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Motivation
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NA61/SHINE heavy ion program:

 Search for the critical point

Search for non-monotonic behavior of CP signatures: fluctuations of N, average pr,
etc., intermittency, when system freezes out close to CP

» Study of the properties of the onset of deconfinement

Search for the onset of the horn/kink/step/dale in collisions of light nuclei;
additional analysis of fluctuations and correlations (azimuthal, particle ratios, etc.)
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NA61/SHINE experiment
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Data taking schedule:

* Taken data (green)

* Approved (red)

* Proposed extensions (gray)

Comprehensive scan with light and
intermediate mass nuclei in momentum
range 13A-158A GeV/c
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Multiplicity fluctuations

75A GeV/c e data
) e . ) Ar+Sc 0-1% “° — poisson
How to estimate the strength of multiplicity fluctuations? h- \

(N?) — (N)?
(N)

w[N] =

For the models with independent particle sources

Lol P IR I bcoo—
(wounded nucleons model): 0O 10 20 30 40 50 60 ;0
n 1'4?7Ac;w data/poi
w[N] = w[n] + nw[Ng] L5 asle, o dalpoisson
L h-
1.2-

where n is a multiplicity from a single source (wounded s -
nucleon). Consequently @[N] depends on the number of R s
sources Ny fluctuations :
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NA61/SHINE experiment

~13m

NA61, JINST 9: 06005 MTPC-L
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Target TPC

I

PSD

Ar+Sc 150A GeV/c
NAG61/SHINE in virtual reality: http://shine3d.web.cern.ch/shine3d/

Large acceptance hadron
spectrometer - coverage of
the full forward hemisphere,
down to pr = 0 GeV/c

Performs measurements on
hadron production in h+p,
h+A, A+A at 13A — 150(8)A
GeV/c

Event selection in A+A
collisions by measurements
of forward energy with PSD

Recent upgrades:
* \Vertex detector (open
charm measurements)
 FTPC-1/2/3
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Events selection

Event selection is based only on the forward energy related to projectile spectators

The forward energy consists of two components:
e spectators
e produced particles

~13m

NA61, JINST 9: 06005

WLS-
fibers

Vertex magnets

VTPC-2

Target

Beam
Beam . ey
VD|

d X

lead plates

Scintillator tiles
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Events selection

* One needs to choose set of modules with dominating contribution of spectators and
minimal contribution from the produced particles

* The proposed selection is data-driven and is based on correlations between energy
and track multiplicity in TPCs - negative correlation implies dominance of spectators
in a specific module

Be+Be at 19A GeV/c Be+Be at 19A GeV/c
A6 A6
i %/ - L\ﬂ/ . Central trigger H
- Central tri - :
Xz1 Af PSD Modiie a4 121 Ar PSD Module 18 !
712k 1.2

8 0.8"
0.6F % 0.6}
L | . | . | . | . | L l . | . | . | . |
0% 2 4 6 8 10 0% 2 4 6 8 10
Multiplicity Multiplicity
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Centrality selection

* Due to the differences in magnetic field and PSD position for various energies,
different set of modules is chosen to calculate forward energy

* Unexpectedly, for the same collision energy but for different colliding systems same
modules show different behavior

Be+Be at 19A GeV/c Ar+Sc at 19A GeV/c
A6 A6
cenncs il I a7 .
'_ Central trigger | Central trigger
Xz1 Af PSD Module 44 .41 PSD Module 44
=
viz2

0.6F % 0.6F w
L | . | . | . | . | I R I R AR R SR
0% 2 4 6 8 10 0% 10 20 30 40 50 60 70
Multiplicity Multiplicity
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Centrality selection

* Due to the differences in magnetic field and PSD position for various energies,
different set of modules is chosen to calculate forward energy

* Unexpectedly, for the same collision energy but for different colliding systems same
modules show different behavior

Ar+Sc

Be+Be

* PSD kinematic regions are different for different energies and systems
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Events selection

 The measured energy allows selection of the “centrality classes”

