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More than just a critical point search

Need to be careful not to just focus on Critical Point search:

e |s the Critical Point a valid concept in HI Collisions
» Do collisions form a thermodynamic state?

» If we don’t see evidence does it mean it is not there,we
looking in the wrong place, or looking for wrong signals?

» Will semihard processes (noise) obscure the critical
point (signal)?
» Can Critical Point concept be disproved?

e \We are also asking other questions:

» What is the evolution of the unusual medium’s properties
with Vs

» Do any of the sQGP signatures turn off?
» Can we see evidence of ordered transition?
» What new surprises await in the unexplored region?
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What we plan (currently) to look at

Many ideas, mostly qualitative or semi-quantitative
* Bulk properties
» ratios, spectra (Tch, Tto, us)
* Fluctuations & correlations of many varieties
» K/, {(pT), V2 (critical point fluctuations)
» pair correlations

e Energy dependence of flow characteristics (v, and v,)

» Collapse of proton flow (phase transition)
» Ng scaling? (deconfinement)
» ¢ and Q (deconfinement)

* Signals of parity violation

® Other ideas spawned by prospect of data

Helen Caines - INT QCD Critical Point - August 2008



If there, a critical point doesn’t hide...

Image courtesy of C.Nonaka
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- Hydro predicts that the evolution of
the system is attracted to the critical
point.

- Effect observed already for liquid-
gas nuclear transition

- Focusing causes broadening of
signal region - No need to run at
exactly Critical Point energy
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If there, a critical point doesn’t hide...

Image courtesy of C.Nonaka
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so | focusing (0'1(144’48 signal region - No need to run at
| S~ . ——— exactly Critical Point energy
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Correlation lengths expected to reach at most 2 fm (Berdnikov, Rajagopal and
Asakawa, Nonaka): reduces signal amplitude, no sharp discontinuities

Finding evidence for a 15t order phase transition would
immediately narrow location of the critical point.
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Colliders are a great choice for E-scan
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Acceptance for collider detectors is
totally independent of beam energy
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* | ess problems with track merging,
charge sharing hits etc..

Acceptance for collider detectors is

totally independent of beam energy Better control of systematics
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STAR post 2010

MTD (BNL LDRD)

EMC barrel

MRPC ToF barrel
Ready for run 10

EMC End Cap

FMS

Complete

R&D

Compatibility of FTPCs and FGT/HFT being investigated - only issue if run after 2010

Helen Caines - INT QCD Critical Point - August 2008 7




Triggering using BBCs

STAR Beam-Beam Counter Schematic
Front View

Studies indicate BBCs can be used for

triggering.
No. of particles larger than that for p+p.
AuAu @ 5 GeV AuAu @ 8.75 GeV
nglalllr)l?ectter BBC Inner BBC Outer BBC Inner BBC Outer
0<b<3 5 27 12 54
3<b<6 11 30 21 57
. 6<b<9 22 35 39 40
Version 4/16/01- 2
Updated 2/25/02 b>9 44 30 66 8

Sensitive down to single MIP hitting the detector

Triggering is not a problem
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Particle identification

Use TPC+ToF(completed 2010) +EMCal+Topology

e TOF alone: (11,K) up to 1.6 GeV/c, p up to 3 GeV/c
o TOF+TPC(dE/dx, topology) up to 12 GeV (NIMA 558 (419) 2006)
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Have track by track identification over large pT, y range
- necessary for fluctuation measures

Good quality PID spectra and ratios (ug and T)
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Event-plane resolution

00 Projections for \[5=8.75 GeV

Tracks in Acceptance

A STAR Eventplane Resolution
| © NA49 PRC
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NA49 flow PRC used
less than 500K events
per energy

Better resolution than
NA49 so smaller errors
for same event count

Estimates used:
o vV, from NA49
e dN/dy using 1.5*Npart/2
e Tracks with |y|<0.5 (can
probably do better)
e Events passed through
simulators

Big improvement on v, measurements possible
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Energy scan actually started year 1
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2008 low energy beam test

Again injecting and colliding Au+Auvs,y = 9.2 GeV

* Setup and experimental DAQ problems with new
harmonic number h=366 solved.

* Stable running with collisions at STAR = Data!!

» Couldn’t cog simultaneously at PHENIX and
STAR=limited data :-(

» This problem will be fixed in the future by choosing a
slightly different energy

Short test at Injecting Au+Au @ sy = 5 GeV

* Interrupted by power supply problems but did allow
study of some beam characteristics.

* Additional important work needs to be done in Run 9.
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Luminosity is the key issue

10000.0

2 scaling Determined collision rate for
(energy, constant aperture) 2008 9 Gev AU+AU teSt tO
be ~1Hz.

