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What did we see in Jaipur?

e Elephants, Camels, Cobra’s!

e Armies of Auto-rickshaws!

* Bollywood!

e Beautiful ancient, medeval, modern Indian sights

e PHENIX: Several “new” results

e Mostly incremental but important progress
— Shortening time in between QM'’s is having an effect!
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Results (Categories)

ow
uctuations/Bulk Correlations
adronic Production

Jet Correlations
Heavy Quark Measurements

Di-electron Measurements

Direct Photon Measurements
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What did we learn in Jaipur?

* How to negotiate a price
e NY Traffic is actually pretty boring on the

worldwide spectrum (including Shanghai too)

 We are steadily making progress on many

fronts, with several new pieces of the picture

being shored up

2/27/2008

— More questions being answered than raised?
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Physics Questions

I’ll address 2 Types of Questions
e Characterizing the Medium “directly”:
— What’s it’s made of?
— Information about phase transitions spacetime evolution?
— Constrain thermo properties (e.g. T, viscosity)?

e Exploring QCD Phenomena along with the Medium

— What mechanisms cause hadron suppression/energy loss in hard
scattering?
* |njets
* In heavy quarks
— What is the geometry of suppression
— What is the origin of exotic phenomena?
e Shoulder
* Ridge
e Baryon Enhancement
e Dilepton Enhancement
— What is the geometry of the exotic phenomena

— What mechanisms affect Quarkonia production
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Result
Categories

Characterizing the MediuW Flow

— What’s it’s made of? [»> Fluctuations/Bulk

: o Z—]
— Information about phase transitions? ’l Correlations

— Properties like T, viscosity?
Exploring QCD Phenomena along with the Medium

— What mechanisms cause hadron suppression
energy loss in hard scattering?

* |njets

* In heavy quarks
— What is the geometry of suppression
— What is the origin of exotic phenomena?

Questions

7> ¢ Hadronic Spectra
e Jet Correlations

e Heavy Quark
Measurements

Di-electron Measurements
Direct Photon

\

» Shoulder Measurements
 Ridge ] Eleie
 Baryon Enhancement S —:-;m:w
* Dilepton enhancement E Ele 8 T

— What is the geometry of the exotic phenomena
— What mechanisms affect Quarkonia production

Two things happen : left gets longer, right gets more arrows
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Physics Questions

e Characterizing the Medium “directly”
What's it’s made of?
— Information about phase transitions spacetime evolution?

ra S P
e Exploring QCD Phenomena along with the Medium
mec ’”"%é,i%%”% sms cause hadron suppression/energy loss in hard

: < ¥
at is the gg;éﬁ otry of suppression
— What is the orig g::;%? exotic phenomena?

. ié%%@ g:%*%:g} n ? § ancement

2/27/2008 Justin Frantz BNL QM'08 Review Symposium 7



v, - scales like v,

Talk by S. Huang
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Confirming partonic flow

Talk by S. Huang

Au+ Au Collision\/s=200GeV
29F B The ratio of v,/(v,)? is close to
- PHENIX 20~60% 0.9 for the &, Kand p
2F" preliminary ® nhen BMesons and baryons have similar
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V, - high p- - rescaled

Au+ Au Collision\s=200GeV
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Talk by S. Huang

New Run 7 Results!
Using higher
resolution RXNP
Reaction Plane
detector!

0 05 1 15 2 25 3 35 4

KE;/n,(GeV/c?)

KE; scaling seems breaks for KET/nOI > 1GeV/c? = p; ~ 3.5GeV/c for p
change in underlying process: hard scattering ?
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Physics Questions

e Characterizing the Medium “directly”:
— What’s it’s made of?

'

Answers: (not complete)

e Scaling theaks ~at mtermedlate/ngh pt border

* From flow data and hydro models, it appears to
be ‘ partonlc in nature at flow time

* KE; scallng\ works for v2 and now v4

* Consistent with hydrodynamic expectations
of “parton/constituent quarks”

e (baryon edhancement/recomb) informs
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Physics Questions

e Characterizing the Medium “directly”
— What’s it’s made of?
— Information about phase transitions spacetime evolution?
Constrain properties like T, viscosity:

e Exploring QCD Phenomena along with the Medium

— What g‘g‘ww inisms cause hadron suppression/energy loss in hard

scattering?
* |njets
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HBT breakthrough w/ source ima

Talk by Lacey gl n g

Correlation Moments
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Can solve HBT Puzzle, points to crossover

transition Talk by Lacey

25 ot tantngy . Au+AU \;sNN=22OOUSeV Model Com - son
10 _ g ] <cen<20 %

b omnenw e Therminator:
0 | 0.20<py<0.36 GeVie A Kisiel et al. Comput.Phys.Commun.174, 669 (2006)
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Source Function Comparison to Models Give robust life time
estimates - Consistent with Crossover transition
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Fluctuations:“mixed results”

Talk by Homma

Sharp critical behavior not conclusive: but some present?

=g‘ﬂ-m“_ BT EEEEEEAREREREERELREL

0.0012 :_ - Au+Au at 20006eY with 5% bin width _:

E & Cu+Cu at 200GeV with 5% bin width 5 : .
0.001/ - Particle Ratio
— Au Au 200 GeV/c Fluctuations show

- Cu Cu 200 GeV/c 1 similar story
ﬂ.ﬂﬂﬂlﬁ_— =
0.0004 — —
0.0002|— -

o — u|z| Y L ufa ' , : ]
117? normalized multiplicity

o ® & = correlation length e correlation strength varies monotonically
unless a critical phenomena is reached

No strong indicators of critical phenomena over central to mid central
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Physics Questions

e Characterizing the Medium “directly”:
— What's it’s made of?
— Information about phase transitions spacetime evolution?

