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Jet, Di-Jet, and y-jet Probes in PHENIX

Can we catch energy loss
in the act?

Topics this morning:
(Conditional) Spectra modification
Jet broadening

Fragmentation Function modification



Jet, Di-Jet, and y-jet Probes in PHENIX

Can we CatCh energy IOSS Experimental signature of partial energy loss
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Jet broadening

Fragmentation Function modification



Medium Response? )

Is “medium response” actually related to energy loss?

Correlations between
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Medium Response? )

Is “medium response” actually related to energy loss?

PHYSICAL REVIEW C 78, 014901 (2008)
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Medium Response? i

Is “medium response” actually related to energy loss?

PHYSICAL REVIEW C 78, 014901 (2008)

Correlations between -  x10%
4 e 1 1 1 ]
= T ]
Iowgr pt (s4 GeV/c) 2 34923 GeVlc
particles S 10f * =2-3®3-4GeVic-
Away-side “shoulder” E’«% % ¥ 0-20% Au+Au |
=~ 5p D: -
L o — _
o te ' S99,
PRL 98, 232302 (2007) g, ¥ ; “a ;Q i'g]g;‘fgg "
2L ACLU) ——, — . . _
- (b) AD = 120° : ; 1 —— e
, — T 0o 2 4
-~ S : A¢ (rad
s | Ji b 0 (rad)
= : +  d+Au 200 GeV -
005 T = Au+Au 200 GeV .
#T + 4 Cu+Cu 200 GeV
. e Au+Au62.4 GeV I
v Cu+Cu 624 GeV il
O 00 00 300 400

part



Medium Response? 7

Is “medium response” actually related to energy loss?

Correlations between B. Alver, et al, (PHOBOS) Phys.Rev.Lett.104:062301,2010
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Medium Response?
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Large Angle Radiation

Large angle hadron correlations from medium-induced gluon radiation,
Vitev, Phys. Lett. B 630, 78 (2005)
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Medium Response? Y

Mach Cones adiation

Hydrodynamic Flow from Fast Particles

J. Casalderrey-Solana, E. V. Shuryak, D. Teaney edium-induced gluon radiation,
0, 78 (2005)
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Medium Response?
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Mach Cones

Hydrodynamic Flow from Fast Particles

J. Casalderrey-Solana, E. V. Shuryak, D. Teaney
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0, 78 (2005)
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MACH CONES IN HEAVY ION COLLISIONS*

GIORGIO TORRIERI, BARBARA BETZ

JORGE NORONHA., MIKLOS (GYULASSY

100 x Ae(x,,x )/ (v=0.9 , 2=5.5)

Esym

X, (1/nT,)
(@]

o

2 .\.-.\_g\\\ N RN ]
B BK OOy

-5
x,=z-vt (1UnT)




Medium Response?

Another long list for the “ridge”




Or Triangular Flow?

Is “medium response” actually related to energy loss?
285 Npart

The canonical initial

condition for nucleus-

nucleus collisions
“the almond”
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Or Triangular Flow?
Is “medium response” actually related to energy loss?

285N,

0.08

Real collisions start
from lumpy initial
conditions and break
symmetry

y (fm)

0.06

0.04

0.02

% 8 6 -4 2 0 2 4 6 8 10
| X (fm)
a single event



Or Triangular Flow?

Is “medium response” actually related to energy loss?

. Takahashi, et.al. PRL 103, 242301 (2009)
Real collisions start

from |Umpy initial 08 - Event centrality
conditions and break 0.6 | " 0-10%

mme tr % g - o 40-60%
sy y S o4l \—} v

v~25 :
through NEXSPHERIO  °2f - EELN
hydrodynamics o f FESTELREIL S
PO W T VT WY WY TN (NN SN SO TN WA N T NN SN SN S S S ; PO S T 1 ; PR 151 PR

No parton-medium coupling required



Or Triangular Flow?

Is “medium response” actually related to energy loss?

Real collisions start
from lumpy initial
conditions and break
symmetry
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No parton-medium coupling required
Could explain both “ridge” and “shoulder”




Or Triangular Flow?

Is “medium response” actually related to energy loss?

Real collisions start
from lumpy initial
conditions and break
symmetry
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Or Triangular Flow?

Is “medium response” actually related to energy loss?

Real collisions start

Alver & Roland, arXiv:1003.0194v1

from lumpy initia Sttt
conditions and break 0.6 « pHOBOS 2.0<Ani<4.0 Ini<3 ' ¢¢ 3
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Triangular flow =» Initial Conditions, Medium Properties
but not Energy Loss

Open Questions: Can triangular flow explain all the data? What about even higher order terms?



Meanwhile...

