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Large TT° suppression is
observed in central AutAu
collisions

Data tables are now available

In preprint

Both the centrality and
reaction plane dependencies
reported

Nuclear Suppression

(1/N€”t)d2NAA/dedy
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% Nuclear Suppression

RAA(p ) B (1/N€”t)d2NAA/dedy
T P
(Tap) X d?o,y,/dprdy
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% Central Collision Raa

0-5% Centrality ®  PHENIXn® Au+Au 200GeV
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Improved PHENIX data have now
quantified the slow rise in pr.

Slope = (1.06 7022 ) x 10-2 (GeVic)-!

Significant above flat, i.e. slope = 0.0

P (GeV/c)

Central collision Raa is

very similar between
RHIC and LHC

Spectral shapes are not
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Central Collision Raa

1 @ ALICE h"”" Pb+Pb 2.76TeV
- [PLB 696(2011)30]
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Improved PHENIX data have now
quantified the slow rise in pr.

Slope = (1.06 22

029) % 10-2 (GeV/c)-|

Significant above flat, i.e. slope = 0.0

Central collision Raa is

very similar between
RHIC and LHC

Spectral shapes are not
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Spectral Shift Model

...a simple phenomenological
model accounting for the
spectral shape
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Energy loss parameter increases at
the LHC even when Raa is nearly
equivalent between the two
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Opt/pt vs Energy

RHIC has run at multiple lower beam energies,
and a similar examination gives...
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the earlier part of the trend, the energy loss parameter
rises from lower RHIC beam energies to higher



I:‘AA

0.1}

Projecting Energy Loss to the LHC

n° WHDG RHIC Constrained
n° WHDG LHC Extrapolation

n° PHENIX 0-5%
hen PHENIX 0-5%

hen, STAR 0-5%
hen, ALICE 0-5%

Horowitz & Gyulassy, arXiv: | 104.4958

p; (GeV/c)

15

20

If energy loss calculations
calibrate against the RHIC
data and follow the expected
color charge density
dependence...

...then results can over-
predict the LHC suppression.

Energy loss is not a simple
function of color charge
density at fixed coupling.



Projecting Energy Loss to the LHC

7° WHDG RHIC Constrained
n° WHDG LHC Extrapolation
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Projecting Energy Loss to the LHC

I =x° WHDG RHIC Constrained
n° WHDG LHC Extrapolation
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Projecting Energy Loss to the LHC

I 7° WHDG RHIC Constrained
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n° WHDG LHC Extrapolation
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If energy loss calculations
calibrate against the RHIC
data and follow the expected
color charge density
dependence...

...then results can over-
predict the LHC suppression.

Energy loss is not a simple
function of color charge
density at fixed coupling.
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v2 Comparisons

@ ATLASh® Pb+Pb\s=2.76 TeV 40-50%
[0 ALICE h* Pb+Pb \/s,=2.76 TeV 40-50%
Y% STARh* Au+Au\/s=200 GeV 40-60%
A PHENIX ! ° Au+Au\/s,=200 GeV 40-50%

Low pt comparison influenced
by baryon-meson admixture

10 15 20
P, [GeV]

ATLAS, PLB 707 (2012) 303
ALICE, PRL 105 (2010) 252302

STAR, PRC 72 (2005) 014904
PHENIX, PRL 105 (2010) 142301

v2 at large momentum is also
very similar despite the
change in beam energy



New Capabilities

0.3

2011 PHENIX Detector . AutAu |8, = 200GeV
e e 0rsk ¢ h*2011 VTX-PHENIX
pcy Mognet  TEC ) - 20-30% o 7°wv, PRL 105, 142301
>N u
- 021
c 02r
5 _ ¢ &
TOF-W 1L - § 015—— . Q é
Mmpc VTX ; 5 - . PH/\E NIX
PCI C prellmlnary
0.05_—
. s 0:..|1..1|....|....|....|....|....
West Beam View 1 2 3 4 5 6 7
p, (GeVic)
0.25
N Au+Au S, = 200GeV
g : : : Y h*2011 VTX-PHENIX
Additional inner tracking layers 02f 10-20% o  n‘PRL107, 252301 (2011)
remove off-vertex decay 7 Y ENIX
S 015 Ak ..
backgrounds gL preliminary i
O - \i
: . & 01 f
Gives a new ability to track out g L o T 0
to large momenta ool g0
e
T T T T T PR P P
854 15 2 25 3 35 4 45 5

See more: M. Kurosawa (Parallel 3A) | p, (GeVic)