. |Answers: (not complete) \

* HBT (w/ Source imaging & model) now
consistent with slower burn/ crossover
tranS|t|on

o Deuteron Productlon Coalescence param.
(not shown — Valle talk) similar interp.

* Fluctuation information: inconclusive
indications of critical behavior (consistent with
the previous statement?)
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Physics Questions

e Characterizing the Medium “directly”
What’s it’'s made of?
— Information abhoiit ph:\cp frnncifinnc, cpnrpfimp evnliition?
Constrain properties: temperature, viscosity?
@

Exploring QCD Phenomena along with the Medium
- %525%: at m “%‘”%g%?*%%%”%”%% cause hadron suppression/energy loss in hard
scatter

_ W y of suppression
ﬁﬁﬁﬁﬁﬁ W f exotic phenomena?

g

xxxxxx What isthe g of the exotic phenomena

— What mechanisms @??:ﬁ "t Quarkonia production

2/27/2008 Justin Frantz BNL QM'08 Review Symposium
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Thermal Photons !l : Temperature

Award Talk by Dahms

EM Cal direct Direct Photon systematics too large at soft momenta: q Y e
Turn to di-electron based measurement: nearly finalized!!!
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Viscosity from Heavy Flavor

Talk by Averbeck
® elliptic flow of e* from heavy-flavor decays

e non-zero v, (RHIC Run-4) ®progress in Run-7
S — e improved reaction plane
% mﬁz_ PH ENIX rreuminary $ Run-4 _E resolution
R tRun7 1 e (increased statistics)

g o BME X | ®data are consistent
£ oel #@%-— _ :M 1 within uncertainties
uf_éf_f i " 1 @indication for non-zero
: | 1 v, at high p; (charm vs.
et [ Repp & van Hees, B bottom)
e BRE7T 034907 (2009) S

Fserst @also available:
p. [GeVic] .
T Vv, Vs. centrality

® good agreement with Langevin based transport
p&alculation including.resonant.elastic scattering 19
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Providing more information: n/s

constraints...  Taikby Averbeck

T
] °Rus. P, > 4 GeVic

s nlv, p,>2 GeVic

+ + \HF
e e'R,, . e v}

é 1.8 LA B L LA L UL B B LU B
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1,43_ [ ] vanHeesetal. (Il —f
12 weme ) 3/(2cT) Moore & =
- M el 000 . 12/(2xT - .
e (27T) Teaney (Ill) N I Lacey et al.:
- | PRL 98:092301,2007
0.8— —
- : Drescher et al.:
0.6 — N — .
— . arXiv:0704.3553
0.4— S =
0.2 TS B Gavin & Abdel-Aziz:
- AuAU@By =200GeV B " PRL 97:162302, 2006

PHUENIX 7 0 1 2 3 4 5 &

PRL 98, 172301 (2007) 41 1/s
D A
p, [GeVic]

Good Consistency w/ and ~better than other estimators: m/s is low: Perfect
Liquid!!!
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Physics Questions

e Characterizing the Medium “directly”:
— What’s it’s made of?

— Information abhoiit ph:\cp frnncifinnc, cpnrpfimp evnliition?

— Constrain properties: temperature, viscosity?

Answers: (not complete)

e Thermal photons now podf reveal
thermodynamic information

<

* Interpretations TBD
e Heavy quark flow/ylelds confirming low
viscosity/s

St
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Physics Questions

e Characterizing the Medium “directly”
— What’s it’s made of?
— Information about phase transitions spacetime evolution?
Constrain properties?
e Exploring QCD Phenomena along with the Medium
— What mec?hanisms cause hadron suppression/energy loss in hard
_______scattering:
* |njets
* In heavy quarks
— What is the geometry of suppression
xxxxxx What is the origin of exotic phenomena?
» Shoulder

e Baryon Enhancement

)i n %5@%@«%%{:@%%@?%%
— What is the geometry of the exotic phenomena
— What mechanisms affect Quarkonia production



Test of T,; Scaling in A+A: iy

. . Reygers
Direct Photons at Hig
- 0-10% Au+Au at 200 GeV 0-10% Cu+Cu at 200 GeV
a:g "F PHENIX Preliminary m direct y, 0-10% a:g 1S 200 GeV Cu+Cu

1'4;AU+AU’\(S_"”= EHaey ® 1%, 0-10% (arXiv:0801.4020) 1.4 PHENIX preliminary l

ST AT A
T TR ot T
- : ' -

0.8} i t . } 08| | ‘Tl T I l

06} osf t l} % I

0.4

TTl

0.2

¢
. { : ‘PH{»HHH{H%
L ; 0.4
*%e0ccet0000e® o 0.of ® Directy, 0-10%
] L

[ o 7% 0-10%, (arXiv:0801.4555)

TTIlITIlII

IllllllllllllllllIlllllllj 1 Illlllll g L T T g o L T Ly T
% 2 4 6 8 10 12 14 /16 18 20 O ~2 "7 6 8 10 12 14 16 18 20
p. (GeV/c) p. (GeV/c)
B AntAuDirectv R <1 atn ~AR GoVl/c 2 T
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sy VS p7, Cent Dependence of 0 R,, in

Cu+Cu
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_PHENIX, arXiv:0801.4555 [nucl-ex] |
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15
P (GeV/c)
e  62.4,200 GeV:

— Suppression consistent with parton energy loss
for pr >3 GeV/c

. 22.4 GeV: (SPS Energy @ RHIC!)
— No suppression

— Enhancement consistent with calculation that
describes Cronin enhancement in p+A

. Parton energy loss starts to prevail over Cronin
enhancement between
22.4 and 62.4 GeV
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\/Syy = 22.4 GeV:
\/Syy = 62.4 GeV:
\/Syn = 200 GeV:

