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Jets @ RHIC
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® Yidirect: initial hard scattering (relatively) unmodified
® colored partons lose (a lot of) energy

® how! where does it go!
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® Yidirect: initial hard scattering (relatively) unmodified
® colored partons lose (a lot of) energy

® how! where does it go!

how can we address these questions with the data in hand?
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Jet Modifications

T1° Raa can constrain the opacity within a model, but a wider range of
observables is needed to constrain the physics that goes into a model

how do jet-medium interactions depend on the parton type!?

® particle type, momentum & reaction plane are the experimental
handles we have

the data!
o RAA
® two particle correlations

systematic measurements along with p+p data

wealth of experimental data of a wide range
of observables with reasonable precision
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A simple separation!
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The mechanisms for single hadron production are important for dihadron and vice versa

Jiangyong Jia, QM2008, Feb. 8, Jaipur 4
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high pT: fragmentation modifications
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high pt: fragmentation modifications
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high pt: fragmentation modifications
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high pt: fragmentation modifications
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high pt: fragmentation modifications

e “‘;"' el ® Raa differences remain
O p+ .

¥ KK even at high pr

¥ Kg

---=« Kaon w/ jet conversion ® unexpected because:

-~ Kaon w/o jet conversion

= ® protons are
1 overwhelmingly from

protons gluon jets

l ........ ® gluons are more
T suppressed because of
1 the larger color factor
0 2 4 6 81012 (9/4)

pr (GeV/e)

however the story is not quite so clear...
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uncertainties in proton FF

NLO pQCD AKK FF : p+p collisions at 200 GeV
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uncertainties in proton FF
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uncertainties in proton FF

03 de Florian et al (DSS) PRD 76 074033 (2007)
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uncertainties in proton FF

de Florian et al (DSS) PRD 76 074033 (2007)
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uncertainties in proton FF

de Florian et al (DSS) PRD 76 074033 (2007)
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still unclear why Raa(p) > Raa(TT)
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jet conversions

idea: jet parton scatters on
medium parton and
changes flavor

q+q<>g+g
q+g <> g+q

Ko et al. PRC 75 051901 (2007)
Liu & Fries PRC77 054902 (2008)
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jet conversions

idea: jet parton scatters on
medium parton and

changes flavor . <
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g+q<>g+g
q+8<>8+¢
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Au+Au

1/2
S\n = 200 GeV

Ko et al. PRC 75 051901 (2007)
Liu & Fries PRC77 054902 (2008)

Quark Matter 2009

Anne M. Sickles

March 31,2009 7



jet conversions
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idea: jet parton scatters on — with conv
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® could increase Raa(protons)/Raa(TT), but not beyond |
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® recombination at high pt?
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jet conversions

2 T T y T T T ' T ' !
idea: jet parton scatters on with conv
. _ — — w/o conv
medium parton and Au+Au
changes flavor < < S;ﬁ — 200 GeV
= 1 i
<
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® could increase Raa(protons)/Raa(TT), but not beyond |
® recombination at high pt?

® potentially extremely interesting: sensitive to mean free path
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Liu & Fries PRC77 054902 (2008)
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jet conversions

2 T T y T T T ' T ' !
idea: jet parton scatters on with conv
. _ — — w/o conv
medium parton and Au+Au
changes flavor < < S;ﬁ — 200 GeV
= 1 i
<
o <
q+4 <> 8+8 T T T T T T T T T T
q+8<>8+4
O 1 1 1 1 1 1 1

& 6 8 10 12 14
p, (GeV/c)
® could increase Raa(protons)/Raa(TT), but not beyond |

® recombination at high pt?
® potentially extremely interesting: sensitive to mean free path

® however need to understand FF
Ko et al. PRC 75 051901 (2007)

Liu & Fries PRC77 054902 (2008)

Quark Matter 2009 Anne M. Sickles March 31,2009 7



direct proton production!?
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uu—pd

Brodsky & AMS PLB 668 111 (2008)
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direct proton production!?

