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Summary ofi Charge Fluctuation Measures
Variance<é7(2>=<X2>—<X>2 v(Q) = <§Q2>/<NCH> Ney =N, +N_

N — —
PH- “ENIX

v(Q) =1+ <N+ :N_

D=4+(N,+N_)v, ,,

D=4(Q)

3/2 3/2
A LA

q <NCH >2
['=v(0)

Quoted in this
presentation
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Charge Eluctuation Magnitude Expectations

D
\V/ D) V+—,dyn V+—,dyn q
(9)) TR (PHENIX) (NA49)
Independent
Particle (0) ZN0) 0.0 0.0 0.0
Emission
Resonance Gas 0.75 20) -0.0013 -0.006 -0.125
Quark-Gluon
Plasma 0.25 1.0 -0.0038 -0.019 -0.375
Quark 0.83 3.33 -0.0008 -0.004 -0.084

Coalescence
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v(Q) as a function of centrality

200 AGelV - PHENIX Preliminary

Inl < 0.35, Ap=n/2,
0.3<p;<2.0GeVic

0.9 |
90 80 70 60 50 40 30 20 10 O
Centrality [%]

No dramatic change at 200 GeV - the upward shift of ~0.01 units can be
explained by harder track quality cuts leading to a reduced acceptance.
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v(Q) as a function of azimuthal
acceptance range

10% most central events

1.04 10% most central
1.03 - oz
1.02 130 AGeV collisions. For |n|<0.35,
1.01 pr > 200 MeV/c, Ap=mn/2:
1 v(Q) = 0.965 +
™ 0.99 0.007(stat.) — 0.019
0.98 (syst.)
gg; 200 AGelV - PHENIX Preliminary V(Q) AW
' A e e 0.006(stat.) + 0.020
0.95 (syst)
0'940 10 20 30 40 50 60 70 80 90 (PRELIMINARY)

Similar trend and slope at 130 and 200 GeV
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PHENPX Charge Eluctuations vs. Rapidity Acceptance

Phys. Rev. Lett. 89 (2002) 082301, 130 GeV.

A = 1/2,
0.3<p;:<£2.0GeV/c

___.——.—-—_.—._-

Charge Cons '
ervatio
Quark Coalescence "

o EEESRS Sy

Resonance Gas

_"“w—-"—-
PH-<ENIX

Quark-Gluon
Plasma

LR RN RN ol BN R S e S A S Ny [y O -.' .-.--.'.'-'
I L1l 1 1 11 I Ll I 1 1 1 1 1 1 1
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Summary’ of Event-dy-event <p;> Eluctuation Vieasures

Goal of the observables:

State a comparison to the
expectation of statistically
independent particle emission.

Quoted in this
presentation

2.
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How! 1o Measure A Eluctuation

Gamma distribution calculation for statistically independent particle emission with input
parameters taken from the inclusive spectra. See M. Tannenbaum, Phys. Lett. B498 (2001) 29.

Red: Random
Expectation
(T distribution)

Blue: STAR
acceptance
fluctuation of:

$,7=52.6 MeV,
For=14%,

O%or.dyn—22-3
(MeV/c2),

% 1=9.8%

ID.-=I ID.E IU.E IU.T
M_; = Event-by-Event Average p-
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PHENIX Event-by-Event <p:=
Fluctuation Results

TN
PH:-<ENIX

TN
PH:-<ENIX

0 (| > 1 a!
0 02040608 1 1214 106 18 2 2.2
pr (GeVic)

S. Adler et al., Phys. Rev. Lett. 93 (2004) 092301.

Jeftery T. Mitchell (BNL) — Correlations and Fluctuations Waorkshop — 4/22/05 15



Fluctuations' According to HIJING

PHENIX 200 GeV Au+Au

Sr HIJING with jet suppression
- HIJING without jet suppression
T | mamas HIJING without jets
I +
x|
2l
L | m
1L
- N
O, )
0 50 100 150 200 250 300 350 400

part

HIJING 1.35, default parameters

PHEMIX 200 GeV Au+bu, 20-25% centrality

HIJING with jet suppression

20-25%
centrality

-

4 16 18 2 22
pr - (GeVic)

HIJING cannot reproduce the centrality dependence of the fluctuations.

One problem is that <N> changes depending on the HIJING settings — it is not matched to the
observed dataset. Matching would increase F,; without jet suppression.

For example: for 0-5%0 centrality in PHENIX: <N> = 93.0 with jet suppression (close to the
measured data value), 76.6 without suppression, and 51.2 without jets entirely.
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Designing a Baseline Simulation; fior
Fluctuation Studies, “lviean I\/Iax

This is a data-driven simulation designed to simulate
statistically independent particle production via the
following method.:

- Generate the number of particles in an event, N, by
sampling a Gaussian distribution fit to the data.

