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Why net-baryon fluctuations?

For a thermal system within the Grand Canonical Ensemble

Susceptibilities
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Why net-baryon fluctuations?

For a thermal system within the Grand Canonical Ensemble
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Why net-baryon fluctuations?

For a thermal system within the Grand Canonical Ensemble
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> At 4% order LQCD shows a deviation from Hadron Resonance Gas (HRG)
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Interpretation of
net-baryon fluctuations
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We need a baseline: Skellam distribution

X = Np — N5

> rth central moment:
= (X = (X)) = ) (X = (X)TPCX)
X

> First four cumulants

K1 =(X), K= Uy,

K3= 3, K4= [y — 35

SQM, 11.06.2019 Mesut Arslandok, Heidelberg (Pl) 5



We need a baseline: Skellam distribution

—~005r 71— 1 T 1
|~ B
=< - I, ]
| 0.04j g 0’ _]
X = Ny — Ny 2 s
5 B Z 0030 . P ]
= i . y :
> rth central moment: 002} . 3 ]
pr =X —(X)") = z(x —(X)T"P(X) 001 :
i 02%._-{0111610111;;&_5
» First four cumulants Ng-Ng

Difference between two
Ky =(X), K= o, independent Poissonian distributions

K3= 3, K4= [y — 35

kn = (Np) + (=1)"(N5)

> Uncorrelated Poisson limit:
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Importance of acceptance

» Fluctuations of net-baryons appear only inside finite acceptance
» Baryon number conservation imposes subtle correlations
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P. Braun-Munzinger, A. Rustamov, J. Stachel, QM18, NPA 982 (2019) 307-310
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Net-proton vs Net-baryon

» Due to isospin randomization, at \/Syy > 10 GeV net-baryon fluctuations can be obtained from
corresponding net-proton measurements (M. Kitazawa, and M. Asakawa, Phys. Rev. C 86, 024904 (2012))
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Effect of baryon number conservation has to be taken into account
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RESULTS
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A Large lon Collider Experiment

Main detectors used:

» Inner Tracking System (ITS)
* Tracking and vertexing

» Time Projection Chamber (TPC)
* Tracking and Particle

identification (PID)

» Time Of Flight
e PID

» Vertex 0 (V0)e
* Centrality determination

o

Data Set:

» Pb-Pb collisions
e /syn = 5.02TeV, ~¥60 M events

e /Syny = 2.76TeV, ~12 M events
» Model

* HIJING, ~¥6 M events
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Cut-based vs ldentity method

Cut-based approach: count tracks of a given particle type
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Cut-based vs ldentity method

Cut-based approach: count tracks of a given particle type
Identity method: count probabilities to be of a given particle type
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Cut-based vs ldentity method

(N') = A~HwW}")

1000
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Cut-based vs ldentity method

(N') = A~HwW}")

1000

» Cut-based approach
* Uses additional detector information or reject a given phase space bin
e Challenge: efficiency correction and contamination
» ldentity Method
e Gives folded multiplicity distribution
» Allows for larger efficiencies = smaller correction needed
* |deal approach for low momentum (p<2 GeV/c)
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ldentity Method: 2" order cumulants of net-p
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ldentity Method: 2" order cumulants of net-p
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ldentity Method: 2" order cumulants of net-p
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ldentity Method: 2" order cumulants of net-p
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ldentity Method: 2" order cumulants of net-A
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ldentity Method: 2" order cumulants of net-A
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» Similar trend as for net-p
» Better precision is needed to disentangle global vs local conservation laws
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39 and 4% order net-p

Nirbhay Kubera, QM18, NPA 982 (2019) 851
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» So far only cut-based results within small kinematic acceptance
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» So far only cut-based results within small kinematic acceptance

» C;/C, and C,/C, at LHC within uncertainties are consistent with Skellam?
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39 and 4% order net-p

Phys. Rev. D 95 (2017), 054504
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> ~30% difference between LQCD and HRG

> ldentity Method (in progress) will increase acceptance leading to be a
better sensitivity of these differences
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Summary

> Technical:

* ldentity method maximizes efficiency and solves misidentification problem
« Efficiency correction and volume fluctuations are crucial.
* Acceptance has to be large enough to see dynamical fluctuations

» Physics:
» Deviation from Skellam baseline observed in the 2" order level is due to
baryon number conservation
* Analysis of 3" and 4t cumulants with identity method in extended acceptance in p;

SQM, 11.06.2019 Mesut Arslandok, Heidelberg (PI) 17
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» Physics:
» Deviation from Skellam baseline observed in the 2" order level is due to
baryon number conservation
* Analysis of 3" and 4t cumulants with identity method in extended acceptance in p;

Holy grail: see critical behavior in 6" and higher order cumulants
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B. Friman, F. Karsch, K. Redlich, V. Skokov Eur. Phys. J. C(2011) 71: 1694
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Net-particle fluctuations vs HIJING

