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June,12, 2000 @ PHENIX

First collisions at Vsy, = 56 GeV Au+Au
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« “The 2005 AIP physics story of the year”.

1931-2006 :
AMERICAN INSTITUTE CE PHYSICS | SEARCH | advanced search
75 Years of Service

PhysicsiNews\Update
The AIP Bulletin of Physics News

| Number 757 #1, December 7, 2005 by Phil Schewe and Ben Stein

gh‘b—!ms The Top Physics Stories for 2005

shalie At the Relativistic Heavy Ion Collider (RHIC) on Long Island, the four
Physics News large detector groups agreed, for the first time, on a consensus
Graphics interpretation of several year’s worth of high-energy ion collisions: the
fireball made in these collisions -- a sort of stand-in for the primordial
Physical universe only a few microseconds after the big bang -- was not a gas of
Review Focus weakly interacting quarks and gluons as earlier expected, but something

_ more like a liquid of strongly interacting quarks and gluons (PNU 728),
Physics News
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2. MAJOR (AND FAMOUS)
DISCOVERIES AT RHIC
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RHIC Discoveries from Run-1 (2000)

Jet Quenching

Au+Au 130 GeV
PHENIX: PRL 88,(2002) 022301
SPIRES citations: 446
Most cited PRL in RHIC papers !

PHYSICAL

Large Elliptic Flow

STAR:

Au+Au 130 GeV
PRL 86, (2001) 402
SPIRES citations: 358
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schematic view of jet production

) ////:f:::::.z
)

1_[ s

.

7

leading particle

HIGH PT HADRONS;

PROBING THE DENSITY OF MATTER BY THE CALIBRATED

PROBE.
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pQCD Calibrated Probes (p+p)

Baseline measurements in p+p collisions at RHIC
— Calibrated probes
— Supported by well-established theory (perturbative QCD = pQCD)

a1 )
<¥>‘-’ _E {Neutral pions pyYEnix
10
Q
c
& 10
3 o } PHENIX Data
Q
. — KKP NLO
% 10"
S s = Kretzer NLO
L
10°
10"
10° .
0 5 1:0 15

pr (GeV/c)



Discovery of Strong Suppression (Au+Au)

N

o o 10
| | E
g"’% o 70 @ Aulu 200 GeV [70-80%] 5 E o 7° AuAu @ 200 GeV [0-10%]
E WL ¥ 70 pp @ 200 GeV [Ncoll(70-80%) scaled] ool y ¥ 7 PP@200GeVNcoll(0-10%) scaled]
:_, % ~ Uncertaintyin N _, pp scaling % E i - UncertaintyinN _ , pp scaling
=) - - \
a0 % e L% e
T F \ PH “ENIX £ E 3 PH <ENIX
%= _C \ o E ¥
2101 L 2L A\
A ¥ = %
5 -ar ‘ = F
Zﬂm E ¥ : 2[ ¥
N | <10
e I : ] a E 3 ¥
5;,10 E ¥ B !‘ ¥
= IS S10°L ¥
-5 . - = .
10 R 2 E *
E e hs I
o . 107 8 ¥
10 LY : » B
= S S _5: -
-7 . ; - [ g .
10 -peripheral ~3 10 = (  Nuclear Modification Factor
- = + B »
o Nogy=12.3 = 4.0 4 yield(AuAu)/N
10 10 R - coll
=S NN H TR AU OO PR N I = R, (P, )= .
o 1 2 3 4 5 6 7 8 9 0 yield (pp)

7% p; (GeVic)
~ Survival Probability

Scaling of calibrated probe works in per - medium

strong suppression in central Au+Au



Observation of Jet Quenching

EEXF(IHFENT, /\RA(T3E0PH (~ factor 5 ),

PHENIX Au+Au (central collisions):
} i | Direct y
(14 10 | f 20 Preliminary
E GLV parton energy loss (dN*/dy = 1100)
1 - I R ++ # ...............................
: Ai ; 1 ‘H’f _____________
B ‘ A
_ éi%éﬁz&%%gﬁ&%g&fﬁ&@ééé 44 %
107 M %




Access to the early time of the collisions,
Pressure, Equation of State (EoS).