- Assign a p; to each particle by sampling an m;
exponential distribution fit (or double exponential, or
Gamma distribution) to the data inclusive p;
distribution.

- Calculate the event-by-event <p;>, M, over a
specified p; range.

- Generate mixed events for calculation of fluctuation
quantities from the simulated data events.

The only input parameters are: <N>, c_., INclusive p;
function parameters, p; range for the <p.> calculation.
Jeftery T. Mitchell (BNL) — Correlations and Fluctuations Waorkshop — 4/22/05 17



Sample Results from the Baseline Simulation

Sample: Using
a match to
PHENIX 0-5%

Gaussian centrality data

{  Distribution
{ Sampling for N

.......................... G T 6
150 200 250 300 =10
Number of Particles per Event =

Inclusive <p;>, o, .
m; exponential
<N>, o> matched sampling for

to the data for each inclusive p,
centrality class.

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Inclusive Transverse Momentum (GeV/c)
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Eluctuations: A Jet Contrlbutlon’?

Jets are simulated using a hybrid
algorithm which embeds Pythia hard
scattering events into Mean Max
baseline events.

A single varying parameter is
defined: A hard scattering
probability factor, S, Is randomly
tested for each thrown particle. If
the test is true, a single PYTHIA
event is embedded into the baseline
event after applying experimental
acceptance criteria.

To mock up jet suppression, S
scaled by the experimentally
measured value of the nuclear

modification factor, R as a function
(0) ) ’
o(p,) are affected by less than 1%. i AI iAty.

prob IS

NOTE: The N distribution is preserved in
this simulation. The inclusive <p,> and

Jeffery T. Mitchell (BNL) — Correlations and Fluctuations Waorkshop — 4/22/05 19



Jet Simulation Results: PHENIX at sgrt(Sy,) = 200 GeV

The S, parameter is initially adjusted so that F;
from the simulation matches F; from the data for
20-25% centrality (circled). It is then FIXED and
finally scaled by R,, for all other centralities.

prob

This decrease is due to the signal
competing with the M, width

PHENIX Data: nucl-ex/0310005

5 increase for low N. 45
S X
£ | L P “n g oAb [ | PHEMIX 200 GeV Au+Au, 20-25% cenlralit

Thal *” R us 4r !
B o i [Sp— PYTHIA-based Simulation
N + This decrease due to 3.5
- K jet suppression? -200 MeV/c < p; < p{m&

* Ja® b | e
- :‘ / = 'i"-'- +
- *4 C #"
| i : .. 25_— ',"
- - .. C ',,
| :‘ - x, 2:_ .4-
= : .‘I‘
R : 1.5 3
K * [l FHENIX 200 GeV Ausiu - #
- ‘ FHEMIX 200 GaV min. bias p+p 1= ":
I~ .: & Simulaton, min. blas prp. PYTHIA - : 2 O - 2 5%
B S [ Simulation, AusAu. R, scaled 5 (N :_ - -
- | [emem=s Simulation, AusAu. constent S (N ) 0.5 - . ce ntral |ty
_|||“|||IIII|IIII|||||||||||||||I||II|IIII u:|||||||||||||||||||||II|III|III||||||II|III
0 50 100 150 200 250 300 350 400 0 020406 08 1 1214 16 18 2 22
part |:l;'-lmJll {GE"'HC]
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The square is the result
using the initial value of
Sprop that matches the
PHENIX data with the
PYTHIA events filtered
through the increased
STAR acceptance. The
lines are the result with
Sprop @djusted to
reproduce the STAR 20-
30% centrality data.

PREDICTION: The STAR
values of F,; should
Iincrease by —15%o for
centralities 0-40%6 at
sqrt(sy\)=200 GeV.

Jet Simulation Results:

STAR data: nucl-ex/0308033

Error bars are the quoted total systematic error.
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Estimate of the Magnitude ofi Residual Event-hy-
Event Temperature Eluctuations

p >inclusive p;, I(p,b), p~1

R. Korus and S. Mrowczynski,
Phys. Rev. C64 (2001) 054908.

Measurement | sqgrt(Sy.) o /<T=>, o /<T>,
Most centtral| At the peak
PHENIX 200 1.8% 3L7%
STAR 130 1.7% 3.6
CERES 17 1.3% 2.2%
INA49 17 0.7% 4.1%

Jeffery T. Mitchell (BNL) — Correlations and Fluctuations Waorkshop — 4/22/05
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Multiplicity: Eluctuations

rr g e
b PP
e T
B Siesi
i Pbri
T T

g

' T [N TN TR N Y TN Y T N T T 1 1
40 60 B0 100 120 40 160

INA49 Pre-print nucl-ex/0409009

P I T T |
180

RO

A peak is
reported in
multiplicity

fluctuations as a

function of N ..