Talk by Reygers

' ' ' : \
|
SO |

® data [l Vitev
® data [0 Vitev
® data [] Vitev

50 100

*  62.4,200 GeV: Ny

Npart
with

Dependence of R,, consistent
parton energy loss

e 224 GeV
— Enhancement independent of

cent
— Poss

S, treatment: more
suppression @ 22 GeV?

rality
ible explanations

Weak centrality dependence
of Cronin enhancement

Cronin enhancement offset
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Other R,, Analyses Updated

Talk by Reygers
New PHENIX 62 GeV &t p+p reference ! Final Run4 Data/Eloss Fitting Contraint Ana!
b L4 g O'G:PHENIXn°(Au+AuO-S%Central)
2 - . - Global Systematic Uncertainty =12%
1.2 PHENIX preliminary ] - 0.51 onal Systematle Tneertainty
1: n 0-4:_ I
08 vertical normalization error on 62.4 GeV p+p ref. not shown: 19%_: ;
L ] 0.3 -
_ ® 62.4GeV 7 _
0.6 = 0.af e ——
B e ® 200 GeV = 2 /___
041 3 z =
- 7 0.1
02F ] '
~ n° Preliminary, 0-10 % central . Lo b b b b b b b b s s
I R IR IV N BN S AT AN W q) 2 4 6 8 10 12 14 16 18 20

<=
ja

1 2 3 4 5 6 7 8 ) 4 IPT(GEWC)
GeV/ e Fit parameters within models
e Central Au+Au: pr (GeVic) P

Similar R,, at 62.4 and 200 GeV (for p; constrained

> 6 GeV/c) . qhat/ng constrained within %
e Possible reason: Smaller parton dE/dx 20-25% at the 1o level
in conjunction with steeper parton p; e But this doesn’t include

spectrum at 62 GeV
— S,s @analysis accounts for this shows
larger difference?

#Z%E}g\{épgtz BNL QM'08 75
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Beyond R,,: di-Jet Corr |,

Talks by Jia, Pei

* Yields of di-jet correlations : tighter
constraints on E, ... models

e Ratio of Yields A+A/p+p: normalized Per
Trigger: 1,5

* So far still not able to distinguish E, .. models

lllllllllllll

- E arXiv:0801.4545v1
[nucl-ex]

IAA

26

p> (GeV/c)
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Beyond IAA? (1): J,,

Talks by Jia, Pei

® SO|V€S some I o o I—-—Iz.nl-:piia.ulﬁev}c |
Lo . 1.9 _. 3.0<p"<4.0 GeVic n
deficienciesof l,,at _ [ [ eseee
IOW pt/Z q:n:l- 1_ HE —E|—5.D-=:pr-:1ﬂ.DGe‘u’.fc I .
£ i il
— Triggers also modified! £ d
0.5~ ll- i —
e Scalesvs pT1+pT2? [ 0-20% 3% g 0y -
. | Near-side | 1 g
* Higher prvaluealways % 5 40 15
pA + pB (GeVi/c)
approaches R,, Non T
NearSide C b oA JPYyA*a
N ,a.’,.)’A,. _
AA(PT, 1, AA0) (Nooy) JPYPT?
arXiv:0801.4545v1
[nucl-ex]
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Beyond IAA? (2): x,,

Talk by Pei

 Fitting Per Trigger Yield vsx, 1.2

Yield i
N =----—-—-—--—-—-=-=-=-=-- 7

-p, COSA Z, I
Xg = Pr, ° ~ Pr, = pj I PHENIX Head Region
th th Z th s 0.8 -
4, — PTa {: i ]
extracts x, "~ pr, 2 08 .
e Direct measurement ofratio3d - | : 5 5 {) 1

of the awayside to nearside <X 0.4} -
parton momenta | PHENIX Preliminary |
 Ratio p+p to A+A is new way 0.2~ 200Gev ]
to quantify AS suppression i 1

I B B RN B
(0'5) o 00 2 4 6 8 10
— More accurate/sensitive? trigger p_
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Other Avenue to Study Jet E__

* Direct Photon-Jet Correlations!
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Direct Photon-Jet A Correlations

Talk by Nguyen

p+p baseline well-established with new Run 6 data!!!

Run 6 p+p, \|S,,, = 200 GeV

o
O ® =°-h
_é & Directy-h
) ~~
e o
- 1 5-7 x 3-5 GeV
- e
o) g
S’
-=-
3
2 7-9 x 3-5 GeV
v
bo -
e
E 9-12 x 3-5 GeV
—

o

A¢ [rad] PT, photon

Subtraction technique works over wide range of p;!
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First look at Run 7 Au+Au

Talk by Nguyen

e Suppression of y-h correlation appears relatively
strong and thus should be quite measurable

ABARL BN BAREE RARAE REREE HAREE &
L 7-9 X 3-5 GeV |
— Run7 Au+Au 200 GeV -

o
=4
<)

s Inclusive y-h

1N, dNIdso

» Decay y-h

- Direct-y-h 0'015_

Run7 Au+Au 200 GeV
+ pry = 12-15 X;3-5 GeV

0.01

it

Correlation Function(A.l‘J:{.)m

Ll
T
-

ulll TN ”“.ZI”.Z il
0.5 1 1.5 .3 3 =
0 0.5 1 1.5 2 25 3

Ad [rad] Ag [rad]

e With Run7 should be able to take result to much
higher photon pT trig & smaller systematics
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p+p Baseline Il: Going after Fragmentation

PhOtOnS Talk by Nguyen

> First measurement of it’s kind at

D.l- E""l""""""""|""|""|""|""|""E

T 3 PHENIX Preliminary
RHIC! zfé“ 10 gg " 200GeV p+p é
T 10 . Prp 2.0 -5.0 GeVic =
ig . E_ , Integration from -0.5 to 0.5 in Ad E
» Will measure jet shape S i g
. . . 10° B ’ o Tieg =
distributions, e.g. Xg P -
107 ! B A0 Sys. i E
> Constrain photon FF? e e e B I O

