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The RHIC Beam Energy Scan Program: Probing
the Nuclear Matter Phase Diagram

By systematically varying
the RHIC beam energy,
heavy ion collisions will
be able to probe different
regions of the QCD phase
diagram.

Searching for signatures
of the onset of
deconfinement.

Searching for signatures
of the critical point.
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The RHIC Beam Energy Scan Program:
Overview

Species: Gold + Gold

Collision Energies [sqrt(syy)]:
200 GeV (2010), 130 GeV (2001), 62.4 GeV (2010),
39 GeV (2010, 250M events), 27 GeV (2011),

19.6 GeV (2002 for 1 day, 2011 13M events),
11T GeV (2010, STAR only)

9.2 GeV (2009, short test run), 7.7 GeV (2010, 1.5M events)

Species: Copper + Copper

Collision Energies [sqrt(syy)]:
200 GeV (2005), 62.4 GeV (2005), 22 GeV (2005)

Species: Deuteron + Gold

Collision Energies [sqrt(syy)I:
200 GeV

Species: Proton + Proton




Te PHENIX Detector at RHIC
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New in 2011: The VTX Detector

Fine granularity, low occupancy

50um %X 425um pixels for L1 and L2
R1=2.5cm and R2=5cm

Stripixel detector for L3 and L4
80um %X 1000um pixel pitch
R3=10cm and R4=14cm

v'Large acceptance
|71<1.2, almost 2xt in ¢ plane

v'Stand-alone tracking capability

Will help with background
rejection at low energies

The VTX was installed In
PHENIX in Nov-Dec 2010.
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Triggering at Low Energy

The placement of the
trigger detectors (BBCs)
are not optimized for low
energy running.

They have a reduced
acceptance, especially
below RHIC energies of ~
20 GeV.

Rapidity

Fermi motion comes to
the rescue!

At low energies, Fermi
motion is enough to
bring nucleons back into
the BBC acceptance.

CMS Energy
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PHENIX Trigger Performance at 7.7 GeV

Tight timing cut on BBC North vs. South

URQMD normalized to match real

URQMDAA 77G V'rh h . :
vhu @ =Y roug data integral for PC1 hits > 40.

PHENIX fuII S|mulc|’r|on

URQMD not matched to z
distribution in real data.

The trigger fires on 75% of the
Cross section.

No indication of deviation of low
multiplicity events from
background.

Centrality determination uses the
outer ring of the Reaction Plane
detector: 1.5<|n|<2.8

60 80 100 120 140
PC1 Hits
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PHENIX 39 GeV Au+Au Event Displays
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PHENIX 7.7 GeV Au+Au Event Displays
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VTX Event Display - 19.6 GeV Au




Au+Au Charged Particle Multiplicity

Black points from Phys. Rev. C71 (2005) 034908
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Error bars represent the systematic errors. The lines represent the “tilt” error
due to the uncertainty in the trigger cross section.
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Au+Au Charged Particle Multiplicity

Ratios

200 GeV/19.6 GeV ] z°42__ _ .
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[ ! There is relatively little variation in
ekl  the centrality-dependent shape of
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N the multiplicity from 200 to 7.7 GeV.
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Charged Particle Multiplicity:
Excitation Function

The multiplicity

Blue: PHENIX per participant
Red: STAR pair increases

Black: AGS/SPS linear with
log(sqrt(syn))-

- N
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PHENIX and STAR
results from the
Run-10 RHIC
beam energy scan
are in agreement.
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Searching for the Onset of
Deconfinement: Energy Loss
Measurements

d°N** | dp.dn
N sinry )d" N | dp,dir

RAA(PT):<
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PHENIX Ry, Measurements in 200 GeV
Au+Au Collisions

