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— WHAT CAN BULK PROPERTIES TEACH US? —

< Hydrodynamics describes data well
— near-perfect fluid produced!
How can we learn more?

[H. Song et al. PRCE3, 054912(2011) |
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— LEARNING MORE WITH HARD PROBES —

< Greater sensitivity to coupling strength

< Unique insight into structure of medium
— Studied using jet-quenching observables
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— STUDYING ENERGY LOSS (WITH HADRONS) —

h

% Single hadrons and
h-h correlations:

— straightforward
experimentally

«» most surface bias

¢+ poor constraint on
modified parton pr

.
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— THE BASIC PICTURE OF ENERGY LOSS —

2.4

= PHENIX Au*Au, sy, = 200 GeV, 0-10% most central
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signatures of partonic energy loss
< Single particle (hadron) production suppressed at high-pr

< Di-hadron correlations show suppression of away-side

leave details of energy loss mechanism poorly constrained
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— LESSONS FROM SINGLE PARTICLES —
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< High pr vy provides additional constraint
— sensitive to path length dependence?
— independent of particle type

<+ suppression sensitive to energy density
— see talk by T. Sakaguchi, Mon. @ 17:30
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— WHERE DOES THE ENERGY GO? —

A
/

extra gluons at correlated with radiated gluons

small angles, leading parton thermalize in
i.e. within jet cone but significantly medium with no
modify jet shape residual correlation

How does the answer depend on conditions of
the collision and measurement (energy density, surface bias)
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— STUDYING ENERGY LOSS (WITH PHOTONS) —

Y

< Direct photons
and ~-h (y-jet):

— low signal rate
— large background

«» no surface bias

+» closest measure
of initial parton pr

dominated by quark jet

.
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— WHAT HIGH pr DIRECT PHOTONS CAN TEACH US —

2.4 PHENIX Au+Au, 'S\ = 200 GeV, 0-10% most central
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< Calibrated probe: largely insensitive to medium post-production
— once produced photons will not interact strongly with the medium
— at high-pr yield is dominated by hard processes

< LO photons are produced back-to-back with parton
= calibrated measure of initial parton energy
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— WHAT DIRECT PHOTONS CAN TEACH US —
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< Calibrated probe: largely insensitive to medium post-production
— at low pr yield is not p+p-like
— yield grows like N1-3

part

< Yield + large vy presents challenge for theorists
see talk by B. Bannier, Tues. @ 13:30
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— THE FRAGMENTATION FUNCTION —

h
v o~ Jet _Pr
Pr=DPr T = &
Pr

—

Dy

1 dN(ZT)
Nevt

(zT) - dZT

< measure away-side
yield to get effective

- e : . . ™
§ 5<p;<9 X 1.2<¢<1.6 ]
X o7, -h Au+Au

< 0.1 ey B
e ERFSLY o ]
= + 4
2

s Hﬁi§$$$iﬁi
2 0 | ale®

z |
T 0-40% Au+Au @ 200 GeV |

0 05 1 15

A¢ [rad]

2 25 3

PH“ENIX | 2013-11-6 | J. A. HaNks -

PRL 111, 32301 (2013)

1 0.

Zr

8 0.6 0.4

0.2

5<p,<9GeV/cx0.5<p] <7 GeV/c

IAQ-ntl < /2 9
lyl < 0.35

L]

.=

&

-

p+p/Au+Au —vy + h + X

- global sys = + 8.8%
PHENIX p+p
- global sys =+ 8%

PHENIX Au+Au 0-40% @ 200 GeV

0.5 1 15
&= In(1/zT)

HArRD PROBES ¢




— THE MODIFIED FRAGMENTATION FUNCTION —
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< See modification to effective fragmentation function
< Inconsistent with 744 =1 for € > 0.8
< suppression for £ > 0.8 consistent with previous results
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— IS THE AWAY-SIDE BROADENED? —
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Significant variation in /44 when integration range is varied

Enhancement at low z; predominantely at large A¢
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— STUDYING ENERGY LOSS (WITH JETS) —