So how do we catch
energy loss In the act?

4 basic high pr
measurements
above “medium
response” of:

Single particle

Two particle
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Energy Loss

Two trivial limits of energy
loss modifications to spectra:
“Loss” and “Shift”
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Two trivial limits of energy
loss modifications to spectra:
“Loss” and “Shift”
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Energy Loss

Two trivial limits of energy

loss modifications to spectra:

“Loss” and “Shift”

Loss

ratio
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Energy Loss

Two trivial limits of energy
loss modifications to spectra:
“Loss” and “Shift”

Shift

'\NJL::'W 4%?0%

More information!



Energy Loss

Two trivial limits of energy

toy power law demonstration
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Energy Loss

Reality likely lies in between:
(and probably depends on pr)

Loss + Shift




Energy Loss

Reality likely lies in between:
(and probably depends on pr)

Loss + Shift
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Trivial or not?

Is a flat Raa(pt) dependence really this simple?

Gyulassy, Erice, 9/5/2004
Single Hadron Tomography from SPS, RHIC, LHC

lvan Vitev and MG, Phys.Rev.Lett. 89 (2002)
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The First Look (2 years ago)

PHYSICAL REVIEW C 77, 064907 (2008)

Does Raarise at
large pt?

<  [PHENIX 7° (Au+Au 0-5% Central)
-Global Systematic Uncertainty = 12%
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The First Look (2 years ago)

PHYSICAL REVIEW C 77, 064907 (2008)

Does Raarise at
large pt?

Fit requires proper
accounting of
correlated systematic
uncertainties
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The First Look (2 years ago)

Does Raarise at
large pt?

Fit requires proper
accounting of
correlated systematic
uncertainties
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The First Look (2 years ago)

PHYSICAL REVIEW C 77, 064907 (2008)
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The First Look (2 years ago)

Does Raarise at
large pt?

Fit requires proper
accounting of
correlated systematic
uncertainties

Data fully consistent
with flat trend

Consistent with constant loss and shift
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The First Look (2 years ago)

PHYSICAL REVIEW C 77, 064907 (2008)

Does Raarise at
large pt?

Fit requires proper
accounting of
correlated systematic
uncertainties

Data fully consistent
with flat trend

Consistent with constant loss and shift
but also small trends
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Second Look (yesterday!)

Does Raarise just a
little at large pt?



Second Look (yesterday!)

Does Raarise just a
little at large pt?

Examined n meson Raa
= Advantage:
Larger opening angle

= Disadvantage:
Smaller yield

» Different mix of
uncertainties than



Second Look (yesterday!) N
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Does Raarise just a
little at large pt?

Examined n meson Raa

Intercept at 20 GeV/c

Second Look (yesterday!)
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Second Look (yesterday!)

Does Raarise just a
little at large pt?

Examined n meson Raa

Individually the data
are still consistent
with flat pt trend

Some preference for
small increasing Raa

Falling trends
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Second Look (yesterday!)
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Moving on...

So how do we catch
energy loss In the act?

4 basic high pr
measurements
above “medium
response” of:

Single particle

Two particle
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Two-Particle Correlations

m: 4-12 GeV/c
hz: 0.5-7 GeV/c

Broad range of
trigger ptr

arXiv:1002.1077v2, Accepted by PRL
4-5® 0.5-1 GeV/c |

4-5 ® 2-3 GeV/c —* 0-20% Au+Au

—(x 3.0)

-=- p+p




Two-Particle Correlations

m: 4-12 GeV/c
hz: 0.5-7 GeV/c

Broad range of
trigger ptr

ptt > 7 GeV/c

Back-to-back
peaks for all
measured
associated pr

arXiv:1002.1077v2, Accepted by PRL

4-5 ® 0.5-1 GeV/c 4-5 ® 2-3 GeV/c —* 0-20% Au+Au
— T (x 3.0) —=- P+p h

5-7 ® 3-5 GeV/c

WARYN ™" Ao < 7, = - g e S AT I




Two-Particle Correlations

m: 4-12 GeV/c
hz: 0.5-7 GeV/c

Broad range of
trigger ptr

ptt > 7 GeV/c

Back-to-back
peaks for all
measured
associated pr

Still no evidence
for jet broadening

arXiv:1002.1077v2, Accepted by PRL

4-5 ® 0.5-1 GeV/c

4-5 ® 2-3 GeV/c —* 0-20% Au+Au
—(x 3.0) B

Away-side suppression at large associated pr



Away-side laa

Iaa = (V™ N") vy
(N /N pip

head

Jet pair yield




Away-side laa
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Away-side laa

arXiv:1002.1077v2, Accepted by PRL
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Away-side laa

arXiv:1002.1077v2, Accepted by PRL
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Observation: Surprisingly at high pr, laa > Raa



How can laa > Raa?

