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hard probes in d+Au

* Baseline for Au+Au

—important component in understanding
observed HI suppression

Phys. Rev. Lett. 98, (2007) 172302

» probe cold nuclear matter effects 1.6 - d+Au Minimum Bias\ s\=200GeV E
—sensitive to modification to nuclear PDFs 1.4 |- PHENIX E
—test of initial state energy loss estimates <1.2 |- T E
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* are there medium effects in small E
systems? a6 8 10 12 14 16
—bulk observables show intriguing hints of pr(GeV/c)

medium in small systems



Measuring jets in PHENIX

» Jets reconstructed using central arm

. 2008 PHENIX Detector
tracking + EMCal

PC3 Central PCS
—charged particles (h*, e*) using DC + PC pcy Magnet  TEC
—neutral particles (y,n’n/etc.) using EMCal
* Centrality determined using Au-going "~ (
beam-beam counter f
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Measuring jets in PHENIX
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« 2008 /s = 200 GeV p+p and d+Au

» Jets reconstructed using anti-kt R=0.3

—track pr > 0.4 GeV/c
—cluster E > 0.4 GeV
—recovers ~65-70% of jet energy

» Jet-level cuts

—particle multiplicity =z 3

—charged fraction < 0.75

—jet axis to edge: An > 0.05, A > /64
» careful control of acceptance

» detector effects corrected for using
SVD unfolding procedure



Measuring jets in PHENIX
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* PYTHIA embedded in d+Au data
to correct for underlying event A
—<pt> < 10% of jet pr at 20 GeV
—fluctuations add ~1% to resolution
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» Systematics determined by LPYTH'A O oTEe
varying range of jet selection R
criteria, unfolding procedure —
and energy scale uncertainties pre (GeV/c)

—many are common to p+p and d+Au
and will cancel in Rga and Rcp
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Measuring jets in PHENIX

* PYTHIA embedded in d+Au data
to correct for underlying event
—<pt> < 10% of jet pr at 20 GeV
—fluctuations add ~1% to resolution

» Systematics determined by
varying range of jet selection
criteria, unfolding procedure
and energy scale uncertainties

—many are common to p+p and d+Au
and will cancel in Rga and Rcp

ratio to default
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Inclusive jet vields

arxXiv:1509. O46‘57[nuc\ ex]
= . d+Au, | S, = 200 GeV
=™ - ™ . anti-k,, R=0.3 jet =
e s -
: . — . PHENIX =
;_ *: + Y —é
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* first published jet results
from PHENIX!

» spectra spanning large
kinematic range



Minimum bias d+Au jets
arXiv:1509.04657 [nucl-ex]

PHENIX  d+Au,\s,, =200 GeV
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Minimum bias d+Au jets
arXiv:1509.04657 [nucl-ex]
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-~ PHENIX d+Au, \ s, =200 GeV -
i anti-k,, R=0.3 jet _
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consistent with nPDF
calculations



Minimum bias d+Au jets
arXiv:1509.04657 [nucl-ex]
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-~ PHENIX d+Au, \ s, =200 GeV -
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(€ = pr transfer per scattering)

consistent with nPDF
calculations

favors small momentum
transfer within
CNM E-loss calculations



room for hot medium effects?

. arXivi1509.04657 [nucl-ex] - arXiv:1311.5463 [nucl-th]
" [ PHENIX d+Au, \ s, = 200 GeV : 105 [ I_ | _
i anti-k,, R=0.3 jet _ size a, 0-5%
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 hot medium energy loss calculations for single hadrons show
measurable suppression

- need calculations for inclusive jets



Centrality dependence of jet modification
arXiv:1509.04657 [nucl-ex]

- PHENIX d+Au, \s,, =200 GeV, anti-k,, R=0.3 jet
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Centrality dependence of jet modification
arXiv:1509.04657 [nucl-ex]

. o[ PHENIX d+Au, \s,, =200 GeV, anti-k,, R=0.3 jet -
“F 1 » central d+Au shows
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Centrality dependence of jet modification

arXiv:1509.04657 [nucl-ex]

- PHENIX d+Au, \'s,, =200 GeV, anti-k,, R=0.3 jet
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----- E-loss 0-20% (Kang et al)
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e central d+Au shows
suppression
consistent with

modest CNM E-loss



Centrality dependence of jet modification
arXiv:1509.04657 [nucl-ex]
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Centrality dependence of jet modification

arXiv:1509.04657 [nucl-ex]
- PHENIX d+Au, \s,, =200 GeV, anti-k,, R=0.3 jet
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Centrality dependence of jet modification

arXiv:1509.04657 [nucl-ex]
- PHENIX d+Au, \s,, =200 GeV, anti-k,, R=0.3 jet

- | % | 60-88% | 4 | 20-40%

e central d+Au shows
suppression
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- | % | 40-60% | ® | 0-20% 1 consistent with
1 41— === E-loss 0-20% (Kang et al) + —1 modest CNM E-loss
- * , _
1.2F Z : + + — .
1+ enhancement seen in

peripheral events

presents a challenge

—cannot be explained by
trivial multiplicity bias in
centrality determination




Multiplicity bias effects
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relation to other systems

arxXiv:1509.04657 [nucl-ex]
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relation to other systems
arxXiv:1509.04657 [nucl-ex]
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similar trend seen at the LHC
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relation to other systems

arxXiv:1509.04657 [nucl-ex]

similar trend seen at the LHC
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relation to other systems
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=> similar initial state effect?
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Need model calculations for d+Aul!

proton color fluctuation models describe p+Pb data

presence of high-x jet =

13



Need model calculations for d+Aul!