Rate can be increased by:
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Image courtesy of
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Expect to reach y3 rate even . electron cooling in RHIC (?)

at lowest energies
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Collisions Au+Au sy = 9 GeV

From 2 days of running:
203395 triggers

~3500 good events

(good= primary vertex along
beamline and within
acceptance)

Still learning about trigger:

Some events were empty
- trigger thresholds too
low (shouldn’t happen again)
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Collisions Au+Au sy = 9 GeV

From 2 days of running:
203395 triggers

~3500 good events

(good= primary vertex along
beamline and within
acceptance)

Unambiguous beam+beam events

Still learning about trigger:

Some events were empty
- trigger thresholds too
low (shouldn’t happen again)
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What about other bad triggers?

Investigated primary vertex location:
oy ostionf iy veret | — They are “real’collisions.

A5:

/ Au+Au collisions

Au+Beampipe collisions
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What about other bad triggers?

Investigated primary vertex location:

A5:

Primary Vertex Y Position (cm

Vertex Y
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What about other bad triggers?

Investigated primary vertex location:
oy ostionf iy veret | — They are “real’collisions.

A5:

/ Au+Au collisions

Au+Beampipe collisions

Primary Vertex Y Position (cm
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Since event rate so low plan to leave trigger as is and filter offline
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Au+Au Vs =9 GeV
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Au+Au Vs =9 GeV

hgdedx
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Uncorrected charged
particle mid-rapidity p.
spectra out to ~4GeV/c.

(Not corrected.
Can’t extract physics yet)
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us/T trajectories and the Critical Point

phase boundary
us/T (p/p):
* Increases monotonically for
cross-over/1st order
* Decreases for C.P.

A\
| ==='s/ng=29.4 (QCP)

* [f hadron emission occurs A
over a finite range in T see 200 400 600 800

measurable effect on ratio ps (MeV)
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us/T trajectories and the Critical Point

phase boundary
us/T (p/p):
* Increases monotonically for
cross-over/1st order
* Decreases for C.P.

Chemical
Freezeout {-

] ] | ==='s/ng=29.4 (‘QCP)
* [f hadron emission occurs e ) |
over a finite range in T see 200 400 600 800 1000

e (MeV)

M.Asakawa et al. arXiv:0803.2449
UrQMD ' ' ' '

* Sampling in yT preferentially Awhs _
. . . lab = e (]
selects on emission time. .

measurable effect on ratio

anti-p/p ratio

* High yr — early emission

cut: -1 <y, <1

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
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s/q production

- E864/E878

AGS SPS  RHIC |

4 - NA49
B —|_ - PHENIX
- [ PRC73 044910 (2006)
7T—|— 7 Statistical Model:_
. Cleymans & Redlich Phys.
Rev. Lett, 81 (1998)

A—N Y
p

10

Alp rat

Is this the ST
same physics? | Ili
.

Anti-baryon A

annihilation? . .
10’ 10
VS, (GeV)

\ls (GeV)
Hadron Gas models cannot reproduce this peak/large ratio
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s/q production

AGS SPS RHIC ’ : ngglesn

4 - NA49
B —|_ - PHENIX
- [ PRC73 044910 (2006)
7T—|— 7 Statistical Model:_
. Cleymans & Redlich Phys.
Rev. Lett, 81 (1998)

Y
([

A—N
p

10

Alp rat

Is this the Al
same physics? | I

}
°3
Anti-baryon T

.| annihilation? "
10’ 10

\ls (GeV)
Hadron Gas models cannot reproduce this peak/large ratio

1 Million events gives few thousand A reconstructed at lowest Vs

VSyy (GeV)

We can investigate in detail and fill in the gap at higher energies
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Inverse slopes of K™ pt spectra

300
There is also an

apparent plateau
in T(K*) around
the same Vs.

T(K ") (MeV)

T T T T
A g N
W N n A

i
AL
*1

Q
% @Qé% %
AAéc Y %}@ A+A:
How far does this = NA49

A AGS
plateau extend? o p+p @ RHIC

Illllll

10 10r
s (GeV)

Again STAR will fill in the gap.
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K/t fluctuations

62.
120

Fy
o
a
¥
@)

Vi =

ut+Au 200 A GeV
utAu 130 A GeV
utAu
A

quftt ed

4 A GeV
A GeV

=1

o ar
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!

nonequil. %

STAR prellmmary

10

10
Z. Ahmed QM2008 \'Sy (Ge‘”

Cu+Cu stat+sys
Au+Au stat only
sys ~17%

'® & NAA49 stat only

¥ CutCu 200 GeV
@  AutAu 200 GeV
B NA49Prel.of
@ AMPT

dh Cu+Cu 200 GeV Hijing

_lllllllllllllllllllllll
0 100 200 300 400

L I ) I ) -
500 600 700
dN/dn

Current STAR results consistent
with NA49 at Vsnn ~ 20 GeV.

