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» four TPCs with two of them
inside the magnetic field

> large acceptance: = 50%

» high momentum resolution:

D) _10-[1/(GeV /)]
P’

» precise particle identification:

o (dE/dx)
<dE/dx>
o(tof ) = 60 ps

~ 4%

» Operated from 1994 to 2002

Forward -

Calorimeter

recorded data on: p+p, C+C, Si+Si and Pb+Pb

Vertex TPCs )

Main TPCs

Vertex
Magnets
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“successor” of NA49 with SPS Heavy lon and Neutrino Experiment
numerous upgrades (3 different comunities)
t3m R v’ program

A

v neutrino program
v' precise hadron production data

for the T2K experiment

He beam pipe\

Target

Beam o |__

v/ cosmic rays program
v precise hadron production data
for the Pierre Auger Observatory

v heavy-ion program:
v’ study of Onset of Deconfinement
v search for Critical End Point

operates since 2007

E A. Rustamov, QM2012, August 13-18, Washington D.C, USA
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NAG61/SHINE results on p+p data

= e, p+p—m +X
S b,
8 wolel g 1 T | T 14 p+p at 158 GeV/c _4 |
= o & £ p+p at 158 GeV/c > 1of* T
e L 2 £ | S p,=0.35 GeV/c
&l 08L p,=0.35 GeV/c =
O\ > r R T = F
T I a e R N o 08¢
10" ® 158 GeV/c . +. A Ex16 0.6 .g\ 0 6:—
"|E E 1 80GeV/c oy g e A8 C NAGT T Tk
[ o 40Gev/ic i N S 0.4 q‘é 0.4F NA61 dE/dx
1025 + 31Gevic WO, " - NAG61 dE/dx 0.o1 NA49 data \
FE v 20GeV/c Y h 0.2 NA49 data “F EPOS .
L - ) sl il i@ gl
10° A I T R T I 2 C'..E.I.DP.?|....|....|....|....T....|....I... CO 05 1 15 2 25 3 35 4
0 02 04 06 08 1 12 14 0 05 1 15 2 25 3 35 4 y
m, - m_ [GeV/c?] o ]y ~
) p+p at 158 GeV/c ) 24 p+p at 158 GeV/c -
52" prp—om +X 3 O P;=0-35 GeV/c P 300 K
070 (\2 F (\2 -t pT=0'35 GeV/c
F = 158 GeV/c = 06f /\ = 0.06f
0.6+ 80GeVic o 3 . o B
F e 40Gev/c o 0.4 o 0.04- A
0.5+ 31GeV/c RS [ 3 - ¢
v 20 GeVic ‘E i NA61 dE/dx % - NA61 dE/dxs
0.4 02 NA49 data 002- NAg9 data °.
% EPOS C EPOS hA
0.3 0 [y o b P b bl
0 05 1 15 2 25 3 35 4 005 152 55 3 35 4
0.2 y y
0.1

S. Putawski, this conference, poster session

A. Rustamov, QM2012, August 13-18, Washington D.C, USA



GOETHE l

UNIVERSITAT

FRANKFURT AM MAIN

Search for the CEP
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probes an interesting -
region on the phase

200"

quark gluon plasma

chemical freeze-out

diagram —> A sonce
100~
for example: i
T,=162+2MeV - hadrons oo
M, = 360140 MeV - Me. conductor
L l L L | |
0 500 1000

Z. Fodor S. D. Katz, JHEP 0404, 050 (2004)

by varying the energy and/or size of the
colliding system the CEP might be localized

(CEP = freeze-out)
Observables:

Event-by-Event fluctuations

M. Stephanov, K. Rajagopal, E. V. Shuryak, PRD 60, 114028 (1999)
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Multiplicity fluctuations

(NN varvy

O T Poisson case: (N*)=(N) +(N), w=1
Chemical (particle composition) fluctuations
NA49 Odyn = Sgn(oczlata - Oiixed)\/‘ajata - Oiixed = Var(A / B) é = 5, £, 5
(A/B) B mxp
(V) (M) L NNy (1 :
. = ) - ~
STAR. del’l <N1>2 + <N2 >2 <N1><N2> <Nl> + <N2> den Sgn(adyn )Gdyn

Independent Poisson distributions: (N)=(N,)" +(N,), (N,N,)=(N,)}(N,)=v,, =0

Intermittency

Experimental observable: factorial moments in transverse momentum space.

Power low (intermittency) prediction for CEP:
AF2 (M) — deata (M) _ Fzmixed (M) e (M2 )¢2

A. Rustamov, QM2012, August 13-18, Washington D.C, USA
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[K,p] and [K,1T] results from NA49 and STAR are
significantly different at low energies.

What is the reason for this difference?

v" Dbias in the used methods

v acceptance effects

Figures from: T. Tarnowsky, proceedings of Quark Matter 2011
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» Available information:

2 particle example
particle examp > inclusive distribution of PID variable, o(x)

W||< > mean multiplicities: (N,)= [ p,(x)dx, (N,)=[p,(x)dx, ..
» The Problem:
» how to find the moments of multiplicity distributions?
2
| » The strategy:
L » for each measurement x and particle j in an event
_ b one defines
O 12 13 14 w ()= i
x TN )
Z 9000F L A I J
2 jzzz % 300 Z > for each event one constructs:
eoooé \J VVJ = ij(x,-)
5000 200 . i C .
4000F U » finally one calculates moments of W distribution
3000; b
: 100
2000 | > The idea:
L ] > find moments of the multiplicity distributions
0 5 0 By N28 from known moments of W quantities

