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Fluctuations study for OD and CP

Onset of Deconfinement:
early stage hits transition line,

A observed signals: kink, horn, step A

/

o,
7%,
9

1

E(CP) > E(OD)

Critical Point:
freeze-out close to critical point,
and system large enough,
kexpectel:l signal: a hill in fluctuations

Ky

Fluctuations/correlations may
serve as an additional
evidence of OD

CPOD2011, Wuhan, China Maja Maékowiak:

Fluctuations/correlations
are basic signal of
the critical point.

-Pawtowska for the NA49 Collaboration 11
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NA49 experiment

NA49 (fixed target) experiment
at CERN SPS

Target lS/gam
N .

Vertex TPCs

Main TPCs
/\
\

Vertex
Magnets

Forward #~
Calorimeter

@ data taking 1994-2002

@ p+p, C+C, Si+Si, Pb+Pb interactions at
V/SNN € (6.3 — 17.3)GeV

CPOD2011, Wuhan, China

Hadron spectrometer

Four TPCs; two VTPCs (1/2) in the B field and two others
MTPCs (R/L) outside; for a precise measurement of p and
dE/dx

Large acceptance ~ 50%
High momentum resolution

a(p) —40 GeV \—1
oz~ 1075

PID by dE/dx, TOF, decay
topology, invariant mass

o(dE/dx)/ < dE/dx >~ 5%
o(TOF) ~ 60ps
o(mjp,) ~ 5MeV

Good centrality determination

Forward Calorimeter (energy of projectile spectators)

Maja Macékowiak-Pawtowska for the NA49 Collaboration 13



E-by-e identified hadron multiplicities in NA49

dE/dx (MIP)

dE/dx (MIP)

100k events:

10°
p (GeVic)

-
@

B

AV

10°
p (GeVic)

CPOD2011, Wuhan, China

Fit dE/dx spectra in each phase-space bin:

11.00 <p < 13.23 GeV/c, 1 < ¢ < 51/4
0.4 <p.< 0.6 GeVic,g=1

‘%1037 Y
N Y
t LA

0608 1 12 1416 18 2
dE/dx (MIP)

Fit multiplicities of identified
hadrons with maximum
likelihood method in each
event.

Correct fluctuation results for
misidentification using mixed events
method.

Maja Macékowiak-Pawtowska for the NA49 Collaboration 14



Measures of fluctuations
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Fluctuation measures studied in NA49

0dyn - measure of dynamical particle ratio fluctuations (K/p,K/m,p/m)

e —

E-by-e fit of particle multiplicities required in NA49 Tdyn = SigN(050ts — T\ |9 500s —

@ .
mix

@ Mixed events used as reference

2 1 20y
Tdyn ™~ Ny ' Idyn & Vdyn

o

w - scaled variance of multiplicity distribution

@ Intensive measure

@ For Poissonian multiplicity distribution w = 1

@ In wounded nucleon model: w(AA) = w(NN) + % < n>wpy

where w(NN) and < n > are scaled variance and mean multiplicity in NN interactions; respectively
wyy - scaled variance of the number of wounded nucleons, Ny,
w depends on Ny fluctuations

@ In superposition model ®,(AA) = &, (NN)
@ For independent particle emission ®, = 0

@ o, is independent of volume and volume fluctuations (strongly intensive)

Intermittency analysis will be presented by F. Diakonos

NA
CPOD2011, Wuhan, China Maja Ma

nvska for the NA49 Collaboratio




Chemical fluctuations

CPOD2011, Wuhan, China

Maja Macékowiak-Pawtowska for the NA49 Collaboration
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E-b-e hadron ratios

Fitted event-by-event hadron ratios (e.g., K/p) from

- ] e data events
— mixed events:
103? E event mixing + maximum likelihood PID
%) F ]
c L ]
O 10°E 3
o E Calculate from data and
100 ] mixed events:
R S || I | Var(A/B
5 o : o= YYrB) 100[%)

. <A/B>
Event-by-event (K'+K)/(p+p)

Odyn = Sign(o-?iata - Gr2nix) ’Uc%ata - Urznix|
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Energy dependence for central Pb+Pb