% Two Particle Correlations

Angular correlations between two final
state particles contain at least two
sources: jet fragments and flow

near-side

away-side

“triggers”

Intermediate pt jet fragments have poor “partners”
S/B because of contributions from flow

. . largerpr Smaller pr
s Au+Au 0-20%  (a): o ———— —
161 - T e 0-5% :
i t — 4. ] 02 . 1<p®<2<p<3 GeV/c
1.4l n‘i p: = 4-7 GeV/c : 1 02: pb<2<p? :
U h* p2 = 3-4 GeV/c = [ e e :
T <] C o000 _
O. . = 1.01 .o° *oe, —
1.2__ ] 0 L ] o ®* .. ® ]
L 0O - .o ._
1—_ a 13-?)‘. ‘oo i
W 0.99 \"%) only —
o8- , GTTEIAE o . l only
0 05 . 25 3 0 2 4



% Jet-Induced Correlations

Au+Au 200GeV, p' ®p°=2-4®1-2 GeV

Extensive study of flow
subtraction moments at
intermediate pT

v3 subtraction largely
removes away-side

©
structure ZQ' 0.
O_ 0,05
Away-side residual =
~ -0.0
depends strongly on v4 = (.1
treatment O.(())'
-0.0

V| impact very small

A

See more: T.Todoroki (Parallel 6D)



% Xdir-h+’ " Correlations

Comblned statlstlcs from 2007 + 20 I O

Photons escape medium without

energy loss & at LO tags the : 5<p, <9GeVicx05<p"<7GeVic .
. . . 1— .
initial energy of the away-side = 9| >#2 g B .
parton N - s - |
D 107 - E
Xdir TZJ - 5
away-side 2 @ * 7
Z 10 e PHENIX Au+Au 0-40%
A - global sys = =+ 8.8% .
3 = PHENIX p+p :
10 - global sys = = 8%
Fragmentation function variables: - |
:|: 7‘ | | | ‘ | | [ ‘ | | [ ‘ | | [ ‘ [ [ ‘ [ | | ‘ [ | \7
L L h Xdlr E\ R ‘. T .‘ T T T T T ‘_\l‘ T ‘E
= —In(z = —[n - BW-MLLA in medium E _ =7 GeV x 10 E
g ( T) ( /pT) SO YAJEM 9-12 GeVic -
2 4 E
Nuclear modification: s B
1= ® =@ -
= =T —~— =
0.5 - T PH ‘ENIX —
AA ! T Y T A EO N T T T T RO SO N MR B
. | 0 05 1 1 5 2 25 3 35
(1/N trzng/d . )pp | | | _In(ZT) |
0907 0504 03 0.2 0.1 0.05

T



BW-MLLA in medium E_,=7 GeV x 10"
YAJEM 9-12 GeVi/c
§
Y =
- PH-~ENIX —
= Preliminary -
[ T T T T T ) Y Y Y M T A MY SO SN Y Y NN NN
0 0.5 1 1.5 2 2.5 3 3.5
| | | | gl ~ _l I n (ZT ) | |
0.9 0.7 0504 03 0.2 0.1 0.05
LT

Significant large suppression at small &
Sizable enhancement at large €

Energy loss depletion + wide angle recovery
These features present in theory calculations



Away-side Angular Shape

25 5<p.<9GeV/cx0.5<p'<7GeVic =
2
1.5
_é 1 m H A |A¢| > 571/6 -
B i . 0-40% Au+Au -
0.5 $ . PHUENIX
0 Preliminary =
0 o5 1 15 2 25 3 35
I | a_ _In( ) | |
0907 0504 03 02 0.1 0.05

LT
No angular dependence at small &

Evidence of broadening found at large &
Is this low pTt recovery of lost energy!?
Not higher harmonics, robust against inclusion of vn

See more: ). Frantz (Parallel 1B)



25 5<pl<9GeVicx05<p"<7GeVic =
2 —
= = |AQ| > 27/3 .
< 15 EI ‘A >5n/6
_< 1 | ’;m A m .
= [ﬁ [] Lm - + 0-40% Au + Au =
0.5 $ 3 PHENIX
0 Preliminary E
0 o5 1 15 2 25 3 35
| | a_ _In( ) | |
0907 0504 03 02 0.1 0.05

LT
No angular dependence at small &

Evidence of broadening found at large &
Is this low pTt recovery of lost energy!?
Not higher harmonics, robust against inclusion of vn

See more: ). Frantz (Parallel 1B)