ELLIPTIC FLOW
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Elliptic Flow &[3?

dN/d(¢ - ¥,) abitrary scale

3 2 1 0 1 2 3 : ‘ ‘
¢ - ¥, (radian) -10 -5 0 S5 10

ANy N
prdprdydy P 2mprdprdy

(1 + 2v2(pr; b) cos(2p) + ...)

* Very high degree of collectivity is seen
at RHIC.
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Like a Perfect Fluid?
 First time hydrodynamics without any

0.18
2 016

0.14 |
0.12F

0.1

0.08F
0.06
0.04
0.02F
0 ==
-0.02E:

centrality: 0-80%
o 200GeV T+

« 200 GeV K¢

~ | A 200GeVp+p
200 GeVA+X
— | ¥ 200 GeV Cascade

Hydro curves:
T =165 MeV,
T; =130 MeV

Z

TN
PHEFENIX

Preliminary —]
I 1 I L1 1 I ||

j STAR 3

0 02 04 06 08 1 1.2 14 1.6 1.
P (GeV)

2

viscosity describes heavy ion reactions.

Lines:

Hydrodynamics calc.
with QGP type EoS.

*viscosity = resistance of liquid
to shear forces (and hence to flow)

Thermalization time t=0.6 fm/c and ¢=20 GeV/fm3

Required QGP Type EoS in Hydro model
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Saturation of v, at RHIC energies
(charged hadrons)

0.20

0.15

oy 0.10

0.05

0.00

-0.05

B PHENIX pT (GeVic)
- @ STAR 1.75 (open) |
@ ctRes 0.65 (closed)
| A E89% ]
Centrality = 13 - 26 (%) =0 —é—l;l -
i 0
-
_ ° .
AGS | SPS RnH IC
10 100
v Sw (GeV)

Au+Au
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MEDIUM RESPONSE OF JET
PROPAGATIONS
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BEIRIE—/IN— D E
ZRBLEERIC kb
IRIVF—(TEZIC?

EDIOICYE R % [ 2.5-4GeVic x 2 - 3 GeVic, All Charge |

1&%’3_50)”\? 3 007:_ | #  Centrality: 0-10%

<] C B Centrality: 30 - 40% x 0.33

- - { o Centrality: 60 - 92% x 0.048

0.05¢
0.04]
0.03F
0.02F
0013

Away side [22DDE—27?

Sonic shock wave?




PHENIX
PRL 97 052301

pars per rigger: 1N dN"S(diJet)/d(A¢)

045
o4
025
02
025
o2
Q15

0.1k

Q.05
0
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

0.4
0.35
0.3

025F

0.2} =

0.15
0.1
0.05
0

(a) 0.5%

Central Au+Au

rrrrrrrrrrrrrr

(c) 10-20%

-

(¥) 60-907%

peripheral

L.

1 1 1 Aaaal

Iit Jet modification HS4EU =7

1. Deflected jets due to collective radial
flow?

2. Conical emission due to Cherenkov
gluon radiation?

3. Mach-cone shock wave generated by
large energy deposition in the
hydrodynamic medium?

3-particle correlation:

« Powerful tool to identify the underlying
physics process.

— |If it is Mach-cone shock wave:

« Speed of sound (c, ).
« EOS.
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away
deflected jets

away

Conical Emission

Azimuthal 3-Particle
Correlations

From : Jason Glyndwr Ulery
(QM 2008)
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G|

P4

25



(a) p+p

B.l. Abelve et al. (STAR),
arXiv:0805.0622v1
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0 0.02 E

0 ~C
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Ad =0 -0

-1

Trig

Trigger particle (3 < p; <4 GeV/c),
Associated particle (1 <p; <2 GeV/c).