What happens at
RHIC energies?
Are there any
differences?
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Charge-Dependent Multiplicity Eluctuations

Charge-inclusive

Posmve charge

var(N)/<N=>

var{N)/<N>

62.4 GeV Au+Au
200 GeV AutAu
200 GeV d+Au
20!)‘ ('EVjJﬂ'J

I PHENIX Prellmlnary
100 200 300

62.4 GeV Au+Au
200 GeV Au+Au
200 GelV d+Au
Eﬂﬂ Gel p +p

¥ 2<pT<2 0 Gev/c

0 100 200 300 400

5L ......Né-g-at-i-Ve---ch-arg.ei
participants : i

var{N)/<N>

PHENIX Preliminary

® 62.4 GeV Autdu

A different behavior is observed at RHIC - : ® 200 GeV AutAu

A 200 GeV d+Au

energies. The distribution is relatively ‘ LY 2wy

flat. The charge-dependent behavior is PHEN|X Prellmlnary
the same as at SPS energies. 100 200 390 400

participants
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Multiplicity: Eluctuations: HIJING, 1.35

n

o

HIJING 1.35, 200
GeV Au+Au,
filtered through
the PHENIX
acceptance. The
structure apparent
in the 200 GeV
data may be due
to hard processes.

= var(N)/<Nz,

o

200 GeV Ant+An, HIIING, no supp.

A& 200 GeV AutAn, HIJING, wi supp.

oo 200 GeV Au+An, HIJING, no jets

100 200 3!"] 400

participants
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PHENIX Fluctuations vs. <N>

, _ ________ P.OSItlve charge U

var(N)/<N>

Charge-inclusive .. oo e

62.4 GeV AutAu
200 GeV AutAu
200 GeV d+Au

200 GeV ptp

var(N)/<N>

. . -HHEHIZB 30
- P'HE'N'IX'PreIImmary ........... PHENIX Preliminary

. 2.4 FEVAH+AM
8 200 GeV Aut+An
& 200 GelV d+Au
T 200 f"el"pﬂ:

, _ _gat_l_ye__c_h_a_r_g ________
0. 2<pT<2 0 GeV/c ';" ses,

20 40 60 80
<N>

- < L Ei'i,'?.ca‘ G'eVAuE-i-Au
The centrality-dependent fluctuations do not : 200 GeV Au+Au

scale with <N>. Also, the peripheral - 200 GeV d+Ax

L 200 GeV pip
fluctuations start decreasing at the same - PHEN IX Prellmlnary
value of <N>. [

var(N)/<N>

10 20 30 40
<N>
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Negative Binomial Distributions: K

We know that multiplicity on= 0.09 (1/8) : P(n) x 107
distributions can be described by on=0.18 (2/8) : P(n) x 106
the Negative Binomial on= 0.35 (3/8) : P(n) x 10°
Distribution. This has been on= 0.26 (4/8) : P(n) x 104
confirmed for all centralities by on= 0.44 (5/8) : P(n) x 103
fitting them to an N.B.D. on= 0.53 (6/8) : P(n) x 102
distribution. The magnitude of k on=0.61 (7/8) : P(n) x 101
describes the deviation from a 6 0.70 8/8) : P(n

Poisson distribution — higher k

means more Poissonian. k from
(:\eni;ra|||;1!,.\|r 0 - 10° * /siPinxi0’)

the fit and from the formula below 80! a 218 (PLaprch
agree within errors for all mﬁ.%.;‘%.\ PHENIX ® 38 (P(npc?)

A i e - - . I
centralities and p; ranges. . . Preliminary | +s(Pinac)

ka & 58 (Pink10%)

A @l P(nx10%)
O 78 (Pink10"

o a8 (Pin))
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Negative Binomial Distributions: K

We know that multiplicity Charge InC|USIve

distributions can be described by % B
the Negative Binomial E 8 200 GeV AutAu :
Distribution. This has been Sool.| & 200Gevarau | P
confirmed for all centralities by . LY 200Ge¥pip
fitting them to an N.B.D. i [ PHENIX e
distribution. The magnitude of k Prellmlnary -

describes the deviation from a R B e
Poisson distribution — higher k | | |
means more Poissonian. k from 5 |
the fit and fr_om_ the formula below "ﬁ‘.. 0. 2<pT<2 0. GeV/C
agree within errors for all . |
centralities and p; ranges.