PHENIX Au+Au, \[s,, =200 GeV, 0-10% most central

@ direct y (prelim.) ¥ Jiy 0-20% cent. (PRL98, 232301)
§7° (PRL101, 232301) § ® 0-20% cent. (arXiv:1105.3467)
#n (PRC82,011902) | e, (arXiv:1005.1627)
¥ o (PRC83, 024090) ¥ K' (arXiv:1102.0753)

¥ p (arXiv:1102.0753)

16 18 20
pT(GeWc)

From the 200 GeV Au+Au =° measurement:

« Strong suppression (x5) in central Au+Au collisions

- No suppression in peripheral Au+Au collisions

- No suppression (Cronin enhancement) in control d+Au collisions
Convincing evidence for final state partonic interactions
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PHENIX n® Energy Loss Measurements in Cu+Cu
Collisions

PRL101, 162301

Cu+Cu, 0-10% most central

° \/?NN =22.4 GeV
° \/?w =62.4 GeV
o \Sy, =200GeV .,

—
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o
>
o
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™
v
Q-l—
v

m \[s,, =22.4 GeV
0 \[s,=62.4 GeV

e \/s,, =200 GeV

<R,,> (2.5
=
[3)]

From the Cu+Cu energy scan:

- Significant suppression at /sy = 200 and 62.4 GeV
- Moderate enhancement at /sy = 22.4 GeV
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n¥ invariant yields:

Au+Au Collisions at 62.4 GeV
62.4 GeV

AuAu,\'s = 62 GeV, PbSc
: MinBias

0: 0-10%, x1e-1

%: 10-20%, x1e-2

0: 20-40%, x1e-3

0: 40-60%, x1e-4

%: 60-85%, x1e-5

0

At lower /s the
contribution from
some processes are
larger:

« Running a(Q?)

« PDF evolution

— :
PH ENIX « kg smearing
Preliminary [ e H |g he r-twist
phenomena
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n¥ invariant yields:

Au+Au Collisions at 39 GeV

The minimum bias spectra

AuAu,\'s = 39 GeV, PbSc|  ETLRIIQWI{I-Welol\7I e EVWY
;(';'!'1"030/1??(1&1 shape function for p; > 4
: 10-20%, x1e-2 GeV/c :
: 20-40%, x1e-3
: 40-60%, x1e-4
: 60-85%, x1e-5

I’IGZGeV =] 0.9 10.03

n39GeV =] 2.] + 0.1
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62.4 GeV ptp reference extrapolation

« Data from PHENIX for p+p collisions

* 2006 p+p, 62 GeV are available up to py < 7 GeV/c
pow. fit p, > 2.0 GeV/c

—— pow. fit p, > 3.5 GeV/c _ _
. pow. fit p_> 4.5 GeV/c « To extrapolate to higher p; points, a

power-law function was used:
= The limit of the fits is important
and contributes to the
systematic errors.
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B PHENIX
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pT[GeV/c]

 The systematic uncertainty is
calculated from the errors of the
power-law fit

« It agrees well with the CCOR data
(ISR) in pr 7-10 GeV/c region

=
L
=
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N

P, [GeV/c]
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39 GeV p+p reference

p+p data are measured only in the fixed-
PHP\'s = 38.7 GeV target experiment EZ706 at the Tevatron at

e Tevatron E-0706:

a beam energy of 800 GeV.
(Phys.Rev.D68:052001,2003)

The E706 has a different rapidity
acceptance:
-1.0 <y < 0.5 (PHENIX |y|<0.35).

5.00 < p, < 5.50 GeV/c

Acceptance correction
based on a PYTHIAS

3 simulation.
~
: _ | Wy
x The systematic e ;'w“}"'”‘i'}%il !
& ee® : Migik i
T R uncertainty of the i : Wy
e ' Tam i = E0706 iH
correction function is B EO708 i,
EZ706 = PHENIX calculated based on the (1 Phenix win.