Integrated near side ratio:'yfmg!ﬂ(inc

>Insamejetas2GeVh, Ny /N, = -~ g
Sa_ e et as. GeVh, Nigg/Ninc £ T PHENIX Preliminary 1
0.1 at intermediate p; £ 1F 200GeV ptp =
‘;-"-.m C P, 2.0-5.0 GeVic 3
& - Integration from -0.5 to 0.5 in A0 i
> Note this is not the same as I P !
Nfrag/Ndirect or Ndirect/Ntoty ! 10'2;— —;
»TBD: Measure in Au+Au 10°%4 B S S S S ST S ST R P
PH._ENIX P, (Gevic)
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Physics Questions

e Characterizing the Medium “directly”:
— What’s it’s made of?
— Information about phase transitions spacetime evolution?
— What's it’'s temperature?

e Exploring QCD Phenomena along with the Medium
— What mechanisms cause hadron suppression/energy loss in hard

___scattering?

. InJets

Answers: (not complete)

* Slowly collecting more quantitative,
differential mformatlon to distinguish Eloss
models w/ hlgh pt/jet y-jet data

My guess: there’s already enough
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Physics Questions

e Characterizing the Medium “directly”:
— What’s it’s made of?
— Information about phase transitions spacetime evolution?

— What's it’'s temperature?
e Exploring QCD Phenomena along with the Medium
— What mechanisms cause hadron suppression/energy loss in hard
scattering?
* |njets
* In heavy quarks
— What is the geometry of suppression
— What is the origin of exotic phenomena?
e Shoulder
* Ridge
e Baryon Enhancement
e Dilepton Enhancement
— What is the geometry of the exotic phenomena

— What mechanisms affect Quarkonia production
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Well Established Baselines in p+p

Talk by Hornback

=~ 10 I I R e PRL 97, 252002 (2006)

o . p+p —~utX atvs=200 GeV

'ﬁ'} 1w0:Ld pep—(e +e)2+ Xat \s=200 GeV < 0¥ o Sngle muons <y>=165
':g 2 % b FOMLL total y=1.85
a1 »  PHENIX data & .  NLietmyss
g 107 FONLL(iotal) dg el ' 77T bew uncartainty y=1.82
k=) . FOMLL{z — &) 8 =

B E . N FONLL(b — 8) 3w

W qg* FOMLL{D — & — &) uw

a

-------

3
IIII|'|T|'| I IIII|'|'| TTIT

L S T T TS - -
P (b)] %
[ I A I
o ] = 4
QD.E . — . — :
o 1 2 3 L] 5 [ T B o] 10
_ pp (GeVic)
e To p+p single electrons, now add forward single muon

measurement

* Looks a little higher compared to FONLL @ low pt, but ~“same
for higher p;
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Bottom/Charm Separation

Talk by Morino

p+lo+ 200 GeV Charm and bottom extracted via e-h mass analysis
+p- (e

+¢)/2 + X at\'s=200 GeV

P

-
(=]
én

-
[
&

IJ‘ T T \I\Ill__i'_‘.'

E d®c/dp® (mb GeV3c3)

—
=2
2,

—
[
&

¢ PHENIX data(total)
4 PHENIX data(c - e)

® PHENIX data((b - e)+ (b~ ¢ e))

FONLL(total)
FONLL(c > ¢)

<o FONLL(D - e
R FONLL(b > ¢ )

N
PH: ENIX

. i,
\ | ] \
1 1 1 1 L 1 1 | I I L1 1 1 1 1 1 il

------------ FONLL((b - &) #{b - ¢ - €))

Preliminary

—
(—]
o
[\%]

2/27/2008

3 4 5 6

b— el(c— e+b— e)

-

III|ILII|IIII|\III|IIII|IIII|IIII|IIII|IIII

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

p+p \s=200 GeV

== PHENIX (RUN5&8) |y| <0.35
PHENIX (RUNS) |y] <0.35

FONLL y=0
------ FONLL maximum band y=0
e FONLL minimum band y=0

-----------

.......
——

------

Preliminary

1 | 1 1 1 L I L 1 1 1 | L 1

o = 4.61 &+ 1.31(stat) 555 (sys) pb

5 6 7
Electron P,(GeV/c)

Charm and bottom spectra both ~x2 above FONLL calculations
— But ratio is in good agreement with FONLL
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New Addition: HQ via e+e-

Talk by Toia

After subtraction of Cocktail - Fit to a*charm+ b*bottom
8 T T | T T ‘ T T | T T ‘ T T ‘ FTTT | FTTT ‘ T \: (With PYTHIA Shape)
p+p atv's = 200 GeV . DATA- - I
E 10° =<0 . = R O PHENIX UA2
& - pT>0.ZGeV(c ------ ¢t — ee (PYTHIA) E .n& 10° =
8 10_6; — bb - ee (PYTHIA) _; 8 ; pectra
g j """" DY eelPTTA = i di-electron
z - c dominant —" i i
T 107 E -
2 1 ; . ¥ NLO pQCD
g 10 { b dominant = B 1
S ] %1 SPS/FNAL
-0 — s | o | | o

5810 E ? | 1||JF 10°
z T - Vs (Gev)

10" = 3 rxiv- : :
o £ arvioszo0s0 « Good agreement with single e
‘-.11_\\\\|I\I\‘\I\I|\\I\‘I\I‘\IT’.T“T‘%\I‘IILL reSUItS

0o 41 2 3 4 5 6 71 8 _

My, (GeVIC) * Also new analyses via e-h
0. = 18 + 47(stat) £ 135(sys) £ 190(model) pb coincidences, single muons, and

direct charm measurement
e AND Bottom!!!!
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Final Data Single e suppression