(b) d+Au

B.l. Abelve et al. (STAR),
arXiv:0805.0622v1

COVP OVPI/NLP *P!N/L




¢2-¢Trig

A¢2=

(c) Au+Au 50-80%

B.l. Abelve et al. (STAR),
arXiv:0805.0622v1

0.25

o
(V)

0.15

o
—

0.05

COVP OVPI/NLP *P!N/L



(d) Au+Au 30-50%

B.l. Abelve et al. (STAR),
arXiv:0805.0622v1

COVP OVPI/NLP *P!N/L




() Au+Au 10-30%

B.l. Abelve et al. (STAR),
arXiv:0805.0622v1

COVP OVPI/NLP *P!N/L




A(|)2=(l)2-(l)Trig

(f) Au+Au 0-12%

Off-diagonal B% 53

B.l. Abelve et al. (STAR),
arXiv:0805.0622v1

COVP OVPI/NLP *P!N/L



Observation of off-diagonal peak

B.l. Abelve et al. (STAR),

= M ZDC 12% Au+Au
T 12

G o i

ﬁ 0.8

2 08f o«
'09 °-4§ %ﬁ 5

g-" ' 0.2F .

R e R R R 3
Z_(A¢1+A¢2)/2-1t (squares) or A_(A¢1-A¢2)/2 (circles and histograms)

arXiv:0805.0622v1

[0 Diagonal (2)

Q@ @ off-diagonal (A)

2 -15 -1 05 0 05 1 15 2

Histogram (a) :

Near side off-diagonal projection
Histogram (b):

Away side off-diagonal projection

« Totally different shape between d+Au and Au+Au central!
« Distinct peak at 6 = 1.38 £ 0.02 (stat.) £ 0.06 (syst.) from .

« Evidence of
pr particles.

of hadrons correlated with high

32



p+ dependence of 0

» No significant p; dependence & STAR prtminary
2 16 R

of observed emission angle.
e Consistent with Mach-cone

* Inconsistent with simple
Cerenkov radiation

L 1 1 £
ds 5 2 25 N evic?

Ulery QMO05, QMO06 (poster)
Poster: P36 Ma

8 February 2008 Jason Glyndwr Ulery - Purdue University Quark Matter 2008 21




7]
2
i
b=
c
[
#*

150

An-independent near-side correlation: *"The Ridge”

thI‘ig=3_6 GeV/C, 2 GEV/C <pTaSSOC< thrig STAR preliminary

N
o
(=]
L1

1.5

0.5

Taqs 1 i
) ] Jana Bielciekova XLlIII
What is the rld_qe? Rencontres de Moriond

Still unclear the relationship with away side jet
modification,

but it is observed at the similar
momentum range.

6) Momentum kick imparted on partons in medium



MEASUREMENT OF INITIAL
TEMPERATURE

35



Need to access to low p; region!

[ Turbide, Rapp, Gale, Phys. Rev. C 69 (014903), 2004 ]

10° . , '
T i Central Au+Au (s'°=200AGeV)
=
(GD) 10" | <N,,>=800
0.35
— 1072 ! lyl<
O")Q_ 10-3
5 o) r
~. .
Z 101
O 10° = Hadron Gas
L] | e QGP (T.=370MeV)
10° } initial pQCD (pp)
sum
0 1 3 4

2
p; [GeV]

« Huge back ground to measure thermal photons (only 10% of hadron BG).
« Window for thermal photons from QGP in this calculation: p; =1 -3 GeV/c
« Limitation of the hadronic BG subtraction method.



A new ldea of thermal photon measurement

Use lepton pairs to measure
virtual y

Two sources of virtual y with very
low (invariant) mass:

Daliz decay
1. Background from Dalitz decay
* Kroll-Wada formula Compton e
2. Hard photon (signal) = gV €
thermal photon candidate
)4 >X<direct — Y direct g q
Y ¥ incl . Yinel .

ete- internal conversion

excess over known pair from hard scattering
hadronic source
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Direct photon yields

a 1O4§ * / *
o - " 4 AuAuMB x10* : =Y. : : )
> 10°E AR )/dzrect )/zncl : ()/dlrect ymcl.
S . = *  AuAu0-20% x10?
2 10°E,
E = = = AuAu 20-40% x10
o 105
o =
L 4L measured
© =B o
re Ratio
o110 & . .
o F Measured inclusive
o -2 E.
51075 spectrum
OC103
”Zm - /: NLO pQCD direct photon cah
210°E
= S A B = N I Power law fit to p+p data
o 107 ;? (Au+Au; TAA scaled)
_

