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Ingredients of measurement: A+A
• Jet/Trigger: 

• rare high-Q2 process
• always includes the proton → p constrained to high-x

configuration

• Event Activity  (EA): 
• aggregate result of all nucleon-nucleon (Ncoll) collisions
• more or less independent from jet production
• at least measure away from generated dijet

• Measurement 
• use EA to compare jets in A+A to Ncoll× pp collisions
• use EA generically as “violence of the collision”
→ can compare high-EA to low-EA results without Ncoll
(jets per trigger, dijet momentum balance, etc…)
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image: https://phys.org/news/2014-11-proton-puzzle-reveals-gluons-significant.html
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Measuring Event Activity (EA) at STAR

David Stewart        DNP 2020

• Measure the jet (& possibly triggers)
• Measure event activity (EA) elsewhere, separated in 𝜂𝜂-𝜙𝜙 phasespace

~25 cm

Option 1

𝜙𝜙jet/trigger

0.25 𝜋𝜋

𝜙𝜙EA

Option 2

0.75 𝜋𝜋 𝜙𝜙EA

EABBC EATPC

𝜂𝜂EATPC
≤ 1
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• EABBC & EATPC positively 
correlated

• Can compare high-EA
events to low-EA events 
using:

• EABBC

• EATPC

• Both: EABBC ∩ EATPC

David Stewart        DNP 2020

STAR data: EA BBC East Small 𝜌𝜌
𝜌𝜌 (BBC East Small)

STAR Preliminary
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Results:
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Using:
• EA (high-𝜂𝜂) (EABBC) 
• EA (transverse-𝜌𝜌) (EA𝜌𝜌)
• or both (EABBC∩EA𝜌𝜌) 

→ charged jet spectra per 
trigger are suppressed in 
high-EA events relative to 
low-EA events

Recoil Jets
𝜙𝜙jet − 𝜙𝜙trigger > ⁄7 8 𝜋𝜋

STAR Preliminary
p+Au 𝑠𝑠NN = 200 GeV
Anti-𝑘𝑘T reconstructed charged jets
R=0.4, 𝜂𝜂jets ≤ 0.6
8 GeV Trigger in BEMC

S H
ig

h
EA

S L
ow

EA
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• Trivial autocorrelation
Jets selectively contaminate EA signal at 
high/low-EA?

• Quenching of jets & triggers at high-EA

• Phase space correlates (constrains) EA and 
jet formation

David Stewart        DNP 2020
image: https://phys.org/news/2014-11-proton-puzzle-reveals-gluons-significant.html

How can charged jet spectra (per trigger) be 
suppressed at high-EA?

Au nucleusproton
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Results: No broadening of acoplanarity with EABBC

Not indicative of jet quenching

Percentage jets with 𝜙𝜙jet − 𝜙𝜙trigger > 15
16
𝜋𝜋

decreases by 1.5 𝜎𝜎 from low-EA to high-EA
8



Results: No recoil-side bias in jet quenching (EABBC)

David Stewart        DNP 2020

Not indicative of jet quenching

• Both trigger-side and recoil-side jets comparably quenched:
• Not indicative of pathlength-dependent quenching of dijet in QGP
• Not indicative of statistical bias in always picking “less quenched” trigger
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Results: jet mass distribution not EABBC modified
See talk FB.00003
By Isaac Mooney

Not indicative of jet quenching
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How can charged jet spectra (per trigger) be 
suppressed at high-EA?
• Trivial autocorrelation

Jets selectively contaminate EA signal at high/low-EA?

• Quenching of jets & triggers at high-EA

• Phase space correlates (constrains) EA and jet 
formation

David Stewart        DNP 2020
image: https://phys.org/news/2014-11-proton-puzzle-reveals-gluons-significant.html

How is it possible to suppress jets per trigger 
without actual quenching?

Aren’t all triggers made alike? Au nucleusproton
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“Hard” trigger suppression in EABBC deciles

Note: 
𝐸𝐸T

scales 
mono-
tonically 
with Q2

EABBC East Small (arb. unit)
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EABBC East Small (arb. unit)
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• Events sorted by EA
and leading recoil 
jet pT (goes as Q2)