A. Rustamov
Nucl.Phys. A967 (2017) 453-456

/E\ F —Tr T T T T — /é\ 1 2 L L L E L A A R B ’é\ F f \
N \ B T~
B |© 1 1' ALICE Preliminary, Pb-Pb \s\ =276 TeV | X @ - ALICE Preliminary, Pb-Pb {5, =2.76 TeV 7 1Q-| @ 1 1‘ ALICE Preliminary, Pb-Pb sy =2.76 TeV 7
= LA ] | = B 1 v = — . —
+' fé I 0.6<p<15GeV/c, centrality 0-5% q + _gg - 0.6<p<1.5GeV/c, centrality 0-5% 1 a g ’ 0.6 < p < 1.5 GeV/c, centrality 0-5% i
5 (j) : —@— ratio, stat. uncert. : é (D 1 . 1__ —@— ratio, stat. uncert. __ \& (f) - —e— ratio, stat. uncert.
MN ~ [ syst. uncert. Al ~— L [ syst. uncert. 1 ™ ~~ | ’ |
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Effects from conservation laws

—_ g P.IBraL;n—Mt;nzinéen )4 Ru‘stam'ov, J.' Staéhe/
N © I NPA 982 (2019) 307-310 ]
"ol T -
5 (% —@— CE sim. f
é\j \-C/\J — CE calc. :
Y L -- GCE I i
r : 1—«a
0.5 .
(g
adQ=——
I (Ng)im
- 5%x108 events :
. . . . | . . . . _O . . . . L . . . .
OO 0.5 1 5O 0.5 1
acceptance factor o acceptance factor a
contr. est.
L] o L] NT:G )-‘-( |
Deviations from unity N 5w
o m¢/m;=20 (open)
are driven sl 27 (filled) |
by different mechanisms
o free quark gas |
O 1 1 1 1 1 ! 1
A. Bzdak, V. Koch, V. Skokov, PRC87 (2013) 014901 140 160 180 200 220 240 260 280
K. Redlich and L. Turko, Z. Phys. C5 (1980) 201 T [MeV]
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Volume Fluctuations

ALICE: Phys.Rev. C88 (2013) no.4, 044909

VOA VoC

2.8<n<5.1 -3.7<n<-1.7
/U-J\ E T T ' T T T -' T ' T ' T T \_' T T T | T T T
'E - ALICE Pb-Pb at sy, =2.76 TeV w0l |
S5, . + Data
5107 F —— NBD-Glauber fit
EL Puxf Npart +OON] L Pl
2 E
_,21 0 \\ \f::).sm, 1=293k=1.6 : 'é
2 [, ) 0 500 7000
L - " _ _
10° e =
10° 1S5 | 8| 3 - 2 . 5
© | v < ™ N o o~ 3
S| o o =) =) N 15 ]
o< ) « - ,) (<) ]
10-7 1 1 1 1 I 1 1 1 1 1 1 i 1 1 I 1 1 1 I 1 1 1 i 1 i 1 i 1 1 1 I 1 1 1 I 1 1 1
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VZERO amplitude (arb. units)

T

5100 7y

° | 5-10% LH\
50/ )
|

250 300 , 350 400

f Ny
x10°

0 100 200 300 400

N
| volume fluctuations has to be taken into account I W
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Volume Fluct.: 2" order

150*10° Events

@ 80— PO+PD@YS, =276 TeV o 50— PO+Pb@|5, =276 TeV |
e s R e ;
\%\' 60: calculations s T — - 40 calculations | -
i 30| structure -
) | s — ]
: 0-
T | :
| k(=721 oS M
%100 200 300 400 %" 100 200 300 400
<NW> Nuclear Physics A 960 (2017) 114-130 <NW>

k,(p=P)=(N, )k, (n=T1)+(n—7) k,(N, ) k,(p)=(N () + () K, (V)
vanishes for ALICE does not vanish

n,n from single wounded nucleon
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Volume Fluct.: 3™ order

150*10° Events

a  Pb+Pb@|S,=276TeV | a S S L S ST
S ol e Nt S R | G T e
\% 2 —e— N, fixed , 4O:+:|a:\|’cf:l(::ons E
¥4 | : - : ‘ ‘ |
30 stroctore
Ofee @ & g8 i """""""""""" : - predicted 3
20 -
D kg(p—ﬁ)zo ..................................... _ 10 D e 1) A 7
0) 100 200 300 400 O0 100 200 300 400
<NW> PBM, A.R., J. Stachel, arXiv:1612.00702 <NW>

k(p=P)=(N, )k,(n-)+(n—T)..) k()= (N, )k, (n) +(m)(.

vanishes for ALICE does not vanish

n,n from single wounded nucleon
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Volume Fluct.: 4t" order

50

150*10° Events

T T T T T T T T T T T T T ;
Pb+Pb@\s,,=2.76 TeV
—&— Ny, fluct.
—e— N, fixed

calculations

ructur
structure ‘

predicted

 (p-7)=2+{procon)

100 200 300 400
<NW>

e
—_—
=
I
g~]
S~
I

n,n = from single wounded nucleon

K4(p - E)/Kz(p'ﬁ)

P. Braun-Munzinger, A. Rustamov, J. Stachel
Nuclear Physics A 960 (2017) 114-130

T T T T T T T T T T T T T ;
- Pb+Pb@\s,,=2.76 TeV =
- —e— N, fluct. 7]
| —e— N, fixed | ]
- calculations —
- ¢ 1
- 9® @ @i ® . ,,,,,,,,,, ® Q ,,,,,,,, + o]

S

100 200 300 40
<NW>

(N, (n—7) 43k, (n—7) K (N )+ {n—7).