—~ 10 .
& | | e 2 (P+P/(n"+m) W nwo
< —— UrQMD (NA49 acc) "’g [ —— UrQMD (NA49 acc.)
o 8- W \. - HSD (NA49 acc) e 2 e HSD (NA49 acc.)
[ —— mult. scaling [ —— mult. scaling
6; s
4 6
o 8
(K" + K)(n* + ) [
0 | . -10 :
10 5 (GeV
\/Syn (GeY) \ Sy (GeV)
K/m: ogyn >0 p/m: ogyn <0
Odyn rises towards low SPS energies which is not O dyn decreases towarc!s low SPS energiesl W_h‘[Ch is
reproduced by UrQMD. HSD catches the trend but reprloduced by hadrlonlc models afjd multiplicity
over-predicts points at high SPS energies. Data are scallng,‘The trend is understood in terms of
reproduced by multiplicity scaling. correlations due to nucleon resonance decays.
NA49: PRC79, 044910 (2009) NA49: PRC79, 044910 (2009)
HSD: PRC79, 024907 (2009) HSD: J.Phys.G36, 125106 (2009)

Multiplicity scaling is expected in thermodynamic models for ptg, Tchem = const [Koch, Schuster PRC81,034910(2010)]
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Energy dependence for central Pb+Pb

— 10 - —~ 10
L (K" +K)/(p+P) ® nase LT K'p W NAd9
< —— UrQMD (NA49 acc) < —— UrQMD (NA49 acc)
& 5; % ------ HSD (NA49 acc) o 50 i
—— mult. scaling L *
0 %
5 " n
of //
10
/sy (GeV) \ Sy (GeV)

K/p: o4yn changes sign
The sign change is not reproduced by hadronic models (UrQMD and HSD)
and by the multiplicity scaling.

NA49: PRC83, 061902 (2011) [arXiv:1101.3250]; HSD: J.Phys.G36, 125106 (2009)

t!";g CPOD2011, Wuhan, China
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Centrality dependence of Pb+Pb at 17.3 GeV

— 15 —_ —_
B B - B -
& m ocor € 1 Pl +m) € LK +KYp+P)
% @ NA49 preliminary % 5
© s UrQMD (NA49 acc.) © © :

10 — mult. scaling

-5 -0 ¢
5 i }
} -10f 20+
(K* + K’){(W‘ +) ) ) ) ) )
FOO 200 300 400 100 200 300 400 100 200 300 400
Nw Nw Nw

0dyn does not change sign for K/p, K/, p/m

CPOD2011, Wuhan, China
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Ogyn (%)

Direct multiplicity scaling

15
B energy dependence
@ centrality dependence
—— mult. scaling {
10

st }ii

Ogyn (%)

Ty (%)

) ) (K*I+ K@ + )

0.1 0.2 0.3

\(W/KD+/m0)

Multiplicity scaling

(0dyn o<

CPOD2011, Wuhan, China

10
L
T
0
g I
101 s
L]
(K" +K)i(p + ) f i

+ —g=) works for
K /7 and p/m fluctuations

<A>

0.1 0.2

Maja Macékowiak-Pawtowska for the NA49 Collaboration

0.3 0.4 0.5
\(/KD+Q/pD

The same scaling does
not work for K/p



Comparison between NA49 and STAR

Energy dependence for central Pb+Pb (Au+Au) collisions.

0.008— X STARAusAU, 0%, TRGHTOF
0,007 e STARUrQMD. AuvAu
0.006 STAR HSD, AusAu
00055 . + W NG PP, 035%
£ 0.004 3
= 0003l + E STaR Preiminary
0.002 pa N’*’ e o
0,001 L] [ —
E x ¥ x x x
-0.0011 I
10 B (V) "
0.008 | X STARAu+Au, 0-5%, TPC+TOF |
F| m nasopoeen0asu
00061 | . srar uramD, Auvu
0.004]— | & STARHSD, Aurhu
o B
0.002 “
A Y
w ¥
S
STAR Prtiminary
0.0 L -
10 — 10°
o (GeV)

CPOD2011, Wuhan, China
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e
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R R
0004z W X STARAutAu, 0.5%, TPC+TOF
o006k . B NAGOPbePD, 03.5%
E & STAR UrQMD, Au+Au
-0.0081 £ STARHSD, AutAu
E . I
b 10 — 10
Sy (GeV)

figures from T. Tarnowsky (STAR, SQM2011)
conversion via:

