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Phase transition PH_ ENIX

Jpecific heat of liquid Hélium (He?)
« According to the classical ?2
classification of the phase - //ﬂ
transition by Ehrenfest, the |3

order of phase transition is " K\\
defined by the discontinuity | AN cairtlank et al, (1975)
in the derivative of free e F ’

5-10-05 0 051015 -4 -2 0 2 4 6 -20-10 0 10 20 30

(T-T,) [K] (T-T,) [mK] (T-T,) [pKl]
energy.

* In this context, discontinuity in the variables of statistical
mechanics or order parameter as a function of the
temperature or time evolution is useful to search the
critical point of phase transition.

e In particular, the second order phase transitions are
often accompanied by the divergence with respect to
variables of statistical mechanics or order parameters as
critical phenomena.
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Variables of statistical mechanics PH <ENIX

as order parameters

oG ® :extensive variables (G,V,S,N, y---)
d(h) = —(—j h :intensive variables (T,P,---)
Oh h - G :Gibbs free energy
First order susceptiblity : Secondorder susceptiblity :
Y= (5_(}) (&G
oh ), )
_ oG 2
voulume V= (8—PJT specificheat  :C, = —T@TCZ;J
oG h
entropy S = _(a—TjP correlationlength: y, = 1fl(€2:2
e 1(oV
compressibility : x = ——(—j
V\OP ),
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Event-by-event fluctuations in heavy-ion PH-<ENIX

collisions measured by PHENIX

Some variables of statistical
mechanics and order parameters
of phase can be obtained from
event-by-event fluctuations.

Correlation length can be
extracted from the event-by-
event multiplicity fluctuations by
scanning the phase-space.

Specific heat can be calculated
from the results of event-by-event
average p; fluctuation.

We have performed
measurements of these
fluctuations to explore the QCD
phase transition accompanied by
critical phenomena using the
PHENIX spectrometer at RHIC.

— for
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West East
Geometrical acceptance

An < 0.7

Ap<r

Momentum range
0.2< p, <2.0GeV /c
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Multiplicity fluctuations by variance

N
PHENIX

NA49: p+p, C+C, Si+Si, Pb+Pb 158 A GeV at SPS

5 negative
= 9 - - A p+p
= _
S . * C+C
= f_ e W SiSi
-~ 1.5 - B "~ ® Pb+Pb
* o ~ =— HIJING
_ ® ~
1—a = ® ™
= ——————————— ______..-—-—'-—-_______-_
0.5
|
- _ positive
} LI A p+p
2 g % * G+C
- T - B Si+Si
1.5 - ® Fb+FPb
* ® = HIJING
- i i

é

Variance of the multiplicity distribution is
defined as;

<N>=) N-P(N)
Var(N)=)_(N—-<N >)*P(N)
=< N?>—< N>°

Normalized variance, Var(N)/<N>, is used
as an observable of multiplicity fluctuation.
In the case of Poisonnian distribution, the
variance equals mean value and this
observable indicates 1.

0.5
4 all charged
- - A p+p
e * G+G
3 - *° W SiSi
T - ® Fb:Pb
R — HIJING
2 * ° _
- . -
. ‘ o o
-2 — y
lv v v v vy e v by v b e v b v v b e b e e By 1
0 20 40 60 80 100 120 140 160 180
Nsnou
[NA49 collaboration] nucl-ex/0409009
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Deviations of multiplicity fluctuation from
Poisonnian distribution was reported in the
middle range of the number of projectile
participant nucleon at SPS energy.
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Multiplicity fluctuations in PHENIX PH <ENIX