Talk by Averbeck

. Recentlx finalized single e suppression

g 27I T T T T T T T T T T T T T \7
(1.4 1_8i RAA: 0-10 % Poinvt—by—point error E
Lo AUAU @[5y, =200 Gev LlttmmE
. E A 7° without scaling error E
1.4 , , —
- Bl n without scaling error -
2 %M PRL 98, 172301 (2007) -
1— + .
0 8:— ‘e :
B :
0.6
oab A A A ??_? S e
- AL A A * .
A i
0.2 + e ﬁ‘ #A wA =
L N e A

oO
—
N
ol
H
3,1
[+}]

b [Gevic]
e Awaits further interpretation

— Now quite well established b/c separation should help
e Collisional component of Eloss important?

* Non-perturbative components?
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Physics Questions

e Characterizing the Medium “directly”:
— What’s it’s made of?
— Information about phase transitions spacetime evolution?
— What's it’'s temperature?

e Exploring QCD Phenomena along with the Medium

— What mechanisms cause hadron suppression/energy loss in hard
scattering?
* |njets
° In heavy quarks

Answers: (not comnlete)
e |t’s still unclear but progress is being made:
* HQ suppressmn level finalized, well confirmed
° p+p control Baselme progress:
* b/c contribution to electrons established
e Consistent (understood?) FONLL disagreement persists
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Physics Questions

e Characterizing the Medium “directly”:
— What’s it’s made of?
— Information about phase transitions spacetime evolution?

— What's it’'s temperature?
e Exploring QCD Phenomena along with the Medium
— What mechanisms cause hadron suppression/energy loss in hard
scattering?
* |njets
* In heavy quarks
— What is the geometry of suppression
— What is the origin of exotic phenomena?
e Shoulder
* Ridge
e Baryon Enhancement
e Dilepton Enhancement
— What is the geometry of the exotic phenomena

— What mechanisms affect Quarkonia production
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Another handle on path-length: Reaction plane

dependence Talks by Pei, McCumber
New rxnp
n_p| ane Au+Au \|5NN=20uGeV, Cent=30-40%, 1<th“50°<2 GeV/c, 3<pTrtrig<4 GeVlc

7 ; 0 ; - Phys.Rev. C 77, 011901 (2008
_01f@ o, Wppl<lS F(B) 15°<ip, ¥ ppl<30 H©) 30°<W),, W ppl<45 ys-Rev (2008)
E e . . I —Av;
’ PHENIX Preliminary
£ - I — A rasol.
5 0.05
3
2
A _—(ﬁ 75 J"‘:|"|3m,g""[‘fm>|
E i 5
:! -
£ 005
3 .
= =)

D 1 1 : = ~ 1 || I ]- I _ I I 1 T 1
0 2 4 0 2
Ao (rad) Ag (rad)
I A Out-Plane

Evolution of “Head Region” (Back to back) is
observed. (as opposed to Shoulder Region SR)

Need more work to quantify that
gvit}g\{(gsagtz BNL QM'08 a1

evi ymposium



Constraining geometry: “2+1” near-side yields

_ Talk by Pei
PH-“ENIX Eedp*p | | | !

Trigger n° - |Bdcutcu0-10% 4<p, . <10GeVic s
- 1 cu+Cu 10-20% 2<p. < 3 GeVlc g

_ 57 Cu+Cu 20-30% T.assoc o
z - F=] cu+Cu 30-40% PHENIX Preliminary _ —
ssoc h © 02— |[=]cu+Cu 40-50% T
-1 - Cu+Cu 50-92% -
f B @ H w0 I
s i :
“Conditional” Z o1 @@H EHH NI
charged hadron gtotas, L K ]
at high-pt u i

| | I I |
Not-req [1.10] [2, 10] [3, 10] [4,10] [5. 10]
NS-> Ridge Conditional Particle Requirement (GeV/c)

Cu+Cu yield increases from central (left) to peripheral (right) in each bin
and approaches p+p (most right point in each bin)

The fact that Cu+Cu yield is reduced at central is possibly due to
1) weaker surface-bias, 2) more “+1” particles from underlying event

gtz BNL QM08 - More work underway!

il

5
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Physics Questions

Answers: (not complete)

. Indlcatlon of dependence of di-jet suppression
wrt RP angle? (reduce systematlcs)

e PHENIX 2+1 Studles underway: hmt of geometric

modification in 2+1 cent dependence?
— What is the geometry of suppression

— What is the origin of exotic phenomena?
e Shoulder
* Ridge
e Baryon Enhancement
e Dilepton Enhancement
— What is the geometry of the exotic phenomena

— What mechanisms affect Quarkonia production
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Physics Questions

e Characterizing the Medium “directly”:

— What’s it’s made of?

— Information about phase transitions spacetime evolution?
— What's it’'s temperature?

e Exploring QCD Phenomena along with the Medium

— What mechanisms cause hadron suppression/energy loss in hard
scattering?
* |njets
* In heavy quarks
— What is the geometry of suppression

— What is the origin of exotic phenomena?

e Shoulder

* Ridge

» Baryon Enhancement
e Dilepton Enhancement

— What is the geometry of the exotic phenomena

— What mechanisms affect Quarkonia production

2/27/2008 Justin Frantz BNL QM'08 Review Symposium
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Extensive Shoulder Characterizations

Talk by McCumber

e Detailed studies of Shoulder Shape and Yields
Finalized/(almost finished?) Over Past Year:

— Location of Displaced Peak ~independent of Collision
Energy, Species, p;'"8, Produced hadronic species

— Momentum dependence much softer than jet, but
slightly harder than bulk

— Baryon/Meson make up similar to bulk (Baryon
Enhanced) ___Au+ Au 200 GeV Cent 0-5%
New Studies of the definitions {L-I?-D-E-ﬂ x 2.0-3.0 GeVi/c Fit -
of “shoulder” yield ]
New Fit Decomposition:
Model dependent
Reduces bleed in across

regions

Nt I I I 0 I I I 2 I I 4 I
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p dropoff of Shoulder Phenomena?