A. Rustamov, QM2012, August 13-18, Washington D.C, USA
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The Identity Method relates corresponding moments of W and multiplicity distributions through a set
of linear equations. An example for the second moments:

2 _ _ -1 2

<NP> w[27p leyk ZWPPka <Wp > - bp ; . 2 o
_ _ o equations, 3 unknowns
<N1?> = ngp W/?k 2w, Wy <Wk2 > - b, (unique solution)
<Nka> pr\/_Vkp V_Vka_ka WPPV_ka + wpkwkp <Wka> - bpk
) _ .
bi = Ek< >(W Wl]) bpk = .Ek<Nj >(kaj _ij kj)
=P Jj=p
—  [w.(m)p,(m)dm —  [w (m)p,(m)dm T = Jw (m)w, (m)p, (m)dm
W, = ’ Wy = W f (m)dm
[ p,(m)dm [ o, (m)dm P;

» Advantages:
» Event-by-Event fits of PID variable is not needed

» Also no need for event mixing
» Mathematically proven

M. Gazdzicki et al., PRC 83, 054907 (2011)
M. I. Gorenstein, PRC 84, 024902 (2011), second moments
A. Rustamov, M. |. Gorenstein, arXiv:1204.6632, third moments

A. Rustamov, QM2012, August 13-18, Washington D.C, USA
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* Results from Identity Method '3

second moments for central Pb+Pb data

- 20A GeV/c 30A GeV/c 40A GeV/c 80A GeV/c 158A GeV/c

[ [ e | v | wwe | oom | o
oo [ o [ oo [ s | son | e
<N *> 764.277 1248.27 1493.64 2304.68 4969.01
<N,’> 964.311 4487.12 10737.9 51850.7 172014
<N 2> 25.395 94.9134 200.563 997.228 3312.25
output .
Cov[N N,] 2.12232 4.29659 9.15544 39.03744 32.00979
Cov[N Ny] -0.73635 -0.62464 0.41682 3.48935 7.5732
Cov[NgN, ] -1.01266 -1.2876 0.30418 15.6246 110.6174

N

What is the reason for negative covariance?

@ Cov[N,N,] = <N,N,> - <N, >*<N,>

A. Rustamov, QM2012, August 13-18, Washington D.C, USA
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[1] NA49 Collaboration, PRC 79, 044910 (2009), PRC 83, 061902(R) (2011)

[

agreement with both, published results of NA49,
and STAR

increasing trend at low energy published by NA49
is reproduced. Difference with STAR remains!

increasing trend at low energy published by NA49
is reproduced. Difference with STAR remains!

2] T. Tarnowsky, proceedings of Quark Matter 2011
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central Pb+Pb data at 30A GeV/c

N

p; [GeV/c]

p; [GeV/c]

central Pb+Pb dgta at 30A GeV/c

STAR acceptance 7o) _\\ -

+ B

2 0.01

A o

X 0.008] T + ]

<t &

S \ } | } .ﬁ' u t 1 at 20A and 30A GeVi/c

NA49, Pb+Pb at: 0: #\l P+ L o there is a strong acceptance
20A GeV/c - TR 1 dependence.
30A GeV/c 0.005( | 1
40 A GeV/c r \ STAR point | 2acceptance coverage
158A GeV/c -0.01F - appears to e_xplain the
! L | . ... .1 difference with STAR

A. Rustamov, QM2012, August 13-18, Washington D.C, USA
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at 20A and 30A GeV/c
there is a strong acceptance
dependence.

acceptance coverage
appears to explain the
difference with STAR
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M. I. Gorenstein and M. Gazdzicki, PRC 84, 014904 (2011) M. Mackowiak this conference, poster session
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protons at mid rapidity intermittency index
121 (@
Si+Si l CEP
0,8
_ 0,4- Si ‘
= Pb
0,0
%600 10000 2000 10000 ¢ protons
1,0 04
Pb+Pb o W
0,51
M 1210
0.01 0,81 CEP
2000 , 10000 :
M - 041 s
. "2 2 = si —
0.0 d::pms
E,(M)= < En n- 1>/<M Eln> i dipions - eno
= 0.4
AFZ (M)=F2data (M)_FZmixed (M) o (M2 )¢2 10 N 160

o CEP fluctuations of (Gq) are transferred to:
M2 — number of bins in p, space near uctuations of (qq) are transferred to

n. number of protons in cell i () net proton density
' (i) low mass 11T pairs

N. G. Antoniou et al., this conference, poster session

A. Rustamov, QM2012, August 13-18, Washington D.C, USA
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NA49: chemical fluctuations in central Pb+Pb collisions

- theincreasing trend inv,,, [K.7] and v,,[K, p] at low SPS energies is confirmed by the
Identity Method

difference with the STAR results appears to be due to different acceptance coverage

NA49: proton Intermittency

strong intermittency observed in Si+Si collisions at 158A GeV/c is consistent with the
predictions for the CEP

2019 2018 2017

and its p issnble extension

Pb+Pb . . 2016
Xe+La |:| |:| |:| |:| |:| |:| 2015

ar+ca| ] [ O [ O [ 2014
Be+Be| [] [] ] I I @ 20112012
P+Po [T [0 O [ [ [ 201214
e+ | I H W SN0

NAG61/SHINE: identified hadron production in p+p
energy dependence of pion yield follows literature and further
supports the “kink” signal
precise measurement of 11, K, p spectra

scaled variance and chemical fluctuations at 31, 40, 80 and
158 GeV/c.

13 20 30 40 80 160
NA61/SHINE schedule
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