A 7 <O 7 Ad< n rad 0. 2<pT<2 O GeV/c

A : : ;
A ' [T (7 ‘PHENIX Preliminar
2 | g PHENIX Prellmlnary- N S s A g
§1 L ."-..- ....... ST — > :f:“::::: 2 ,
‘E : g ... 35 88 o P = : e ]
> [~ ® . ® ] i : f
: B 624 GeV AutAu
| - . ¥ 8 200 GeV Au+Au
1 I S . 05 i A 200GeVdtAu |-
i | : v :Eﬂﬂ'GeVpﬂ:J
& § 8 624 GeV AutAu i :Positi\;/e | |
B : 8 200 GeV Au+Adnu 7 uu 100 200 300 400
B : n participants
u_s S A 200 GeV d+Au - Jeffery T. Mltche”
4 v ‘?ﬂﬂ GEFIH‘"_ | % PHENIX Prellmlnary
[ : | 5-1-5_ ........................................................................
u _Ipcllqs!v | I | L1 1 1 | L1 1 1 | g ?.3:::: : ‘ ® E
0 1["] 200 300 400 T e e e e
i : : : T
participants I Wiy -
: . e . Y | @ 200 GeV AutAu .
A different behavior of the multiplicity fluctuations 0.5F o | & 200GeVdAu | -
as function of number of participants is observed : . G
at RHIC energies as compared to SPS. There are oLNegative | .,
no difference about the multiplicity fluctuation 0 100200 sp 400
. . participants
between positive and negative charge.
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Charged particle multiplicity distribution PH-<ENIX
and negative binomial distribution (NBD)

DELPHI: Z% hadronic Decay at LEP E802: 150+Cu 16.4 A GeV at AGS
2.,3,4-jets events most central events

CELPH!

T T T T T T T T T T T T T T T T T T T T T L
) Iyl < 0.5 r b) Iyl < 1.0 | | I | |
_ .
10 g e, ]04 — 14.6A GEV/C ]

0+Cu Central

B
&
6 p - dn=0.1
o . —
[V
£ N
6t ]
2 N
W 1 4
—5 T
10 10"—2 —
% 16‘ - d) iyl < 2.0 | |
—r E 10—4 Lo
* 0 3 4 5 6

n/<n>

[DELPHI collaboration] Z. Phys. C56 (1992) 63
[EBO2 collaboration] Phys. Rev. C52 (1995) 2663

Universally, hadron multiplicity
distributions in high energy
collisions conform to the NBD.
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Negative binomial distribution (NBD) PH-<ENIX

___-n n+l  Bose-Einstein distribution
=n /(1+ ,Ll) u : average multiplicity

n

Pl _ ['(n+k) ulk 1
n k
C(n-DC(k)\ 1+ pul k) 1+ ulk)
2
o — 1 + 1 NBD correspond to multiple
2 Bose-Einstein distribution and
H H k (5) the parameter k indicates the
> > multiplicity of Bose-Einstein
O = \/< n >—<n> emission sources. It is also
corresponds to the Poison
1 02 1 distribution with the infinite k
——_=F (5) -1 value in the statistical
k(é‘) ,U 7, mathematics.
F (5) — <n > —<n-~> F, : second order normalized factorial moment

<n>°
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Charged particle multiplicity PH-<ENIX

distributions in PHENIX

PHENIX: Au+Au ¥ s,,,=200GeV

Sl — PHENIX Preliminary [+ & ®0xo)
sE. A T centrality 0 -10% | ® & (Fivxe
10 [ . = ® 38 (Pin)x1a")
1D“ F . T ¥ /8 (Pinix10*)
’ Da - = ¢ 58 [Pnx10%)
2 " B A aia (Pinx10®)
0 = O 7 (Pmx1a"
D ¢ - o & (P(n))
1 -
- —a

0 05 1 45 Z 55 3 35 4 45

K. Homma and T. Nakamura ni<n>
. .. &6n=0.09 (1/8) : P(n)

.. : No magnetic field condition x 107

Multiplicity distributions observed in | A <07, Ad<z/2rad 06 n=0.18 (2/8) : P(n)

PH ENIX

Au+Au, d+Au and p+p collisions at x 10° .

PHENIX also conform to the X5 n 0.35 (3/8) : P(n)

negative binomial distribution. 5 1= 0.26 (4/8) : P(n)
x 104
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NBD K parameter

as a function of average multiplicity

’V—.