Talk by Adare
Aut+Auys,, =200 GeV  PHENIX preliminary

200 GeV di-hadron RHS 28 p_= 7.9 GeVic
' 1 102 —— 0-20%
' 5.0<p"<10.0 GeV/c ) ; A o e
10 3 0 E = —=— p+
R ; o o 0 0 |.Ec — i RH i
HS © [_+_, r-+'. “—+-' %'l —— ;’:_ *'1‘) +
1 .:' = o = il 3 T
I 'y B
I | .- |
—e— Au + Au 0-20%
L | ) L L | L L L | L 1:_
2 4 6 -
partner p; [GeV/c] -
I T A TN

6
partner pT [GeVic]

* R, Head to Shoulder ratio: indicator of shoulder
enhancement

 Apply Run 7 piO-h higher pt results looking for more
precise upper limit in p*2""e": btw 5-7 GeV?
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PHENIX Ridge (?) (!) Studies

p+p, peripheral Au+Au

RunS pip Y, 5y = 200 Gev inc, ¥
"'h.h_,.;— '_“__._,_,_,—"-'_

PH ENIX —7

~Freliminary .

i AY

S

~zom §
Ul‘}1_-..

hi

. P £12.03.0] Gevic
- P e{1.0.2.0] GeWic

Fund Austae 4 5, = 200 GeV Cent 0-20%

T -
PH ENIX —

3.4® 2.3 GeVic

Talk by McCumber

PHENIX can study ridge even within small eta acceptance

central Au+Au

ing, y-h
p’ =[2.0,3.0] Gavic

B =£L0.2.0] G=Vfe

P—

a1z = Preliminary " e
LR 'HE_ e ' D0B
- [2aead-—" O C
T 006
Pogad
002§~ D.04
o
D03 ==
n.-sq""‘m_ oz
D":ﬂ.z‘?"— .

ot
LAY
4
L +++ K "0y ¢"+ |
Au+Au h-h NS +++ v ¢¢¢ H 1. Projectioninn
; different ana than
p+p h-h NS W07 “ + (
00 SooBa ] ~above)
é%? . o OO arXiv:0801.4545v1
2/27/2008 0.5 0 05 [nucl-ex] .



Combining with Shoulder Studies

Talk by McCumber
H P2 1 1 141 Run4 Au+Au 5., = 200 GeV Cent 0-20%
. Strlklng SImIIarItIeS! = = "| T 17T | T 17T \': Nrrll ' T T T T T ;
o E =
. . s F .. p €[2.0,3.0] GeV/c fitmethod -
 Ridgevyields track shoulder £ & o= ™ "= [1/5] = 0.44(4 :
. Id I- ﬂ | " I],IFEI_UBEI{E}
yields vs Centrality > 1175 =0.3202) (inclusive)
~ £F & E
e Spectral shape “thesame =z [ o~ . _
Run4 Au+Au\s"N = 200 GeV J.:Er B 7
= T UL B B BN LR -
< 02~ . near-sme 05-: |An|-=:07 fit method — 107 ¢ s
= - = shoulder: 0.0 < |An| < 0.7 = - - 2
-'.=""z‘ 0.8 _ <lAni< . n A % -
‘Z 016  P.=[203.0] GeVic 3 - ]
0.14:_ p:[:[1 -012-0] GEVfC + + _: ID_3 ! -
0.2}~ + = F - e -
n.1;— + _; i PH Ele 1
0.08F h + = . Preliminary '
0.06— ¢ = " e Au+Au ne?r:1%1ﬂl gg < iq < g; :
- —~ ] O p+pnear: (x 0<|An| <0. §
0041 » pnmx E = HUEFEU away: 0.0 < ﬂ.r} <07 ]
002 ’ Prelimi = 0 p+p away: 0.0 < |An| <07
E | |ridge shoulder | | Ire Imllnaryz 105 I | l L1 11 l L 11 1 ] L1 1 1 ] ) I l L 11 |
O 50 100 150 200 250 300 350 400 1 1.5 2 2.5 3 3.5 4
Noart ph (GeV/c)
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Physics Questions

"Answers: (ndf complete)

|
l - ’ F [
— What is the origin of exotic phenomena?
e Shoulder
* Ridge
» Baryon Enhancement
e Dilepton Enhancement

— What is the geometry of the exotic phenomena
— What mechanisms affect Quarkonia production
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Physics Questions

e Characterizing the Medium “directly”:
— What’s it’s made of?
— Information about phase transitions spacetime evolution?

— What's it’'s temperature?
e Exploring QCD Phenomena along with the Medium
— What mechanisms cause hadron suppression/energy loss in hard
scattering?
* |njets
* In heavy quarks
— What is the geometry of suppression
— What is the origin of exotic|phenomena?
e Shoulder
* Ridge
e Baryon Enhancement
e Dilepton Enhancement
— What is the geometry of the exotic phenomena

— What mechanisms affect Quarkonia production
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Enhancement! Now w/ p; dependency