10°® = \— Exp. + power law fit /
-7 :I L 11 1 | I | | L1 1 1 | I | | 11 I|I Icefll
107 2 3 4 5 6 7
\ T J p. (GeV/c)
New measurement ——— J
(int. conversion) Previous measurement
(subtraction)
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Ed®N/dp ¥(GeV2c?) or Ed’s/dp® (mb GeV2c?d)

L = = -
o % 2 9

5 9 =9
| |IIIII||'| IIIIIl|T| II|I|I|T| IIAIII’|T|| II|III|I| Illllllll IIIIIIﬂ'l‘IIIllllTl II[III"l T TTTT]

—h
Qe
=N

Direct photon yields
|0 AuAuMB X )/direct = )/incl .()/:lirect / y;kncl )

= ¢ AuAu 0-20% x10?

= = AuAu 20-40% x10

measured

Ratio
Measured inclusive

spectrum

p+p: consistent with NLO
pQCD, even at low pT.

Ty

. Au+Au: larger than the NLO
“|I||||2|||||:|3||||4|.'||||g||||é|||17 pQCDTAAscaIed

l P, (GeVie)  ine for 1< p< 2.5 GeV/c.
New measurement | Y J

Previous measurement
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Ed®N/dp%GeV2c?) or Ed%/dp® (mb GeV2cd)

-
o
'S

—h
Q
w

—r —
o 9
(3] E =Y

—r
S,
»

—h
Q
~

Extract “T” (temperature)

= 4+  AuAu MB x10*
= ¢  AuAu 0-20% x10?
= = = AuAu 20-40% x10
E
=
E == =
E "\‘T;llfi'f:.:‘_
|IIII|IIII|IIII|IIII|IIII|III'I‘
1 2 3 4 5 6 7
P, (GeV/c)

Black line (two component fit):

Ae Pm't +fp¥

Fixed by TAA scaled
Power low fit to p+p data

A, T : free parameters.

Inverse slope for Au+Au
200 GeV for central 0-20% is;
T=238%+2%*10 MeV

Centrality A (GeV-2c?) T (MeV)

0-20 % 41.8+24.0 238 +2
20-40% 19.2 +11.2 226+ 2
MB 95+3.8 247 + 2

40



Data vs. Theory

-
o

? ‘lr&r\ Thermal photons: Au+Au — y+X [0-10% central]
: 3\\ -------- D.d'Enterria-D.Peressounko. T, = 590 MeV,7,=0.15 fm/c
1 E_ \*‘\' S.Rasanen et aL T = 580 MeV,1,=0.17 fm/c ° The | n |t|a| tem peratu re |S
— \ \\‘\l — 5 D.K.Srivastava, T, = 450—600 MeV, 1,=0.2 fm/c .
n A ' “ 1.5 to 3 times of the slope

S.Turbide et al. T, = 370 MeV,7,=0.33 fm/c

—-Ar— J.Alam et al. T, = 300 MeV,,=0.5 fm/c Of the phOton SpeCtru m.

o] PHENIX Au+Au [0-10% central] ° A thermal photon Spectrum
e e in central Au+Au collisions
at RHIC with an T, = 370

MeV in agrees with the
data.

—
Q

=
S
N
[ IIIIII|

—h
Q
w

d’N/(r dp>dy) (GeV/c)™?

10

. T,max ~ 500-600 MeV

107 T,2v¢ ~ 300-400 MeV

10

-7 IIII|lIlI|IIII|IIII|IIIIIIIII\l\I\\%IIllIIIlII
100 1 2 3 4 5 6 7 8

p; (GeV/c)

D. d’Enterria and D. Peressounko, EPJ C46, 451 (2006).

41



OPACITY IS HUGE;
CHARM STOPS AND FLOWS?

