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Phase diagram of He? PH-<ENIX
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[J. H. Vignos and H. A. Fairbank, Phys. Rev. Lett265 (1961)]
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Phase transition to the Super fluidity PH ENIX
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This behavior around T
can be a robust signatur [W. M. Fairbank and M. J. Buckingam,
to indicate the phase Int. Conf. on Low Temp. Phys. (1957)]

boundary.
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Second order phasetransition PH-<ENIX

- The second order phase transition have a Imaginary QCD phase diagram
close relationship on the global symmetry of

a system, rely on the universality hypothesis. Qcr i =0 o = o)
160 MaV = - -ao o S
* If QGP phase transition corresponds to the - g il Pond
chiral phase transition, it would be the
second order phase transition. Hadrenic
e Surveying the second order derivative of \y
free energy i.e. Susceptibility, Hclens Matter " 1O p
0 FEe K. Rajagopal,
X:(%j = —[ ahZ) : Acta. Phys. Polon. B, 3021 (2000)
T T

IS a standard tactic to identify the seconc However, there is no reliable

order phase boundary, like the specific higat S o :
in He4p Y P and guantitative indication on

[ 0°G phase boundary in both
Cn =" oT? )’ theoretically and experimentally.
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Ginzburg and L andau theory PH-<ENIX

Concerning Ginzburg-Landau theory, free energy itlehsan be
expressed as this expansion,

(T, h) = f,(T) +§A(T)<D¢)2 +§a(T>¢2 +§b¢4 + - heo

gpatial fluctuation 4
f-f,
¢ : scalar order parametér, external field a>0 A
a
<0
= "

One dimensional density fluctuation from the meansity is introduced
as an order parameter.

o(y) = p(y)—{(p)

a(T) =ay(T -T.)
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Density correlation among
hydrodynamical sub elements

s time
hadrons

space

nucleus nucleus
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 Density fluctuation can be
measured In the final state
particle density by
Introducing proper time
frame.

* Differential lengthdz
among hydrodynamical sub
elements (1), (2), (3)..., ata
common proper time can
be expressed as

dz =1 [cosh(y)dy.

* In the case of limiting the
region of interest only for
the mid-rapidity, coslyj ~
1, then,

dz ~ r Ldly.



Thecasein heavy-ion collision PH-<ENIX

The susceptibility can be derived by

A

| | introducing correlation lengtl as
H 2 B
W : hadron phase  : | X =— 01 = ﬂ
< |\ P oh® ) \og
P || _ 1
X 8 |T - T, |L+K*¢(T)?)
‘\ In the long wave length limik = 0,
e e o _
..... : - 0 &(T)G, (0).
: \\ Xk=0 a |T-T.| ¢(T)G,(0)

no phase transition

critical phase boundary

T, €
6/25/2007
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Correlation length PH-<ENIX

The correlation length is useful not only for séang the phase
transition but also for the visualization of phaseer.

[H. Nishimura, 2D Ising model (2005)]
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Charged track reconstruction in PHENI| X PHZFENIX

* We use straight line tracks measured at
no magnetic field condition to optimize
low momentum charged particles.

e Minimum pT threshold.
» 7. 0.1 GeVe
» K:0.25 GeVe
> p: 0.35 GeVe

 Particle composition.
> . K:p=94:4:2

* AcceptanceA 1 <0.7,A ¢ < /2 « Mean pT form = 0.57 GeV¢.
 Track identification: Using vector of

charged track (DC) associated with beam o inclusive charged particle, maximum
vertex (BBC) and two hit points in wire 3 o4 difference at) = 0.35 for the

chamber (PC1, PC3). Clusters in EMC ainversion of rapidity to pseudo rapidity.
used for reference of association.
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Centrality and Npart and € s; PH-<ENIX

45}

S  Centrality class is determined » Transverse total energy is measured
Qo by forward detectors. by central arm EM calorimeter.

O ﬂ [PHENIX, arXiv:0704.2894 (nucl-ex)] [PHENIX, PhyseR. C71, 34908 (2005)]
m - 'E' 1§|||||||||g Ty L L L L '_
0= &% E NE + |
C C Sosgf - 4}_

g » Ror © 4 i + i
> > 'E,n.s g # _
Qo> § e #

C c 0.5| & |
5 g LIJ[1.4 -- W # # §
E ) 0.3 - 2 ## . & e - "}'“ —
= O oz . q.# & ¢ ® 200 GeV |

D S : 0-5% ot C e ° 130 GeV

Q. 0 0.15_ | I | | l | l l | § I (} ©19.6 GeV
T L o 100 20 30 N

Relative number of fragment particles P

from participant nucleons are measured by
charge sum in BBC.