At higher energies results
consistent with yq =1.6 (from fit)

but not with equilibrium scenario
(va=1)

Georgio Torrieri;nucl-th/0702062(2007)

The fluctuations scale with dN/dn
rather than energy or system size.

At lower dN/dn:
HIJING - too high
AMPT (HIJING+rescattering) -
good agreement
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Challenges for K/rt fluctuation measures

Need to measure ALL K and 1T

Issue 1:

efficiency

i i i
0.4 0.6 0.8 1 1.2 14
transverse momentum p- (GeV/c)

e decays: K* — p*v, (c1=3.7 m)
= low tracking efficiency

* PID cuts reduce efficiency further
= reco. < 50% of all kaonS
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Challenges for K/rt fluctuation measures

Need to measure ALL K and 1T
Issue 2:

Issue 1:

efficiency

' i i i i
0 0.2 0.4 0.6 0.8 1 1.2 14
transverse momentum p- (GeV/c)

e decays: K* — p*v, (c1=3.7 m)
= low tracking efficiency

* PID cuts reduce efficiency further
= reco. < 50% of all kaonS

z = In{dE/dx} - In{Bethe-Bloch}

Z for kaons

) 1.2
momentum p (GeV/c)

Misidentification using TPC dE/dx
T—K, T — e identified as K.
Kt — (K+1)/(11-1) or
(K-1)/(11+1)
K/1T fluctuations distorted

e 0.5% swapping: width $5%
e signal is only 4%!
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Challenges for K/rt fluctuation measures

Need to measure ALL K and 1T

|SSU€ 1 ! |SS1LSJ_e 2: z = In{dE/dx} - In{Bethe-Bloch}
: ; ; ; ; ; 1; - _ |
? " O.SE—
v é -o.sf—
1.5;—
% o.iz o.i4 o.is o.ia 1I 1.i2 14 S R T S T R T2
transverse momentum p- (GeV/c) momentum p (GeV/c)
e decays: K* — p*v, (c1=3.7 m) Misidentification using TPC dE/dx

T—K, T — e identified as K.

K/t — (K+1)/(11-1) or
(K-1)/(11+1)

K/t fluctuations distorted

e 0.5% swapping: width $5%

ToF is essential | ® signal is only 4%!

= low tracking efficiency

* PID cuts reduce efficiency further
= reco. < 50% of all kaonS
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K/m measure with ToF

100 K events
without ToF Vsyn=8.77 GeV

with ToF

1 IIIIIIII I IIIIIIII T TTIT

| | | | | Silmullatiolns |

1 L1l L.l 1l L.l L.l 1l 1 Ll Ll 1. 1 Ll 1.1 Ll 1. 1 Ll 1.1 L1 1.l
0 005 01 015 0.2 025 0.3 0.35 0.4 045 0.5

(K*+K)/(n*+n-)

With ToF can improve:
e momentum range

® purity
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K/m measure with ToF

100 K events

without ToF

with ToF

Vs =8.77 GeV

| Silmullatiolns |

T T T T T T T | T
STAR stat. error estimates

1—1 | [ | |

0 005 01 015 0.2 025 0.3 0.35 04 045 05

(K*+K")/(ct+n-)

With ToF can improve:

e momentum range

® purity

Preliminary

IIIIII|

10

10?
\[Snn

Au+Au 100k central Vsnn=8.77 GeV

statistical errors:
e without ToF = £11% (relative)

e with

ToF = £5% (relative)
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Understanding the origin of v,
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Understanding the origin of v,
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—&— STAR 1.75 (open)

s 065 (illed)

Centrality = 13-26 % 0 O

e v, at fixed prt appears to saturate

e Evidence of softening of EoS
due to phase transition?

E g
M.Issah
SQM2004

IIII|IIII|IIII|IIII|II
IIIIIIIIIIIIIIlIIIIIII

| 1 1 |

10 10
\|sNN (GeV)

2

-
-
o
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Understanding the origin of v,

> —II+I| FIOPII-IIIIII| T TT IIIIII T TT IIIIII L IIIIII T TT Illlll_ : Euhl‘lA=11BGev<Au‘Au- E877
L O Plastic Bal — HYDRO (EoS H) —5— E_/A=40 GeV, Pb+Ph NA49

4 . 0.3
01 _E IE/(\)’\éD protons i o V2 grOWS Wlth LON  HYDRO (EoS Q) E,,/A=158 GeV, Pb+Pb, NA4S

