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A major complication in the search for jet quenching in proton- or deuteron-nucleus collision systems is the
presence of physical effects which influence the experimental determination of collision centrality in the presence

of a hard process. For example, in the proton color fluctuation picture, protons with a large Bjorken-x (x = 0.1)
parton interact more weakly with the nucleons in the nucleus, leading to a smaller (larger) than expected yield in
large (small) activity events. A recent measurement by the PHENIX Collaboration compared the yield of neutral
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pion and direct photon production in d 4+ Au collisions, under the argument that the photon yields correct for such
biases, and the difference between the two species is thus attributable to final-state effects (i.e., jet quenching).
The main finding suggests a significant degree of jet quenching for hard processes in small systems. In this

paper, I argue that the particular photon and pion events selected by PHENIX arise from proton configurations
with significantly different Bjorken-x distributions, and thus are subject to different magnitudes of modification

in the color fluctuation model. Using the results of a previous global analysis of data from the BNL Relativistic

[b a Sed O n n u CI -t h / 2404 1 7660] Heavy Ion Collider (RHIC) and the CERN Large Hadron Collider (LHC), I show that potentially all of the
. pion-to-photon difference in PHENIX data can be described by a proton color fluctuation picture at a quantitative

level before any additional physics from final-state effects is required. This finding reconciles the interpretation

of the PHENIX measurement with others at RHIC and LHC, which have found no observable evidence for jet
quenching in small systems.
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Measurement of z'/y modification in d+Au
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* PHENIX measures the double ratio
Ria (/R n (74 in small systems

= Argument: the normalization to the
number of photons takes out all
centrality bias effects, and any
modification is a final-state effect

* For centrality averaged events,
Rin, () Ryp (i) = 0.92 £ 0.02 (stat) +0.15 (syst)

 |n the most central events,
Rin, () Ryp (Vi) = 0.77 £ 0.03 (stat) +0.13 (syst)



Context with other small systems measurements

opr/pr =~ 1-2% in 0-5% d+Au collisions
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Well-known “multiplicity” bias
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'ALICE p-Pb Sy = 5.02 TeVv [ Charged particles In|<0.3
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Syst. on normalization

* |ncreased event activity in the presence
of a hard-scattering

= overestimate hard scattering yields In

high-multiplicity events, underestimate
them in low-multiplicity events
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* This particular bias does not have a

strong process (Yg;,. VS. JZ'O) or kinematic
dependence
= the PHENIX strategy likely eliminates 0~ E G s R0 s a0 0 s 0 s 20 250
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this particular bias

ALICE, PRC 91 (2015) 064905
+ much work by PHENIX, Steinberg,
Morsch, Loizides, others




A different bias for extremely high-xp process

* For hard-scattering processes with typical” proton rare high-x,, proton
Bjorken-x in the proton, x,, = 0.1:
O o %,30 O ) ¢ om® O
= data at RHIC and LHC: there is an Noa- o
anti-correlation between increasing
X, and the backward multiplicity o o Aol etal

(i.e. in the nucleus-direction) | |
* One compelling explanation: proton

= |.e. relative movement of events color fluctuations
from “central” to “peripheral”
category = protons with a Iarge—xp parton are

quite different than “average”
protons, and strike fewer
nucleons in the nucleus

= observed indirectly as an R-p < 1



Evidence for x,-UEbackward gntj-correlation

I. Mooney, STAR Overview
nucl-ex/2404.08784
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Strong UE-dependence of
the yield of jets, increasing
with more forward (higher-

Xp) selections
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Evidence for x,-UEbackward gntj-correlation

e Recent ATLAS
measurement of the Rcp for
dijet events

= event-level parton
Kinematics (xp, XA QZ)

estimated via the dijet
Kinematics

 Modification is (mostly) a

universal function just of X,

= strongly supportive of
color fluctuation picture
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Quantifying color fluctuation effects

PHYSICAL REVIEW D 98, 071502(R) (2018)

* An analysis of earlier ATLAS & PHENIX
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ety of oo, s, Colora 39 033 ™ = The effective nucleon-nucleon cross-
section for a proton depleted by a high-
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X

,», ranges probed by PHENIX measurement

 MC simulation, matching specific

3 0_12:_' al T oviia8s07 200Gy | _ PHENIX acceptance & kinematics
- - — 7%:p_=7518GeV, Iyl <0.35 - _ |
L <x>(n°)=0.17 -« Fordirect photons, typical x, values
: :": :'; S Y OB 7.5-18 GeV, Inl <0.35 _:
008 1 sy, ) =01 : probed are x, ~ p’/Eye,, ~ 0.11
006 | [T -
oal g : -  However, neutral pions carry only a
L : fraction of the fragmenting parton’s py
0.02— : —
o 0r o va o oa ™ <Xp> ~ 0.17, with long tail to large-
Bjorken-x in the deuteron x,, values (28% from x,, > 0.2)

