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First attempt to obtain information on forward-backward
correlation coefficient, partial correlation coefficient and

strongly intensive quantity 2
...in various colliding systems and energies.
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Introduction: Relativistic Heavy-lon Collisions

PRE-EQUILIBRIUM QGP AND EQUILIBRIUM HADRONIZATION FREEZE-OUT
PRE-COLLISION STAGE STAGE STAGE HADRONIZATION STAGE STAGE

PER NUCLEON PAIR PER NUCLEUS
ENERGY OF
THE Pb-Pb Pb-Pb
COLLISION _ _ en
IN THE C.M.S. \/SNN— 2.76 TeV Vs =574 TeV =574 «10° MeV

Energy transfer in HIC >> Energy of any binding state of nucleons
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Motivation: \Why do we study correlations
and fluctuations?

PRE-EQUILIBRIUM ~ QGP AND EQUILIBRIUM HADRONIZATION FREEZE-OUT
PRE-COLLISION STAGE STAGE STAGE HADRONIZATION STAGE STAGE

What we measure
in the detector...

Analysis of correlations and fluctuations can provide information
about early stages of heavy-ion collisions.
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Motivation: \Why do we study correlations
and fluctuations?

1. Study of Long-Range Correlations (LRC):

e LRC carry information on the early
dynamics of the nuclear collision.

-

e (i STANCE -

2. Analysis of fluctuations in the number of particles
produced in nucleus-nucleus collisions:

» A good way to check dynamical models of particle
production.

* Gives a chance to study observables sensitive to the
early dynamics of the collision, independent of trivial
fluctuations of the volume of the system.
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The Analysis: How do we study correlations
and fluctuations?
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Picture from: Claude A. Pruneau, Data Analysis Techniques for Physical Scientists, 2017, Cambridge University Press.
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The Analysis: How do we study correlations
and fluctuations?

Analysis of correlations and fluctuations as a function of :

4 \

pseudorapidity n centrality [%] & centrality bin width
% % ' peripheral
central S centrality class:
. 10-80%— Acent.=10%
centrality class: 74.5-75.5%— ACent.=1%

0-10%— ACent.=10%
4.5-5.5%— ACent.=1%

Examples of estimators: N , N
charged part

TOWSKA @

n=-In[tan(6/2)]



The Analysis: ALICE experiment

VO — Centrality 0-80%.
N (4 Estimator: energy deposition
by charged particles
-3.7<n<-1.7 & 2.8<n<5.1
VOA+VO0C

TPC — main tracking
detector

-0.8<n<0.8

sl AT Il 8§ N

Ul > 2

| B " ZDC — Centrality 0-40%.

L - ! ; Estimator: energy of spectators
el | e most forward detector
| ZDCvsZEM

-

ABSORBER
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The Analysis: [DEVERSEIuIILE

Experimental data:

vvv g
vvvvv
a0 e

— Pb-Pb @ Vs, = 2.76 TeV (approved)
- Pb-Pb @ Vs, = 5.02 TeV (ongoing)
- Xe-Xe @ Vs, = 5.44 TeV (ongoing)

Tracks: -0.8<n<0.8, p_>0.2 GeV/c
0.2 <p_<5 GeV/c

Centrality estimators: VO (N

charged)’

ZDC(N )
MC simulations:
MC HIJING

- Pb-Pb @ 1/sNN=2.76 TeV
Tracks: -0.8<n<0.8, p.>0.2 GeV/c

Centrality:
— estimated by impact parameter
— estimated by VO
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Toa e b= ETd A E e lCorrelations

“’-Nb:"mf

b =— Cov (n.,n,)
corr  /Var(ng)Var (ng)

backward | forward N::
SRC LRC
An<1 An>1

Challenge = “depends on everything”:
- Dynamics (SRC+LRC) ;
- “trivial” system size (~\N__ ) ;

- “trivial” system volume fluctuations
(— dependence on centrality bin width).
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n-n
corr