A E895 . -
| ® E877 pions, protons m-pIane ] > 0.25 L
I A NA49 pions, protons on S N

* CERES charged part. C
=+ STAR charged part. * * ‘K 7 0.2 -

- “ s, Voloshin
0.15f

STAR Prelim.,v,{FTPC}/z__

o VZ/S appears tO 0.1; g oS —e— \Frg=200 GeV, AutAu

out-of-plane —e— {5,262 GeV, Au+Au

S. Voloshin ] reaCh hyd ro Ilmlt 005 —e— F=200 GeV, Cu+Cu

—e— {5,=62 GeV, Cu+Cu
ot

at top \'s 1/ dN,, /dy

vl vl Ll L1111

10 10° 10° 10°

E._. (AGeV)

beam

C —.— PII-IEINll)(IHI | (GIeV/lcim o .
2 s 175 (open 1 e v at fixed pr appears to saturate

- Eses 0.65 (filled)
— Centrality = 13-26 % O ]

Ill

e Evidence of softening of EoS
due to phase transition?

T
O
N

‘

IIII]IIIIIlII

m g
® M.Issah
SQM2004 -

10
ﬁ (GeV)

Energy dependence gives important
guidance to theoretical interpretation

10° 10°
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v, fluctuations

1 +:

; c/(e) MC Glauber
i i gl\?;(;ggson . -+ nucleon e{standard} -
V) | —— nucleon e{part}
2 0.8 ﬁm + —e— confined quark e{part} +
| Preliminary 5+; ----- color glass (fKLN) e{part}

=+ E+"

02
L STAR Preliminary /|
% 2 4 6 8 10 12 14

impact parameter (b) (fm)

Upper limit challenges models of initial eccentricity fluctuations
Nucleon Glauber - no room for other fluctuations/correlations
Data calls for different model of initial eccentricity (e.g. CGC)
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v, fluctuations

G r o s c./(e) MC Glauber . .
_V2> i Q.M;)(;ggson ™ -~ nucleon g{standard} - Near critical p0|nt
V —— nucleon e{part} .
2" o8- % ™ —-—confinedequark efparty fluctuations should be
Prefiminary "7 color glass (ELN) stparty big - need calculations
N
= __A_
=
0.2 D> *
- critical region
- STAR Preliminary "
% 2 4 6 8 10 12 14
impact parameter (b) (fm) \/§NN Ug
14

Upper limit challenges models of initial eccentricity fluctuations
Nucleon Glauber - no room for other fluctuations/correlations
Data calls for different model of initial eccentricity (e.g. CGC)
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v, fluctuations

1 +

c./(e) MC Glauber

0} : o .
C I vkt ~+ nucleon e{standardy * Near critical point
: —— nucleon g{part} ‘

sk ﬁ —— confined quark efpary fluctuations should be

color glass (fKLN) e{part} + big - need calculations

AR ;
Preliminary ‘+:

my -

*

critical region

STAR Preliminary
4 6 8 10

impact parameter (b) (fm) \/§NN Ug
14

Upper limit challenges models of initial eccentricity fluctuations
Nucleon Glauber - no room for other fluctuations/correlations
Data calls for different model of initial eccentricity (e.g. CGC)

Measurement relies on central limit theorem, need acceptance -
i.e. STAR
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“Collapse” of proton v,

Signature of phase transition (Stécker, E. Shuryak)?

NA49  arXivinucl-ex/0303001  Vsyy=8.77

Problem: Different - xig}

analysis different results. 'l @ V,standard |
V2{4} ¢V2{2} # V2stand

Results need to be
reconfirmed.

15 -1 05 0 05 1 15 2
rapidity

Is difference due to non-flow and fluctuations or phase transitions?

Can help determine answer by measuring both v2 and
fluctuations in same detector
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\Z and de-confinement

_I I I I I I I I I I I I | | | l I |_
03L m(PHENIX) < p (PHENIX) _ * At low mt-mo PID v2 follows

® K (PHENIX) O A (STAR) | hydro. type scalin
K2 (STAR) [ = (STAR) y yp 9

baryons gﬁ@%}f + _ *¢ and Q have Iarge V, but

o9 . | small hadronic scattering cross-
JU .‘- L .
& ® ¢ sections (not shown)

; mesons

0 1 2 3
my - my (GeV)
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\Z and de-confinement

llllllllll]lllllllll

e 1 (PHENIX) <= p (PHENIX)
® K (PHENIX) O A (STAR)
K2 (STAR) [ = (STAR)

ﬁ“‘?" "

III|IIII|lIII|lIll

0.5 1 1.5
(M- mp)/ing (GeV)