% reconstructed jets
and jet FF (jet-h):

— HI background
presents challenge

«» some surface bias

+» closest measure of
modified parton pr

N
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— JETS IN PHENIX —
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< Full jet vs leading fragment shows similar suppression
— splitting within jet cone not the dominant effect
— need larger jet sizes to learn more

i = max { [[ dn/d' pr(n, ¢ )e=(Ar+a0 20"

N~ i
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— JETS IN PHENIX —
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« Full jet vs leading fragment shows similar suppression
— splitting within jet cone not the dominant effect
— need larger jet sizes to learn more

< In d+Au have independent measure of CNM effects
— carefull analysis of biases ongoing
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— STUDYING ENERGY LOSS WITH HARD PROBES —

h

% Single hadrons and < Direct photons % reconstructed jets
h-h correlations: and ~-h (y-jet): and jet FF (jet-h):

— straight forward — low signal rate — HI background
experimentally — large background presents challenge

«» most surface bias «» no surface bias «» some surface bias

¢ poor constraint on + closest measure  + closest measure of
modified parton pr of initial parton pr modified parton pr

complementary measurements with different sensitivities

. ;
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— VARIATIONS ON THE THEME OF Iy —
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— VARIATIONS ON THE THEME OF Iy —

_ --- BW-MLLA in medilm E, =7 GeV

T
Preliminary
Byy=2.76 TeV
nb’!
~ 2 GeV/c p3¥=°c at RHIC : antid; R=0.4

pf‘>1oo GeV

~ 3-5 GeV/c p5**°° at LHC ’ 0-10%/60-80%

What determines the constituent
pr at which enhancement appears?

0\
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— VARIATIONS ON THE THEME OF Iy —

_ --- BW-MLLA in medilm E, =7 GeV

S Preliminary

~ 2 GeV/c pF=°c at RHIC
~ 3-5 GeV/c p5**°° at LHC

What determines the constituent LIRS 2a an e S
pr at which enhancement appears? et ' < 300 GeV/c
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— WHAT DOES AWAY-SIDE BROADENING IMPLY? —
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— variation in y-quark pr balance
— broadening of away-side jet

< broadening of jet seen at LHC
— inclusive jet measurements

— different jet pr and energies
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— GOING FURTHER WITH JETS —
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— 10° jets above 30 GeV
— 103 photons above 30 GeV

Range of geometries/species/energies accessible

http://www.phenix.bnl.gov/phenix/WWW/publish/dave/PHENIX/sPHENIX_MIE_09272013.pdf



— GOING FURTHER WITH JETS —

— 1 Au+Au @ 200 GeV, 0 - 10%
< -~ HIJING True Jets
[ ® sPHENIX Recon. Jets P B I I il
g 10° — sPHENIX Recon. matched 2z C - ]
‘T‘_ --=- SPHENIX Recon. not matched 2 L B
= 08— .|
L _ : @ L 5
< 10 R =0.2 Anti-k; Jets| = [ ]
\l/) = .
2 06— —
Z.“i 10 F HIJING Au+Au 0-10%, Anti-k R=0.2 q
'Dm 10_4 0_4; ——@—— Ideal Detector w/ Underlying Evt n
g L —@— G4 Detector Res w/ Underlying Evt ]
Zi 10° 02— <es@ees Ideal Detector w/ Underlying Evi [Shifted] |
= ¥ - <-a-G-ee- G4 Detector Res w/ Underlying Evt [Shifted]|
10 L. P U N E RN B
4s 20 25 30 35 20 5
E, Reconstructed [GeV]

1065 0 L e L L
10 20 30 40 50

E; [GeV]

Clean signal above 30 GeV including detector effects
No fake jet rejection applied
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— GOING FURTHER WITH JETS —
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Jets out to ~ 35 GeV down to /s = 100 GeV
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— BEYOND INCLUSIVE JETS —