Vdyn = SigN(Cdyn) - agyn
STAR results do not show
increase towards low SPS
energies for K/m and K/p
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Possible sources of the difference

Acceptance schematic sketch

7.6 GeV

Analysis procedures were S A1 Eh

carefully checked, b

no problems found 9
% 0 2

NA49 and STAR acceptance
and centrality selection : :
differ significantly Centrality selection:

@ NAA49: energy of projectile spectators

@ STAR: N, multiplicity

Further steps
o further checks of the used analysis methods

@ a new analysis method (identity prcss.os4007(2011),PRC84,024902(2011)) and
strongly intensive fluctuation measures will be used by NA49

ﬂﬂ CPOD2011, Wuhan, China

Maja Macékowiak-Pawtowska for the NA49 Collaboration 24



N and average pt fluctuations

CPOD2011, Wuhan, China
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Multiplicity and mean transverse momentum fluctuations

Large fluctuations of multiplicity and mean transverse momentum

eXpeCted at CP [Stephanov, Rajagopal, Shuryak, PRD60, 114028 (1999)]

T 10F
>
(]
£ .
& 5 * "
: .
) L
5L
3
1.5 -
*
A - -
. []
) O S
1 10 10? 10°
<N,>

Maximum of ¢, and

w for C4C and Si+Si

CPOD2011, Wuhan, China

<l>,,' [MeV/c]

10|

é 1b 15 20

\Syy [GeV]

Weak, if any, energy

dependence

Maja Macékowiak-Pawtowska for the NA49 Collaboration



Multiplicity and mean transverse momentum fluctuations

For the search of CP it is more convenient to use ( Tchem, 14B)
instead of (N, \/Snn)

T [MeV]

190
185
180
175
170
165
160
155
150
145
140

* Vsyn = 17.2 GeV.

p-p C-C SiSi  Pb-Pb

1 10 100 1000
A

CPOD2011, Wuhan, China

s
o
g
~ 180
160[—
140~
120~
100—— L L L L |
200 300 400 500 600
g (MeV)

Chemical freeze-out points
[Becattini et al., PRC73, 044905 (2006)]

Maja Macékowiak-Pawtowska for the NA49 Collaboration



Comparing with critical point predictions®

All charged:
T 10F g £
>
g - i 15|
" S s -
& 5 F S ¢ 10r ~
LA Y = 180 *CB k
160 ‘ CF1’
1o NA49
S5 L L .
120~
8
360 4(')0 560 660

iy (MeV)

Maximum of @, and w
observed for C+C and Si+Si

S —e—i—3b0 Data are consistent with the g0 w0 a0 sbo

Tonem [MeV] CP;, predictions 1t [MeV]

1Stephanov et al., PRD60 114028 (1999), Hatta,lkeda et al., PRD67 014028 (2003)
for details see Grebieszkow et al., NPA830, 547C-550C (2009)

g
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Results for charged particles

all charged neg. charged pos. charged

@, [MeVic]

JE—
T
5E_1 I I 1 1 I 1 1 I I I I
140 160 180 200 140 160 180 200 140 160 180 200
Terem [MeV] Terem [MeV] Terem [MeV]
3 | allcharged neg. charged pos. charged

—gPoirtaim e P
- gPbirRRem

1 1 I I I I I 1 I 1 I 1
140 160 180 200 140 160 180 200 140 160 180 200

Tenem [MeV] Tenem [MeV] Tenem [MeV]

Increase about two times larger for all charged than
for same charged particles (as predicted for CP)
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E{Q CPOD2011, Wuhan, China Maja Macékowiak-Pawtowska for the NA49 Collaboration



3" moment of average pt fluctuations

Higher moments are expected to be more sensitive to the CP fluctuations.