P

Al
A}

ENIX

A n<0.7, A b<rx rad 0.2<p,<2.0 GeV/c g Ap——
a; E e 200 GeV AH'+1:1H' -
S [ | e 62 4 GeV AutAu g E L ey ?
Gool | 4 200CeVdidu @ . Positive ;
> 00 Y 200GeVp+p | - | ,
a | A S P
2 _Inclusive . _| e
; . . 0 "|‘=-§. -~ PHENIX Preliminary
100 o 10 20 30 o
i . . Jeffery T. Mitchell -
B @ 00 : - :
P .. L g | [ e 62.4GeVAu+Au | :
L ° ® E e 200 GeV Au+Au :
® 9 @ s 200 GeV d+Au . ;
,Tr .i ® E Y 200 GeVp+p
0 lwes® _ 200 |
" PHENIX Preliminary a - a
| | | | | | | | | | m' L Negatlve ]
0 20 40 60 80 2 1
There is the difference about the average o
multiplicity dependence of NBD k parameters Taoos® | 1
0 jwile® PHENIX-Preliminary
between the 200GeV and 62.4 GeV. Lo v T s
0 10 20 30 N4D
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D
NBD Kk parameter PH <ENIX

as a function of number of partlcmants

A n<0.7, Ad<rrad, 0.2<p,<2.0 GeV/c 3% )
— Q s ﬁ2.-l GeV Au+Au
Q B é E e 200 GeV Au+Au l
Q ° | A 200 GeV d+Au !
g B o 62.4GeV Au+Au %00 L mGevp ———
é - e 200 GeVAu+Au g | Positive | ;
00 A 200 GeV d+Au . z |
Q‘ B ) I . - :
@ | nclusive | e |
< ¢ Ho e | e
- Oraset? ... PHENIX Preliminary
. | NN I S R/
100 0 100 200 300 400
- * Jeffery T. Mitchell participants
u ° 300 _
o ¢ 2 o 62.4GeV AutAu ¢
i R B g o 200 GeV AutAu .
- ®° v A 200 GeVd+Au :
T L I S v 5
0 basun® o 200 . 200 GeV p+p IR S—
i PHENIX I-’rellmlnary a : ¢
| | | | | | | | | | | | m: Ne atlve
0 100 200 300 400 z [ oo L
participants 100 ?_ ]
NBD k parameters as an observable of multiplicity +°
. v e . ) . i
fluctuation are not scaled by the average multiplicity 0 awes®* * PHENIX Preliminary
but scaled by the number of participants. 0 100 200 300 400
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N
PHENIX

Extraction of the correlation
length from NBD K parameter
CZ(yl’yZ) _ pZ(yl’yZ)

Normalized R(y,,y,) =
correlation function p1(¥)pi(v,)  pi(y)pi(y,)

inclusive single particle density

L1 (v):
0,(y.,¥,) " inclusive two-particle density
C,(y,,y,): two-particle correlation function
"y dy . C
Relatonwith NBD 1 _ _1:.[ Y1dy,C, (31, 75)
k parameter k(5n) 2 <n(on) >2
Correlation function used in E802 NBD kvs. 6 n at E802
P. Carruthers and Isa Sarcevic, 150 145ALW ;H'C'C' rtr'l' L
Phys. Rev. Lett. 63 (1989) 1562 ; () -
B B / : £=0.18+0.05 :
C, =1+ R(0,0)e ba=yelle ¥ g
K(S1) = 1 onl2& - ]
o —5nl i ]
Ry [1- (&1 om)—e"*)] ~ |
_ ol 1 Phys. Rev,. C52 (1995) 2663 |
£ . correlation length
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Random particle emission pattern PH <ENIX
based on NBD

10’15— EEU: :
: u: 20.0 M Detector 1 | Detector 2
107} k: 20.1 Tt 10°
i gq.u Sl AT ey B [
wE Yy A
- : 10
10+ I e O T
1 i 5 1
80 100 120 ] BO
[eounts] Detector 1 [counts]

[ Detectar 1 + Detectar 2 |

i u: 40.0 u: 200
07 k: 40.4 k: 20.1 8...0'0
| R
““5;‘ Emission source
1““;- In the case of there are no
o correlation about the particle
emission, the value of NBD k
a 20 40 (i]4] 80 100 120 80 100 120
[counts] fFounts] parameters are summed up.
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Correlated particle emission pattern PH-<ENIX