LA Clata to PYTHIA8

P, [GeV/c] '
comparison.
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¥ R, in AutAu at 39 and 62 GeV

PHENIX, Au+Au PHENIX, Au+Au
R e 0-10%,39GeV......... B | e 40-60 %, 39 GeV _

= 0-10 %, 62 GeV | = 40-60 %, 62 GeV

‘ 0-10°/o,200GeV ........................................ 2 ‘40_500/0,200Gev

I, TN

PH ENIX
Preliminary

e —-..V_....
PH ENIX
Preliminary

| | | 1 1 |
15

P, [GeV/c]

n° Raa a@s a function of p; in PHENIX at +/syy = 39, 62 and 200 GeV.
- Still observe a strong suppression (factor of 2) in the most central /sy = 39 GeV
collisions.

* Ry from +/syy = 62 GeV data is comparable with the Ry, from /sy, = 200 GeV for p; 6
>GeV/c.

« Peripheral /sy = 62 and 200 GeV data show suppression, but the v/s\y = 39 GeV does
not.
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¥ R4, : Centrality Dependence

PHENIX, Au+Au, °
Raa: 4. <p_<6. GeV/c
m \;’s—NN = 39.0 GeV
m \/s,, =62.4 GeV

m \/s, =200 GeV

< 6.0 GeV/c)

T

Q.
\'
9
<
e
<
<
oc

« Large suppression is observed at 200 and 62 GeV.

» 39 GeV Au+Au shows suppression only for N,,.>100
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Energy and System-Dependence of T R, »

System size:
« Circles: Cu+Cu
= Squares: Au+Au

The Ry, values
: seem to have
__________________ PR S (e same

: trend. But, the
Au+Au: scaling does

= \5,,=200GeV o \[s,, =200:GeV not work for

m \/s, =624GeV o sNN=62.4§GeV a” p- ranges
m \/5,,=39.0GeV o \[s, =22.4GeV T

(N x\[sy/2 [GeV]

part
SPS, max reach: 2 x 208(Pb) x 17.3 GeV (v/s\\)/2 = 3598.4 GeV

—

Raa (25 <p_<3.5 GeV/c)

<
_l_l
o
[\
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¢»=>K*TK~ Spectra in 62.4 GeV Au+Au
Collisions

0 — K'K
AutAu @\s,, = 62.4 GeV

—

T
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O=>K K™ Rpp in 200 GeV Au+Au Collisions

REEN ey 0,  Au+Au0-10%
VN = ST T » T Au+Au 0-10%

o K'+K Au+Au 0-

oo, &% p+p  Au+Au 0-
us"':f‘wrﬁ H + * 7 Au+Au 0-20°

FHEHRR- bt e e D
,o*# O +£ ' ; +
ot

- -#- -:+:l+-$-

g Au+Au 10-20%
T Au+Au 10-20%

PHENIX

I'I.‘IEHH = :'_II_I I:I ':.fi'E"-"

The ¢ is suppressed in
central 200 GeV Au+Au
collisions.

The Ry, of the ¢ lies
between that of the proton
and the =O.
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¢»2>KTK™ Ry 1N 62.4 GeV Au+Al
JAVAN
Collisions

PHENIX Preliminary e« & Au+tAu0-20%
\[Sy = 62.4 GeV m ° Au+Au 0-10%
s p+p Au+Au 0-10%

Within the current precision,
no suppression at 62.4 GeV.
PHENIX Preliminary q:n Cu+Cu 0-10% Similar to the 200 GeV results,

\Sog = 624 GeV T i'd’;i:'d 81]‘3;“' the Ry, of the ¢ lies between
- o
r ) that of the proton and the =°.