P

uu—pd

u

/1 d quark

/

4
® color singlet proton directly produced within hard scattering

® size of proton decreases with increasing pr: color transparent
® proton exits collision region without interacting, like a direct y
® Raa(proton) > Raa(TT)

Brodsky & AMS PLB 668 111 (2008)
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2 particle correlations

® complementary to single
particle observables

e different sensitivity to
geometry
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2 particle correlations

® complementary to single
particle observables

e different sensitivity to
geometry

conditional yield in AuAu

(An = conditional yield in pp
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what are we looking for?

® yields: complementary to Raa measurements
® shapes: ridges?! shoulders!?

® measurements with identified particles discriminate
between production mechanisms
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T%-h v Ydirect'h

YVdirect™ h
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T%-h v Ydirect'h

%-h

YVdirect™ h

g,q interact strongly

surface bias

PT,0 < PTjet

v don’t interact strongly

no surface bias

PTy = PTjet

away side more likely
to be quark:

q+g—q+y

Quark Matter 2009

Anne M. Sickles

March 31,2009 I



T1%-h: away side suppression
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T1%-h: away side suppression
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T1%-hadron: away side suppression
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T1%-hadron: away side suppression
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T1°-h: away side shape!?

IaA

IaA

IaA

A BED AN i nn o mas o o o S o o o enn e o o e o o o

Away Side | i

2.
200 GeV AusAu, 0-20%
- 1 17% global scale uncertainty |
1.5 PHENIX preliminary
X
= 1
0‘5_'* Il C
r o
0— , E:
T T
2- ‘ -
r 8 A0-n| <n/6
15— -
1
05— -
L [§] n [nd
o '
2 a
15— -
1— -
]
0.5 a o .
0 a Lo e ol aaioaaasl
1 6 7

S REARE RARE T T
0.2 5-7 ® 2-3 GeV/c~]
" PHENIX j
0.15(~ preliminary 7
0.1 H -
0.05}- -
|, . f R BEB Ch
ol =aT . .. la ‘g.!b.---u@;_:

) ¢ -

0.05F . .
a0 2 3 &

Quark Matter 2009

Anne M. Sickles

March 31,2009



T1°-h: away side shape!?
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T1°-h: away side shape!?
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measuring Ydirece-h
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measuring Ydirece-h

challenge: ys from T1° decay
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measuring Ydirece-h

challenge: ys from T1° decay

Ny; N,
. L irect decay
measure Yind-h° Y'Yincl_h _ N.—Y'Ydir'cct_h' + N— 7dccay_h'
incl incl
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measuring Ydirece-h

challenge: ys from T1° decay

Ndir((t Nd( cal
. -C J
measure YinCI-ho ’Y'i‘ll,(.‘l_h' — 'Ydi,.cct—h, + Ydeca _h'
Nzncl Nanl ‘
PHENIX STAR
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measuring Ydirece-h

challenge: ys from T1° decay

Ndir(’('t Nd(’('m
measure Yincl'h: Y’Y;‘ncl_h — Ydirect —N + . 7dccay_h‘
Nincl Nincl
PHENIX STAR

Ry = | + Ndirect / Ndecay

measured Ydirect SPECtra
(PRL 232301 (2005))

adjusted by requiring
no near side yield
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measuring Ydirece-h

challenge: ys from T1° decay

Ndir(’(‘t Nd(’('a?
measure Yincl'h: Y'yz-,wl—h — Ydirect—N + . Ydecay—h
Nincl Nincl
PHENIX STAR

Ry = | + Ndirect / Ndecay

measured Ydirect SPECtra
(PRL 232301 (2005))

adjusted by requiring
no near side yield

Ydecay- h

T1%-h + Monte Carlo
T1° decay kinematics

T1%-h (merged T1%
identified w/ shower
shape cut)
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v-h: away side suppression
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in medium fragmentation function
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Vdirect'h: AutAu
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Vdirect'h: AutAu
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Vdirect'h: Au+Au
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|AA: T1%-h & Vdirect'h
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|AA: T1%-h & Ydirect‘h
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® no significant difference between T1°-h and y4i-h suppression
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|AA: T1%-h & Ydirect‘h
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® no significant difference between T1°-h and y4i-h suppression