Number of participants

 Number of participant nucleons Bjorken energy density is
are obtained by the Glauber  calculated as 1 dE,

: E. = :
model calculation for each o crA dy
centrality class.
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Multiplicity fluctuation and correlation PH-<ENIX

Negative Binomial distribution. [PHENIX, arXiv:0704.2894 (nucl-ex)]
ot = T(+K) (pik )1
" r(n-)rk)\ 1+ plk ) @+ plk)

o> 1 1
=+

& 18=107 (in=0.087)

A 28210 (in=0175)

O 3/8x10%(in=0.283)
o 48x10* (n=0350)

¥ 58x10° (in=0438)

& BB x1D%(in=0.525)

o m 7Ex10'(in=0.813)

_ 2 g=+<n®>-<n>?
H M

® 88 (in=D.700)

Second order factorial moment as a
representation of two particle correlation.

_— nin-1)> <n°>-<n> » Uncorrected charged particle
27 <n>2  <n>? multiplicity distribution in variou
2 2 _ 2 pseudo rapidity gap and NBD fi
=g *=n> > =n- :1+12—1 for most central (10%) events |
<h-> # H I Au+Au collisions at
1.4 J s=200GeV.
K » Accuracy of fits : 80% C.L.
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Extraction of the correlation PH-<ENIX
Using Ornstein-Zernike formula, 1D two  [PHENIX, arXiv:0704.2894 (nucl-ex)]

particle correlation function, o) | | g [ |
=, ®0-10% | = T ®0- 5%
% W 5o 15% | % ? ,II |||||I:I m5-10%
CZ(,711,72) = 102 (,71’,72) _101(”1)101(”2)1 f ) 715-25%: "E 15 - 20%
can be parameterized as J - I S
C y - EZZ :Z:_ '-::::; Si : j:
2(,112,72) =ae" + B R N
L el i
pl ! i i :Z Zz: IRk I::::::I:E;E £ 45 - 50% |
o : correlation strength ¥ i b AT R
& correlation length VA e B2 es 5.

- constant el | e
Using relation with NBLX: Zak ;
k™*(dn)=F,-1
on eon
7] cymmy)dmdn,
5’72ﬁ12
2 _ -nlé
_2a¢ (ol —1+e )+,8
on*
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a& B vs N PH ENIX
’ e [RHENIX, arXiv:0704.2894 (nuc-ex)

* B absorb effects on the finite = o

resolution of centrality binning 1.e. oart ®5% -

the fluctuation of Npart. N 0O10% ;

Q 0.052— o —é

e a & product, which is ) SR E

monotonically related withx ,_, . %e © o E

indicates the non-monotonic oot Tt T e L

behaVIOr around Npart ~ 90- ':.(:I:I - I5|(:II = I1(:|I'1]I = I'IllitflI - I2t'.|l:II = I25I'1]I = ‘ISE(:II - I‘351'(1' = Illilﬂ

N

1 J-gu'm.lq'_' T T rTrTTTTTT L L T T T

X = |:| o.00t2f- by 1

> |T _TC | 0.001|— —]

— =2 1 w a.moaf— -

af |:| pl B CI(IICIG:— -
[1-T./T] -

» The difference of data points 00021 %

between 5% and 10% binning can L LN T TR R

be understood the smearing 5oy, binning« Mo

effects around the peak. e b >
10% binning ¢85S 5 >
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Other correation sources PH: <ENIX

6/25/2007

v Pseudorapidity independent correlations are abhdesl by the
constant term3 . e.g. elliptic flow etc.

v Npart fluctuations (residual effect) are also abedrowing to thes .

v Trivial particle correlations originating from cluged track
reconstructions in tracking detectors have beeprasged a priory.

v’ Effects from weak decay particleA ( Ks) were estimated for the
NBD k by the MC calculation. It is less than 1% for each.

v' Effects from photon conversion electrons is ab@®4, which was
obtained by GEANT MC simulation.

v' Effects from knock on electron in detector mategaibout 16%.
v Above contribution is negligible as compared taletror ork.
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Evaluation of the hon-monotonicity

X %INDF = 2.76 : 0.60

N
PH-<ENIX

X?INDF =2.10:1.23

[PHENIX arX|v 0704 2894 (nucl-ex)]

o T
d

Power law 4y

" 5% -

e LiNear

r"In-r—

Power |awﬂt-ﬁ4 --------------------------------------- :

+ Gaussian

o 50

X 2INDF = 1.23:0.79

Power law + Gaussian:

Linear + Gaussian:

00 10 20m &0 00 L) 400

S Amasneassseces T 1 Linear
10% 7 + Gaussian

00 130 0 0 00 L0

2/Rn:)l: 1.23:0.79

3.98 (5%), 3.210 (10%)
1.2¢ (5%), 1.690 (10%)
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On thereation with HBT effect

o If all correlations are originated
In HBT effect,

» 0/ corresponds to the
chaoticity parameten

<

> £ corresponds to the radit %4

parameteR 0.2
used in HBT analysis.
E
. '—'=_ 6
e However, A is constantasa 2
function of Nbart, andR .
monotonically increases with

Increasing Mart.

* Therefore, known HBT effects
cannot explain the non-monotonic
behavior ofx & .