Important: Conditional away-side spectra are hard

PHYSICAL REVIEW C 78, 014901 (2008)
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How can laa > Raa?

Loss

toy power law demonstration
--= PP

spectra
2
T TTIIIf

— Au+Au

108

.
A
A\ ]
*
A
A
A
*
A ]
A J
A
-+
*
*
“
. ]
-
>
-

10’

3
~
3
~
~
3
~
~
~
~
~
&
~
&
~
~
~
Y
~

||||||||||||T~|.
IIIIIIIIIIIIII

fEermeeeeeeeeeeesseseeeeeeeeess e eeeeeees s eeeneeessenne E
0.8 -

2 of course E
8 % :
0.4 — O 2 -
0.2 -
05:....I....I....I....I....I....I....I....I....:

10 15 20 25 30 35 40 45 50



How can laa > Raa?

Loss Shift
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Away-side laa

arXiv:1002.1077v2, Accepted by PRL
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Observation: Surprisingly at high pr, laa > Raa

No longer fully consistent with pure loss
Energy loss In the act!




Away-side laa

Increasing trigger pr:

- further hardens the
away-side spectrum

- results in larger laa
values

< 10"
_<

107

arXiv:1002.1077v2, Accepted by PRL

. B n®p_=4-5GeV/ic | 5-7 GeV/c
1 6% scale uncertainty i
ue 0-20% Au+Au = ¢ —@— away (IA¢ - ntl <7/2)
| L —— head (IA¢ - tl <1/6)
I o * e E
3 " i
-I- Lt .
R e B L L B B e O SO
7-9 GeV/c 1 9-12 GeV/c ]
i [ ] (RAA>,n° p,>5GeV/lc _
fl# ZOWW, ¢, = 1.68 GeV/fm - +
— # =ii=: ACHNS,K=4.1:06 F + I I E
) 1 S - u
o IR NP TR S N SN NP b o B AU TN B SR R R
0 1 2 3 4 5 6 70 1 2 3 4 5 6 7

partner p_ (GeV/c)



Away-side laa

arXiv:1002.1077v2, Accepted by PRL
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Theoretical Away-side laa

arXiv:1002.1077v2, Accepted by PRL

ACHNS

Consistently falls
below data

ASW energy loss +
full hydro evolution
(gives correct Raa)
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Theoretical Away-side laa

arXiv:1002.1077v2, Accepted by PRL
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Theoretical Away-side laa

ACHNS

Consistently falls
below data

ASW energy loss +
full hydro evolution
(gives correct Raa)

ZOWW

Follows data
reasonably well

Uses a simple hard
sphere geometry
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Is energy loss or medium geometry the
crucial difference?



Theoretical Away-side laa

ACHNS

Consistently falls
below data

ASW energy loss +
full hydro evolution
(gives correct Raa)

ZOWW

Follows data
reasonably well

Uses a simple hard
sphere geometry

10-1— LT 1
0 1 2 3 4 5 6 70

arXiv:1002.1077v2, Accepted by PRL

0
[ J(R,»7 p.>5GeVic
— ZOWW, 80 =1.68 GeV/fm

== ACHNS,K=4.1:06 1
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6% scale uncertainty i
e 0-20% Au+Au = ¢ —@— away (IA¢ - 7l <7/2)
| L —— head (IA¢ - tl <1/6)
N B l i
e B e R
7-9 GeV/c

1

2
partner p_ (GeV/c)

Is energy loss or medium geometry the

crucial difference?

Any full description requires realistic:
geometry, spectra, energy loss



Pinning Down the Geometry...

So how do we catch {\\e“\
energy loss in the act? X
W &S
4 basic high pr 099 ®O<°
measurements o}\V (,\\0
(14 . ‘ @
above “medium @(@ &

response” of:

Single particle

Two particle




Raa(Ps)
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Away-side PTY(®s)

Au+Au\/s, . = 200 GeV Cent 20-60%
T

PHVENIX

J(A¢) (arb. units)

b“ ©[4.0,7.0] GeV "' _

©[3.0,4.0] GeV h*

o h,‘-oAl =[0°,157]
O Il,'-C'Al =[75°,907]

A = 0.66(3)

Au+AU\/ Sy = =200 GeV Cent 20- 60%

I 1] 1
pA £[4.0,7.0] GeV °
LE[SO‘!O]Gth :

o
'S

TY,/PTY, =0.94 +0.06 (stat+sys)

o,g-corrected

o
X

Near PTY (arb. units)
=}

Away PTY (arb. units)

Au+Au5[ NN = 200 GeV Cent 20- 60%

1 I v
0.15— ]
p (_[4070]GeV1

PTYW/PT\(ln = 0.60 =0.25 (stat+sys) E )

p} <[3.0,4.0] GeV h’

- A¢ ELLx ]

Ar u,p-corrected

Il

o
—

—

_
PH ENIX . Renk - Phys.Rev.C78:034904,2008
- Pantuev - nucl-ex/0610002 '

falling away-side trend
insignificant near-side trend

Particle selections just above
the medium response

= O triggers: 4-7 GeV/c
= h= partners: 3-4 GeV/c



Beyond the Basics

Can we get a second withess?