® just how important is the Tt surface bias?
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|AA: T10-h & Ydirect‘h
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® no significant difference between T1°-h and y4i-h suppression
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® zr>| is potentially very interesting, not allowed at leading order
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T19%-h: varying the geometry

J(.'\om) (arb. units)
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Away PTY (arb. units)

T19%-h: varying the geometry
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T19%-h: varying the geometry

Au+Au\ s, = 200 GeV - Cent 20-60%
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® high pr di-jet cross the nuclear overlap
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T19%-h: varying the geometry
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® high pr di-jet cross the nuclear overlap

® not a completely black core
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T19%-h: varying the geometry

Away PTY (arb. units)
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® high pr di-jet cross the nuclear overlap

® not a completely black core

® role of fluctuations in energy loss!?
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near side
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near side
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® for both TT%h and vydirec-h near side consistent between p+p and Au+Au
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near side
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® for both TT%h and vydirec-h near side consistent between p+p and Au+Au

room for slight excess in TT%h
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jet physics with heavy flavor
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jet physics with heavy flavor
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jet physics with heavy flavor
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® heavy flavor tagged jet production: NLO important enr
not necessarily balanced by back-to-back heavy quark
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a warning!

® jet signal in heavy ion sits on a

Cu+Cu 0-20% eHF-h
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a warning!

Cu+Cu 0-20% eHF-h
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a warning!

Cu+Cu 0-20% eHF-h
0.15 < pth < 0.5GeV/c
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a warning!

Cu+Cu 0-20% eHF-h
0.15 < pth < 0.5GeV/c
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uncertainties Tf -
® worse: biased toward downward i
fluctuations D'E
of
0500, 1l T
better way: absolute background 1 0 1 2 3 4 5

subtraction (PRC 71 051902 (2005) &
PHENIX Au+Au results shown here) <lo ZYAM error
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summary

significant differences remain in Raa of identified
particles at high pr

® very interesting, not understood
Ydirece-h ~ TT0-h on the away side

® sensitive to details of energy loss (along with
Raa and reaction plane dep. results)

not sensitive to the ridge and shoulder with
current uncertainties

heavy flavor jets, first results

Quark Matter 2009 Anne M. Sickles March 31,2009



experimental parallel talks

C. Chen: Jet Correlation Observations from the PHENIX Experiment to Provide Information on Energy Lost by
High-pt Partons

R.Wei: High pt Measurements of Reaction Plane Dependent Jet-suppression and Azimuthal Anisotropy in Au+Au
Collisions at sqrt(sNN) = 200 GeV at PHENIX

M. Connors: Direct Photon-Hadron Correlations Measured with the PHENIX Detector
A.Hamed: Direct Gamma - Charged Hadron Azimuthal Correlation Measurements from STAR

A. Hanks: Measurements of Photon Fragmentation and the Flavor Dependence of Jet Fragmentation with the
PHENIX Detector

Y. Xu: Measurements of KO and K+/- Production at High pt up to 15 GeV/c at STAR as a Probe for Jet Flavor
Conversion at RHIC

A.Timmins: Strangeness Production in Heavy-lon Collisions at STAR
T. Engelmore: Heavy Flavor Production and Energy Loss with Two-Particle Correlations at RHIC-PHENIX

B. Biritz: Non-photonic Electron-Hadron Azimuthal Correlation for AuAu, CuCu, and pp Collisions at sqrt(sNN)
=200 GeV

A.Adare: High pr jet correlations as a probe of the QGP (poster)
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<z> from PYTHIA

PHENIX, PRD74 072002 (2006)

\|<k$>=3.0 GeV/c; 4.0<p_<5.0
= trigger(z)
o assoc(z )

mllll

Quark Matter 2009

Anne M. Sickles

March 31,2009



how would you test this?

Brodsky, AS
PLB 668 111 (2008)
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how would you test this?
3

uu—+*s

7B
/ Brodsky, AS
’ PLB 668 111 (2008)

® can also make strange baryons: signature balancing strangeness will be on in
recoil jet
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how would you test this?