42



Heavy quarks lose energy & flow

p-! 1'8:'”(])"”"'”"”"'''”"”"”'"””"”': Electrons from heavy
oc — s(a 0-10% central — A L. (1 .
"o rmesto etal- O 1 quark decay have
14— [ ] vanHeesetal.(ll) — | R
12F- =imimia % 3/(2rT) Moore & = near y Same AA as
1% S 12/(2nT) Teaney (lll) .: piOnS!
0.8 =
06— + Electrons from heavy
0.aF 2 quark decay flow
02— = (“stopped in
(TR 0.2:! ettt C medlum”)r)
= F o . = % Rpn, p, > 4 GeVic| ]
0.15 :_ minimum bias + = 10v, P, > 2 GeV/c —:
- ® e'R,,, e"VviF ]
0.1 — —
0.05] —_\\\f—_ =
- PH ~ENIX -
of .
I A

I—Iw

8
Phys. Rev. Lett. 98,172301 2607)°"



Update of c,b R,, and v2

rrrryrrrrryrrrryrrrryrrrryrrorTd rrr1yrrrryrrrryrrrd
[ [ [ [ [ [ [ [ I

Charm and bottom v2

IIIIIIIIIlIIIllIIIIlIIII

minimum-bias
Au+Au \/SNN = 200 GeV

|IIIlIlIlIlIIIIlIl1|||l|l||IIIIIIIIIIIIIlIlII

o 0.25¢
c — _\/'—‘
£ [ PHENIX
@ 920 pRELIMINARY
m -
00-10 % § . 15:_
é 2 T T 1 T T 1 T T T T 1 .HI [ E:‘ E
(14 1 8: RA‘ - 0_1‘ % ,narm . § 0.1:_
8F : g -
- AutAu @ \|s =200 GeV - ¢4
1.6C @ \Swn 0.05 ) !
- i ;
14— o ’_,_*_,_
1.2 (o] -
Z" -0.05—
1 -
0.8 . 090 15 2
- .
0.6
n A A ) Te%ees T
0.4 * N ¢ 1
- A A .
b
0:IIIIIIIIIIlIIIlIIIlIIIl]lIllIIllIIllI:
o 1 2 3 4 5 6 9
[GeVIc]

4.5
P, [GeV/c
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Other interesting topics (experimental)

« J/psi (S. Oda)
* Low-mass di-electron (Y. Tsuchimoto)
* Fluctuations (K. Homma)

Nu" 0.0004

0.0002

o e L Lo Lo Lo Lo L a s

150 200 250 300

Noar 45

w e R B
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—r w 102 > — Cocktail min. bias Au+A —
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4 E 3
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4. Summary

RHIC = QGP & QCD machine !

Energy density.

- £~15GeV/fm3, i.e. ~100 normal nuclear density.
Behaving as zero viscosity “perfect” liquid,
coupling is strong.

First measurement of the initial temperature via

thermal photon.
— T, =300-400 MeV

Away side Jet modification at intermediate p;
suggests the generation of shock wave.
—  Access to the sound velocity, EOS?

Huge Opacity & large flow for heavy quarks.
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Next Big Question:
Where is the Critical Point?

1Early Universe The Phases of QCD

: Future LHC Experiments

{ ™ A
i

i

A

Temperature

170 M ev_’_Crossover

Critical Point

Hadron Gas ;
Superconductor

Nuclear /
Matter Neutron Stars

P ‘l—l—’
900 MeV
Baryon Chemical Potential 47




Onset of RHIC’s perfect liquid?

®\s, =224 GeV
e\ s, =624 GeV

e \'s,, =200 GeV

Cu+Cu
d / Emergence of opacity

[ vitev, 22.4 GeV, 130 < dN"/dy < 185
[7] Vitev, 62.4 GeV, 175 < dN"/dy < 255
[ vitev, 200 GeV, 255 < dN"/dy < 370
Cu+Cu, 0-10% most central

Approach to constant v,
and hydrodynamic limit?