Ar+Sc
<, ima & 0.0016—
= o 19A GeV/c = I 150A GeVic
S [ 44 PSD modules s S ... 20 PSD modules :
. °s central interaction trigger . [ central interaction trigger
ﬁ B ﬁ 0.0012_—
S oo s
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0.0008 —
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For cross-sections look PoS CPOD2014 (2015) pp.053 11
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Analysis

Analysed data:
Ar+Sc 194 GeV/c

e centrality selected in*®Ar + *>Sc and “Be + °Be - 15
at beam momentum 194, 304, 40A, 75A, 150A GeV/c >
orat./syy =6.12,7.62, 8.76,11.94, 16.83 GeV cz 1L
Q.‘H
* Event and track selection criteria were chosen to select 0.5
only inelastic (centrality selected) interactions and particles |
produced in strong and EM processes
% 2

* centrality selected by forward energy

. . . . Ar+Sc 1504 GeV/c
(In simulations — selections is based on energy

of all particles hitting the selected PSD modules) g
P)
)
e Track selection criteria: ar
o the NA61/SHINE acceptance

https://edms.cern.ch/document/1549298/1
o not electron or positron
pr < 1.5 GeV/c

o 0< Yn < Ybeam

O
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Analysis

Be+Be at 75A GeV/c
* Currently results are not corrected for experimental 1.3F o[h] @ uncomected
b- - NA61/SHINE acceptance ~ EPOS 1.9 reconstr.
1aS€es ’ 22_ 0<Y. Y eam —— EPOS 1.9
* To estimate magnitude of these biases pure ] 13_ « ® ®
A o
and reconstructed MC data sets were analyzed. e 0 ® ¢
The differences between results are less than 5% 1__';9 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,
e Statistical uncertainties were calculated using
the sub-sample method AR R SR
0% 123456 7 8

0-X% centrality

EPOS1.99 - Werner, et al., PRC 74:044902

NOTE!

All results (p + p, 'Be + °Be, *9Ar + 45Sc) will be shown in NA61/SHINE acceptance
with 0 < Y < Vpeam and without systematic uncertainties
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Multiplicity fluctuations:

12 Be+Be at 19A GeV/c 1.2 Be+Be at 30A GeV/c 1.05 Be+Be at 40A GeV/c
C - Y F - [ ] ) E = [ ]
1 1 5i O)[h ] uncorrected 1 1 5i O)[h ] uncorrected 1 - (O[h ] uncorrected
- E NA61/SHINE acceptance — EPOS 1.99 reconstr. - E NA61/SHINE acceptance — EPOS 1.99 reconstr. ) E NAG61/SHINE acceptance — EPOS 1.99 reconstr.
1.1£ 0V, Y —— EPOS 1.9 11+ 0%, Y —— EPOS 1.9 1.15F %9 Y%eun —— EPOS 1.99
1.1
1.05-
B o © ©
B o @ .. ® @ T
§§ e

0-X% centrality

] Be+Be at 75A GeV/c 1.7 Be+Be at 150A GeV/c
18- ol S 0 g ool s o wlhTlislarger for
1.2i 0 S EROS 199 1.5? 0 S BPOS 199 broader Centrality
: oo intervals both in data and
g0t :'Z%. e o o o ® * * inmodel= volume
0. 1 fluctuations?
EPOS 1.99

underestimates w[h™]

0-X% centrality
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Multiplicity fluctuations: energy dependence S/-/-INE

2 ; ® o[h] BeBe 0-1% ]

- ofh] ® ofh] ArSc 0-0.2% Different energy dependence
1 e scceptance for Be+Be and Ar+Sc collisions!
1.61
1.4- w|[N] increases with collision
1.9F ° energy in Be+Be but remains

S ® particularly constant in Ar+Sc

o e ®
0.8:—. ® o o O
0.6HL . |

R I A I R S R T
6 8 10 12 14 16 18
\'Say [GEV]
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I

Multiplicity fluctuations: energy dependence S/-/-INE

2 ; ® o[h] BeBe 0-1%

- ofh] ® ofh] ArSc 0-0.2% Different energy dependence
1B s secomanes for Be+Be and Ar+Sc collisions!
1.61
1.4- w|[N] increases with collision
1.9F o energy in Be+Be but remains

) S ® particularly constant in Ar+Sc

o @ ®
0 8:—. ® o o O
06 Is it a volume effect???