100 200 Sﬂl'lx],l 400

AP RAAAR AR AARA AAARAAANS

hWFPtAITCE ; 10l ............ .......... g
( ) _ . Entries 210480 | : : :‘m"“ 2160;:: 3
m) = 10° L Mean 4152 |- . . ean -
' k —1) m+k g R i Ir1 S S T .| RMS s027 |
m 1 lL{ C e 1784162 E : S| ¥ I ndf 1071/ 24 3
+ k 1L scale  6.851e+05:1519 | | [ : : :“'E 3‘?:;:5 io :;ﬁ
E K 131.6 = 04 3 1004 R P SHe: 0.000 | =
E E : P p 0.2037+0.0003 | 3

p 0.2349 = 0.0001

105. ........ ........... ................................................ = 10L

1 o> 1 -_510% _ 4550%
= o b R

Examples of Negative Binomial Fits: 62 GeV Au+Au
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NBD Kk vs. on

e m—— i  — i —— o _——

[+ 0-10%]  PHENIX Preliminary « Fitting function
|=10-20% k(®n) =cl + c2 % In(dn)
& 20 - 30%| TNakamura .................. ............. , ; Cl, c? : constant

| 0 30-40% _ « Fitting Range
|o40- all : 0.09<8n<0.7
|a 50- « Errors

{060-

black bar: systematic error of
charged track selections and
effects of dead area of detectors
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Charge-Dependent Negative Binomial Distributiens: K

Posmve charqe

62 4 ("‘eVAu+Au
200 GelV AutAu
200 GelV d+Au
200 GeV ptp

=]
=]

Charge-inclusive

62.4 GeV Au+Adu
200 GeV AutAu
200 GelV d+Au

200 GeV pp :
I S Y N T T N N T T T Y B B

0 100 200 300 400

<N.B.D. k Barameteg,,
=
1=

arameter
8

participants

PHENIX Preliminary

Negative charge

62.4 GeV AutAu
200 GeV Au+Au
200 GeV d+4u

200 reVp+p

O--2<pT<2 0 GeV/c

200 300 400
N

K describes the shape of the distributions and is .®

determined via a fit. 62 GeV and 200 GeV data are .i
very consistent. Sharp increase towards a Poisson ﬂﬁ‘---PHENIX Prellmlnary
1 1 1 1 | 11 1 1 1 1 1 1 1 11 1

distribution for the most central collisions. No 200 302' 200

significant charge dependence seen.
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Charge-Dependent Negative Binomial Distributions: k

Positive char e
0. 2<p-|-<2 0 GeV/c e EACe A A q
200 GeV Au+An

674 GeV AutAu g (| & 200 GeV a+u |
200 GeV Au+An 5 [T 200GeVplp 1 I 7

200 GeV d+4u
200 GelV pip

sarameter

PHENIX Prellmlnary

624 l”eVAu+Au
200 GeV Au+An
200 GeV d+Au

200 GeV pp

PHENIX Prellmlnary
................ Charge IﬂCIUSlve

20 40

aarameter

The value of the NBD k parameter
does not scale with <N>. Universality
of 62 GeV and 200 GeV data appears
to be geometry-driven, not
multiplicity-driven.

o | _
p‘ Negatlve charge

0 20 40 El] 80
<N>
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Multiplicity: Eluctuations vs.

Charge-inclusive

xar(N)/<Nxa
L

M

B 624 GeV Aut+Au

» 200 GeV Aut+Au

1 2 %
T.max

var(N)/<N=> increases as more p; particles
are included, independent of charge.

Jeffery T. Mitchell (BNL) —

p-, 0-59% AU+AU

Poéitive céhargeé

i

0-5%

B 624 GeV AutAu

8 200 GeV Aut+Au

PHENIX Preliminary

1 2

Neqatlve charqe |

8
T

® 62.4 GeV Aurdu |

| ® 200 GeV AutAu

variN)/<Nz

f PHENIX Prellmlnary

1 B 2 %
T,max
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Multiplicity: Eluctuations Vs. p-, p*p, d+Au

A 1 : :
A3 E i Charge-inclusive:

' L = I : :
1] AT
z ; i ; : | B8 . YYYYYY Y Y
ﬁ_z I é; .................... ............................ _ > | : : :

B 0-5% I _
141 R """" ™ l52i4GeVAu+Au: ------ _ 06— - PR R ¥ 200 GeVdtAu | :
[ . 8 200 GeV AutAu B A 200 Ge FF+.F :
1_I L1 | Lo | L | L — PHENIX Preliminary
0 1 2 % 04 . 'y ...................... ...................... ...........
Tmax

