Phys.A 960 (2017) 114, arXiv:1612.00702
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