Au+Au

PHENIX, arXiv:0801.4555 [nucl-ex]

15
P, (GeV/c)

Il PHENIX pT (GeVic)

@ sTAR 1.75 (open)

@ CEREs 0.65 (closed)

A Es95

Centrality = 13 - 26 (%) 0 é [




Onset of Quark Number Scaling?

llllllllllll]l[lllllllllIllllIIII

¥ K3 (STAR)

® T (PHENIX) <= p+p (PHENIX)
B K'+K (PHENIX) O A+A (STAR)

[ =+E (STAR)

| NA49 DATA

p; (GeVic)

KE, (GeV)

1
0 0.5 1 1.5

.KE,Jn . (GeV)

6l61or =5.0-23.5%

@
] K‘s’ first preliminary
A »p

03 06 09 12 1.5
KE +/n (GeV)

Where is the onset of quark

number scaling?

Relationship to quark DOF ?
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Ratio

1.4

1.2

0.8

0.6

0.4

0.2

* No weak decay feed-down correction applied.

p-bar/n- ratio vs. Vs,

- Increasing as a

p/x Ratio (p; = 2.0 - 2.2 GeVic) function of Vs.
_I | | I | | | | | | | |
[ oAt {oantra §24 GV (PHAE Fostiean] =uv 1 * Indicates the
- () Cu+Cu (central) 200!62.4/22..5 GeV (PHENIX Preliminary) PH () ENIX ]
T b2 eV (PHENX prelminary) 1 onset of baryon
__ A Pb+Pb (0-5%) 17.2 GeV (NA49 Preliminary) ‘v __ enhancement IS In
: o 1 between 22 GeV
- e 7 and 62 GeV.
i ‘t‘i © i
- Between 22.4 and 62.4 GeV.
- % Where? Properties? (T,, etc)
- el . PPE24GY Relation to QCD critical
- point?
_I 1 1 1 1 1 1 1 I
10 102

Detail energy scan at RHIC
should provide a critical
information about CEP & Tc.




THANK YOU
FOR YOUR ATTENTION!

Many thanks to:
« Ed O'Brien, 434t BNL Lecture (2008.3.19)
 B. Jacak, DOE review (2008 July)
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Future Hi
Milestones

Yeart| # ||Milestone
2009 DM4 | | Perform realistic three-dimensional numerical simulations to describe the
medium and the conditions required by the collective flow measured at
RHIC.
2010 DMS5 | | Measure the energy and system size dependence of J/Mproduction over
the range of ions and energies available at RHIC.
2010 DMG6 | | Measure e'e” production in the mass range 500 < me.-< 1000 MeV/c2 in
\/SNN =200 GeV collisions.
2010 DM7 | | Complete realistic calculations of jet production in a high density medium
for comparison with experiment.
2012 DMS | | Determine gluon densities at low x in cold nuclei via p + Auor d + Au
collisions.
2015 DMO9 | | Measure bulk properties, particle spectra, correlations and fluctuations in
(new)| | Au + Au collisions at Vsyn from 5 to 40 GeV to search for evidence of a
critical point in the QCD matter phase diagram.
2014 || DM10| | Perform calculations including viscous hydrodynamics to quantify, or
(new) | | place an upper limit on, the viscosity of the nearly perfect fluid discovered
at RHIC.
2014 || DM11| | Measure jet and photon production and their correlations in A=200
(new)| | ion+ion collisions at energies from Vsxny = 30 GeV up to 5.5 TeV.
2016 || DM12|| Measure production rates, high pT spectra, and correlations in heavy-ion
(new) | | collisions at \/SNN = 200 GeV for identified hadrons with heavy flavor
valence quarks to constrain the mechanism for parton energy loss in the
quark-gluon plasma.
2018 || DM13|| Measure real and virtual thermal photon production in p + p, d + Au and

(new)

Au + Au collisions at energies up to \/SNN =200 GeV.




