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Critical point and intermittency

2" order phase transition (critical point) — scale invariance — power-law form of
correlation function — enhanced multiplicity fluctuations that can be revealed by scaled
factorial moments F,(§) of order r:

M
1 § - size of each of the M = 2 subdivision intervals
—gn-n-—l.‘.n-—r 1 5
M = (i )---(n * )> of the momentum region A

Fr(6) =

M " n; - number of particles in i-th bin

i=1

(...) - averaging over events

When the system is a simple fractal and F,(§) follows a power-law dependence:
Fr(0) = Fe(A) - (A/5)%r.
Additionally, the exponent (intermittency index) ¢, obeys the relation:
or=(r—1)-d,

where the anomalous fractal dimension d, is independent of r. )
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point search with proton intermittency
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A deviation of AF, (AF, = F‘Z’ata — F’z"ixe") from zero seems to be present in central Si+Si and
mid-central Ar+Sc.

However, the data points are correlated which makes the interpretation difficult.

Results presented today were obtained with statistically independent points and cumulative quantities.

NA49: EPJC 75 (2015) 587
NA61/SHINE: APPS 13 (2020) 4
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Analysis

Second Scaled Factorial Moment analysis for primary protons (strong and electromagnetic
processes) produced in Ar+Sc interactions at 150A GeV/c and Pb+Pb at 30A GeV/c in few
centrality windows using cumulative variables and independent points.

A
pY 5=aM
2
2M
Fa(M) = 2= (Npp(M))
(N)
M - number of bins in px and py
n;j - number of particles in i-th bin
N - event multiplicity
(...) - averaging over events
Npp (M) - total number of particle pairs in M2 bins in an event
Px

At the second order phase transition F2(M) exhibits a power-law dependence on M:
F2(M) ~ (M?)#2

The intermittency index ¢» for a system freezing out at the QCD critical endpoint is expected

to be ¢ = 5/6 assuming that the latter belongs to the 3-D Ising universality class.
Wosiek, APPB 19 (1988) 863
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Cumulative variables

Instead of using px and py, one can use cumulative quantities:

Q= [ p(x)dx/ [ p(x)dx Q) = [ P(xy)dy/P(x)
min min Ymin

® transform any distribution into uniform one (0,1)

® remove the dependence of F, on the shape of the
single-particle distribution

intermittency index of an ideal power-law correlation
function system described in two dimensions in momentum

space was proven to remain approximately invariant after
the transformation
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(example for 0-5% Ar-+Sc at 150A GeV/c)

Bialas, Gazdzicki, PLB 252 (1990) 483
Antoniou, Diakonos, https://indico.cern.ch/event/818624/



https://indico.cern.ch/event/818624/

Proton selection

0-20% Ar+Sc at 1504 GeVic

dE/dx

Selection of protons is based on dE/dx
measurements in TPCs:

® 0.60 < logio(p / GeV/c) < 2.10
* 0.5 < dE/dx < BB, + 0.15(BBy - BBy)

Within the selected range, the cut selects more
than 50% of protons and a few percent kaons.

0 1 2
Iogw(p / GeVic)
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S acceptance

Ar+Sc at 150A GeVic
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Two-Track Distance cut

Time Projection Chambers do not allow to reconstruct tracks too close to each other.

A momentum-based cut was introduced.
Parameters adjusted for Ar+Sc and Pb+Pb separately.

Sx = Px/sz = COS(ﬂJ)
Sy = Py/Pxz = tan(A)
p=1/px

data / mixed
&

For pairs:

Asy = s — 5x,1
Asy =sy2 —sy1
Ap=p2—p1

L L
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Effect seen for |ApT| < 10 MeV/c
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F2(M) results

forM=1.. 32

20 NA61/SHINE 20 NA61/SHINE
s V[ 0-20% Ar+Sc at 1504 GeVic = 0-10% Pb+Pb at 30A GeVic
u I u I
1.5 1.5
1.0 } e g0 o0 o o & ° 1.0 : e ® g o ° o 0 o o
05fF 05f
0.0 I B L1 0.0 I B |
0 500 1000 0 500 1000
M M

statistical uncertainties only

No indication for power-law increase with bin size
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F2(M) results

forM =1 ... 150

NA61/SHINE NA61/SHINE
0-20% Ar+Sc at 150A GeVic 0-10% Pb+Pb at 30A GeVic
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No indication for power-law increase with bin size
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Simple power-law model

Comparison with simple power-law model

A simple model that generates momentum of
particles for a given number of events with a
given multiplicity distribution.
It has two main parameters:

® ratio of correlated to uncorrelated particles,

® power-law exponent.

Uncorrelated particles (background)

pe(pr) = pr -~ T

Correlated pairs (signal)

ps(PT,1,PT,2) = pB(PT,1)  PB(PT,2)
—1 —1
J1ap? + €] 7 [1apy]? + €]

Examples for: ¢ = 0.80

Ng =Poisson(30)
Ng=2
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Example of Fy(M) results

Comparison with simple power-law model

32

Lots of model data sets
generated:

® correlated-to-all ratio: vary
from 0.0 to 4.0%
(with 0.2 step)

® power-law exponent: vary
from 0.00 to 1.00
(with 0.05 step)

and compared with the
experimental data

For the construction of exclusion
plots, statistical uncertainties
were calculated using model with
statistics corresponding to the
data.