§ 200 all charged neg. charged [ pos. charged
2
B P S I N
e *
+ - &
o " S
NA49 preliminary
Il 1 1 Il 1 1 1 1 1 1
400 500 200 300 400 500 200 300 400 500
1, [MeV] g [MeV] 1y [MeV]
T 20F
E all charged neg. charged pos. charged
B P N Y S
—+§——-— 'éi-—'_‘—
No quantitative predictions for 201
fluctuations at CP.
a0 [ NA49 preliminary +
1 1 | | 1 1 1 | 1 1 1 |
140 160 180 200 140 160 180 200 140 160 180 200
Tepem [MeV] Tepem [MeV] Tehem [MeV]

CPOD2011, Wuhan, China

Maja Macékowiak-Pawtowska for the NA49 Collaboration
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Azimuthal angle fluctuations

CPOD2011, Wuhan, China

Maja Macékowiak-Pawtowska for the NA49 Collaboration
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Energy dependence of azimuthal angle fluctuations

Background effects: resonance
decays, momentum conservation,
flow, (di-)jets, quantum statistics

Azimuthal angle fluctuations may be sensitive to:
) plasma instabilities pLB314, 118 (1993)
o flow fluctuations appB3a, 4241 (2003); arXiv:nucl-ex/0312008

Central Pb+Pb:

4 (negative) > 0

=)

18 20
\ Sy [GeV]

NAA49 preliminary

- different than in UrQMD (1.3)

CPOD2011, Wuhan, China

7 40 z 40
[ [
c c
% [ 0005<p <15GeVic m negatively charged :g 0005<p <15GeV/c u positively charged
s 1<y <26 e UrQMD neg. charged S 11<y <26 ++----- UrQMD pos. charged
£ 4] E <Y,
E V< Yo "0 = Yo < Yoeam " 08
& azimuth. angle restricted & azimuth. angle restricted
20 200

o

\ Sy [GeV]

20

&, (positive) consistent with zero

Maja Macékowiak-Pawtowska for the NA49 Collaboration



System size dependence at 17.3 GeV

of azimuthal angle fluctuations

NA49 preliminary:

@ )

£ 100 0005<p, <1:5GeVic £ 100 0005<p, <15GeVic

° 40<y <55 (1.1<y <26) A pp ° [ 40<y <55 (1.1<y <26) A pp

[ L . h " _'d * C+C [ . h * C+C

E azimuth. angle restricte . sl E azimuth. angle restricted - s
® PbiPb © PbiPb

(=) (=)

23
=]
o=
—o-
—o,
o
k=]
——T
o+
o
./f

O3 7. .........
- UrQMD neg. charged [ o UrQMD pos. charged
— MC with v, and v, for pions | —— MC with v, and v, for « (85%) and p (15%)
50l | | I | | I 50l | | I | | | |
°7 0 50 100 150 200 250 300 350 "0 50 100 150 200 250 300 350
<N,> <N>

@ &4 > 0 for peripheral Pb+-Pb
e UrQMD(3.3) does not reproduce the data
@ the magnitude of @, reproduced by the effect of v; and v»
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Energy and system size dependence of K/m and p/7 fluctuations
can be described in a simple multiplicity scaling model

K /p fluctuations show a deviation from this scaling; is the
underlying correlation physics changing with energy?

The energy dependence of event-by-event K /p and K /m fluctuations
measured by NA49 and STAR in central Pb+Pb/Au+Au is different.
Both collaborations work on clarification of the observed differences

Fluctuations of average pr and multiplicity are maximal in
Si+Si collisions at 17.3 GeV. This might be connected with the
critical point at SPS energies — strong motivation for future
experiments

CPOD2011, Wuhan, China Maja Macékowiak-Pawtowska for the NA49 Collaboration 34



Back-up slides

s O CPOD2011, Wuhan, China
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Details of acceptance in NA49 and STAR

.
4 T T
1.8
1.6
S 14F
> 1.2k
o
== 63GeV
0.8 .. e
Q0.6F — oo
04F _ ...,
02 ,
3 -2 -2
i AusAu 9.2 Gev 3 K *Au*Au 9.2 GeV ! p Authu 9.2 GeV
35 STAR Preliminary ast ) STAR Preliminary as STAR Preliminary
T2 Ty
2 it S
8 8 :
als) a1
! 1
0s) o5
“‘s 15 -5 1‘5
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Test of the method

artificial correlations introduced by the fit procedure are quantified by
applying the same analysis procedure to mixed events and subtracted
Gy = SigN(02, - oo~ o= LA B)