ALICE Simulation
HIJING generated
Pb-Pb \ s\ =2.76 TeV

o

III|III|I]I|III|III|-

[ p>0.2 GeV/c
0.4 m|<0.8, n=0.2, p<(0,2m)

0.2

Centrality via impact parameter

_lllllllllllllllllllll—

centrality class width 10%

| —-0-10% —— 10
—— 20 - 30% -=— 30

—— 60 - 70% =70

|III|_

-20%
-40%
—o— 40 - 50% —4— 50 -
- 80%

60%

n-n
corr

oL ALICE Preliminary
Pb-Pb \ sy =2.76 TeV
p>0.2 GeV/c

Mm|<0.8, on=0.2, ¢<(0,2r)

o

|
—
LA I B

Centrality via VO

0 . 0.4
L O—10r

N T S e e

Centrality via ZDCvsZEM

0

centrality class width 10%

| —-0-10% ——10 -
| ——20-30% -=—- 30
—— 40 - 50% —4— 50 -

~ 4 60-70% =70 -

20%

-40%

60%
80%

Centrality via VO

ALI-SIMUL-305840

An

1.2 0.2 0.4 0.6 0.8
AN anI-PREL-305584

« Large values of b__ but large centrality bin width = large volume (Np

within a single bin of selected centrality.

1202 04 0.6 0.8

An

) fluctuations
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MC simulations Experimental data

=y
[*)
T

||||||||||||||||||||| ||||_rll1_|||||||||||||||||||| IIII_Ct |II|||||||||||||||||| |III|III|III|III T
cx ALICE Simulation ] centrality class width 2% ] %081 > ALICE Preliminary JL centrality class width 2% ]
X 3 HIJING generated it 1 " Pb-Pb sy =2.76 TeV ]

" Pb-Pb \s, =276 TeV I =4-6% - 14-16% | L p>0.2GeVic I —e4-6% 14 -16%

- p>02GeVic 1+ —+24-26% —=-34 - 36% ™ mMI<0.8, n=0.2, 9<(0,2n) T —+24-26% -=-34-36% ]

sl MI<08,8n=0.2,pc02r) :

: i::*_.\*__*_*  — — et S 1 08r jin ]

06 Tt ——e - ::
T 06fm g oo o o i

| X S T R o) —B]

0.4 1 ] [ — ||
' || — | o4t - i
_ = . I I 3 ‘
- Al ®; .

r Centrality via impact parameter Centrality via VO ) - Centrality via ZDCvSZEM 1 Centrality via VO

0IIIIIIIIIlIIIlIII|III|III||,||,||III|III|III|III|III|IIII _|III|III|IIIIIIl|III|__|III|III|III|III|I|||—

0 02 04 06 08 1 12 0 02 04 06 08 1 12 02 04 06 08 T 1202 04 06 08 1 12
ALI-SIMUL-160527 AT] A’I’] ALI-PREL-305594 AT] An

centrality bin width: 10% — 2%:
« dependence on centrality estimator;
« drop of the value of bcorr(because of reduced fluctuations of N

part)'
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Understanding the effect of geometrical
fluctuationsonb_:

corr’

Schoolchildren

Spurious effect of external variable
leads to absurd conclusions!

Centrality estimator:
spectators in ZDC

Toa e b= ETd A E e lCorrelations

Centrality estimator:
charged particles in VO

Ct IllIIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIIIII|II|II|I|IIII|IIII|IIII|I|II|IIII|IIII|IIII|IIII|II
%081_2'_ ALICE Preliminary 1L center of Pb-Pb centrality class: 1
- Pb-Pb |5y =276 TeV D il
- F——25% - 35%
i pT>0.2 GeV/c - —o— 45% —A— 55%
L L+ 65% -5 75% 7]

- An=1.2, n=0.2, ¢<(0,2n)

Centrality via ZDCvsZEM

ranges of centrality classes:

1 -_(center A cenztrality) B (center . A cer12trality) [°/o]