2

* At low mt-mo PID v2 follows
hydro. type scaling

e ¢ and Q have large v, but

small hadronic scattering cross-
sections (not shown)

e At intermediate pr v2 displays
constituent quark scaling

e Evidence of quark degrees of
freedom in early stages?
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\Z and de-confinement

llllllllllllllllllll

e 1 (PHENIX) <= p (PHENIX)
® K (PHENIX) O A (STAR)
K2 (STAR) [ = (STAR)

L .,
: ﬁ;

0 0.5 1 1.5
(M- mp)/ing (GeV)

2

* At low mt-mo PID v2 follows
hydro. type scaling

e ¢ and Q have large v, but

small hadronic scattering cross-
sections (not shown)

e At intermediate pr v2 displays
constituent quark scaling

e Evidence of quark degrees of
freedom in early stages?

Do these effects turn off at lower energies?
- sufficient stats. with several million events (few days at 9 GeV)

Can we show this is not a hadronic effect?
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Statistical error on v2 with PID

Assuming 5 M Au+Au events at vVs=12.3 GeV

Vs, = 200 GeV "*’Au + " Au Collisions at RHIC
0.15 T ]

~ Estimated statistical errors
(5 million events)

—— Pion
— Pr(I)ton

|
0.5 1 1.5 2 25 3 3.5

(m_-m)/n_ (GeV/c?)
0-43.5% measurements up to (m{-m)/n, ~ 2 GeV is promising.

| Systematic errors will dominate
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Parity violation

In non-central collisions:

large orbital angular momentum
(magnetic fields)+ deconfined phase
= strong P violating domains

Kharzeev et al. PRL 81 (1998) 512, and PRD 61 (2000) 111901
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Parity violation

In non-central collisions:

large orbital angular momentum
(magnetic fields)+ deconfined phase
= strong P violating domains

Kharzeev et al. PRL 81 (1998) 512, and PRD 61 (2000) 111901

= Preferential emission of like sign
particles in the direction of the

angular momentum i.e. opposite

sides of the reaction plane.
(Voloshin PRC 70 (2004) 057901)

dN.
d¢

~ 1+ 2a4+sin(¢ — Vip)

the asymmetry
(ax) =0 so measure (anag)

Helen Caines - INT QCD Critical Point - August 2008



Parity violation

In non-central collisions: cos(¢o + ¢ = 2¥rp)) X (V1,0 V1,6 — dalp)
large orbital angular momentum T
(magnetic fields)+ deconfined phase | I

= strong P violating domains | —v— opp charge,cucu

Kharzeev et al. PRL 81 (1998) 512, and PRD 61 (2000) 111901

o
A

= Preferential emission of like sign
particles in the direction of the

angular momentum i.e. opposite

sides of the reaction plane. (9, TSN NS T
(Voloshin PRC 70 (2004) 057901) 0 10 20 30 40 50 60 70 80

% Most Central
de: % Most Centra

7 1+ 2aysin(¢p — Wrp) Possible signal in non-central event
? (aqag) - P-even so may contain
other effects

] —s Voloshin QM2008

the asymmetry
(a+) =0 sO measure <aaa5> Under investigation
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Parity violation

In non-central collisions: cos(¢o + ¢ = 2¥rp)) X (V1,0 V1,6 — dalp)
large orbital angular momentum e s AL i A AR s
(magnetic fields)+ deconfined phase | I

= strong P violating domains | —v— opp charge,cucu

Kharzeev et al. PRL 81 (1998) 512, and PRD 61 (2000) 111901

= Preferential emission of like sign
particles in the direction of the

angular momentum i.e. opposite

sides of the reaction plane. (9, TSN NS T
(Voloshin PRC 70 (2004) 057901) 0 10 20 30 40 50 60 70 80

de: % Most Central
el 1+ 2aysin(¢p — Vrp) Possible signal in non-central event
¢ <aaa6> - P-even so may contain
other effects
(a+) = 0 so measure (a,ag) Under investigation

B-field+deconfinement — strong threshold effect —» BES

] —s Voloshin QM2008

the asymmetry

Helen Caines - INT QCD Critical Point - August 2008



(p7) fluctuations

PHYSICAL REVIEW C 72. 044902 (2005) . ;
ey ’ Non-statistical fluctuations are

® 20 GeV Au+Au O 20 GeV HIJING
I I 62GeV Au+Au [0 62 GeV HIJING

0008 L observed for all energies.

N
(41}
o
(=]
o

They increase with Vs and are larger
than predicted by HIJING.

.+

The fluctuation*dN/dn plateau for
more central events.