(A/B)
UrQMD simulation demonstrates validity of the method:

g KKV +) g (PoPVer) g (KK V(p+B)
< s UrQMD (v2.3) + dE/dx fit € = UrQMD (v2.3) + dE/dx fit £ ®  UrQMD (v2.3) + dE/dx fit
c § UrQMD (v2.3) + MC PID o -2 UrQMD (v2.3) + MC PID c -2 UrQMD (v2.3) + MC PID
6| -4 -4 [ ¥ _— {
4f ’/I\} . /zﬁ T 3 -6 i * -6 [%}‘ *
N Pii
i
2 - - 4 -8
0 . o _
5 10 15 20 5 10 15 20 5 10 15 20
\'swy (GeV) \/Suy (GeV) \'Swy (GeV)
differences mostly insignificant, taken into systematic errors
; 2 (A(A-1)) (B(B-1)) , (AB)
o, ~ + -2 =
equivalence of o,, and vy, dym [ (A% (B (AYB) am
. s 1 1 2
generic multiplicity dependence - [TC"A +?CBB *—CM]
Koch,Schuster PRC81,034910(2010) (A) (B) J(AXB)

CPOD2011, Wuhan, China Maja Macékowiak-Pawtowska for the NA49 Collaboration
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Calculate vg4y, in NA49

<A <B?> <AB>
V=2ax>2 + <B>2 2<A><B>

The definition of v, assumes uncorrelated background
1 1
Ustat = a5 t+ ZB> Vdyn = V — Vstat

To subtract correlation present in mixed events, we instead define

AV = Vgata — Vmix

t!"g CPOD2011, Wuhan, China

Maja Macékowiak-Pawtowska for the NA49 Collaboration 38



K /7 in central Pb+Pb

K/mt fluctuations

V and Ve (K,T7) data

V and Veyn (K,TT) mix

Results for va

fFlor " Fiom ’ 2T
so3- © . To3- = K
" ? .
- i °
0.2 - 02- ~
- r = 0.005 T
[ . 4
o1 =\ 01- &\ %g
o I = i = i
- = - g E
= e - - H
s e s 20 0 10 15 20 05 10 15 20
Sy (GeV) \Sn (GeV) Sy (GeV)

CPOD2011, Wuhan, China
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K /7 in central Pb+Pb

>

Calculate Vdyn in NA49 < PITT A
2 :
§
c 4
4
Compare to Ogyn results s .
o i
A
8 N
10 o -
0
[Syn (GeV)
9 10j 3 10~
| K/t u NAd9 < K/p = nage
s % v S A
e o i &
i 07%7
1 LI :
2 N i .
n: 10 I
- 0
\Sun (GeV) \/Suw (GeV)
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Multiplicity and mean transverse momentum fluctuations

Strategy to look for critical point in NA49:

190 E
i:; Vsyn=17.2Gev g I *
175 s
% 170 {
= 165
=160 {
155 ¢
150
145 | p-p CCSiSi Pb-Pb 100 | i i L
140 200 300 400 500 500
1 10 100 1000 Hg (MeV)
A Chemical freeze-out points [PR C73, 044905 (2006)]

@ Energy scan (beams 20A-158A GeV) with central Pb+Pb collisions -
up extracted from the fits to particles multiplicities

@ System size dependence (different ions) at 158A GeV (top SPS
energy) - Tchem depends on system size

A=
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Estimates of effects due to the critical point

Correlation length & at the critical point not divergent but limited by finite
size and lifetime of the fireball.

parameterization: £ = min(c;A'/3, ; AY/9)

(M. Stephanov, priv. comm.)

size lifetime
Suggesting: ¢(Pb+ Pb) =3 — 6fm
E(p+p)=1—2fm
. . 3
Range of correlation effect estimated from QCD sl oc
calculations (Hatta,lkeda,PRD67,014028(2003): H
o(ug) = 30 MeV, o(T) = 10 MeV =T CR
considered examples: MO NAd9
@ CP1- pp =360 MeV (lattice QCD,Fodor-Katz) 120
T = 147 MeV (chem. freeze-out line) N
@ CP2- pug= 250 MeV (data 158A GeV) 0 a0 S0 &m0
T = 178 MeV (fit of p+p data) 1, (MeV)
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