IN

T
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+ Di-jet and v-jet measurements sensitive to medium effects
— good precision with one year of running
— high Er jet/photon trigger reduces effect of background fluctuations
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— THE POWER OF FAKE JET REJECTION —
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« Optimize choice of cuts on track-jets/clusters
— trade off between rejection and efficiency

< Extends measurements to lower Er and larger R

0\
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— THE POWER OF FAKE JET REJECTION —

> [T T T T T L T T —
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« Optimize choice of cuts on track-jets/clusters
— trade off between rejection and efficiency

< Extends measurements to lower Er and larger R
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— ENGINEERING SURFACE BIAS —

[ Jet Surface Emission Engineering |

Hadron Trigger

Jet + Track P, Cut Trigger

S —

Ideal Jet Trigger

y [fm]

y [fm]
y [tmj

< Track/cluster requirement hardens the jet
— can be used as experimental handle on surface bias

— powerful tool for understanding medium properties

g "
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—~ SUMMARY —

% A LOT TO LEARN FROM y-h RESULTS

— CLEAR MODIFICATION TO FRAGMENTATION FUNCTION
— COMPARISION WITH JET MEASUREMENTS INFORMATIVE

% RANGE OF JET MEASUREMENTS WILL HELP
TO CLARIFY PICTURE OF ENERGY LOSS

% SPHENIX UPGRADE WELL SUITED TO
TAKE FULL ADVANTAGE OF JETS AT RHIC AND

PAVE THE WAY FOR FUTURE UPGRADES



— THE FAR FUTURE WITH EPHENIX —

300
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< SPHENIX — fsPHENIX — ePHENIX

— Uses sPHENIX barrel calorimetery
— Add hadron/electron endcaps
— Add GEM tracking, TPC, DIRC

http://www.phenix.bnl.gov/phenix/WWW/publish/dave/PHENIX/ePHENIX_LOI_09272013.pdf
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— EXTRACTING THE yg;-h SIGNAL —
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— NLO EFFECTS —

Py~ Pt

< Why is pr balance only N R
approximate? V2kr . 1ePT

. 1-2‘<é<‘1.6 ]
— NLO perturbative processes ]
— non-perturbative fragmentation

— initial k7 effects
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« How significant are such
beyond-leading-order effects?
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— THE NEAR SIDE —

jet .
T~ p%’ ! 3 % —11“?5?"'5”"“""" 200 GeV p+p
% 25 PH ENIX
% Measuring fragmentation photons 2z s 2"’T<5“5"’ e
— use hadron-photon correlations i 159%0@ ll §°o‘ ooooé
= mtegratlon of near-side shows 20

PHENIX Prellmlnary
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Integration from -0.5 to 0.5 in A¢
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— THE NEAR SIDE —

p},—l o pjet? ZAR<05 < 10%

E’Y
« Can use isolation cuts
to reduce yield of

non-prompt photons
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— THE NEAR SIDE IN AU+AU —
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— no significant variation from p+p to Au+Au T [ 0-40% Au+Au @ 200 Gev
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— SYSTEM DEPENDENCE OF kp —

< Measured kr from -h consistent with other jet measurments
< No significant variation in kr observed between p+p and d+Au
Adler et al, Phys.Rev.C73, 054903 (2006)
= no effective modification in fragmentation function
from p+p to Au+Au

[A. Adare et al, PRD 82, 072001 (2010)| assoc| .
‘ ‘ ‘ ‘ ] [Pout| = [p7""¢|sinA¢

Pout|* = 2% [2(kry)* + (jry)] + (jry)
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— SYSTEM DEPENDENCE OF kp —

< Measured kr from -h consistent with other jet measurments
< No significant variation in kr observed between p+p and d+Au
Adler et al, Phys.Rev.C73, 054903 (2006)
= no effective modification in fragmentation function
from p+p to Au+Au
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— ESTABLISHING THE p + p BASELINE —

[A. Adare et al, PRD 82, 072001 (2010)]
w T T — T
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«+ approximate universal scaling
< b = 8.2+ 0.3 — consistent with quark fragmentation

% good agreement with TASO measurements (e*e™)
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— COULD THIS BE FLOW? —
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