A
p_(GeV/c)
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J/ Y Yields from 62 and 39 GeV Au+Au Collisions

—— \{S—NN= 200 GeV Au+Au (2007), arXiv:1105.1966 5 i
6| 107 = PHENIX Preliminary
10 @& \(5.= 62.4 GeV Au+Au (2010 =
;IIE \owi 024 GeV AurAu (2010) - Run10 Au+Au,\/syy= 62.4 GeV
B }:II —8— \5,= 39 GeV Au+Au (2010) i ‘} JIW S, 1.2 <|y| < 2.2
g [ iz g 100 ;
= k3 I © C
3. |1 L o
ﬂi I 1 I T $
A_ I~ L
107 - L I I o g07
= C I :Ln_'- C
\'4 =
- B I i g i {
I 10° =
_ PHENIX Preliminary -
JIIP_}““’1.2<|Y|<2.2 _\\\\‘\\\\‘\||||||||||||||\\\\‘\\l\‘\\\\||||||||\\
L1 1 1 ‘ L 11 1 | L1 1 1 ‘ 1 111 | L1 1 1 | L 11 1 | L 11 1 | L 11 1 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

-8
107, 50 100 150 200 250 300 350 400

part

P, (GeVic)

In 2010, PHENIX collected 700M (250M) MB events from
62.4 GeV (39 GeV) Au+Au collision.

Rapidity 1.2 <|y| <2.2
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Energy Dependence of J/y Suppression

m ALICE (Pb-Pbyjs = 2.76 TeV), 2.5<y<4, pT>O (preliminary)
o PHENIX (Au-Auys,, = 0.2 TeV), 1.2<|y|<2.2, pT>O (arXiv:1103.6269)

; t

T B

(*) ALICE <N ot is weighted by N ol

50 100 150 200 250 300 350 400

*
<Nart >

Less suppression is observed in central collisions at LHC energies.
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Energy dependence of J/ ¢ R

—8—— \/s = 200 GeV Au+Au (2007), = Xr: 005 1)k I —@—— \[§,,,= 200 GeV Au+Au (2007), arXiv:1105.1966

1.4/ global sys. =+ 19.6% 1.4~ global sys. =+ 19.3%
- Peripheral (60-93%) : <Nm">= 145+ 2.7 B Peripheral (40-93%) : <Nco">= 446+6.2
1.2 - — \fsTN= 62.4 GeV Au+Au (2010) 1.2— —— ﬁ= 39 GeV Au+Au (2010)
B global sys. =+ 11.6% B global sys. = + 8.5%
L Peripheral (60-86%) : <N >=14.3+1.6 L Peripheral (40-86%) : <Nco">= 43.5+3.7
1:__ _______ :|: _________________________________________________________________________ O e e 1:.. ............................................................................................................................
o - PHENIX Preliminary o T
n:oo-s n JW =, 1.2 <|y| < 2.2 n:o"-s - I
0.6 II I T 0.6/ I I
0.4 I III T 0.4/~ I I I
02l T4 T 02 PHENIX Preliminary i !
B B JI¥Y —uu, 1.2 <|y| < 2.2
_\\|\||\|\||\\|||\\|||\\|\|\\||||\||||\| 7\\l\|l\l\ll\\lll\\l|l\\l‘I\\I|II\I|II\I
00 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400

N

part part

= PHENIX does not yet have a p+p reference at 62 and 39 GeV.
= Lacking a reference, R can still give us insight about the suppression
level.

= The suppression is at a similar level at all energies.
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PHENIX Dilepton Expectations at 39 GeV
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0<pT<5 GeV/c  p+p & Au+Au at\s,, = 200 GeV

® Au+Au min. bias x 10°

" Au+Au 0-10% x 10°
® Au+Au 10-20% x 10

B Au+Au 20-40%
® Au+Au 40-60% x 10

Au+Au 60-92% x 102
® p+p x10°

Au+Au MB

-— ek -k
S 9

1 15 2 25 3 35 4 45
PRC81, 034911 (2010)  m,, (GeV/c?)
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How does the dilepton

excess and p modification
at SPS evolve into the large
low-mass excess at RHIC?

If the excess is the same
at 39 GeV as at 200 GeV,
we expect a 6c result.

Addition of Hadron Blind
Detector will significantly
reduce background.