Into the phase-space

5]
g
.o

Detector 1 | Detector 2

count
i3

Detector 2
=
=

=]
=]

510

g 20 30 B0 B4 100 320
[counts]

[ Detector 1 + Detector 2 |

u: 200
0°F k: 20.0 .§:°::.
..::s
o Emission source
F If there are correlations, NBD
-l k parameters do not increase
‘ according to the size of
R« P P et detector acceptance.
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0 n dependence of NBD K parameter PH-<ENIX

Au+Au 200 GeV, no magnetic field
UA n<0.7, A d< =z /2 rad

12 p i a .
- |* 0-10%]  PHENIX Preliminary
| |w10-20% T
1001, 20- 30% %
L |0 30-40% . :
8ol_..| o 40-50% _ I
E " |a50-80%| T F,,,_ﬂ{f"## J
= | |oe0-70% « j
~ 60l }
: ]
i e éi-—ﬁﬂ'?
20| ; : _; —
g E O 5 A N N I G, TR
i L= ] + : :
[ e
DIIII IlliIIiIIIIIIIiIIIEIIIIIIIIIIIIIII
0 o1 02 03 04 05 06 07 028

K. Homma and T. Nakamura Blue: § n <0.35

Red: 6 n 20.35

E802: Phys. Rev. C52 (1995) 2663
I s

150 — —
14.6A GeV/ec 0+Cu Central

CORRECTED
i R(0,0)=0.031+0.005

[ £=0.18+0.05

e Fitting funciton

1 onl2&
Kon = Ry [1— (&1 6m)A—e"")]

NBD fit was performed for the
different range of pseudo rapidity
gap as shown in blue and red
curve to extract the correlation
length using the E802 type
correlation function.
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Number of participants dependence PH-<ENIX

of correlation length &

Au+Au 200 GeV, no magnetic field . Fitting Range
A n<0.7, Ad<r/2rad Blue: § n <0.35
0.7 — Red: 0 n 20.35
: PHENIX Preliminary| Centrality
- 1 filled circle : 0-70 % (10% interval)
0sf e open circle : 5-65 % (10% interval)
D.4: ...............................................................................
wro | +
n_3:_ ..................................................................................................................................................
I SRR NS NN NN NS N N N Different behaviors about the
- extracted correlation length (&) as
e T | a function of number of
- | . . i Ty participants are observed in the
%56 —f0o0 150 200 250 500 ':‘asnlr;' ;:.Itnn different range of the pseudo
K. Homma and T. Nakamura > rapidity gap. The correlation length
at the range of large pseudo
rapidity gap has a large fluctuation.
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L_inear behavior of NBD k PH <ENIX

as a function of logarithmic 0 7

Au+Au 200 GeV, no magnetic field
12A n <0.7, A d<xn/2rad

e Fitting function
k(6 n)=cl+c2 X In(d n)

- |e0-10% PHENIX Preliminary ¢l c2 : constant
p g o] « Fitting Range
100~ 14 20- 30% . 0.09< 8 1 <0.7
i o 30 - 40%
B0 40-o0% o // Relations of fluctuation and normalized
= [ |es0-oox / L - | factorial moments and fractal structure.
: B ;f»}BD—?D% | T 1
60— — i -4,
1 | LA | %en +1=F, (o) < (on7) ™
wl- /
201 This power low relation of
e : _ fluctuations and pseudo rapidity
gl ¥ , e gap might suggest self similarity
10™ of correlation length!!...?
on
K. Homma and T. Nakamura
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Correlation functions

and correlation length

6/21/2005

Used in E802

C, =1+ R(0,0)e

1 onl2&
k(on) =
O L@l ona—e )]

General correlation function

C.o—14_ Ko e
2

| yi =y, |”

’V—.

PH-<ENIX

Using arbitrary Ry, & and o .
160 e : : s i i s i :

0 0 T O O B
-
‘_IDDE—
oo

60}

40:

20"

D_IlllilllIillllillllillllillIIiIIIIiIIIIiIIIIiIIII
0 01 0.2 03 D4 05 0.6 07 0.8 09 1

&n

One may discuss an effective
potential form of a deconfined
field when assume the
correlation functions.