Direct Photon Correlations

At leading order:



Direct Photon Correlations

At leading order:

Direct y-h:

Measured
statistically

Dominated
prompt photons

Little near-side yield
(fragmentation
photons)

PHYSICAL REVIEW C 80, 024908 (2009)
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Direct Photon Correlations

Y h+
At leading order: NN — =
_ Megan Connors (PHENIX QM09
Away-side y-h: < T . . ' AR
1 2 . Run7D|rectyhl |A¢ n|<:rl5 P, 5-1ZGeVlc —
4 . - 10-h I, |A0-n|<1/6, p 5-7GeVic’ =
suppression R i ............ wavtooztorr " P 200V
- — 1 Rya P, > 5 GeVic .
similar to both 08 ) ‘ PRL 10:), 232301 (2008) — . -
- PH ENIX -
Raa and laa 0 6f | | Preliminary  _
6 oL & =
similar path as Raa 0.4 - —
- ® - ; _
- (] -
quark jet dominated ~ 0-2F -

% 50 100 150 200 250 'éob&'aso
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Direct Photon Correlations

+

At leading order: Y4\/\/\/ ﬁﬁ»h

_ Megan Connors (PHENIX) QM09
Away-side y-h:

= HeadRegion (A0 -7l <nSrad) 3
_ - Direct y-h -
suppression 10§ » ptpx10 =
similar to both 1 [ Run 7 Au+Au 0-20% -
Raa and laa = :
. N 107E 1
fragmentation 3 - Rl S
function somewhat T, 10°¢ % ool BN
Steeper than p+p g 10'3 ;— GlobaI.Scale Uncertainties: Mkl Pt —;
(only 1.30 s 16% AurAu -
. . 4 ~ =
improved experimental 0 02 04 06 08 1 12

uncertainties Ne-bzp T
pin down these trends b=689 +0.64 b=949 +1.37



Jets and Partons

Another path to parton LO information:

Jets are not directly partons

but they are more closely connected than leading fragments



Jets and Partons

Another path to parton LO information:

Jets are not directly partons

but they are more closely connected than leading fragments
AntiKt FastJet + Pythia
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Jets and Partons

Another path to parton LO information: ) h+

—3 =

but they are more closely connected than leading fragments
AntiKt FastJet + Pythia

~ R=04

........ | 102

Jets are not directly partons
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Jets and Partons

Another path to parton LO information:

Jets are not directly partons

jet
T,

leading p'

=

e
O (| —y
o™

but they are more closely connected than leading fragments
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Jets and Partons

Another path to parton LO information: ) h+

—3 =

but they are more closely connected than leading fragments

Jets are not directly partons

Vitev et al., arXiv:0810.2807v1
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Jet Reconstruction

Methodology:
Gaussian filter

Better weighted to jet
signal than a cone
algorithm

Less influenced by non-
jet particles

INT Schedule for Wednesday, June 23:

Filter output
(contour)

-
/ / Lego plot (charged/neutral)

; - Run -5 p+paty/s =200 GeV
- 13.5, 8.69 GeV/c dijet



Jet Reconstruction

INT Schedule for Wednesday, June 23:

é + |===================
58*\/3 h 9:00: Y.S. Lai: "Reconstructed jets in PHENIX"™

Methodology:

Gaussian filter

2D (pparticle piet) Unfolding

Simultaneous extraction of
spectra and fragmentation funcs

Requires careful examination of
systematics



Jet Reconstruction

INT Schedule for Wednesday, June 23:

-+ e e p——
© _ | . - n
éogﬁ)h 9:00: Y.S. Lai: "Reconstructed jets in PHENIX"™
O
4 —\.
Methodology: 6 o }8?%
110
Gaussian filter ° | &
| 3
15
I~
1

2D (pparticle piet) Unfolding

Fake rejection for heavy ion
backgrounds

Gaussian shape cut on
momentum distribution in filter Rejected 10.8 GeV/ ¢ background fluctuation



Jet Reconstruction

INT Schedule for Wednesday, June 23:

9:00: Y.S. Lai: "Reconstructed jets in PHENIX"

rf: 10:§ \ PHENIX Preliminary g, 1 05 2 PHENIX Preliminar
< 10 \ Run-5p+pNs=200GeV/c | o [ RUNS V/s = 200G v
> 10 Gaussian filter,o = 0.3 S 104 0 H un-Ga‘:J:sfan f?lt—er pae 53
) 10_5 N width notapT uncertainty X E : 8“ \+‘+\ charged ratio < 0.9
€ 107 N S 10°%F ‘*ﬂff"v/f i > 3 particle
—~ 10_7 \.\’}o\ ~ ? o **\ \f\
%‘ -8 N S.n20 W 7 **\ \‘L
10 % 510°E N 54 Gar, ]
8107 ey N N
QHI 0_10 ; ‘.‘SJ % 10¢ \\ I;;; T\\%\ {\\
S 10-"1F ° PHENIX,0=03 e ~o Ny M Gev/c"\‘?’sf N
% .~ 15F " PYTHIA K =25,0=03 T = 4 g S (S N
B 1072 — NLO SCA, R = 03 (Vogelsang) L U3 1, T \# )
=107 '3F * STARHT,R=0.4 (PRL 97,252001) Toed : IR AN
5 10_14 PSR R S NN SR TR N N TR SN SN SN NN TR TN ST SN NN NN ST NN SN NN SN NN AN N .\\'\L 1 0—1 — ~\\\ \ \
0O 10 20 30 40 50 68 v 70 - PYTHIAp® = 15GeV/c . \§\Q -.:1
pr( eV/c) 10-2 -+ data overaII syst. uncertalnty B ’
: : E —D(2) = N2%(1 — 2%(1 +Y) fit to data - Wt
p+p ConSIStent Wlth 10—3 i I | | | 1 | I 1 1( | IZ)1 1 | I | 1 “‘J
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Jet Reconstruction

RAA roughly consistent
with single particles

Also consistent with flat
dependence in pr

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2F

INT Schedule for Wednesday, June 23:

9:00: Y.S. Lai: "Reconstructed jets in PHENIX"

lllllllllll]lllllll

2

S
|
—
-
b—
—

b
b
}——

PHENIX Preliminary

* 0—20%
° 71 0-10%,z) = 0.7 (PRL 101, 162301)
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2238550
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PHENIX Central Upgrade

Step #1: Remove the outer PHENIX Central Arms
Step #2: Replace Axial Field Magnet with Solenoid
(2 Tesla with inner radius = 70 cm).

PHENIX Detector

PC3 &)ﬂentralt TEP 3
PC2 agne

TOF-W

H9¢ =We.

Aerogel

West Beam View East



PHENIX Central Upgrade

Step #1:
Step #2:

Step #3:
Step #4.

Step #5:
Step #6:

Remove the outer PHENIX Central Arms
Replace Axial Field Magnet with Solenoid
(2 Tesla with inner radius = 70 cm).

New silicon tracking layers at 40 and 60 cm
Compact EmCal (Silicon/Tungsten) Inl<1.0
8 cm total depth and preshower layer
Hadronic Calorimeter Outside Magnet
Maintain high DAQ bandwidth and triggers




Jet Capabilities

Central collisions:
™ out to 38 GeV/c
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Jet Capabilities

Central collisions:
™ out to 38 GeV/c

Direct photons out to 46 GeV/c
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Jet Capabilities

Central collisions:
™ out to 38 GeV/c

Direct photons out to 46 GeV/c
Jets out to 70 GeV/c
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Jet Capabilities

Central collisions:
™ out to 38 GeV/c

Direct photons out to 46 GeV/c
Jets out to 70 GeV/c
Charm (beauty) jets 42(45) GeV/c
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Jet Response

Tracking + EMCal

0.5

0.45

04

0.35

0.3

0.25

0.2

0.15

0.1

0.05

10 20 30 40 50 60 70 80
meas p

jet

T

With tracking, dominated by “fakes” above some pt (here pt >
10 GeV). Thus, low overall efficiency for true high energy jets.
Bias in spectra reconstruction when FF is uncertain.



Jet Response

Tracking + EMCal

0.5

EMCaI + HCaI

0.5

:'5 - (events W/O h above 10 (JEV/C) .
o (horlzontal strlps normallzed to eff) (horlzontal normallzed to eff)
o S i 0.45 SN B 0.45
S
| -
= 0.4 0.4
0.35 0.35
0.3
0.25 0.25
0.2 0.2
0.15 0.15
0.1 0.1
0.05 0.05
20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0
jet t
meas pj meas IDle

With tracking, dominated by “fakes” above some pr (here pt >
10 GeV). Thus, low overall efficiency for true high energy jets.
Bias in spectra reconstruction when FF is uncertain.