F3(M)

Fy(M)

20

05

20

115!

0.5

—=— 0-20% Ar+Sc at 150 GeVic
e model: 0,= 0.00, corr/all = 0.0%

Xéndf =7.49/9
p-value = 0.586
| _L
L L L
0 500 1000
M

—=— 0-20% Ar+Sc at 150 GeVic
«— model: ®,=0.65, corr/all = 1.0%

Xé/ndf = 85.51/9
p-value = 0.000

Fy(M)

0.5

20

0.5

—=— 0-20% Ar+Sc at 150 GeVic
e model: 0,= 0.00, corr./all =0.0%

Xndf =4.08/9

p-value = 0.906
1 1 1
0 10000 20000
M

—=— 0-20% Ar+Sc at 150 GeVic

-« model: % =0.65, corr/all =1.0%
xindt=25458/8 . 7
p-value =0.000 "

oF




Exclusion plot

Comparison with simple power-law model

0-20% Ar+Sc at 150 GeV/ic 0-10% Pb+Pb at 30 GeVic
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exclusion plots for parameters of simple power-law model

The intermittency index oo for a system freezing out at the QCD critical endpoint is expected to be
(2 = 5/6 assuming that the latter belongs to the 3-D lIsing universality class.
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Summary

® results on the dependence of the second scaled factorial moments of proton multiplicity
on cumulative momentum bin size (F2(M)) for
= Ar+Sc at 150A GeV/c
= Pb+Pb at 30A GeV/c
are presented

® no indication for a power-law increase is observed

® exclusion plots for parameters of a simple model (ratio of correlated to background
particles and power-law exponent) are shown

Thank You!
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ADDITIONAL SLIDES ADDITIONAL SLIDES

Additional slides
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ADDITIONAL SLIDES

ADDITIONAL SLIDES

Cumulative transformation

L P(x,y) P(x)
1) normalization:

(x,3) = p(x.3) £
P(x,y) = p(x,y X, y)dxd °
. /fp( Yy | g ool
X,y >
0.01F
2) projection on x:
=
P(x) = [ P(x,y)dy ‘ ‘ ‘
y -1 0 1 00057, 0 1
x (GeVic) x (GeVic)
3) cumulative x: S 10F g
= 8
Qx = f P(x)dx >
Xmin
05F
4) cumulative y:
[ 00 (‘) I1 -1 0 1
Qy(x) = f P(x,y)dy/P(x) X (GeVic) X (GeVic)
Ymin

(examples for 0-5% Ar+Sc at 150A GeV/c, x=px, y=Py)
19.03.2020
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Simple power-law model results

Only background Only signal Signal and background
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ADDITIONAL SLIDES

Event and single-track selection
Ar+Sc at 150A GeV/c

ADDITIONAL SLIDES

® full ‘good’ target-inserted data set (029_17c_v1r8pl_pA_slc6_phys_PP)

® in total, 1.10M events with (Nproton) & 3.8 left for analysis

WFA beam (4 us)

WEFA interaction (25 us)
standard BPD cut
trigger T2

main vertex fit quality

main vertex z-position (10 cm around
target)

energy in small PSD modules < 2800
800 < energy in big PSD modules < 5000

if number of tracks in fit < 50, tracks in fit /
all tracks > 0.25

‘cloud no. 5’

CPOD2021, 19.03.2020

Event selection Track selection

good vertex track fit
total number of measured clusters > 30

0.5 < measured clusters / potential clusters <
1.1

clusters in VTPCs > 15

dE/dx clusters > 30

|bx| < 2cm, |by| < 4 cm

charge > 0

0.60 < logio(p / GeV/c) < 2.10

0.5 < dE/dx < BB, + 0.15(BBk - BB})
px < 1.5 GeV/e, py < 1.5 GeV/c

[Yproton| < 0.75

acceptance map

T. Czopowicz
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Centrality selection
Ar+Sc at 150A GeV/c

ADDITIONAL SLIDES

Energy in PSD vs proton multiplicity

» £
[ =] L
2 r
S 20
s Tt
S [
g 150
o [
£ r
2 10f
50
0 L

0 10 20
EPSD/Ebeam

P(N)

0.20

0.15

0.10

0.05

0.00

Multiplicity distributions

LS L LN e

centrality
—0-5%
—5-10%
—10-10%
—15-10%
—0-20%

10 15

CPOD2021, 19.03.2020



ADDITIONAL SLIDES

Two-Track Distance cut —
Ar+Sc at 150A GeV/c

Momentum-based TTD cut

data, rejected
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Momentum-based TTD cut

mixed, rejected
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Results - F»(M)

forM =1 ... 150
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Results - F»(M)
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NA61/SHINE

L 10-15% Ar+Sc at 1504 GeVie
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cumulative variables
uncorrelated points

No signal observed in
Ar+Sc at 150A GeV/c

T. Czopowicz



	Critical point and intermittency
	Analysis
	Cumulative variables
	Proton selection
	Analyses acceptance
	Two-Track Distance cut
	Results
	Comparison with simple power-law model
	Simple power-law model
	Example of Fmath text inlined[fg]math text inlinedfgmath text inlined[fg]math text inlinedfg2(M) results
	Exclusion plot

	Summary
	Appendix