&
Q
>
Q
=
A
g
=l
g
<
v
=
>
E

HE

50 100 150 200 250 300 350
Npart
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(p7) fluctuations

PHYSICAL REVIEW C 72, 044902 (2005)
35000

- @ 20 GeV Au+Au O 20 GeV HIJING
W 62GeV Au+Au 00 62 GeV HUING
L A 130 GeV Au+Au A 130 GeV HUJING
30000 — 200 GeV Au+Au 200 GeV HIJING

N
(41}
o
(=]
o

&
Q
>
Q
=
A
g
=l
g
<
v
=
>
E

50 100 150 200 250 300 350
Npart

When scaled by (p.) the

energy dependence is
removed but still
higher than HIJING.

Non-statistical fluctuations are
observed for all energies.

They increase with Vs and are larger
than predicted by HIJING.

The fluctuation*dN/dn plateau for
more central events.

- =
3
AR -
+ - L] * L]
1 ¥,
v T !
v a = =9

® Au+Au 0 - 5% Most Central
— ¥ CERES Pb+Pb

10 o (GEV) 10°

>
| ZDOG VA A

| ¥ CERES 17 GeV Pb+Pb
) 0@ HIJI G =
- O 62 GeVHUING

| A 130 GeV HUING ==

Yr 200 GeV HUING \
o by b by b s b b B

0 50 100 150_ 200 250 300 350
part
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Challenges for (p;) fluctuation measures

Acceptance
| 4 STAR Preliminary
{ & x1 A L BB B NLEL L RLEL L BN NURLELELE BLRLELELE BLRLEL NS
S N - ]
) e O : | _
% 3F Random E
s 3 © In-plane E
A F ® Out-of-plane -
= L ]
Q 2t il —
Qh C ri«c * il ]
ol C 1 -
g — é n —
- 1 KOM O ~ E
VogE dadm w8 e onC
z" g :
1) e .
o m .
Gl v b by b v by v b g by v a by v oy 7
collision overlap zone 050 100 150 200 250 300 350 400

Number of participants Npart

Elliptic flow can enhance apparent fluctuations

Need 21T coverage
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More advanced tools

Differential analyses have been developed at RHIC

fluctuations
;104:_”"N""N'”W""N”"I””I””I”"N”"N””_ o
2 £ -
E f >
Z 4 3
g§10 & E = i
" A correlations
o e
10§— E < U
vE \ 3, variance
> excess
1k e 0035 -
/|| scale = full acceptance < 003
-5-“"_4""-3"".2""_1""0““1“"2""3“"4“"5 > 0.02
\ne((p)-Puioy, & 0015
~ 0.005
£.0.008
7001 -
. M . . -~
Allow a more detailed investigation 2

of fluctuation measures

Rely heavily on acceptance and statistics
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(py) fluctuations - a closer look

10

J.Adams etal. = !

1. Phys. G 34 (2007) 451 | 1 The (p,) fluctuations appear to rise a
: log(Vsnn).

Ac_. (STAR) |

pt:n

[B]

A o SSC correcteg

A O uncorrected -

[
[—]

Need to fill in the gap to check.

@ __ (CERES)

pt

Youn)
<&
~
>
D
<
-
W
=
S
o p—(
N
2]
=]
N
<&
=]
=
7
—

-

10
Vsyy (GeV)
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(p) fluctuations - a closer look

80:90%

LT
(.04
(.03

0.002
= 10.001

ApiNp,, (GeVie)

0.005
044
0.005

Ap/ p, 4 (GeVic )

0014

.012-
0.01

(.008

(GeVie)Y

2

O = 0 2
J.Adams et al. J. Phys. G 32 (2006) 0

The (p.) fluctuations appear to rise a
log(Vsnn).

Need to fill in the gap to check.

Increase in fluctuations as a function of
centrality are concentrated in a near-side
peak.

These correlations, elongated in nabut
focused in B, are identified as mini-jets
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(py) fluctuations - a closer look

0005~~~
.04
0,003~
0.002
= (.001

Sl T TR TI PRy
ApiNp,, (GeVie)

0.005
04~
D005

Ap/ p, 4 (GeVic )

0014

.012-
0.01

(.008

Apip, (GeVieY

2

O - 0 .
J.Adams et al. J. Phys. G 32 (2006) 0

- J.Adams et al. —f
0k J Phys G 32 (2006) 0 3

T T T =

1 2 3 4 5 6
Increase in fluctuations as a function of
centrality are concentrated in a near-side
peak.

These correlations, elongated in nabut
focused in B, are identified as mini-jets

Amplitude of peak follows Npin scaling
except most central events
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Pair correlations in p+p

Pair densities p(n4-n.,P4-P,) for all possible pairs in same and
mixed events.