30



Searching for the

onset of

deconfinement: Flow
Measurements

dN
do

P, +p,

d°N <y N
—— = —d 1+ 2y, coslo - ¥ )+ 2v, (Ao - T ] +.. ]
ap & dpay ' ‘ -
P .
¥y =< p—‘? - directed flow
T
p.l—p v,<0: squeeze
v, =<——"2-> - elliptic flow plane.

(1+ ZZV cos[n(p— wn)]j

v{w,}= (cos[n(p-y,)]), n=123.,

> |, = (cos(2o- ¥, ])

v,>0: in-plane emission of particles
—out perpendicular to reaction

Jeffery T. Mitchell - Fluctuations, Correlations, RHIC Low Energy Run - 10/3/11



Elliptic Flow at 62 and 39 GeV. z0_

0.2 —e— Au+Au 200 GeV JE E
r —e— Au+Au 62 GeV 1 F ”Eiﬂj .
- m [ o .
0.15— —o— Au+Au 39 GeV * — |;|'—' *
~ - I oy .
~ - g 1 Te 4 ]
0.1__ ) - —
® - Eggu?ﬁ & '+ . + * 1r ot + + + .
_ " + 1 C .
0.05— + + \ar -
e R L :
- 0-20% PHENIX Preliminary 1 ¢ 20-40% | PHENIXlPrEIiminary | ]

0 5 10 15 0 5 10 15

p. (GeV/c) p, (GeV/c)

T T T LI II| T
® PHENIX n° 10-30% Preliminary

0.2
O PHENIX h* 13-26% PRL94, 232302

U CERES h* 13-26%

A E895 W 13-26% - + @
I!l L
n There is little change in the
magnitude of v, from 39 GeV to 200
1.75 GeVlic GeV

s

PHENIX preliminary

10 102
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VoA D>}, ViiDs}), v, iD,} at 62 GeV Au+Au

Jeffery T. Mitchell - Fluctuations, Correlations, RHIC Low Energy Run - 10/3/11
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V>, Vs, v, as a function of Vs,

. Beam Energy (GeV)
014 , 500

T m 62 n=2 T
0.12 F ¢ 39

0.10 |

PHENIX Preliminary _'
1 2 3
P (GeV/c)

v., v, are independent of Vs, for 39,
e A 8200 Gev ™
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v, in 7.7 GeV Au+Au Collisions

Au+ Au 10-40%
© 200GeV
A T.7GeV

O
5D
PHENIX Preliminary

0IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 0.5 1 1.5 2 25 3 3.5 4
pT(Gerc)

The magnitude of v, at 7.7 GeV is significantly lower
than the magnitudes at 39, 62 and 200 GeV
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V, Vs p+ from 39 GeV to 2.76 TeV

V,vs p_, AutAu \s =39 - 200 GeV , 20-30 % ALICE Experiment, PRL105,252302 (2010)

I | 1 I 1

=200 GeV

= 62 4 GeV o,

- : =5 10-20% (STAR)

=39 GeV 3 20-30% (STAR)
30-40% (STAR)

D.DSE

0 05 1 15 2 25 3 35 4 45 5
p (GeV/c)

P, (GeVic)

It appears that the system demonstrates similar
hydrodynamic properties from 39 GeV to 2.76 TeV
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0.16

0.12

el

0.08

0.04

Saturation of v, with beam energy

A

u+Au 10-40%

® P 1.41GeV/c

- W Py 0.69GeVie

s ® »
X B
I
PHENIX Preliminary 7
ul Ll N
10 10° 10’
Vs (GeV)

Vv, saturates for a
given p; around or
below 39 GeV

Elliptic Flow |

o 0.1 prr—rrrem—rrrmm—rrm——
>

0.08 -z

:J.
0.06 F
0.04f
0.02f
0F
-0.02f

-0.04f
-0.06F ¥

-0.08F

-0.1k

E,can/A (GeV)

Almost perfect fluidity from 39 GeV to 2.76 TeV
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Saturation of v;, v, with beam energy

" v,, v; and v, are measured in 39, 62 and 200 GeV. The magnitudes
are similar.