Centrality via VO

1 2 3 4 5 6 7 8 9 10
A centrality [%]

increase of volume fluctuations

ALI-PREL-305599

1 2 3 4 5 6 7 8 9 10
A centrality [%]

width of centrality class:

10%
5%

2%
<—)

. I

center of
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Toa e b= ETd A E e lCorrelations

. . Centrality estimator: Centrality estimator:
UnderStandmg the effect of geometrlcal spectators in ZDC charged particles in VO
fluctuationsonb_:

Corr Cg -II|IIII|IIII|IIIIIIIII|IIII|IIII|!III|IIII|IIIllll—IllIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II-

%001 oL ALICE Preliminary ][ center of Pb-Pb centrality class:

" " Pb-Pb s, =276 TeV T % R

Schoolchildren | p»02GeVic I Bl _
T An=1.2, n=0.2, <(0,2n) T o 65% 5 75% 7

ranges of centrality classes:

1 -_(center A cenztrality) B (center . A cer12trality) [°/o]

Centrality via ZDCvsZEM 1T Centrality via VO

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
ALI-PREL-305599 A centrality [%] A centrality [%]

increase of volume fluctuations

width of centrality class:
10%

5%

2%
<—)

. I

e
center of centrality class

strict age selection
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Toa e b= ETd A E e lCorrelations

. . Centrality estimator: Centrality estimator:
UnderStandmg the effect of geometrlcal spectators in ZDC charged particles in VO
fluctuationsonb__ :
Corr Cg _IllIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIlll—IllIIII|IIII|IIII|III[lIIII|IIII|IIII|IIII|IIII|II-
%001 oL ALICE Preliminary ][ center of Pb-Pb centrality class:
" r o " Pb-Pb s, =276 TeV T =% e
Schoolchildren Heavy-ion collisions : 0.2 Gov/ {r ——25% = 35%
- ppU.eaevic T - 45% - 55% 1
T An=1.2, n=0.2, <(0,2n) T 4 65% 5 75% ]

ranges of centrality classes:

7 -_(center A cenztrality) B (center . A cer12trality) [°/o]

Centrality via ZDCvsZEM 1T Centrality via VO

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
ALI-PREL-305599 A centrality [%] A centrality [%]

increase of volume fluctuations

width of centrality class:
10%

5%

2%
<—)

. I

e
center of centrality class

strict age selection
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Toa e b= ETd A E e lCorrelations

. . Centrality estimator: Centrality estimator:
UnderStandmg the effect of geometrlcal spectators in ZDC charged particles in VO
fluctuationsonb__ :
Corr Cg _IllIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIlll—IllIIII|IIII|IIII|III[lIIII|IIII|IIII|IIII|IIII|II-
%001 oL ALICE Preliminary ][ center of Pb-Pb centrality class:
" r o " Pb-Pb s, =276 TeV T =% e
Schoolchildren Heavy-ion collisions : 0.2 Gov/ {r ——25% = 35%
- ppU.eaevic T - 45% - 55% 1
T An=1.2, n=0.2, <(0,2n) T 4 65% 5 75% ]

ranges of centrality classes:

7 -_(center A cenztrality) B (center . A cer12trality) [°/o]

Centrality via ZDCvsZEM 1T Centrality via VO

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
ALI-PREL-305599 A centrality [%] A centrality [%]

increase of volume fluctuations

width of centrality class:
10%
5%
2%
C—)

. I

e
center of centrality class

strict age selection narrow centrality classes
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Strongly intensive quantities

Gazdzicki, Gorenstein,Phys.Rev. C84 (2011) 014904

Intensive quantities do not depend on
] system volume.

Scaled variance: (g = Do)
caled variance: O )=

Strongly Intensive quantities do not depend on
system volume nor system volume fluctuations (i.e.