}

vanishes for ALICE

I volume fluctuations has to be taken into account I
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Solution for volume fluct : CBWC ???

P. Braun-Munzinger, A. Rustamov, J. Stachel,

Nuclear Physics A 960 (2017) 114-130

~100——

T I T T T T ; T T T T a T I T T T T ; T T T T I T T T
Q- i Au+Au@\s,=7.7 GeV | Au+Au@\'s,=7.7 GeV ‘
! | —e— N, fluct, ] ! | —e— N, fluct,
\9— 80~ —e— N, fljct. R N \9— | —e— N, fluct. : ]
< | —e— N, fixed N QL —e— Nyfxed S |
~ - calculations & calculations '
B calcgaltions ra_ calcqaltions
60 R : , |
- o
N
" <
L S P S e - 2
- . |

100 200 300
<N,> <N,>
» Subdividing a given centrality bin into smaller ones and then merging them
together incoherently.
» Incoherent addition of data from intervals with very small centrality bin width
will eliminate true dynamical fluctuations.

7100 200 300

Better publish uncorrected results
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What if the efficiency loss is hot binomial?

Hypergeometric Beta-binomial
T T T T T T T T ‘105 ! ! ! ! T ! ’ ! T
- i : -bi i 60F  ---- true 1F ; .
80 (a) Hypergeometric (b) Beta-binomial . e rected A ?tnalytlc
¥ binomial S
eor i 10° g°4o T I £ T ST S T [ N ST T S S S ST S S
40} P __.--"" B I B B
- 20_ - -
20F 0
L] -
_I-’.-._F_,_-".' 50_ 1L i
020 20 &0 ‘ N
“7840--13—21&3&-—@-—@ --ﬂiiﬁg—-g-—gg%%-
< 4 Fo Yo % KK EE
Draw N balls from the urn In each draw, when one draws ¥
without returning balls to a white ball, two white balls are sop . T -
the urn returned to the urn s
60 1t .
*
~° o R R
. L. "’\2/40--ﬂ--g--@«--a--ﬂ--a--ﬂ--a--ﬂ--m- 4 BB B gy ey £ oA
» Simulate efficiency loss e i | IR
. . . . 1 S
e Correct with Binomial assumption P AR 11 ]
* Correct with “detector response”
100}
o b0 e IR f.%..?%.f;.g.i? :
. N -*g%* vy i ;]
Efficiency loss shape Of %
haS to be ChECkEd bEfOre S0 5280 2éoY3(')o 350 400 150 200 2éoY360 350 400
T. Nonaka, M. Kitazawa, S. Esumi, Nucl.Instrum.Meth. A906 (2018) 10-17
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How does it work?

60

ICQ(N) |

[ Hypergeometric

40 {  Beta-binomial

» Produce sample events of N assuming
the Poisson distribution

(N=number of particles in a given event)

- - analytic

» Model the efficiency loss with
Ruc(n; N) or Rg(n; N)

Measured Real
moments  _ moments Polynomial fit of the moments
eI v L
n 20 )
T er] | 4 [Ra() =3 N
: : . —0
(nE) | o] |LVE) .
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Efficiency correction: k,(p — p)/k,(Skellam)

/é\ 1 .1 _I ) I ) ) ) I ) ) ) I ) ) ) I ) ) ) I ) ) ) I ) ) ) I ) ) ) I ) I_

e ®© B HIJING, stat. uncertainty ALICE Simulation _
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o g 1.05 — @ Generated level C NN 0 ]
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C ° © .
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O 8 -I 1 | L1l 1 | L1l 1 | L1l 1 | L1l 1 | L1l 1 | L1l 1 | L1l 1 | 1 |_

0.2 04 06 0.8 1 1.2 1.4 1.6
An
Efficiency correction with binomial assumption:

T. Nonaka, M. Kitazawa, S. Esumi, Phys. Rev. C 95, 064912 (2017)
Adam Bzdak, Volker Koch, Phys. Rev. C86, 044904 (2012)
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Efficiency correction: k5 (p — 1) /k,(p — D)
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Efficiency correction with binomial assumption:
T. Nonaka, M. Kitazawa, S. Esumi, Phys. Rev. C 95, 064912 (2017)
Adam Bzdak, Volker Koch, Phys. Rev. C86, 044904 (2012)
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