Talk by Toia, Dahms

S‘ T T T | T T T | T T T I T T T T T T | T T T | T T T | T T T | T T T | T T T
o e —
;E'j- 0.0 GeVic < p_<8.0 GeVic = PHENIX Preliminary 0.0 GeVic < p <0.7 GeVic 3
st O min. bias Au+Au (Rund) i O min. bias Au+Au (Rund) n
£ & p+p (Run5) IR # p+p (Runs) B
E = — Cocktail p+p =8 — Cocktail p+p E
-] = both normalized to m,, < 100 MeVic® == both normalized to m,_ < 100 MeWe® 3
2 I T |
= 100 o o — = arXiv: 0706.3034 5
= *?F_[F,_ o + arXiv: 0802.0050
L [] € ]
10 = =
107 = b
= o° —
~| 0<p;<8.0 GeV/c T | 0<p;<0.7 GeV/c ==
10° = o e e e e e e by oy = T e e Ly T
S‘ T T T | T T T | T T T | T T T | T T T I T T T T T T | T T T | T T T | T T T | T T T | T T T
g weE = =
o B PHENIX Preliminary 0.7 GeVlc <p < 1.5 GeVic =+ PHENIX Preliminary 1.5 GeVic < p < 8.0 GeVic =
% O min. bias Au+Au (Rund) 1 O min. bias Au+Au (Rund) ]
£ o & p+p (Runs) i & p+p (Run5) B
g 10 — Cocktail p+p = — Cockiail p+p E
=] both normalized to m,, < 100 MeVWic® 3 both normalized to m,, < 100 MeWe®
=
z _ i
£
= 10°E = % E
0t e = E
10° 5 = 5
= F 3
—| 0.7<p+<1.5 GeV/c I 1.5<p;<8 GeV/c :
811 =l A S (S S O N M S (NSNS S i N SN R A N RN M AN SR NS S S NN :
0 0.2 0.4 0.6 0.8 1 11 0.2 0.4 0.6 0.8 1 1.2

. » (GeVic?) R {GeW-::z}.
p+p: follows the cocktail " .

Au+Au: enhancement concentrated at low p;
2/27/2008 Justin Frantz BNL QM'08 Review Symposium 51



Thermal Dilepton Radiation?

Talk by Toia

o
o

Inverse Slope T (GeV)
[=] [=]
e L5l

min. bias Au+Au at\[s,, = 200 Gev PHENIX Preliminary

dielectrons
¢ highm_(local)

4 low m, (local)
m low m, (combined fit)

g 1% min. bias Au+Au atyfs, = 200 GeV
> D ® m,, <100 MeVic? x 10
o 100 » 100 MeV/c? < m,, < 200 MeV/c? x 10
- = ® 200 MeV/c? < m,, <300 MeVic?
o 10‘25— * 300 MeV/c? < m_, <500 MeVic? x 107
- = 500 MeVic? < m__ < 750 MeV/c? x 107
T 103 * 600 Mewcz-:mﬂ <900 MeVic? x 3-10°°
é— = ® 750 MeVic? < m__ < 820 MeV/c? x 1(]"‘
S 4n4L # 810 MeV/c? < m__ < 990 MeV/c? x 10
E
> 107¢ PHENIX Preliminary
©10°F
E10°F
= ?:
N -
=107
- aC
S10°%E
_Fo®k
E
z E.
=10"g
AI(;-II-H:E
1072 g
10-135_
10-14=§
15 [1
1015
my - m, (GeV/c?)
2/27/2008

|i+

0.3
-1 "
0.2 —
- ; i + +
0.1_— # é
0 :l 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
0 0.2 0.4 0.6 08 1
m, (GeWc )

Low-pT: 0<m;<1 GeV
Intermediate pT: 1<m.<2 GeV

Intermediate p;: inverse slope
increase with mass, consistent with
radial flow

°Low p;:
einverse slope of ~ 120MeV
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As w/SPS, richly informative

Any similarities with SPS ? Ceres/NA60 People: Skepticism about thermal fit, but clearly
something interesting is going on here too just as at SPS

~ 350 :
] NAGO In-In S
2 . dimuons § [ min. bias AutAu at\s,, = 200 GeV
= 1 dNy/ d”:’BO ‘" LMR - - F dielectrons
I_m 300_ .................................... .............. r ..: ................ ................................. -LMRWJGDY ...................... __ §- : » hlgh mT {lnca”
i : ¢ : . IMR, WJ"G DY E 08— 4 lowm, (local)
___________________________________ ! hadrons(npw¢) g [ ®lowm(combinedtl
Kls
I - PHENIX Preliminary
; i I K’ K, pandp
...... + .......................... .................................... __ 04— i | A0%%
I i T 0 40M50%
i ol | iﬁl 540-92%
e T B N o w, 0,y — e'e
- I ()
- | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | ] 1 1 1 I ] 1 1
~ PRL(07) - 0 05 1 5
: : GeV),
1.5 2 2.5 o (GeVic)
M (GeV)
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Physics Questions

S

Answers: (not complete)

. Dllepton Enhancement in the medium has
recently been established with p+p control
measurement |

BE |
* Differential studies to enhancements in Dilepton
production hint at Thermal nature?

6 g ,
— What is the origin of exotic|phenomena?
e Shoulder
* Ridge
e Baryon Fnhancement
e Dilepton Enhancement
— What is the geometry of the exotic phenomena
— What mechanisms affect Quarkonia production in the medium
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Physics Questions

e Characterizing the Medium “directly”:
— What’s it’s made of?
— Information about phase transitions spacetime evolution?

— What's it’'s temperature?
e Exploring QCD Phenomena along with the Medium
— What mechanisms cause hadron suppression/energy loss in hard
scattering?
* |njets
* In heavy quarks
— What is the geometry of suppression
— What is the origin of exotic phenomena?
e Shoulder
* Ridge
e Baryon Enhancement
e Dilepton Enhancement
— What is the geometry of the exotic phenomena

— What mechanisms affect Quarkonia production in the medium
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J/w d+Au: Cold Nuclear Matter

Talk by Wysocki

Iy Ry, 200 GeV

T T e Increased Run 5 p+p statistics (x10
Run 3)

 Improved & consistent p+p and
dAu analysis

— Improved alignment, resolution,
yield extraction,...