£ . correlation length, « : critical exponent

Tomoaki Nakamura - Hiroshima Univ.
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D
0 p+ (p+>0.2 GeV/c) dependence of NBD KPH-<ENIX

FEIENIX_PreIiminary

SN
:

ISR

i » 62.4 GeV AutAu
150 gy OV [ SO
® 200 GeV Au+Au

0 1 2 c
centrality 0-5% Tomax

PHENIX Prel|m|nary

8 624 ("eVAu+Au

w
4]

meter

&
|

® 200 GeV AutAu |

N.B.U. K Fa
o]
1]
[

- . :

.= i _______________________ _______________________ ___________

?0_||||i||||i||||i||

0 1 2
centrality 15-20%
6/21/2005

160 IPHENIX Preliminary

.}HH $ {'

.D. k Paramete
=
!
i

ol ____________________ N— -

i » 624 GeV AutAn

100t e Rl .. ]

l]l - 1 2 %
T,max

centrality 5-10%
PHENIX Prellmlnary

®» 62.4 GeV Autdu

& 200 GeV AutAn |

o
2
I

N.B.D. k P_‘aqrameter
=
T . T T T | T T

0 1 2 3
centrality 20-25% Prmax
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| .PHE'.\“.X.PI?”.WU%”{ _

N B;D k P?meten
!
I—H
u—-:—H
i

B 624 GeVAut+An |

w
L= ]
T T
—e

& 200 GeV AutAu

Bu L L1 | [ B | Ll | L
0 1 2
%T,max

centrality 10-15%
PHENIX Prellmlnarv

» 624 GeV AutAu

[=1]
]

o 200 GeV AutAu

N.B.D aI,( Parameter
[ =]
T T T I T T T T

(%]
(4]
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50 I L1 | PR R NN NN SO SR TR A R N
0 1

centrality 25-30%
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Comparison for Au+Au, d+Au and p+p PH:-<ENIX

35 PHENIX Prel_|m|nary_
e I : ® 624 GeV AutAu
E : # 8 200 GeV AutAu
T30 [ iﬁ ................ R S
x [ * LI 5 :
5 | LI
225__ .................... ...................... ....................... ...........
20 o L S T T
15_| R B T IR R T R N MR
0 1 2
%T_m;u

Au+Au, centrality 45-50%

A behavior of NBD k
parameters as a function
of 0 p; at p+p collisions
measured by PHENIX is
agree with PYHTIA
qualitatively.
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PHENIX Preliminary

L
Q
% :
g8 ¥ 200 GeVdtdu |
o v
~ | \
Q : i
m10 TIPSO ...................................
Z | v :

¥

¥
I | A {

A2 | S T
_14 ||||i||||i||||i||

0 1 2 3,
d+Au, 200 GeV i

~

PHENIX Preliminary

- } } 5 4 200 GeV pip

b |
F -9
[

= NBD.k Pa:_:ameteu.
[ ]

1.78 __ ....................... N S Lo

b |

o

[
l—jb‘—i

0 p; dependence of NBD
k parameters in Au+Au
peripheral collisions are
approaching toward the
similar shape of d+Au and
p+p with decreasing the
centrality.

-1.8 L L | L | I I L
0 1 2 3
p+p, 200 GeV Prmax
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PHENIX Preliminary
215 ; ; ;
QL L : : :
E i : : :
E |
s L
33 I . A 200 GeV p+p, PYTHIA | .
> L
s [+
m |
Z25 1 T IR E TP PP P RTPTRTPTPTPTRL SOPOttY
B A
A
4 i A Iy
. T N U P OU O SOUPROP U RUPRSPORUUPUOE PRRP
2-35 [ T N N | | T N | | T N N | | L1
0 1 2 3
PYTHIA Prnax
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Average p- fluctuation PH-<ENIX

Published by Phys. Rev. Lett. 93, 092301 (2004)