Var(Ns),wS) -
1

= ng)+ (np)

[(Ng) wg+(Ng) e —2CoV (N, Ng) ]

For a symmetric collision, like Pb-Pb:
W, =w_and <n_>=<n_>

2=w(1-b )

corr

()
particle

For Poisson distribution: w=1&b_ =0 - Z=1



Strongly intensive quantities

Centrality estimator:
spectators in ZDC

Centrality estimator:
charged particles in VO

P JLEE] i LA LA L) LY L L L R R L
- ALICE Preliminary
. Pb-Pb \s,, = 2.76 TeV
— 2 does not depend on centrality 12505202 Gevie ;
1.2+ -
115 -

1.4F

—> 2 does not depend on centrality
bin width;

1.05

Centrality via ZDCvsZEM

£

] :(center -

-IllIIIIIIIII|l|l||l||IIIIIIIIIIIllIIlIIIIIlIIIIlII-

II|IIIIIIIII|IIIl|IIII]IIII|IIII|IIII|IIII|IIII|II

L center of Pb-Pb centrality class:

r —e— 5% —+— 15%
[ ——25% —m— 35% i
—o— 45% —4— 55%
I —+e5% 5 75%

ranges of centrality classes:
A centrality A centralityy o
2 )— (center + 2 ) [ /o]

b

I*IiPTT}IOD ]
)\TK’EII

:
I}H«

1 2K BRI ]

[

Centrality via VO

-IllIIIIIIIII|l|Il||l|IIIIII|lIII|IIIIIIIII|IIII|II-

1 2 3 4

ALI-PREL-305604

5 6 7 8 9 10

A centrality [%]

2 indeed shows the properties
of a strongly intensive quantity

P .
increase of volume fluctuations

center of

SKA

1 2 3 4 5 6 7 8 9 10
A centrality [%]

width of centrality class:

10%
5%

2%
<)

. | I

A
centrality class



Strongly intensive quantities

N1-3_II|IIII|IIIIIIIII|IIIIIIIIIIIIIIlIIIIlIIIIlIIIIlII_
ALICE Simulation 1

HIJING generated

25 Ph-Pb | s = 2.76 TeV

i pT>O.2 GeV/c

An=1.2, n=0.2, ¢<(0,2r)

12F
1.15}

14"

1.05]

| Centrality via impact parameter |

—_

T 5% —+— 15% 1
[ ——25% —m 35% i
F —o— 45% —— 55%

I o 65% —5- 75%

T (center -

_IlllIII|IIIIIIIIIIIIII|IIIIIIIIIlIIIIlIIIIIIIIIlII_

L center of Pb-Pb centrality class:

ranges of centrality classes:
A centrality
2 ) - (

center + Aicenztrality) [%]

B Centrality via VO ]

-[I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II-

1 2 3 4 5 6 7 8 9 10
A centrality [%]

—P .
increase of volume fluctuations

1 2 3 4 5 6 7 8 9 10
A centrality [%]

N1'3

1.25F

1.1

1.05]

1.2}

-IllIIIIIIIII|IIIllIIIIIIIII|IIII|III1|IIIIIII1I|II-

_II|IIIIIIIII|III||IIIIIIIIIlIIIIlIIII|IIII|IIlllll__lllIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II_
ALICE Preliminary L center of Pb-Pb centrality class:
Pb-Pb | sy = 2.76 TeV [ %% e 15% ]

H- ——25% —a— 35% -
p,>0.2 GeV/c - —o— 45% - 55%
An=1.2, n=0.2, ¢<(0,2r) I o e5% —5- 75%
- | i ranges of centrality classes: |
: :(center A cer12trality) B (center . A cer12trality) [°/o]
i —0 ] H

[ | T — O0—0 g 0]

[ E ; < e I e B e N Y S Y ~ | i X ~

R H - = ® ® ® @ @ 4 : O o 0 ol H 4

[ Centrality via ZDCvSZEM JE Centrality via VO ]

-IllIIIIlIIII|IIIl||IIIIIIII|IIII|IIIIIIIII|IIII|II-

1 2 3 4 5 6 7 8 9 10
A centrality [%]

P )
increase of volume fluctuations

1 2 3 4 5 6 7 8 9 10
A centrality [%]

e > provides direct information about particle production from single
averaged source;

» Different ordering of the values of > with centrality— possible hint

about the early dynamics?
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Strongly intensive quantities

D> 13

- Pb-Pb @5.02TeV show reasonable ordering

of Z with centrality.