2.5

" Model Data oy oroton color fluctuation models describe p+Pb data
i o 0-10%
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1.5 F . .
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Need model calculations for d+Aul!

[ Model Data 2.1<y<2.8
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1 soft particle production

proton color fluctuation models describe p+Pb data

presence of high-x jet =

IR

E of collisions

.
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Need model calculations for d+Aul!

2.5

C Model Dat 2 1<y<28 proton color fluctuation models describe p+Pb data
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low-X suppression revisited

Phys. Rev. Lett. 107, (2011)172301

e
i are we probing low-x in Au
< | . .
— or high-x in d?
d+Au 60-88 p "  d+Au 0-20 p_"
1L
10+ + © 0.5-0.75 GeV/ic  ® 0.5-0.75 GeV/e
i 0.75-1.0 GeV/c ® (0.75-1.0 GeV/c
- PHENIX A 1.0-15 GeV/ie 4 1.0-1.5GeV/e
10 frag 107

XAu
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Summary and Outlook

e Hard probes in d+Au important part of full picture of both nuclear
structure and potential medium effects

e Minimum bias RdA = 1

- strong constraint on initial state effects over large kinematic range

e Strong centrality dependence observed in Rda of inclusive jets

- see poster #0421 by D. Perepelitsa
- presents challenge to theorists

e Future measurements of jets in p+Au, and He3+Au, can provide important
tests of models attempting to explain observed centrality dependence
through proton color fluctuations
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jets in heavy ion collisions
high-pT1 suppression = important QGP observable

21
1 — Cu+Au, \/ Sy = 200 GeV, anti-k,, R = 0.2 jet
S N~
.o~ PH SENIX 181 0-20%
—  preliminary
1.4—
1.2
> P
1 ________________________________________________________________________
QC
0.8
0.6 l . l
0.4
0.2
I I I I | I I I I | I I I I | I I I I
3 25 30 35 40
p- (GeV/c)

For detailed discussion of jets in heavy-ion collisions
see talk by Arbin Timilsina - Sept. 29 @ 14:40
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Systematics in ratio

O
N
-
N

> - ™ total unkertainty | : | | I N [ ' ' total ungertainty ' | | —
I eammsnnne. EMCal E-Scale d+Au, 0-20%, jet spectrum 1 e gl(\:ll%alsE-?cale d+Au, 0-20% / p+p =
o I DC E-Scale - = [ oo © E-ocale -
..g 0.35-...-.- Fiducial cut — 49 0.35~-"-""" riducial eut —
(b)) TR E Z\ﬁx cut d fracti ¢ _ D i c‘ll':;rged fraction cut _
N O ot v 1 8 gaf anfotaing: spetrum powsr -
—=— - ] D [T nfolding: SVD reg (num) ]

- T unfolding: SVD reg _ > [ miiimiiim 3nfolding: SVD reg (den) _
g) SRLRLEE R trigger — g) === im trigger N
K T A CTEQSL ~ K T A CTEQ5SL ]

= 0.25— lReA.4 TEQ — = 0.25 une ACTES —
© - ] & - -
O - 1 o - m
0.2 — — 0.2— —
0.15— — 0.15" —
O.fgemy vy prmmans 77T — O E- —

JJJJ '-E------E *-'l'-'*-""""'------l------‘------_”””,,,,,,_ STIISIII L é— e ek 4T

- I . = ST R e i - = :: | '.:.T.:.T.:.-E :

0.05 — _3-' """"""""""""""""" Frovmon - Loimii ] OO5I__ IIIIIIII Qeeninngt L : E—— i T

_I_'“-“'“ IIIII F.:.:- ‘:"__ Jrmrm E':"'!':"'! | d ST e m RN = |‘...........|,,--h-__-| L, = EEEEEE e R R R '.T.'-.?.-T' b LT I
................................. N m o o ml e omm o — B REEE T — LR LR ¢ 5o 1l b Bl b 0t =

L i | VY40Y: TR i e A B S oY SRR TP b .7 3 e e e SR L R CL e L LTI ITIY T

| P (GeV/c) P (GeV/c)
Many sources of uncertainty

common to d+Au and p+p cancel In ratio

19



c/ e

0.8

0.6

0.4

0.2

reconstruction efficiency

PYTHIA D6T, 200 GeV

— — » u - —
B e |
- = —o——© o O ® o
| ——_, —e— ]
- —i——¢— —
| . _._ |
B _
—&— _
— A —a A —A—
— _A__A_—A— |
__ _A_ —]
| —A— —
| —A— : |
—A— any jet
—A— . . .
- jet + fiducial cuts
i jet + fiducial + jet-level cuts |
] | ] ] ]
10

ptTrUth (GeV/c)

modest centrality dependence
due to slight increase in
efficiency from underlying
event in central d+Au

E/ Egeom

e/ € (d+Au) - €/ €T ( p+p)

PYTHIA D6T, 200 GeV

11— _

i 0-20% d+Au _

0.8 __ 20-40% d+Au __

B 40-60% d+Au ~

i 60-88% d+Au i

0.6 _— P+p —_

i — T

04— E,E** —

i == -

o= _

O i | | | ]

10
ptruth (GGV)
02— T
-~ PYTHIA D6T, 200 GeV

0.15 -
0.1 =
0.05 - —
oﬁ!i%iﬁ_—h—*—_ = =
0.051 0-20% d+Au - p+p _;
-0.1 20-40% d+Au - p+p —;

o
-
&)

O
o

40-60% d+Au - p+p
60-88% d+Au - p+p

10
p‘Tr“th (GeV)

20