Proton-Proton fit function STAR Preliminary

M. Daugherty QM2008 7"+ [
Ap i o
P o

EP D083 e
" o0ad
7 : Bl
0023 o\ o
Nl
00247

Correlation
measure IS:

Osame = Poied AP o # correlated pairs
pmixed v pref partide

longitudinal fragmentation HBT and ete- Minijet Peak Away-side
1D gaussian 2D exponential 2D gaussian -cos(g)
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Au+Au 200 GeV pair correlations

Fit to p+p function + cos(2¢a)
(quadrupole term (aka flow))

Fits result In
~zero residuals

55-65%

62 GeV 84-100%

M. Daugherty QM2008
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A low prt ridge

Same-side peak

Little shape change from
veripheral to 55% centrality

M. Daugherty QM2008

within ~10%
centrality

J

!y

WA ,wf;"i‘
Il

Smaller change from transition
to most central
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A low prt ridge

Same-side peak

46-55%

Lt

n tl‘tuié'%‘f*‘“ '

" Large change
Little shape change from within ~10%
pveripheral to 55% centrality centrality
peak amplitude .. Ppeak n width

¥

Sharp transition ~ °*22°.%8Y

3_62 GeV
in peak and
widthatp~25 %

for both 62 and o

07f  STAR Preliminar - STAR Preliymi:na)/‘—.
2| )

0 1 1

I S S Z-o L e S S
200 GeV 5 R
. . N__—Ch
M. Daugherty QM2008 Transverse particle density p = > dn /S

Smaller change from transition
to most central

What causes this
rapid transition?

(not observed in pr
correlations)
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n/s and the Critical Point

O

L —@— Ho ‘ ‘

.—I—Nz Q +

| —@— Hz0

2w !

| —— Moson gas ?
!

R. Lacey et al. PRY/98 (2007) 092301

Whatis T?

* Near critical temperature n/s is a
minimum.

* Need to sit near Tc while system
evolves for this n/s to dominate

e If critical point acts as an attractor
low n/s values may indicate we are

close

Current estimates from 200 GeV
data are near lower bound
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n/s and the Critical Point

- —@— Ho ‘
.—I—Nz Q
L —@— Hz0
| @ R
| —2— acP

| —— Moson gas

¢
¢
f
?
!

R. Lacey et al. PRY/98 (2007) 092301

What is T?

Estimates

possible
with BES:

Elliptic flow

H.-J. Drescher et al. Phys. Rev. C76 (2007) 024905
R.Lacey et al. PRL 98 (2007) 092301

n
_NTA S
f€ S

S

* Near critical temperature n/s is a
minimum.

* Need to sit near Tc while system
evolves for this n/s to dominate

e If critical point acts as an attractor
low n/s values may indicate we are

close

Current estimates from 200 GeV
data are near lower bound

pt fluctuations
S.Gavin, M.Abdel-Aziz PRL 97 (2006) 16302

QNVT
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STAR's beam energy scan proposal

First scan aiming to cover wider range Vs, from

6-40 GeV
* | ower energies will focus on phase transition properties

e Higher energies will focus on disappearance of the
partonic medium.

* Also beam development at 5 GeV, expanding on work in
Run 9.

Lower energies will be as close as possible to SPS while

allowing, where possible, for collisions at both

experiments

* Energy choices can be modified if theoretical guidance
appears.
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STAR'’s current energy scan proposal

14 weeks physics+1 week commissioning

(\C/Ssel\l\?) us (MeV) ?ﬁ; Events D(Lé;?;'so)n
5.0 550 0.5 Test /
6.1 491 1.4 1M 23
7.7 410 2.7 2M 20
8.6 385 4 2M 15
12.3 300 10 5M 15
17.3 229 25 10M 12
27 151 30 10M 7
39 112 50 10M 6

Current “best guess” for optimization of run time and physics

Helen
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Summary

The most exciting discovery potential of the beam energy scan is

locating the critical point or 15t order phase transition
o Kimt, {pT), V2 (critical point fluctuations)
e Pair correlations
» Energy dependence of flow characteristics (v, and v,)

Guaranteed results:

* Narrowing of region where exotic medium effects (dis)appear

e Sizemlable vz of ¢ and Q
® Ng scaling of v
e Parity violation

e Detailed systematics help close the open theory issues
referenced in the RHIC “white papers”

e Significant extension and improvement over existing SPS
Need more detailed predictions from theory - this workshop!

STAR and RHIC are ready for a focused low energy run ASAP
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A second low energy run

After analysis of first data set we propose a second
scan focused on specific energies

® Energies and physics topics will be chosen to explore
iIn more depth the most interesting regions found in the
first scan.

e Luminosity upgrades will be useful at the lowest
energies unless first scan indicates those regions are
not interesting.