= The observations suggest similar initial geometry fluctuations and
dynamical evolution of nuclear matter above 39 GeV.

v,(¥,) I8 Centrality: 10-20%
Solid: PHENIX Open: Atlas
Au+Au at 39, 62, 200GeV Pb+Pb at 2.76TeV
p,: 1.75-2.00 GeV p, 1.80-2.00 GeV

° O
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ldentified hadron v, in 62.4 GeV

Au-+Au Collisions

PHENIX Preliminary

T | T T T T | T T T T |
—h— T|:+ + 1T Au+Au \'ISNN = 62.4 GeV, 20-60'%__
— K'+K
™
—— p + P R
- R _
'y
: 7 ¥ Y
i v
A B
A
| . A& " : _
'y ¥ -
. v Ye —
Y . . PH ENIX
Te
I | |
1 2 3
P; (GeV/c)

0.05

vt
i —.—K"'.l.K'
o p+p
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ldentified hadron v, in 39 GeV Au+Au
Collisions
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Partonic collective flow is observed down to 39 GeV
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Searching for Signatures of the
Critical Point: Fluctuations and
Correlations



Two-Particle Correlations: 200 and 62 GeV

J(AP)= G(Ap)+ G(Ap— 71— D)+ G(Ap— 7+ D)
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With increasing N, the away
side jets broaden and move
away from each other but
remain flat over most of N,
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Two-Particle Correlations:
v; and the Double Hump Structure

CF - Flow PHENIX preliminary
v, modulation Vo Vs V, modulation

® Aus+Au (ABS) _ ——
B p+p (ZYAM) o PHENIX

V, correction only V>, Vs V,cCorrection
o double-hump o double-hump
disappears

o Peak still broadened



Like-Sign Pair Azimuthal Correlations

0.2 < pr; <0.4GeV/c, 0.2 < pr,; <0.4 GeV/c, |A pseudorapidity| <O.]1
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A ¢ [dedarees] A ¢ [degrees]
C(A¢) = (d N / dd)data/cI N / d¢mixed) * (Nevents,mixed/ Nevents,data)

Assuming that QCD

belongs in the same

universality class as .- The power law function fits the
the (d=3) 3-D Ising data well for all species and

—(1+7)
C(AQD) oc A BB model, the expected "
( ¢) ¢ value of n is 0.025 centralities.

(Reiger, Phys. Rev.
B52 (1995) 6659 .
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C(An) Exponent n vs. Centrality

PHENIX Prellmmary, Like- Slgn Pairs, |A pseudorapldltyl < 0.1
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The exponent n is independent of species, centrality, and collision energy.

The value of n is inconsistent with the d=3 expectation at the critical point
(0.025 for 3-D Ising).
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The black points are the data. The dashed red
lines are Negative Binomial Distribution fits to
the data.

Multiplicity fluctuations are quantified as the
scaled variance: o, 4, = Variance/mean,
corrected for impact parameter fluctuations
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Multiplicity Fluctuations

Near the critical point, the multiplicity fluctuations should exceed the

superposition model expectation - No significant evidence for critical
behavior is observed. Low energy results are being prepared.

®ch dyn = Variance/mean, corrected for impact parameter fluctuations.
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Summary and Outlook

Multiplicity: Linear scaling with log(sqrt(syn))-

*‘Raa:
« 19 Ryp at 39 GeV still shows a large suppression.
* Initial measurements show suppression of J/¥ at 39 and 62 GeV.
* No significant suppression is observed for the ¢ at 62 GeV.

* Flow:
*V, ,V3, V, Saturates at intermediate p; at 39 and 62 GeV.
* Quark number scaling holds at 39 and 62 GeV.
* Vv, at 7.7 GeV is significantly lower than v, at 39 and 62 GeV.