— Cancellation of systematic errors in

. RdAu
05" Eks Model e Result: CNM = Shadowing(EKS) +

i 7 _ 2 8 +1.7

reatap = 0:1,2,3,5 mb (top to bottom) - Ogreakup = 2:8 Mb 14

I i — Consistent within errors with
—— Best Fit 6,5y, = 2.8 7 Mb previous results

|||||||||||||||||||||||||||||
%2 1 0o 1 2 3

Rapidity

Rd;f-'mu

arXiv:0711.3917
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J/w Au+Au: beyond CNM Effects?

Talk by Wysocki

Iy Rya, 200 GeV (Run4)

IE 1—_ ——m—— PHENIX Au+Au Data [y|<0.35 (syst ,  + 12%) IE 1—_ ——e—— PHENIX Au+Au Data 1.2<|y|<2.2 (syst ,,  *7%)
: Data Driven Projection of Cold Nuclear Matter Effect : ] Data Driven Projection of Cold Nuclear Matter Effect
0.8 0.8/ \
0.6— 0.6[
0.4~ 0.4
0.2 0.2 $
—IIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII —IIIIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII
00 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
Number of Participants Au+Au Number of Participants Au+Au
e Large errors still (need Run 8 d+Au, Run 7 Au+Au) ArXiv:0711.3917

— Comparison suggests more forward suppression beyond CNM than at mid-rapidity
— BUT models shown don’t describe R,,, impact parameter dependence

e However Data Driven Method, (No models) not as significant
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J/y Ry Cu+Cu and Au+Au

Talk by S. Oda

Jhy Rys 200 GeV

e g 1 ¢ Approx 2x more J/y in Cu+Cu sample
) e fow = 235500 than Au+Au sample
w8 T3 = — More precise N ;<100 info
04 1035 o %@m -4 * Curves show R,, prediction from ad
o2 gg:g;;;;:;z.::::;};: pores 1owscu 1+ hoc CNM fit to Ry,, separately at y=0
s - R - andy>1.2
x - ]
b : 3 * CNM from Ry,, fit describes
o E suppression for N, < 100.
0.43— 1222 ’ m _f
02:—|y|‘i[ . élj+¥3l_l, syst oba +8% e Meth0d1+0¥| —:
- - m AutAu SYStjloba‘“—LT % Method 1 Au+Au Ii ]
S 14— - " - ' -
£ 12 . . .
T Rya, CONStraints are not sufficient
o 0.8— . .
© ol to say if suppression beyond cold
oar W AANIS B B nuclear matter is stronger at
02— ¢ CuCu,syst +14% ethod 1 CurCu — - -
of L e TMemed Ay forward rapidity
10 10? Noar

arXiv:0801.0220
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New Data from Run 7 & Run 8

Talks by Oda, Wysocki

é. AL

oy 1.2r 1 T |
1.2,2.2] syst =1+7%
o |VEI 1 syst . o | 1000 ¥ + - J/y Yield 4,369 +89 y
I y—ee Centroid 3.162 +0.002 |
| RN - ey 200 Sigma 96 + 2 MeV
=
]
O
0.81 1 g 600
S
> 400
0.6/ 1 E
L] =
=]
i @ O 200
0.4" 1

I |E H @ ] 0 . . I .
2 3 4 5
0.21 @ @ ] Dielectron Mass (GCV/Cz)

- PHENIX Run7 Preliminary
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Statistics will increase by a factor of 3 from Run-4 data. 30 times Iarger.stz.:\tlstlcs will
Preliminary Run-7 result reduce uncertainties of CNM
at forward rapidity is consistent with published Run-4 result. effects.
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Work in process, less than half the dataset, muons will help
no clear model predictions
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Physics Questions

{Answers: (not complete)

 There appears to (at least at~1c) suppression
beyond Cold Nuclear effects at forward rapidity

.* Rapidity dependence of this suppression is still
unclear due to CNM effects expected from d+Au
measurements

* First Measurement of J/y flow should
eventually help constrain the role of coalesence

. Improvements on the way from Run7 Au+Au
and Run 8 d+Au should resolve many open
guestions .

|
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— What mechanisms affect Quarkonla productlonl
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Summary & Outlook

 More detailed conclusions already given
e Lots of new light shed
— Starting to see coherent pictures on many fronts!

e Filling in the details, confirming the emerging
pictures with more precision

— w/ Run?, Run8, and certainly beyond!
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In Memoriam: Zeev Fraenkel

Shortly after Quark Matter, PHENIX and the community suffered a
great loss in the passing of Zeev Fraekel

“[A] friend and colleague for more than thirty years” “Zeev was one of the founding fathers of the study of nuclear
“Zeev was everything a physicist should be, and matter, and his scientific influence was broad and deep. Zeev
. . ’ ’ was a mentor, friend and inspiration to so many. “
much more importantly, everything a man should

be. I will truly miss him, and so wish | had had a “l always enjoyed speaking to him about PHENIX, physics etc.
” because he always had a very different perspective based on
chance to say goodbye. . . .. . . . .
his long experience as a practicing physicist. It is particularly
“I'm so glad that he was able to attend the last collaboration saddening to lose elder statesmen like Zeev [...]”

meeting and QM'08, doing physics until the last.” “He will be greatly missed - | am glad however,
“I'll remember him a very proud and that he came to QM - so we all saw him “
humble man and let peace be with him. “  «hjs scientific productivity was amazing[....] My ‘what is

“Zeev was intelligent, witty, talented, spry, new in PHENIX' has been usually from discussions with

inspirational, and wise. He will be sorely missed.” Zeev every morning there, now I'll miss it ..."”
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