2.5 5<p <9GeV/ch5<p <7GeV/c =
2 _ o IAQl > /2
|5 + EE « 1AQl > 27/3 -
< Y i Lm a4 lA¢l > 5m/6 =
_< 1 I m ;m ;‘ ol —
- [-E S b . 0-40%Au+Au -
0'5 $ :: | PH._ENIX
O_ T R IR N B \ T I T T T S T S SO AN T S RO S E SR N =
0 0.5 1 1.5 2 2.5 3 3.
| | & - In ( ) | |
0907 0504 03 02 0.1 0.05
LT

No angular dependence at small &

Evidence of broadening found at large &
Is this low pTt recovery of lost energy!?
Not higher harmonics, robust against inclusion of vn

See more: ). Frantz (Parallel 1B)



% Reconstructed Jets in PHENIX

N
I
O

\ WV '
ol
o=

\

Gaussian Filter: 1 110
a seedless, cone-like S S
algorithm S
©
5 . 15€
eveloped for heavy ion s A
Q

collision backgrounds at
RHIC

Optimized to find the
energetic core of jets

Stabilizes jet axis against
background particles

P’ = max {/ / dn'd¢’'pr (n', ¢') e_(A”2+A¢2)/202}



% Reconstructed Jets in PHENIX

p+p measurements benchmark well

with NLO
. . p— -2
Gaussian Filter: D 10_3 \ PHENIX Preliminary
a seedless, cone-like L 10°F Run—5p +pn's = 200 GeV/c
aloorithm < 107° Gaussian filter,c = 0.3
5 C 107 \\ width not ap_ uncertainty
€ 10° AN .
Developed for heavy ion E 107 . PH-“ENIX
collision backgrounds at > 18 Ry
-OH 10 \Q“k.
RHIC % 10—9 "-»g%'{.
g0 PHENIX,5=0.3 e
. >~ 1n-11 ° ,0=0. .
Opt'm'Z,Ed to ﬁndothe qg 10_1 ,E -~ PYTHIA K =2.5,6=0.3 e
energetic core of jets -~ 10 — NLO SCA, R = 0.3 (Vogelsang) e
‘= 107 13F ® STARHT,R=0.4 (PRL 97, 252001) TT
e . . QPPN 'Y N I PSPPI IS SR NS 9 P
Stabilizes jet axis against 107" """10 20 30 40 50 60 70
background particles p_ (GeV/c)

) 2 2 2
pffft = max {/ / dn'do’ pr (.,7” ¢') o~ (An"+A%%)/20 }



CNM Jet Baseline

Ry, 0-20%

B " -‘-i:i'¥;';';+'+'+"""'

- PHENIX Preliminary PHENIX Preliminary
d+Au, | s,,=200 GeV d+Au, \s,,=200 GeV

0 5 101520253035400 5 10152025303540
P, (GeV/c) P, (GeV/c)

The extended kinematic reach of reconstructed jets measures CNM
effects out to much higher momenta.

Different sources of uncertainty between jets and TT°.

We expect: the Cronin and EMC effects
Surprised by: large and rapid centrality dependence.

See more: M.Wysocki (Plenary 1C), B. Sahlmueller (Parallel 3D), D. Perepelitsa (Poster)



Got sPHENIX?

HCAL OUTER
HCAL INNER
EMCAL
SOLENOID

PRESHOWER

ADDITIONAL
TRACKING

VTX

sPHENIX Proposal: arXiv:1207.6378
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sPHENIX Data Rates

'03 10§ Hard Processes pQCD @ 200 GeV
8. 1%— NLO pQCD W. Vogelsang ¢
© J: v Lightq+gijets >30 GeV/c: 10° Jets
g 10 §_ —=— Directy
< 102E —=— Fragmentation y >20 GeV/c: 10* Yair
"é‘ 10_3; e (R _=0.2) | |
P Huge rates allow differential
A 104 measurements with geometry
Q'l-10'5i (v, v3,A+B, U+U, ...)
s and precise control measurements
; 10'6;‘ (d+Au & p+p).
> 107
P Large coverage captures
c 107 80% of di-jets!
S 10°:

10—101...1' NN ] >

0 10 20 30 40 50 60 70 Annual statistical

Transverse Momentum (GeV/c) reach

See more: ). Haggerty (Parallel 6C)



sPHENIX Data Rates

b

Transverse Energy [GeV] (Jet R=0.2)