Issue largely solved with EMCal + HCal for jet energy!



Frag Func Range
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Frag Func Range
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Summary

Triangular flow is a promising explanation for “ridge” and
“shoulder” phenomena

Definitive only when full quantitative reproduction of the data
(eliminate the possibility of some degree of medium
response)

Raa, laa, Raa(®Ps), 1aa(®Ps) provide a basic but useful set of
observables from testing theory

Additional observations will give us more information






Raa(®Ds)
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Fast Parton Energy Loss

do, do,, dn 4, dn
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C "“F PHENIX T T -
U A I g [Qe O R P>5GeV/C
0.8 C aE:’ N B - S m Ry, P >10GeV/c (x 0.5)
. : 9 | *\ O'~ - )
" c n O -
0.6 o # m - R Bl O
n = = o e @ o
0.4 g% . + m
0.2+ W ® o 10" R
0:...|,..|.,,|,,,|,,,|,,,|,,,|,,,|,,,,HI :N _3151|s05/lcentan¢l:IN —32?|so10/lcent(partlyoverlappmg)
0 2 4 6 8 10 12 14 16 18 20 o""so" 100 150 200 250 300 350 400
p, (GeVic) S
Energy loss: 2 4| .
> "»., |
> 3 n ﬁ
. . . om \ -
u Iarge suppression = opaque medium Comparlson to £ . \ )H/H/'
PHENIX data = o
. g | A\
= found by many models, but these differ on < Vi

characteristics of fast parton interactions: % s 0

15 20 25
¢ few large interactions, GLV, AMY PQM Model (§ ) (GeV*/fm)
+ many small interactions, BDMPS ”‘1'7“" ASH ' A0
...but also on path length dependence e E—— 2 L
5 : I'(r,7) 10 GeV=/fm [|2.3 GeV~</fm|4.1 GeV~/fm
¢ AE ~ L2 (weak coupllr)g, BDMPS-2) 7 (77) 185 GeV?/fml4.5 GV /fm
¢ AE~ |3 (Strong COUleng, AdS/CFT) s(7,71) 1.3 GeV?/fm
Bass, et al., PRC79, 024901




PHENIX Detector

Y

PC3

PC3 Central

/ PC2 Magnet TE .
A
Event Characterization
CORAT // / \ 0 - = Vertex, Centrality, Reaction Plane
| © (BBC, ZDC, RXPN)
MPC RxNP §
PCA1 -
Aerogel
2 Single Particle Reconstruction
West Beam View East
P,  omua » Charged Particle Tracking
°°%90 @@\ (DC, PC1, PCS3, RICH)
3 I 5o | = Photon and m® Reconstruction
~zoosoun | AR Z0C Nogy (PbSc, PbGl, PC3)
MulD| Il I N MulD
§ |MuTr| ‘
Y South Side View North

Y
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Charge Particle Tracking

Challenging high multiplicity environments dN¢ /dy < 700

Drift Chamber:
= north-south division
= two X-layers (phi-separation)
= two UV-layers (z-separation)

PC1:

= small pads, ~8 mm
= better z-separation

Track resolution High momentum background

= fine DC spacial resolution pr>5 GeV/c

150um
= large field integral

= photon conversion
= post-field decay
= albedo

1.15 Tesla-meters

Extend matching
requirement in PC3

= fine momentum resolution
op/p ~ 0.7% ® 0.1%p \

low pr1 - multiple scattering
high pt - angular resolution

~1% at 7 GeV/c

>c RXNP

PC1



Intermediate pr Medium Response

JPR(A®, An)

p+p (similar in peripheral Au+Au)

Typical:

- Near-side Jet
- Away-side Jet - “Head”

central Au+Au

=0.061
<1
< 0.044"
| |
g
01
-0.5
New:

- Near-side Modification- “Ridge”
- Away-side Modification - “Shoulder”



System and Energy Scan

Central
0.04F " assoc T trigg ' ]
- 1<p;  <2.5<p; <4GeV/c A
00385 Au+Au 200 GeV 5-10% -
0.02f =
0.01F mm ““‘mm%
u o ]
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0.3
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0.1

0.05fF

Peripheral

0.2f

|1<p-?8é°°<2.l5<p¥idg<4GleV/c |

E_‘" Au+Au 200 GeV 60-90% -

oo
— -
==

-®

- T ey
= Au+Au 62.4 GeV 40-80% -

# B

Away-side structure vs.
beam species, beam
energies, and centrality

All cases:

0.3f 3
oo 19 E
- [ ¢
B m, ufmmEE
Of---------- MEEEEEE ----------- -
0.3 E
- Cu+Cu 62.4 GeV 40-80%
0.2 g™
| #0
0.4 oo ++++ .
i - ]
Of<---- +¥-§:".'l'f"f ................. 3
0 05 1 15 2 25 3
Ap (rad)

e Peripheral similar to p-p

e Central shows
development of shoulder
structure in all cases



System Size

T gaussian kurtosis = 3

' I I ' I '
25401 N 1<p2>*<2 5<p ®<4GeV/c ]
0.4h Au+i g | ﬁ _
g— '\ _9 N + filled symbols - kurtosis _|
T i \. \'s = 200 GeV s 2| oY open symbols - rms ]
g |\ =t on *} ¢ $" .
o
© —~ —
© L o] - _
< C 11— 0oy 94 o °q o @ o —
™ ~ jo éﬁ a
w [fa |
£ | |
= L (a) |
— : : :
| (b) * * —
_ T | & e ~
= Common trend with 5 | B # ¥ i j
system size c # -
= Transition region — T * d+Au200 GeV ]
N 05 " = Au+Au 200 GeV —
between 0 and 100 N, Ty . CuLCU 200 GeV |
= Shape saturates M e Au+Au 62.4 GeV i
above 100 Npg J v Cu+Cu 62.4 GeV i
] L L L | L L L L | L L L L | ! ! ! !
= No observed % 100 Iﬁoo 300 400
energy dependence part

Increasing system size



Transverse Momentum, pr

= (1/N*)dN?*/d Ad

jet

Y

o
o
N

o
—

o
—h

0.05

o

0.06

0.04f
0.02f

g o

—_
QD
L

°d  o-p+p
o) "

3-4® 0.4-1 GeV/c
—o— Au + Au 0-20%

3-4 ® 3-4 GeV/c
x 3.5

x 10

600004

5-10 ® 5-10 GeV/c |

x 2.5

“ag e

N
Dl

= Away-side shoulder and near-side

enhancement is seen in all intermediate p+

correlations

= Normal, but suppressed, away-side at

high pr

= Position of intermediate p+

away-side relatively insensitive
to trigger and partner selection

1.5

0.5
1.5
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0.5
1.5

0.5

[ ]mo

0-20% Au+Au

o o I
e PO R Tl
o o=
—— FIT1
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Near-side Ridge

, S — ,
oos. 23®2-3GeVic 3-4 ® 2-3 GeVlc N
- Broad An near- i ~*-0-20% AutAu AR o
side enhancement - = PP ISR TIA i
measured in 7L Nearside ' _— | ‘ |
n : $, Yo ty !
Au+Au collisions £ Leert y *eege It ' |
at intermediate p; — 0.02" , +
P - .’ -
R L Y . o .
- High p; near- - 3-4 ® 3-5 GeVlc 5-10 @ 5-10,GeV/c -
sides are similar £ | |
= 0.04F ¢ [T ] ]
| Z AN
- Intermediate p; | |* If )
p+p near-side is 0.0¢ R +1| ' '-Ll ]
. . :.’;" ' ‘ A -
narrower in An % beuesl e ot 4 h[ (YT
than Centl'a| 0 Ran0YY | 09094 ,+ll* *l‘ M ' ]‘ - :[*_ N

- At intermediate p., little p-p jet beyond An > 0.5




Ridge and Shoulder - Centrality

= Away-side
shoulder and
near-side ridge
share a common
centrality
dependence

= Scale similarity
here is largely a
factor of py

selection

N""/N"/An

0.2 ;— ® near-side: 0.5 < |An| < 0.7 fit method _;
0.18 B shoulder: 0.0 < [An| < 0.7 -
0.16— p: e [2.0,3.0] GeV/c —

[ h —
o1af-  Phel1.0,2.0] GeVic + + E
0.12 —

0.1 + —
0.08— * + —
0.06— +* —
0.04— Y, —
0.2~ Preliminary=

[ | | 1 I | | I | | I | | | | | | | 1 I | | | I | | | | I | | | ]
% 50 100 150 200 250 300 350 400

Run4 Au+AU\ Syn = 200 GeV

—

Noart



Ridge and Shoulder - Spectrum

1073

10

10°

Run4 Au+Au \ Snn

= 200 GeV Cent 0-20%

l

T TTIT

\[\T,

e,
-
-

I

I I I I
p“; = [2.0,&.0] GeV/c fit method-

| I O T O O s

1

O T e |1/s| = 0.44(4) i
-+ |1/s| = 0.36(2) ,
B |1/s] = 0.32(2) (inc h)|
= . e :
: . 0 ]
: T LI
- LTI .
_ PH ENIX B
| P Nd i T |
- e Au+Au near: 6x10)0.5 < |An| < 0.7 :
o p+p near: (x10) 0.0 < (An| < 0.7
= Au+Au away: 0.0< |An| < 0.7
= p+;l) away: [0.0 < |An| < 0. 7l I
[ 1 1 | S .| | | | I I | | I |
15 2 2.5 3 3.5 4