—> Xe-Xe @ 5.44TeV show dependence on
centrality in agreement with Pb-Pb @ 2.76 TeV.

Next step: Analysis of strongly intensive

quantities for identified particles.

IWONA SPUTOWSKA

Acentrality=10%
L\‘I‘]:“ .2, 51‘]:02

- Pb-Pb @ 5.02 TeV

- Xe-Xe@544TeV
- 0.2<p_<5GeV/c

Pb-Pb @ 2.76 TeV
p.>0.2GeV/c

10 20 30 40 50 60 70

l Centrality [%]

Y



LIV EI B 2 ET Y E (s Partial Correlations

A. Olszewski, W. Broniowski, Phys.Rev.C 96 (2017) 5, 054903

Schoolchildren

W. Krzanowski, Principles of Multivariate Analysis, Oxford U. Press, 2000

The partial correlation measures the
degree of association between two
random variables X,Y with the effect
control random variable Z removed.

b_(weight, IQ) = 0.62

* Z =age

brat (weight, Qe age) = 0.02!

corr

corr(

bE3r (X, Y2 )= g srvar

~ JVar(X-Z)Var(Y-Z)
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LIV EI B 2 ET Y E (s Partial Correlations

A. Olszewski, W. Broniowski, Phys.Rev.C 96 (2017) 5, 054903 Schoolchildren

W. Krzanowski, Principles of Multivariate Analysis, Oxford U. Press, 2000

weight, 1Q) = 0.62

* Z =age

brat (weight, Qe age) = 0.02!

corr

The partial correlation measures the
degree of association between two
random variables X,Y with the effect
control random variable Z removed.

b

corr(

t __ Cov(X,YZ)
bcpg:’ ( X,Y-Z ) ~ JVvar(X-Z)Var(Y-Z)

Heavy-ion collisions

b_.(n,n)=0.38

corr( B’

Z =event geometry
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LIV EI B 2 ET Y E (s Partial Correlations

A. Olszewski, W. Broniowski, Phys.Rev.C 96 (2017) 5, 054903

Schoolchildren

W. Krzanowski, Principles of Multivariate Analysis, Oxford U. Press, 2000

The partial correlation measures the
degree of association between two
random variables X,Y with the effect
control random variable Z removed.

b_(weight, IQ) = 0.62

* Z =age

brat (weight, Qe age) = 0.02!

corr

t __ Cov(X,YZ)
bierr ( X,Y-2Z ) ~ Var(X-Z)Var(Y-Z) Heavy-ion collisions

‘R b (n,n)=0.38

. beat(n,, n_eZ= event geometry) = ? ]

: : Z =event geometry

: _ :

i i.e. centrality via VO : e e e e e e e e e e e
1 1 1 1
' event geometry < and/or : ' brart(n, n_e event geometry) = ? :
i centrality via ZDCvsZEM, ' :
: - : ToTTTmomommmmmmmmmmmmmEe

1 1

1 1
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LIV El B 2T YE (s Partial Correlations

Acentrality=10%
A. Olszewski, W. Broniowski, Phys.Rev.C 96 (2017) 5, 054903 1 Pear 81712, 81702, & cenually=10% o™ 12,002, centlty=10%
The partial correlation measures the standard”b,,,,| partial b,
degree of association between two ,
random variables X,Y with the effect | 3 /
control random variable Z removed. b a T
0.2: 0.2:
part 2\__ Cov(X,YZ) oL 3 ARV of
bCOI'I'(Xl Y Z)_\/Var(x.z)Var(Y.z) [ :>> VO and ZDCvsZEM I
o, RN RS RN FT FT SRR T SRR ol Lonn b Do b b b
centrality % centrality %

beat(n,, n_eZ= event geometry) = ?