RHIC Run Plan

Fiscal | Colliding Beam Comments
Year | Species/Energy
2009 | 500 GeV pp Assuming ~April 1 start, about 5-6 physics weeks to commission collisions. work on
- P polarization & luminosity and obtain first W production signal to meet RIKEN muilestone
200 GeV ptp ~12 physics weeks to complete 200 GeV A,; measurements — could be swapped with 500
5010 - P GeV Run 9 1f Run 9 can start by March 1, 2009;: STAR DAQ1000 fully operational
- e 9-10 physics weeks with PHENIX HBD, STAR DAQ1000 & TOF permits low-mass
200 GeV AutAu | . - ] . . .
dilepton response map and 1% collision test of transverse stochastic cooling (one ring)
AutAu at 15t energy scan for critical point search, using top-off mode for luminosity improvement —
2011 assorted low E energies and focus signals to be decided: commission PHENIX VTX (at least prototype)
200 GeV U+U 15t U+U run with EBIS, to increase energy density coverage
500 GeV pp 15t long 500 GeV p+p run. with PHENIX muon tnigger and STAR FGT upgrades. to reach
o P ~100 pb! for substantial statistics on W production and AG measurements
o . Long run with full stochastic cooling, PHENIX VTX and prototype STAR HFT installed;
200 GeV AutAu : : . : :
focus on RHIC-II goals: heavy flavor. y-jet. quarkonium, multi-particle correlations
500 GeV ptp Reach ~300 pb! to address 2013 DOE performance milestone on W production
2013
200 GeV AutAu | To be determined from 1%t low-E scan and 1% upgraded luminosity runs. progress on low-E
or 28d Jow-E scan | e-cooling. and on installation of PHENIX FVTX and NCC and full STAR HFT
200 GeV Au+Au | Run option not chosen for 2013 run — low-E scan addresses 2015 DOE muilestone on
or critical point, full-E run addresses 2014 (y-jet) and 2016 (1dentified heavy flavor)
2014 20d Jow-E scan | milestones. Proof of principle test of coherent electron cooling.

200 GeV p+p

Address 2015 DOE performance milestone on transverse SSA for y-jet; reference data
with new detector subsystems; test e-lenses for p+p beam-beam tune spread reduction




Run

01

02

03

04

05

06

07

08

Year
2000
2001,/2002
2002/2003

2004 /2004

2004 /2005

2006

2007

2008

Species
Au+~Au

Au+Au

Au—Au

PHENIX run history

V3nw (GeV)

130

200
200

200
200

200
62.4

200
62.4
22.5
200

200
62.4

200

200
200

1

24
0.15

2.74
0.35

241
9

3
0.19

2.7
3.8

10.7
0.1

0.813

80

5.2

[ L dt
pb!

pb!
pb

nb!
pb '

pubt
pb!

nb™’
nb~!
pb!
pb~

pb~'
pb '

nb

nb~’
pb

4’\"7 ot

10M

170M
3.7G

5.5G

6.6G

1.5G
58M

8.6G
0.4G
9M
835G

230G
28G

5.1G

160G
115G

p+p Equivalent

0.04

1.0
0.15

1.1
0.35

10.0
0.36

11.9
0.8
0.01
3.8

10.7
0.1

33.7

32.1
2.2

pb~

Data Size

3

10
20

46

35

270
10

173
48

262

310
25

650

437
118

B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
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Conical Emission

« Mach-cone shock « Cherenkov gluon

wave radiation

— Shock waves excited — Radiation of gluon by
by a supersonic superluminal parton.
parton. | — Angle is dependent

— Can be produced in on the emitted
different theories momentum.
(Hydrodynamics,

Cerenkov angle vs

COIOred plasma, . ellnjttedI pani'cle mlomen'hun
AdS/CFT) wl [ 1 TomoiTmest ]

— Cone angle: no . Sk it s
dependence on a NN ‘
velocity of particle. .

p (GeV/c)



Mach-Cone Scenario

Trigger
% —cos(GM)
ap
Cs2 8—89 Vparton =C
* Mach angle depends on Away-side

speed of sound in medium
 Temp. dependent

e Angle independent of
associated p. Npos I'IOde”'

Mikherjee, Mustafa, Ray -, °*|
0.15

Phys. Rev. D75 (2007) 094015 o' [~/
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