Guaranteed results:
To be predicted once data from the first scan is
analyzed.
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Low energy beam tests

2006: One day of machine studies with protons

e Center of mass energy - 22 GeV

» Magnet settings appropriate for Au+Au Vs ~ 9 GeV equivalent to fixed
target with ~40 AGeV beam.

e Results were very encouraging!

2007: Injecting and colliding Au+Au @ sy = 9.2 GeV

e Running below design injection energy for the first time
e Same magnetic rigidity as 2006 low energy proton test
e Overall, the run was a major success!

» For the first time at RHIC, the RF frequency limits could not
accommodate 360 RF buckets.

Both tests successful for accelerator and STAR
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Analysis of Au+Au Vsnn=9 GeV data

Preliminary (during run) conclusions very optimistic
BUT: in 2500 events on tape fewer than 1% vertices
reconstructed

During 2008 d+Au run a contribution to the BBC coincidence rate
from beam-background coincidence was identified:

beam-background coincidence

//l

e

Helen Caines - INT QCD Critical Point - August 2008



Analysis of Au+Au Vsnn=9 GeV data

Preliminary (during run) conclusions very optimistic
BUT: in 2500 events on tape fewer than 1% vertices
reconstructed

During 2008 d+Au run a contribution to the BBC coincidence rate
from beam-background coincidence was identified:

beam-background coincidence

//l

= =
/ T

- Background explained almost entire event rate during the low energy test

- Actual event rate was unknown and could be very low
- Time for physics program may therefore have been underestimated
- BBC alone is not a good measure of luminosity for the low energy run

Need another test run - try BBC&&CTB/TOF trigger
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Low pT ridge prediction

Low ptcaused by Glasma flux tube radiation + flow?
QGP boundary may be mapped by “turn on” of this ridge

A. Dumitru et al. arXiv:0804.3858

Ridge Amplitude

transition scales as - % o &
S dn oy (Q S)
0.6

| | i I
50 100 150 200 250 300
Npan

Saturation physics motivated
onset related to energy density

e ridge gone below Vs, =35 GeV

Ridge Amplitude

0.6

200 GeV

- / dN_,/dn
ransition scales as
(32

62.4 GeV
39 GeV
27 GeV
17.3 GeV
12.3 GeV

| | | I |
50 100 150 200 250 300 350

Npart

Collisional Low Density Limit
onset related to particle density

e ridge gone below Vs, =13 GeV
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Event characteristics

| Vertex Z distribution | L. Kumar hvz
Entries 2076

C Mean -4.162
Au+Au 9.2 GeV RMS 40.82

\ <2cm

radius

The primary vertex location is
spread over a large range in z

Number of events
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Event characteristics

| Vertex Z distribution | L. Kumar hvz
Entries 2076

C Mean -4.162
Au+Au 9.2 GeV RMS 40.82

\ <2cm

radius

Number of events

1 | | 1 11 | 1 | | | | 1 1 | 1 | |
0 20 40 60 80

V, (cm)

e \We obtain a reasonable min-bias
distribution

Number of events

* Need to investigate low multiplicity "=

trigger/vertex finding efficiency
» Don’t get 100% of cross-section?

The primary vertex location is
spread over a large range in z

hrefmult

| Reference Multiplicity |

Entries 3625
Mean 65.7
RMS 59.99

Au + Au 9.1 GeV

STAR preliminary

|
150
Refmult

Raw multiplicity
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\What energies to pick?

>
(O]
(D -—T T | T I | T I I 1 T T T TTTTT] T T T TTITT] T T T rrrrr
— 0 (\Syy = 200 GeV) X Critical point estimates \ .
— ) 08 |- SIS —
| — Chemical Freeze-out | 2 1
0.3 :
* Heavy ion data = o6 |- n
RHIC full range & . J
A% T =£° 04 |- ]
0 (S = 17.3 GeV) I i
0.2 = -
0.2_"— . 0- L raul Ll RHIlCllllu
146 ‘Gvf“’a“ Gupta 2005 g et.al. 2003 : “\’/qm S 100
o S Fo%r: Katz 2004 0.2 —
0.15 —
01— mn .. o
f/\j/@‘ 3 o1
= I
™ [
B “ 0.05 ;SLS / —
—— RHIC Low Energy Scan: 5.0 <\[s,, < 30 GeV I ]
— Fairk R . 5. <\| < 8.2 GeV X gy o TR TS
| o nFrgy alr‘lge F SNr\Il ?e | | N 1 II(_) I(f)(_)

% 0.2 0.4 0.6 0.8 Vi (GeV)
h, [GeV]
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