1 1
1 1
1 — 1
; i.e. centrality via VO :
1

' event geometry < and/or ;
: centrality via ZDCvSZEM,
: - :
1 1
.
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a0 e b ETAE s A Partial Correlations

Acentrality=10%

= - itv=10% "
Deorr AN=1.2, 81=0.2, A centrality=10% b:zrr:lal An=1.2, 5n=0.2, A centrality=10%

1

e For wide centrality classes b__ > bcorrpartial' o “standard” b___ o partial b
D.Sj 9_57 &
e The b__ra"e depend on the way centrality | | /
0.47 ‘\. 044
was selected (1). : :
0.2 0.2
i . n
| = ZDCvsZEM I
y] — - VO 0
[ = VO0and ZDCvsZEM I
o, RN RS RN FT FT SRR T SRR ol Lonn b Do b b b
10 20 30 40 50 60 70 10 20 30 40 50 60 70
centrality % centrality %

Next step: partial correlation between
sources b__ P(S_, S» S ) = A. Olszewski, W.

corr

Broniowski, Phys.Rev.C 96 (2017) 5, 054903
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a0 e b ETAE s A Partial Correlations

Acentrality=10%

= - itv=10% "
Deorr AN=1.2, 81=0.2, A centrality=10% b:zrr:lal An=1.2, 5n=0.2, A centrality=10%

e For wide centrality classes b_ > b_ P ] “standard” b ) partial b__,
D.Sj 9_57 ry
e The b__ra"e depend on the way centrality | | /
0.47 ‘\. 0.41-4
was selected (1). : :
0.2 0.2
- e |
[ — ZDCvsZEM I
tial 3 - - o = VO 0
e The b__P*"independent on centrality bin 2 V0 and ZDCvZEM :
width. O TR R s e e e e
Acentrality=2%
b, An=1.2, 8n=0.2, A centrality=2% B An=1.2, B1=0.2, A centrality=2%
1
. “standard” b__ N partial b__
u.si A u.si 4
: '/'gat;b@z%TeV Z /
047 0:2GeV/c<p,<5GeV/¢ 4%
Next step: partial correlation between : R e aw e a
sources b__ P(S_, S» S ) = A. Olszewski, W. of of
Broniowski, Phys.Rev.C 96 (2017) 5, 054903 D N AN AT DTN 4 \
10 20 30 40 50 60 70 10 20 30 40 5

centrality % 19
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a0 e b ETAE s A Partial Correlations

Acentrality=10%

= - itv=10% "
Deorr AN=1.2, 81=0.2, A centrality=10% b:zrr:lal An=1.2, 5n=0.2, A centrality=10%

e For wide centrality classes b_ > Db__Pae, D_Bf “standard” b_ G_Bf partial b
D.Bj 0.67 1]
e The b__ra"e depend on the way centrality : : /
0.47 ‘\. 0.41-4
was selected (1). ; :
0.2 0.2
i R S e T |
[ — ZDCvsZEM I
tial 3 . . o = VO 0
e The b__P*"independent on centrality bin T 2 V0 and ZDCyeZEM :
width. - IR TR
e "Standard" b__ =b_ P _, for very Acentrality=2%
nharrow centrality bin width. Dus AN=1.2, 51=0.2, & centrality=2% 5 arye1 2, 81-0.2, & centralty=2%
1 1
| o . “standard” b__ N partial b__
® No problems with low multiplicity samples. i i
u.si A u.si 4
: '/'gat;b@z%TeV Z /
047 0:2GeV/c<p,<5GeV/¢ 4%
Next step: partial correlation between : R e aw e a
sources b__ P(S_, S» S ) = A. Olszewski, W. of of
Broniowski, Phys.Rev.C 96 (2017) 5, 054903 D N AN AT DTN 4 \
’ 10 20 30 40 50 60 70 ’ 10 20 30 40 5

centrality % 19
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Summary

We obtained new data on forward-backward correlations; this was a
first attempt at measurement of strongly intensive quantities and
forward-backward partial correlations at the LHC:

1.The bCorr coefficient:

—> shows large dependence on centrality bin width and estimator!