= Near-side ridge and
away-side shoulder are
both softer than p-p
counterparts

= Near-side ridge is
possibly harder
than away-side shoulder

= Away-side shoulder is
closest to inclusive
hadron slope

Also:

= Ridge and shoulder have
more bulk-like particle ratios



Raa x phiS

Bass, et al., PRC79, 024901

B—a AMY, p, =10 GeV/c
— — . AMY,p, =15GeV/c| ]
o—@ HT, Pr= 10 GeV/e | T
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Measuring Elliptic Flow, v,

Cu+Cu sNN = 200 GeV - Cent 20-40%

~ 1.04 :
3 1.0 < p% < 2.5 GeVic
A,B 103
1.02

5

Y -,z

'\

Mean Projection:

V;)bs _ \/2<COS(2(]) —Q,, )) Rx-pn <> Track
0= \/2<sm(2(p — Q5 )) VObS
Vv, =—

it A
C(P ~ Qs )= I+ 2ngs COS(z(P ~Qun ))
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Measuring Reaction-Plane Resolution, A

Cu+Cu sNN = 200 GeV - Cent 20-40%

- ) A
A I= \I/2:<COS(2(LPN -y ))>
0= 2(sinf, -vy))

Ollitrault-Voloshin:

cmxp)%eixif( %) v =(0, (Z)+L(Z))+_(1(Z)+L(Z))> 2= % cos(2ay)
N (), (%0
ST e e

Michael P. McCumber Nuclear Seminar - 01 August 2007 101



ZYAM Statistical Uncertainty

5 1_08:_\ Simulation - Simulation
i 25
20:— H
e |
10:_ %----ﬁ
Bin Methods typically use L _
statistical error of points -
(nOt a real eStimate) 0-c;.lm '-I(:.l(llos' — c; — 'o.olos — | o.lo1
by-by
Proper Error Calculation:
- Toss new C(A¢) against measurement(fit) Obo
- Fit new C(A9) (fit method only)
- Extract bo, & repeat Don't trust ZYAM
yields without this

Scatter of bg in tossed C(Ad)s is the estimation |
of statistical error error bar!



ZYAM Systematic Uncertainty

J(A9)

1.08
1.06
1.04

1.02

Simulation

meas Ibtrue
0

0

b
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0.8

0.7

J(A9)

1.08—
1.06
1.04

1.02

Back-to-Back Jet Shape
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I I

® 1 bin
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0.6
U 3 bins
; 0.5 . * fit

bt Simulation -

I | | 0.4 1
- — ‘2'5‘ e 3’ | Lol Lol Lol vl R

10 10? 10° 10* 10° 10°

A¢ (rad) pairs per bin

Modified Jet Shape

. . g : IIIIIII| T lIIIIII| T IIIIIIII T IIIIIlI| T IIIIIII| :
Simulation - e
B, f -
2 o9 —
o.sf— —
01l =
06F- " 1bin
- O 3bins -
0t~ e 3
1 - Simulation -
1 1 l 1 1 1 1 1 — —_—
2-5 3 0.4_ IlIII| 1 IIIIIIlI 1 [IIIlIII 1 IIIIIII[ 1 IIIII[I| 1 IIIIIII| —

2 3 4 5 6
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pairs per bin

Binned ZYAMSs deviate significantly from true value at low sampling rates
Fit method deviates most slowly (no effort to recover failed fits made here)
These jet shapes show only minor effects on

ZYAM applied at sufficiently low statistics requires an additional systematic!

(this is usually-het never done)



High n°-h* by Reaction Plane Analysis

“Measurement” Bin
20-60%Centrality

“Control” Bin

Trigger 0-20%Centrality

"/

Reaction
Plane

Partner

Less anisotropy
Higher backgrounds

0O Ap T



Pair Analysis with Reaction Plane

Au+AU\f NN = 200 GeV Cent 20 60%

= - 0 -
: . < 25 “E 4.0,7.0 GeV —

Two source model is now: S ™  PH ENKX 86:304016 v:
- .0,4.0] GeV h*
. . T N
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¥ . W -
1| 1
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Jet Functions - Full Set @ 4-5 GeV/c
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Jet Functions - Full Set @ 3-4 GeV/c
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