O[] ! |

I | I | I | I | I |
6 8 10 12 14 16 18
VSay [GeV]
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Strongly intensive quantities

A new strongly intensive quantity can be constructed:

_ <AB> B <A><B> R. V. Poberezhnyuk, M. 1. Gorenstein, M. Gazdzicki,
(B) arXiv:1509.06577v2 [hep-ph] 23 Sep 2015

Q[A, B] = w[A]

and if A and B are uncorrelated from a single source ({ab) = (a)(b)), then
Q[A, B] = w[a]

where w|a] is scaled variance of A from a single source.

IfA=N and B =Eyeam — Epsp= Ep, then
Q[N, Ep] = w|[n]

If a centrality interval is narrow enough, we can expect:

Q[N, Ep] = w|[N]

17
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I

Q[N, Ep], ®[N]: centrality dependence S/-/-INE

14 Be+Be at 75A GeV/c
= ofh,E 1 olh] 0ol
— acceptance | ’Ep]
1'3: y:VGl/VSH:NE " Q[N, Ep] almost does not depend on
- uncorrected
1 of t centrality — strongly intensive!
1_13— e ® © ° ® Q[N, Ep] and w[N] converges to a
e ©® ® common limit for very central events
0. 0000, 0.9 9.
- Is this common limit w[n]?
0.9+
- L I I T I ST NI
0% 12345 6 7 8
0-X % centrality
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Multiplicity fluctuations: energy dependence

2 o[hT o bl Avss 00.2%
1 _8_— NA61/SHINE acceptance
- 09,9,
1.6f
1.4F Different energy dependence
1 oF o for Be+Be and Ar+Sc collisions!
1';_. """ : """ ® e
0g® ° e *
0.6__| | |

I | I | I | I | I |
6 8 10 12 14 16 18
\'Say [GEV]
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Q[N, Ep], ®[N]: energy dependence S/-/-INE

2 ; .. ® o[h] BeBe0-1%

- Qfh ’Ep]’ o[h] e ol Arsc0-02% Q[N, Ep] and w[N] converges to a
1 _8— NA61/SHINE acceptance O Q[hE ] BeBe 0-1% . .

C oy, O QIhEJAsc0-02%  common limit for very central events
1.6 for both systems
1.4F L

' w|[N] is significantly larger for the
1.2 e central Be+Be collisions than for

i central Ar+Sc collisions!

T @ @ ®

e © o o o
0-8;_ © Different magnitudes of w[n] for
065 . . different systems?

6 8 10 12 14 16 18
\'Say [GEV]
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Q[N, Ep], ®[N]: energy dependence

— - - O of[h]
2: Q[h,E ], o[h] e g[h] BeBe 0-1%
1 _8_— NA61/SHINI?acceptance ® o[h] ArSc 0-0.2%
- ey <y O Q[hE ]BeBe 0-1%
L ™ " beam O Q[h,Ep]ArSc 0-0.2%
1.60 w|[N] in the central Be+Be
1.4r collisions behaves exactly
" I i |
1.2 ., like in p+p!
e g B R OO
N o
osg"® ¢ o g
0.6__| | |

I | I | I | I | I |
6 8 10 12 14 16 18
\'Say [GEV]
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Q[N, Ep], ®[N]: energy dependence

1.8
1.6
1.4
1.2

0.8
0.6

N - -, © of[h]pp

. Q[h,E ], o[h] e o[h]BeBe0-1%

L NA61/SHINI?acceptance ® o[h] ArSc 0-0.2%

- 0<y <y O Q[h,Ep] BeBe 0-1%
N ™ " beam O Q[h,Ep] ArSc 0-0.2%
3 2o
I ®
e g

- o

__Q [ ° e

__I ! | ! | ! | ! | ! | ! |
6 8 10 12 14 16 18

S [GeV]

o(h)

NA49 Pb+Pb:
* Smaller acceptance
* Worse centrality

13 B NA49 Pb+Pb
120 O uramp,b=0 <YM V.,
¢ UrQMD
1.1
S
0.9—'g ? & 8 s
. m
O'B_PhysRevC.78.03l4914 l
5 10 15 20
\]S_NN(GeV)

w[N] in the central Ar+Sc collisions behaves like in Pb+Pb?!!
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Multiplicity fluctuations: system size dependence S<<INE

Al

w|[N] is significantly larger for inelastic p+p interactions and for
the central Be+Be collisions than for central Ar+Sc collisions!