—> provides information on early dynamics which is mixed with
trivial geometrical fluctuations.

2. The X observable :

—> shows a deviation from unity;
—> exhibits properties of strongly intensive quantity;

— independent source model? = info about average source =
direct probe for phenomenological models.

3. Partial correlations:

—>» methodology indeed eliminates spurious correlations induced
by (trivial) external variables like system volume, leaving out

only the "true" dynamics. AN
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Strongly intensive quantities
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— 2015 data (LHC150) depend on IR. b Pb-Pb@5.02TeV : Pb-Pb @ 5.02 TeV
P2 0.2GeV/c<p,<5GeV/c T Xe-Xe @ 5.44 TeV
— Pb-Pb LHC18q show reasonable 125& 2w 0.2<p,<5GeV/e

ordering of  with centrality.

—> Xe-Xe @ 5.44TeV show dependence

on centrality in agreement with Pb-Pb @ | - Pb-Pb@2.76 TeV
2.76 TeV. t r P.>0.2GeV/c ...
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—M— LHC150 Pb-Pb @ 5.02 TeV — 24— LHC17n Xe-Xe @ 5.44 TeV

—F— LHC150_lowlIR Pb-Pb @ 5.02 TeV —@— LHC18q (pass1) Pb-Pb @ 5.02 TeV

----- {3--- LHC150_highlR Pb-Pb @ 5.02 TeV ——#—— LHC10h Pb-Pb @2.76 TeV

Next step: Analysis of strongly intensive
quantities for identify particle species.

—F}— LHC150_midIR Pb-Pb @ 5.02 TeV
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https://indico.cern.ch/event/786203/

Strongly intensive quantity =~ — Strongly Intensive quantities do not depen
volume and system volume fluctuations (i.e. Var

Ne) g +(Ng) e —2 CoV (Ng,Ng)|= <nf>wb+<nb>wf 2Cov(ng,Ny)]
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If understood as ,,components of 3", these would be all
characteristics of the single (average!) source distribution

= <initial sources, resonances , etc.>

Different particle species have different contribution form
resonances - protons, for instance (no resonance x - pp)




Systematic uncertainties
TPC only tracks & hybrid tracks

There are 6 main sources of systematic uncertainties taken into a
analysis:

(a) time/run dependence — <0.5%

— averaged deflection of measured quantity in a run-by-run analysis from
the value obtained from the total data sample;

(b) the multiplicity distribution tail cut and the presence of the tail under th
multiplicity distribution - <0.8%

—averaged influence of varying the cut on tail in multiplicity distribution on measured observables.

(c) chosen data correction method & MC closure = <1.2%
(d) chosen track cuts (TPC only vs hybrid tracks)— <2.3%
(e) material budget — insignificant;

(F) Fluctuations of correction factors<1.2%

Given systematic uncertainties were averaged over centrality bin widths (Acent= 5%)
for given centrality class and over eta gap in range 0.2<A<1.2.

Total systematic error: partial systematic errors added in square.



Systematic uncertainties

Total systematics map:
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Centrality estimator: Centrality estimator: Centrality determined Centrality estima
spectators in ZDC charged particles in VO using impact parameter charged par
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ctuations geometrical fluctuations

- Largevalues of b _but large centrality bin width = large geometrical (N ) fluctuations within a
single bin of selected centrality.

—— P Scaled variance of number of

» Theoretical predictions: h=1- 1+Q -
participants w

part

A. Bzdak, Phys. Rev. C 80 (2009) 024906
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