= they will incur stronger CFM effects



R, ( Y, Of 7°)

1.3|||||||||IIIIIIIIIIII

Color fluctuation effect for ;.. vs. 7

1.2

1.1

1

0.9

0.8

Color Fluctuation Model

— 7% p.=7.5-18 GeV, || < 0.35
p_=7.5-18 GeV, || < 0.35
| ] ] ]

| r 1 | r 1 | 1 I_
d+Au, 200 GeV =

O.7|||

0

2

4

6

8

10

12

14 16

—
oo

20

(N_,7

coll

0

« | apply the CFM to these X, distributions and
the PHENIX Glauber+NBD centrality model

= The CFM has no physics to change the

minimum-bias Rj,, — all results are only
relative enhancements/suppressions

* Note the stronger effect for pions (higher

<xp>) than direct photons (lower <xp>)

= These only partially cancel - the
PHENIX ﬂo/ydir observable is sensitive to

this xp—dependent effect !
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RdAu ( ydir )

Benchmarking: direct photon K5,
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photon R, data vs. centrality

= The data has a modest enhancement

at low NV_,;;, suppression at high

NCOH’ and min-bias RdAu ~ 1

 The Color Fluctuation Model predicts a
modification pattern exactly like this
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Comparison to 7'/ Y4 data
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= Great agreement vs. N_;; without any
need for final-state physics effects!
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How to take out the color fluctuation effect?

= (Change projectile size = (Choose matching <x,> selections
= o012l Pythia 8.307, 200 GeV -
E — Y o SGGeV Inl <0.35 E
0.1— <x>( 9)=0.13 ]
7 @ o @ > @ el T St
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Bjorken-x in the deuteron

* Final-state energy loss should

increase from p+Au to d+Au to « Example ranges of p]r’ and p{fo with

SHe+Au, etc. . ST
AL similar sampled X, distributions

 The impact of color fluctuations h
in one nucleon is diluted as one * Use y'sandfulljetsin, oo =M%
Increases the projectile size e.g., SPHENIX p+Au
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Study by ATLAS presented at
HP’24 on sensitivity of FCal vs.

ZDC to Iarge—xp selections

Major bias to the
backward multiplicity

from a high—xp process

Bias to the
from a high-xp process Is

smaller by a factor of 6!

Downside: loss of sensitivity to
very central events



Conclusion
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 Some centrality bias effects are process-
or Kinematics-dependent
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o h e E N I X ﬂ / y di r rat I O I S O d e rat e I y A major complication in the search for jet quenching in proton- or deuteron-nucleus collision systems is the

presence of physical effects which influence the experimental determination of collision centrality in the presence

= e I fI " ﬁ d of a hard process. For example, in the proton color fluctuation picture, protons with a large Bjorken-x (x 2 0.1)

S e n S I t I Ve to C O O r u Ct u at I O n e e Ct S y u e parton interact more weakly with the nucleons in the nucleus, leading to a smaller (larger) than expected yield in
large (small) activity events. A recent measurement by the PHENIX Collaboration compared the yield of neutral

pion and direct photon production in d 4 Au collisions, under the argument that the photon yields correct for such
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to t h e d I I I e re nt x d I St rl b Ut I O n S biases, and the difference between the two species is thus attributable to final-state effects (i.e., jet quenching).

The main finding suggests a significant degree of jet quenching for hard processes in small systems. In this
paper, I argue that the particular photon and pion events selected by PHENIX arise from proton configurations
with significantly different Bjorken-x distributions, and thus are subject to different magnitudes of modification
in the color fluctuation model. Using the results of a previous global analysis of data from the BNL Relativistic
Heavy Ion Collider (RHIC) and the CERN Large Hadron Collider (LHC), I show that potentially all of the

| ]
- t h e d at a a re q u a n t I tat I Ve I y re p rO d u C e d pion-to-photon difference in PHENIX data can be described by a proton color fluctuation picture at a quantitative
level before any additional physics from final-state effects is required. This finding reconciles the interpretation
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= no additional final-state effects - P'\P/!gﬂ%f‘(’zrgnzaj;c& 1901

needed to explain the PHENIX data nucl-th/2404.17660
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Is there a x -UEbackward . P P
anti-correlation just in ?‘”‘;‘ T i ? ‘|’ ‘
p+p collisions? M e G
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| ATLAS, PLB 756 (2016) 10 | (SE) = (R )p7 €5063 GeV, Iy <03) ][ HERWIGH+UE-EES )

Increasing x in the proton
heading away from the
multiplicity detector (this is
where the signal would be)

Increasing x in the
proton heading towards
the multiplicity detector




