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Fluctuations in heavy-ion collisions

* Event-by-event fluctuations of particle multiplicities are used to study properties and the phase
structure of strongly-interacting matter

* In heavy-ion collisions at the LHC:
— test lattice QCD predictions at pg =0
— close to 2"-order phase transition for vanishing quark masses — signs of criticality?
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Connecting theory to experiment

* Thermodynamic susceptibilities 7y

— describe the response of a thermalized system to changes in external conditions, fundamental
properties of the medium

— can be calculated within lattice QCD

— within the Grand Canonical Ensemble, are related to event-by-event fluctuations of the
number of conserved charges: electric charge, strangeness, baryon number
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Connecting theory to experiment

* Thermodynamic susceptibilities 7y

— describe the response of a thermalized system to changes in external conditions, fundamental
properties of the medium

— can be calculated within lattice QCD

— within the Grand Canonical Ensemble, are related to event-by-event fluctuations of the
number of conserved charges: electric charge, strangeness, baryon number

Theory:
fixed volume,
particle bath in GCE
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What we have learned so far? What’s next?

* Second moments of net-pions, * Higher moments in ALICE!
net-kaons, net-protons measured N.Behera, Wed. 11:50
as a function of centrality and An

Venez:
Qua ﬂmﬁtj

o * Correlated fluctuations of net-charge, net-
* Deviation of net-protons from Skellam strangeness, net-baryon number

baseline fully accounted for by global
baryon number conservation

— Access off-diagonal elements, mixed
derivatives yBS, ¥BQ, yQS

=145y
ﬁ © [ ALICE Preliminary, Pb-Pb s, = 2.76 TeV | g é)é
= r ) B 03 |- BS/ S = 1
a g 1. 1j 0.6 < p < 1.5 GeV/c, centrality 0-5% N . X11/X2 ‘ ‘EE‘ @
MN C\,)/ [ E] rati(t:, stat. L:ncert, ] mg/m=27 (filled)
N - S);? ioingsrr\s.erv arXiv: J 20 (open)
* 1 05* R :ys{ uncert. HIJIN<>3(, /gl\(};’ioomz B 0.25
L ] continuum extrap.
L 4 PDG-HRG —
1?- ] 02 I QM-HRG — |
[ i | NT=12 @
L ] 8 i+
0.95- - 6 A
r 1 0.15 f 16 v 1
0,95 i
0.5 1 15 i na e
AT] 130 140 150 160 170 180 190 200
A. Rustamov, QM 2017, Nucl. Phys. A, 967 (2017) 453, arXiv:1704.05329 F. Karsch, EMMI Workshop on Fluctuations, Wuhan, October 2017

14. May 2018 Net-A fluctuations in ALICE -- A. Ohlson



Why measure net-A fluctuations?

* Explore correlated fluctuations of baryon number and strangeness

* Critical fluctuations not expected for second moments, establish baseline for future
measurements of higher moments in the strangeness sector

* Improve understanding of net-baryon fluctuations
— different contributions from resonances, etc, than in net-proton measurement

* As can be “added” to net-proton or net-kaon results to get closer to net-baryon and net-
strangeness fluctuations

* The challenge: event-by-event particle identification, signal extraction of A—pn complicated
by significant combinatorial background

* Proposed solution: the Identity Method
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Identity Method for n, K, p identification

* For any value of TPC dE/dx, probability that a
particle is a 7, K, p, is known from inclusive
distribution

 Particles are identified statistically, weights (w)
are assigned according to probability that
particle is of a given species

 Calculate sum of weights (W) instead of sum
of particles (N) in a given event

* Find moments of W distribution, then transform
into true moments

* Identity Method makes it possible to account for
misidentification/impurity without lowering
efficiency by imposing strict selection cuts
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Identity Method for A

* For any value of m,

probability that a particle * Identity Method makes it possible to

nv?
is a A or combinatoric pr pair is known from account for large combinatoric background
inclusive distribution « Efficiency (e ~10-30%) and secondary
 Identity Method formalism can be applied contamination (& ~ 20-35%) corrections
for four ‘species’: performed under binomial assumption
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Results: Net-A fluctuations
in Pb-Pb collisions at Vs = 5.02 TeV
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Centrality dependence of 15 moments
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Centrality dependence of 2™ moments
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Centrality dependence of net-A 2" moments

C(A)=(N,)
G (8)={(Mu-(N)')

(
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« If multiplicity distributions of A and A are Poissonian

C,(A)=C\(A)

NA>_<NA><NA>)

— 1f uncorrelated, Skellam distribution £or net-A
C, (Skellam) = C,(A)+C,(A)

* Small deviations from Skellam baseline

— correlation term? non-Poissonian A or A
distributions? critical fluctuations?
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Comparison to HIJING %
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— underestimates C, and C, by factor ~4
* C,(A-A)/C,(Skellam) ratio agrees with data

— coincidence? or due to description of fluctuations
and resonance contributions in HIJING?
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Comparison to net-protons
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Comparison to net-protons
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An dependence 1n central collisions

dN/dy acceptance of the 50—
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An dependence, comparison to net-protons
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An dependence 1n mid-central collisions

* Net-protons results not described by HIJING, but

1.1
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Conclusions e

* First measurement of second moments of event-by-event net-A fluctuations as a function of
centrality and An

 Ratio of C, to Skellam baseline ~0.95-1
— qualitative agreement with net-proton measurement

— deviation from Skellam understood due to global baryon number and strangeness
conservation, not critical behavior

* Identity Method is applied on m, , axis for the first time
* Opens new possibilities for future measurements of other particle species and higher moments!
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backup
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A reconstruction %

* Cuts on VOs
— VO radius > 5 cm
— DCA of VO daughters <1 cm
— DCA of daughters to secondary vertex > 0.1 cm
— proper lifetime mL/p <25 cm
— pr-dependent cos(0;,) cut
 Cuts on daughter tracks
— n[<0.8
= Pra> 0.15 GeVie, pr, > 0.6 GeV/e
— no < 3 for (anti-)proton
— # crossed rows > 70, crossed rows / findable clusters > 0.8
* (Anti-)Lambda selection
- [n[<0.5
— 1 <p;<4GeV/c
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