PHENIX: Au+Au 200GeV

NA49: Phys. Lett. B 459 (1999) 679 0.2<p;<2.0GeVic
) Already, famous! .
5 / It’s not a Gaussian... ' a) 0-5%
o] é"/\ it's a Gamma distribution!
10 ‘:.'i ‘1‘ 1 Iﬂ:
i ‘ Z
2 ! ! 2
10 : ']l_l 1:‘ QO g“’!
i g i O =
10 | ] \\\ 1 Z10
i ill \J‘ M.J. Tannenbaum, /
L {{H _& | Phys. Lett. B 498 (2001) 29 Lo N
0.3 0.4 0.5 o 0.z 1
M(p,) (GeV/c)
Magnitude of average p; fluctuation w0l
C ) 30-35%
(<M >—<M >*)"* o, °
W — Pr Pr — T “-fE_
o <M > <M > :
Pr Pr

Fractional deviation from mixed events

dNigM, [(Gevic”)
=
[

=
II|T|

F = [a)(pT,data) _ a)(pT,mixed)]
Pr

a)(pT,mixed) 1 E
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Result of average p; fluctuations PH-<ENIX
In Au+Au 200 GeV and comparison with HIJING

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.

B  PHENIX 200 GeV Au+Au
< 9 HIJING with jet suppression +4-5c
=] ~ =) -
“'":,l_ - HIJING without jet suppression """:,L_ 4: [ ] PHEMIX 200 GeV Au+hu, 20-25% centrality
W [ | asa=as HIJING without jets w L
4 — 35 f_ HIJING with jet suppression
: -
3 l - centrality 20-25%
i [ \ 250
T #\
- + 1.5
11— 1:_
[ N -
C i ewamwmameT 0.5
u_lII“II|‘;'-I-I.III-|I-II-IITI‘ITII-I.ITI.IITI.IITII|IIII|IIII|IIII uEII|III|III|III|III|III|III|III|III|III|III
0 50 100 4150 200 250 300 350 400 0 0204 06 08 1 1.2 14 16 18 2 2.2
Npm pr™" (GeVic)
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Contribution of Jet/Jet suppression PH-<ENIX

to the average p; fluctuation

PYTHIA based simulation, which contains scaled hard-scattering probability factor
(Spron) DY the nuclear modification factor (R,), well agree with the measured F ;. It
might be indicate that jet suppression might contribute to the average p- fluctuation.

—_ 5 — 4.5
X+ X
L— i’ -
£ [ £ 4F [ ] PHENIX 200 GeV Au+Au, 20-25% ceniralily
L B L -
4 I C | ammm= PYTHIA-based Simulation
- : This decrease due¢ to 3.5
_ - jet suppression? aF
3 'y .
i centrality 20-25%

i...
— e
> W
L 4
*
&
¥
L J
E
—
r
&
]
[
[
M
) n
TTTT
tﬁ‘*
*a
-
k|
]
L 3
*
[ ]
®
—
a
®
*
—

d f—
| - Ry
s 1.5 N
B * PHENIX 200 GeV AusAu - *
- - * . .
11— FHEMIX 200 GeV min. bias p+p 1= :‘ F T IS adjusted at the
- .‘J_ Shmulation, min. blas prp. FYTHIA C : P . .
I Y A Shmulation, AusAu. R, scaled & (N ) 0 5: - Open CerIe fOr thlS
L | | == mm 2EMUENE ALRAL R, SRS S D S5 ¥
- Simulation, AusAu. constant S (N ) C * SI m u Ia’tl O N
n_|||“||||||||||||||||||||||||||||||||||||| u:|||||||||||||||||||||||||||||||||||||||||||
0 50 100 150 200 250 300 350 400 0 020406 08 1 1.2 14 16 18 2 22
N .t pr™ (GeVic)
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Estimation of the magnitude of PH-<ENIX

residual temperature fluctuations

o 2F ng (MeV)
r = Pr 5 4 ROC 400 200 200 100 50 25
- TR [ [ [ [ [ [ [
< T > p( < N > _1) Ei 22p :&, CERES, 2.2=m<2 .7, 6.5% central =
p — inclusive p;  R. Korus and S. Mrowczynski, wdi o N g%g :nl-::D.?5, 6% central =
- Cml=1, 15% central -
Phys. Rev. C64 (2001) 054908. T8E & PHENIX, nl<0.35, 5% central E
16 =
Experiment [SNN (most central) v t2p + ; ; % =
i e N =
PHENIX 200 1.8% S ok b E
STAR 130 1.7% 06F 3
CERES 17 1.3% E E
NA49 17 07% DEI L] 1 1 L1 1 ||||2 1 E
10 10
\[Sy (GeV)
A signal of phase transition dose not H.Sako, et al, JPG 30, S (2004) 1371
emerge in the temperature fluctuation? R ’
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Conclusions PH-<ENIX

e Charged particle multiplicity fluctuation

— Different behavior about the normalized variance of multiplicity
distribution as a fluctuation of number of participants are
observed at PHENIX as compared to SPS energy.