6/25/2007
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[A. Enokizono, Ph. D. thesis,

Hiroshima Univ.]
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Conclusion | PH: <ENIX

e The charged particle multiplicity distributionsrfilne
various pseudorapidity gap, n < 0.35, in Au+Au
collisions aty’ s = 200 GeV are found to be well
described by NBD as well as the other collisiornteys

« We found the constar@ parameter is hecessary to

avoid the residual effects in the measurementer t
extraction of correlations from the integrated
correlation function.

e Upper limit of correlation length over all central
bins Is less than 0.035, which is obtained byfiibe
parameter fits.
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Conclusion |1 PH: <ENIX

e o £ product, which monotonically related to
susceptibility in the long wavelength limix, =0, show
a non-monotonic behavior as a function of the numbeg
of participant nucleons, Npart.

* A possible indication of a local maximum or crdic
behavior is seen at Npart ~ 90 and the correspgndin
energy density i€ Bj T ~ 2.4GeV/(fn4c).
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PH-<ENIX

Backup
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Systematic check on o £ PH-<ENIX
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Correlation length vs. temperature PH-<ENIX

3
&(0.015) - -~
251 | é;ﬁzu.m)) —
o £(0.008) ---|Cube of the equilibrium
& eq(0.015) -~ - |correlation length (thin
E 15 2(0.01) — llines) and non-
U «a(0-008) ==~ equilibrium correlation
L length (thick lines) as a
0.5 mmzerm" SN\ /function of temperature.
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[C. Nonaka and M. Asakawa, Phys. Rev. C71, 44908510
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Two point correlation function PH-<ENIX

ABAEZARV) I CARV))
.H GZ (y1’ yz)e_ik(yz_yl)dyldyZ

=([[(o(y) ~(o)Mo(y2) = (o)™ dy,dy,
Y=Y, W
Y[G,(y)e™dy = <\ [(o(y) - <p>)e‘ikyd%2>

=(lel”)
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N
Charged particle multiplicity distributions PH-~ENIX
and negative binomial distribution (NBD)

DELPHI: Z° hadronic Decay at LEP E802: 150+Cu 16.4AGeV/c at AGS
2,3,4-jets events most central events
a) Iyl < 0.5 DELPH'I_ B) Iyt < 1.0 R R
m"g— ;"'"z:e?:: 104 |— 14.6A GeV/c —
O 3-jet ewv 0+Cu Central
f3§_ é A//ar,-o_i
~J H
10 §—+ é : \ |
? 16" _ d) iyl < 2.0
= 5 6
n/<n>
[DELPHI collaboration] Z. Phys. C56 (1992) 63
[EBO2 collaboration] Phys. Rev. C52 (1995) 2663
Universally, hadron multiplicity
. . distributions agree with NBD
v 20 o . in high energy collisions.
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NBD and NFM PH-<ENIX
Bose-Einstein distribution

P, = 1" I(L+ )™
Negative binomial distribution

ot L(+k) (plk )1
" T(n-Drk)\ 1+ u/k ) 1+ p/k)

1 1
=Z 42, g=y<n®>-<n>?
H K o standard deviation

u . average multiplicity

2
g

2
M
NBD (k—0o0) = Poisson distribution
NBD (k<0) = Binomial distribution

<n(n-1)> <n°>-<n>

F. =
2 <n>2 <n>2
o‘+<n>°-<n> o> 1 1
= - =1+ - =——+1
<n> U u Kk
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| ntegration of correlation function PH-<ENIX

R(Y1,Y,) = ae ™7 +b
on ron v, —
0 J‘O (ae lyi—Yal/ & +b)dy1dy2

F —1=
2 5,72
O<y <dn AT S
O<y, <oy )
DE:
P
¥,
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Centrality determination PH-<ENIX

« Event characterization in terms of impact participants
parameter (b) in Au+Au collisions.

— Large : peripheral collision
— Small : central collision

« Coincidence between BBC and ZDC.
— Determine collision centrality. go into ZDC spectator
— 93 % of inelastic cross section can be seen.

 Extract variables using Glauber Model
— Number of participants (N_part).

* Number of nucleons participate in a
collision.

* Represents centrality.

* Related with soft physics.
— Number of binary collisions (N_binary).

* Number of Nucleon-Nucleon collisions.

* Related with hard physics.

* Incoherent sum of N-N collisions L -
& S S PRI BTSN B RRAEN R L.

becomes a baseline for A-A collisions. O 200 400 600 500 1000 1200 1300 1600 13U4. 2000
BBC Charge Sum

go into BBC

ZDC Energy Sum
b |
g

4000

3000

2000

1000
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N
Glauber model, BBC and ZDC PH <ENIX

Dencity profile

1
r-R
a

p(r) = p, 3
1+ ex

Glauber R. J., Phys. Rev. 100 242 (1955); in: Lectures
in thetheor etical physics, ed. W. E. Brittin, L. G.
Dunham, Interscience, N. Y., 1959, v. 1, p. 315.
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