2

uu—*s
u
/1 s
/ PLB 668 111 (2008)

can also make strange baryons: signature balancing strangeness will be on in
recoil jet

in contrast, in hard fragmentation picture: balancing strangeness will be close, in
same jet

Quark Matter 2009 Anne M. Sickles March 31,2009 27



S5ur  Di-jet triggered (2+1) multi

. quaaK
hadron correlations é

T1: p;>5GeV/c “symmetric” trigger selection Same side T1

T2: 4<p.<5GeV/c
A :1.5<p<4GeV/c

associates

“et-axis’ g T

__— primary

tri (T2) trigger (T1) Q.’_
rigger
— P, % ;’-
/ -
associates Q 10-1

Transverse charged hadron momentum sum:

A=Y pr(near)-Y pr(away)

Away side T2

—.— Background

) l'llll"

1 1 1 \‘ .

2
ZpT:ZpT,assoc+pT,trig 1035 2 2.5 3 :,

Statistical errors only!" pT

“asymmetric” trigger selection

A :A v +§ame s»éie
- AWay side
A(AuAu)=1.50+0.31 GeV . i ol 'z N x
A(dAu)=1.64+0.35 GeV T1: 8<Ei<15GeV
- T2: 4<p;<10 GeV
_ . _ zld 2 A1: 1.5<p; <10 GeV
* No energy loss in AuAu for “symmetric” Ol : v
2+1 correlations beyond kinematic observed 4
* Yields and An, A¢ widths comparable il 7 O P
0 e ..L‘A'A‘ FETE Bt ‘A;g'_gﬂ;!;v". 2 PR Y A.'A“" A 4 Yy

for “asymmetric” 2+1 correlations

Jorn Putschke for the STAR Collaboration, QM09, Knoxville

10 12 T
*® Kolja Kauder, 5A ,,



dihadron correlations

- | '2.0'<p':<:|3.0' GéV/c | 1 I3.0I<pi:<lll.0 IGeIV/cI: :
4 0 -
- o 20° I )
3f © 2 0-20% I . —o— Head + Shoulder ]
- A 1 o —e— Head regiononly -
o . + 1
SR s SR :
1E ° © T ° © .
o s 8 2 F *% % 8 @&.-
< 0: bt ——t—t+—f—+—+—+—
_< ak 4.0<p’<5.0 GeV/c | 5.0<p’<10.0 GeV/c 1
3 1 :
- 9 5
2k & + % :
- 5 ¢
1 o— _
B *%% g o g : o f - g g
| Y - - () L p
0_ ___________ | _"'.""._"l_ ____________ [ | [ [ [
0 2 4 6 ) 2 4 6
p (GeV/c)

PHENIX, PRC78 014901 (2008)
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Pertrigger yield (AU}

Pertrigger yield (AU}

Per-trigger yield (A.U.)

0.3

02

0.1

- PHENIX preliminary .
- 2-Gausslan away side fit -
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g TT TV 48 i
LW I
Absolute background normalization
$ . $ # } -+ 9

.
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ZYAM Statistical Uncertainty

M. McCumber February 2008

Simulation ~ { Simulation

AN DO gt g {4___
Ao (rad) - ,

Bin Methods typically use =L HJ AL

statistical error of points - Ut i

(not a real estimate) T o 0005 oo

b,-bg

Proper Error Calculation:

- Toss new C(A@) against measurement(fit) Obo

- Fit new C(A®) (fit method only)

- Extract bo, & repeat Don’t trust ZYAM
Scatter of bp in tossed C(Ad)s is the estimation ylelds WIthOUt thIS

of statistical error error bar!



ZYAM Systematic Uncertainty

M. McCumber February 2008
™ Simulation

J( \O)
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T
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LB Simulation
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1.02;
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Back-to-Back Jet Shape

- "‘""-—. g — -
/" -~
= or
v
" 1 bin
J bins
. it
4 . .
Simulation
10 107 10° 10" w0’ 10°
pairs per bin
Modified Jet Shape
=T ey ey ———— -
;/,! - ol =
v
"’v’
" 1 bin
3 bins
* it
. L[] L]
Simulation
10 0’ 10 10 10" 10

pairs per bin

Binned ZYAMs 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-net never done)
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