— NBD k parameters as an observable of the multiplicity fluctuation
are not scaled by the mean multiplicity but scaled by the number
of participants.

— There are no difference on the multiplicity fluctuation with
respect to the sign of electric charge for each particles.

— Correlation length could be extracted from the multiplicity
fluctuation.

— Different pseudo rapidity gap dependence of NBD k parameter
has been observed as compared to the past experiment.
* Average p- fluctuation

— PYTHIA based simulation with scaling the hard-scattering
probability factor by the nuclear modification factor well
reproduce the Au+Au 200 GeV data.

— Itis suggested that jet suppressions contribute to the average p-
fluctuations

— No anomaly was found about the residual temperature
fluctuations from the SPS energy to RHIC energy.
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Outlooks for QM2005 PH-<ENIX

« Further new results will be presented at QM2005

— Systematic study of multiplicity fluctuations with respect to the
collision system using Cu+Cu 200 GeV.

— Detalled study about extraction of the correlation length by the
different correlation functions and the behavior of the correlation
length as a function of number of participants.

— Jet suppression effects and extraction of specific heat in the
average p- fluctuation with Au+Au 62GeV and Cu+Cu 200GeV.

— The other observables of event-by-event fluctuations and
correlations, e.g. p-p; correlation.

 We are willing to analyze the data on the event-by-event
fluctuations for the QM. See you again at the Budapest.
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PH-<ENIX

Backup Slide
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Normalized factorial moment F PH-<ENIX
<n(n=-1-(n—q+1)>
F ()= <7D (=g 1)
<n>?
F(5)—<n(n_1)> <n>—<n> o'+<n>—-<n>
? <n>° <n>° <n>°
2
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=1+ 0-2 —

I7a?
H=<n> average multiplicity

O = \/< n>>—<pn>° standard deviation

F (5) oC (5) 4 relation between fractgl (self-sim-ilarity)
9 structures and normalized factorial moment
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NBD k and factorial moment F PH <ENIX
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Integral of correlation function PH <ENIX

and normalized factorial moments

.57
] dy,p(y,) =<n>

. 577
] dy,dy,p, (v, y,) =< n(n-1)>=< n>* F,

517

dy,--dy p, (v, y,)=<nn-1)--(n—q+1)>=<n>"F,

Py (Yyoe yq) inclusive g particle density

when there are no correlation in rapidity

Py (Voo yq) = ()P, (yy) Py (yq)
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Elliptic flow contribution by simulation PH-<ENIX

Jeffery T. Mitchell

Particles are assigned an <45 W PHENDCZ0D GevAurAy

aZimuthaI Coordinate based "'--;-_ 4:_ mimimim Simulation, Au+au, Elliptic Flow

upon the PHENIX “Woor ]
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reaction plane) as a function 35_ N s
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Specific heat from average p; fluctuation PH-<ENIX

F = IMy, 1 Tpr 1 Opr
-
o [ vn o op T yn op
Ac® Ao
— =2— = 2F
o2 o
o} 107 1. o2
My 105 11 o7
(12 no 2 n’ (T)?

Korus, et al, PRC 64, (2001) 054908

1/Cy = o5 /(T)?

E.F-lf_: — _.-' L."" .}/ (i\: i':-lf.:'i':-,-"
M. J. Tannenbaum,
(-‘r;.} 1 2nd International Workshop on
Cy = - the Critical Point and Onset of
<j'\-'!{)_!} F - Deconfinement

n represents the measured particles while N, is
all the particles, so n/N, Is a simple geometrical

factor for all experiments
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