» Outlook:
« Many measurements are being analyzed from the new datasets at
7.7,19.6, 27.0, and 39.0 GeV, including:
* multiplicity, net charge, and transverse momentum fluctuations
* local parity violation
- identified particle spectra
« 2-particle correlations
« dilepton spectra

« Stay tuned for much more!
Jeffery T. Mitchell - Fluctuations, Correlations, RHIC Low Energy Run - 10/3/11
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WA98 PbPb 17.3 GeV, n°

Raai 2.5 <p, < 3.0 GeV/c:

® p+C reference
p+Pb reference

R,,:2.0< P, < 2.5 GeV/c:

O p+C reference
p+Pb reference

PHENIX AuAu n°,

R,,:40< P, < 6.0 GeV/c:

m 39 GeV (prelim.)
m 62 GeV (prelim.)
m 200 GeV (PRL101)

closed circles are the most
comparable with the PHENIX results, as they have

the smaller system (p+C) for reference.

Comparison with recent SPS R 4

In previous experiment
at WA98 we see only
(PRL 100 (2008),
242301) suppression at
“ultra”-central (0-1%)
collisions of Pb+Pb.
The X+ is overlapping
between the SPS and
RHIC intervals.

The “onset” of the
energy loss is
dependent on system
size and collision
energy.

The energy loss is
present in lower
energies also.

The “onset” of the suppression depends on collision energy and centrality or system size (and p)
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E A dependence on py
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does not work.
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How big is the target?

From a hydrodynamics
calculation.

------ phase boundary

For a given chemical
freeze-out point, 3
isentropic trajectories
Y Critical Point (s/ng=constant) are
shown.

Chemical
Freezeout

The presence of the

L critical point can deform
-== s/ng=29.4 (QCP) the trajectories describing
— s/ng=25.6 (CO) the evolution of the

== 5 /ng=22.2 (FO) expanding fireball in the

200 400 600 800 (T,ug) phase diagram.

g (MeV) A large region can be

M.Asakawa et al..PRL 101,122302(2008) affected, so we do not
need to hit the critical

point precisely.
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Statistical Model Fits

Extracted T & pg values

A
250

N
o
o

fits, dN/dy data

B ratios

150F
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& Braun-Munzinger et al.
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Ul
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\ .

atqmic

C 1 1 1 1 h&l )
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Baryonic Potential pg [MeV]

For Vs >~ 10 GeV , chemical freeze-
out very close to phase boundary
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Statistical Model Results

Results from different
beam energies

Analysis of particle yields
with statistical models
Freeze-out points reach QG
phase boundary at top SPS
energies

Jeffery T. Mitchell - Fluctuations, Correlations, RHIC Low Energy Run - 10/3/11

quark gluon plasma

chemical freeze-out
E 4 SIS, AGS
B S5PS

ik .* RHIC
"y

quark-
Yonic
hadron gas matter

color
super-
conductor
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J/P: analyzed 25% of 62 GeV

Recombination
(e.g. Rapp et al.)
fon J/IP yield at 200 GeV is
ol B dominantly from
' recombination

Al Predict suppression
o ] S B T greater at 62 GeV

i S J/Y yield down by 1/3
- . el 2o e i Recombination down
1/10

__ bias events — 500 J/Y .. measure J/{ suppression

Key test of recombination!
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Comparisons to the Wounded Nucleon Model

= |[n the Wounded Nucleon Model, multiplicity
fluctuations are given by:
oy = 0, + <N>oy,

o = o?/u. wy = total fluctuation, w, = fluctuation of

each source (e.g. hadron-hadron collision), w,, =
fluctuation in number of sources (participants).

= After correcting for fluctuations due to impact
parameter, oy = o, independent of centrality.

= Multiplicity fluctuations are also dependent
on acceptance:

o, =1-1+ fo,
f = Naccepted/ Niotar- @, = fluctuations from
each source in 4rx
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