Onset of fireball ‘ Why w[N] in central Be+Be collisions is close to

p+p value?

’Z B h at 150A-158A GeV/c
o - Why w[N] is suppressed for central Ar+Sc (and
2r e+Be . . .
& WM Pb+Pb?) collisions in comparison to p+p and
1.1 7 Be+Be?
i Soiscon Possible explanations:
[ — e percolation models
0.9 L 0 Bay_m, Physica 96A: 131
r Celik, Karsch, Satz PLB 97: 128
C Braun, Pajares, NPB 390: 542
L * Armesto, et al., PRL 77: 3736
0.8 — Ar+Sc Cunqueiro, ef al., PRC 72: 024907
[ NAG61/SHINE preliminary
e * AdS/CFT correspondence
1 10 10 10

NA61/SHINE acceptance <W> E. Shuryak Prog. Part. Nucl. Phys. 62 (2009) 48—101, arXiv:0807.3033 [hep-ph]
0< < S. Lin and E. Shuryak Phys. Rev. D79 (2009) 124015, arXiv:0902.1508 [hep-th].
Yr < Ybeam

p+p — inelastic

Be+Be — 0-1% ° i ?
e o Anything else: .
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Other interesting signals

8 R LR LR |
O | . BEREPE S e NasiRim
I <K > Pb+Pb Au+Au O WORLD (p+p)
S i ] A AGS
iy i d <TC+> i [] SPSNA49 i
R 0.2 | - Y% RHIC
s o
I I 0.2 - + O =
i i (r T » B 1
0.1 2 ] I | &8 & i
- - A T Yll Tl 19
- . l &9’ P ¢
: A @ : = % } » i
O |r§¢(/\)||1| | | | 0 LGS | ¢ ]
10° 10* 2
I 1 10 10
ISnw [GeV] sy [GeV]

Mean multiplicities ratio shows similar behavior
* p+p is close to central Be+Be
e central Ar+Sc is different
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ONSET OF FIREBALL

SPs R
= g _
2 bt e
A L 3 g P Pb N 02l I*i]i][] ]
. R L S
ty _ L,
2 0.1; ,,1 bgﬁ‘}”; *ir ! ! |
g N>
15
© 10 | ONSET OF %  FIREBALL Fo GV
\ 4 % ¥ : ﬂ % h at 150A-158A GeV/c
1.2 Be+Bell
. A
W :
g - s Poisson
o . P + P 09§ EPOS O .
-1 £ 0.8 s
wlo (5, 68V S e

Results on onset of fireball and onset of deconfinement
suggest four domains in A — /sy plane
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Working hard to get Xe+La and Pb+Pb data soon

Thank you!

seryakov@yahoo.com
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Q[N, Ep], ®[N]: energy dependence

2r ® ofh]pp

- o[h] ® olh] BeBe 0-1% .
1.8 nasvsHNE accopance @ 0[1] ArSc 0-0:2% w|[N] is significantly larger for
[ O<y <y -
L n ~ beam _— EPOS BeB 0-1% i i i i
1.6- —brosBebe0-1% | | inelastic p+p interactions and for
i the central Be+Be collisions
Bl than for central Ar+Sc collisions!
1.2:— .
- .. ) .
T @ @ S EPOS 1.99 describes p+p & Ar+Sc
:‘mmg%ggmm‘mnnﬁm%m};—m ”z“ @ . .
0.8 o but fails in Be+Be
0.6__| | |

I | I | I | I | I |
6 8 10 12 14 16 18
\'Say [GEV]
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