— 10e
& 0F
Q i 2
ql 1 = <:E Simulation Results
2 E -5 1.8 ——e—— sPHENIX Unfold Projection
- 10—1:_ <
g § C_E 1.6 Jet Quenching (Qin et al.)
< -2__ GCJ Jet Quenching (Vitev et al.) w/o CNM effects
e 10 = O 1.4 Q g ( )
= E O\o ---------- Jet Quenching (Vitev et al.) w/ CNM effects
3 10°L S 1.2
O 107 E — :
-+ T 1 fferential
Q._4— :E]_:oooaoococoaé++o ..TL
A 107 e e T Ld] | geometry
Q_l_ - 0.8 )
-5 _ .
c 10°F -
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6| _
- 10 = 0.4—
o N e e
S U= 0.2 e el
I.I\J 10 : - | | | | | | | tures
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Transverse Momentum (GeV/c)  reach
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See more: ). Haggerty (Parallel 6C)



New Physics to Remember

o
\‘\

2.5
, 2
® Large suppression and <15
. <
recovery of energy loss in 1
Ydir correlations 0.5
<2.2F Z
o oF Rua 60-88%
1.8;— e (} + N
o |
1.4F % * + [
1.2 LIS +
1 R L B i
0.8 ™
0.6F o50 PHENIX Preliminary
0.4E  on d+Au, {'s,,=200 GeV
0.2 sjets
%510 15 20 25 30 35 40

P, (GeV/c)

BW-MLLA in medium E_=7 GeV x 10
: YAJEM 9-12 GeVi/c -
: : * f
— PH.ENIX
i —[] Preliminary 3
0 05 2 25 3 35
E = - In T)
| | | |
0907 0504 03 02 0.1 0.05
ZT
® Rapid large centrality

dependence in CNM baseline
will require treatment for
energy loss calculations



More Information

Additional Talks:

John Haggerty on sPHENIX

Justin Frantz on Ydi-h correlations
Makl Kurosawa on VN measurements

Takahito Todoroki on Two-particle correlations

Posters:
Dennis Perepelitsa on Jets in CNM
Bing Xia on on Ydir-h in d+Au
Theo Koblesky on Correlations and Tracking in the VT X






Nuclear Modification

0-5%

PHENIX =°

ALICE h*"

ALICE h*",
[PLB 696(2011)30]
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ALICE, J. Phys. G: Nucl. Part. Phys. 38 124040
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@ ATLAS h* Pb+Pb \[s,=2.76 TeV 40-50%
00 ALICE h* Pb+Pb \/s,=2.76 TeV 40-50%
Y¢ STARN* Au+Au\/s,=200 GeV 40-60%
A PHENIX | ° Au+Au\s, =200 GeV 40-50%

0.25

0.2

0.15

0.1

0.05

@ 10-20% (STAR)
B8 20-30% (STAR)

o

ALICE, Phys.Rev.Lett.105:252302,2010 P, (GeV/c)



Direct Photon Backup

1.8
1.6
1.4
1.2

Isospin effect
--===-= EPS09 PDF [5]

— — - prompt+qgp [2,4]
— - — coherent+conversion+A E [3]
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(a) Au+Au Minimum Bias VSW=200GeV (b) Au+Au 0-10% |s,,=200GeV

o " PRL.101,232301 (2008)
qE= e NewResu "~ T .

—L

-

N
RRT[TTT

:

lllllll

Al

P | 1 1 | IR B NSNS R

o
N
Illlllllllllllllllllll

I

117

[

0.8F - I
0.6 ! - PP [ (1 l :
0.4 @ — -
0-2 :_ ] :— B
1.9 - (e) Au+Au 60-70% s,,=200GeV J - (f) Au+Au 80-93% |s,,=200GeV
. : . E o
1 :i ........................... o P B | I - B N R | 1 S ——

000
N Do @

iOl

(0]

> ||

oo ||

==

&
Illlllllllllflll

._
=
-
-

o T[T T[T T L]

o
ofTTT
N
o
()]

(o]

2‘.4.A‘61.‘8‘..110.L.1l2..‘1l4‘..116.A.118. ...110,.‘112A..1l4. .116. .118..;20
P; (GeV/c) P; (GeV/c)



RAA

1.2
" 2°R,, in Au+Au 0-5% |, =200GeV
1™ Slope = (1.06 +0.34 -0.29) x 10” (GeV/c)™
~ R fit=0.30 +0.06 -0.05 (at p =20GeV/c)
0.8/~ %NDF =11.08/9, %* Prob. = 27.06 %
o.s:—
0.4 I l
: s-b-l-r."."“"—-—__." : : I
02~ geee
o B 1 1 1 l 1 1 1 1 1 1 1 l 1 i ] i | l i | 1 1 l 1 1 i l i i 1 1 1 1 L
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15_ %2 Contour of linear fit to =° R, (Lines show 1 and 2 o)
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