There is differing behavior going from p+p/d+Au to Au+Au
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Multiplicity: Fluctuations vs.

aar(N)/<Nza

PHENIX Preliminary

The same trend is seen in Au+Au at all
centralities. But notice the change in the
upward slope vs. centrality...
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Multiplicity: Eluctuations vs. N(p~)

PHENIX Preliminary

var(M)/<N>

25-30%

EPHENIX Preliminary

amar(N)/<Nx

The fluctuations do not scale with <N>
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T T

1.78 |
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-1.8

PHENIX Preliminary
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8 200 GeV Au+Au

2 “

~
T

~
N~
T T T T

& 200 GeV pip

1

2 3

P

NLB.D. KVS. g
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i5

» 024 GeV AutAu ® 624 GeV AutAdn
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® 200 GeV AutAn i #

8 200 GeV Au+Au

4

- PHENIX Preliminary

ch

¥ 200 GeV d+Au

A 200 GeV p+p, PYTHIA

4
N.E.D. k Puamete'ﬁ
[V

N .
T
»

i
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N.B.D. k vs. p;

PHENIX Preliminary Pi—IIENIX Preliminary | F."."EN'.X.Pr.e,“.mi.n.aIrY.

5 _ _ L
AT N B HHé R
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%] :

N BéD k Pﬁameteﬁ

!

i+

Il—.:—H
—a—
—i——
i+
]

+ = & 62.4 GeV Au+Au 4 ap ... i ......... » 624 GeV Autdn | _|
: ' % : . L : ® 200GeV AutAu |

- : : I : 200 GeV Au+A
% B 624 GeV Au+An 100 By L selduvAw -

150

: ® 200 GeV Au+Au I T T 300_ L 1 .
I I l 0 1 2 % %T,max
| | | 1 | 1 | 1 | 1 1 Tm y

0 1 2 3P
PHENIX Preliminary PHENIX Preliminary PHENIX Preliminary

[=2]
14}
T

8 62.4 GeV Aut+Au B 8 62.4 GeV AutAu » 624 GeV AutAu

® 200 GeV Autdu | ol 4t } ® 200 GeV AutAu |

‘roarnetegg
o L]
[

e

[+
o
L
&
|

4]
(4,1
.

N.b.U. KFa
(+2]
t
[
e
———
- . :
'—.—.:—'—i
N (=]
i
H—:“—I—i
N.B.D uI;: Parameter
o
[ [
:
——
——

o
|

G
N
o

N

o

N

<

>

——

| | | L i L | | L i | | i | L in | | | 1 | 1 | | 1 | 1 1 | | I | 1 50 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
0 1 2 3 0 1 2 3 0 1 2 3

hq
L=
T T 1

Jeffery T. Mitchell (BNL) — Correlations and Fluctuations Waorkshop — 4/22/05



0
PHENIX Prellmlnary o PHENIX Preliminary
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Conclusions

PHENIX Charge Fluctuations are incensistent withi the QGP
predictions.

PHENIX <pili= Eluctuations vs. Centrality: can e explained by,
INtreducing a larger hardl scatternng cempoenent: thatis
suppressed: inicentral cellisions.

PHENIX multiplicity’ fluctuations vs. centrality: behave: differently.
than at: SPS! energies;, and heceme more Poisson-like in the
mest centrral collisiens:

The hehavior eff PHENIX multiplicity, fluctuations vs. pill range
clhianges between central and: peripherall collisions When fit With
a Negative: Binemial Distributien.

Jeffery T. Mitchell (BNL) — Correlations and Fluctuations Waorkshop — 4/22/05 39



Auxiliary: Slides

Jeffery T. Mitchell (BNL) — Correlations and Fluctuations Waorkshop — 4/22/05

40



= N.B.D. klwWarametezo

Multiplicity: Eluctuations (k): HIJING 1.35
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Elliptic Elow! Contribution: Simulation
N

[ ] PHEMIX 200 Ge\ Au+bu

PH-<ENIX

wimimm Simulation, Aussu, Elliptic Flow

Algorithm: Particles are assigned
an azimuthal coordinate based
upon the PHENIX measurement
of v, (wrt the reaction plane) as
a function of centrality and p-.

Only particles within the PHENIX
acceptance are included in the

calculation of M.

With the exception of peripheral

collisions, the elliptic flow e ——
contribution is a small fraction of 50 100 150 200 250 300 350 400
the observed fluctuation. N

part
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