• Ratio of events in 
high-EA inversely 
correlated to Q2

David Stewart        DNP 2020

Simulated phase-space caused semi-inclusive suppression

high-EA

low-EA
Ratio of events in high & low EA bin

pT,jet highest pT jet with 𝜙𝜙jet − 𝜙𝜙trigger >
7
8
𝜋𝜋

PYTHIA8 p+Au

�𝜋𝜋 4

Fraction of events in high-EA and low-EAhigh-EA
low-EA

high-EA
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• Each entry includes the single leading jet
• Njets:Ntriggers:Nevents = 1:1:1
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Simulated phase-space caused semi-inclusive suppression

high-EA

low-EA

�𝜋𝜋 4

high-EA
low-EA

high-EA

pT,jet highest pT jet with 𝜙𝜙jet − 𝜙𝜙trigger >
7
8
𝜋𝜋

27% total events

32% total events

PYTHIA8 p+Au

14



• Each entry includes the single leading jet
• Njets:Ntriggers:Nevents = 1:1:1

David Stewart        DNP 2020

Simulated phase-space caused semi-inclusive suppression

high-EA

low-EA

�𝜋𝜋 4

high-EA
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pT,jet highest pT jet with 𝜙𝜙jet − 𝜙𝜙trigger >
7
8
𝜋𝜋

𝑆𝑆 = �
Njets

high−EA

Njets
low−EA
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�
Ntriggers
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Ntriggers
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• For jets ~30 GeV/c:

PYTHIA8 p+Au
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high-EA

low-EA

�𝜋𝜋 4

high-EA
low-EA

high-EA

pT,jet highest pT jet with 𝜙𝜙jet − 𝜙𝜙trigger >
7
8
𝜋𝜋

𝑆𝑆 = �
Njets

high−EA

Njets
low−EA

pT,jet≈30GeV

�
Ntriggers

low−EA

Ntriggers
high−EA

pT,jet≈30GeV

= 1.027% total events

32% total events

~0.7 ~1.4
• For jets ~30 GeV/c:
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STAR p+A jet + EA conclusion

David Stewart        DNP 2020

See talk EB.00004
By Tong Liu

Au nucleusproton

• EA jet spectra suppression in p+Au 200 GeV 
collisions results from phase space constraints

• Higher Q2 scatterings more negatively 
correlated with EA as measured everywhere 
outside the dijet

• Result of simple energy conservation ?
• Result of high-Q2 proton configuration? 

(e.g. “shrunk proton” with fewer Ncoll) ?
• Relates how to inclusive EA-dependent jet spectra 

measured at ATLAS and PHENIX?
• Predict dijet momentum imbalance and other jet 

substructure observables EA independent
• More studies to come!
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The End

Thank You!

EA: “the 
violence 
inherent in the 
system”*

*Monty Python and the Holy Grail
16



Where these fit in small system measurements

David Stewart        DNP 2020

STAR semi-inclusive 
& acoplanarity|EA-binned

& Jet Mass|EA-binned

ATLAS
Rp+Pb|EA-binned

𝑠𝑠NN

Not modified Modified

xp

CMS Rp+Pb inclusive

ALICE 
Acoplanarity in pp

ALICE 
Rp+Pb inclusive &

Semi-inclusive|EA-binned

CMS kT dijet balanceALICE dijet kT|EA-binned

PHENIX Rd+Au|EA-binned

Semi-inclusive small system jet 
measurements:
• First at high xp
• First at high RHIC energies
• Jet spectra per trigger suppression 

results at least partially from 
correlation: 
• Higher Q2 scattering:

⇒ Higher pT jets
⇒ Lower activity everywhere 
outside of dijet (both in 𝜂𝜂 and 𝜙𝜙)

• No jet mass modification
• Predict dijet momentum balance and 

other jet substructure observables EA 
independent

Isaac Mooney
Veronica Verkest

Tong Liu
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TPC charge track activity in deciles of EABBC

• Positive correlation between ⟨𝑁𝑁ch⟩ and BBC signal
• Separated in phase space
⇒ BBC signal taken as good EA estimator

⟨N
ch
⟩

Note: 
𝐸𝐸T

scales 
mono-
tonically 
with Q2

18
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How to compare jet spectra
a. Per 𝑁𝑁bin (inclusive):

• Measure all jet spectra
• Sort by EA into centrality bins
• Compare to pp jet spectra scaled by Nbin

from Glauber model

b. Per-trigger (semi-inclusive)
• Measure 𝑝𝑝 + Au → trigger + jet + 𝑋𝑋
• Separate into EA bins
• Measure jet per trigger spectra (𝑆𝑆EA)
• Compare spectra in high to low EA (𝑆𝑆EA−high/𝑆𝑆EA−low) 

c. Per-jet (shape)
• Compare shapes in different EA bins
Example: jet mass distribution

David Stewart        DNP 2020

study by Tong Liu
study by

Isaac M
ooney

Nbin

Co
un

ts
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Data: BBC Event Activity Selection and Jet 𝜙𝜙 binning

David Stewart        DNP 2020

Event ActivityBBC

× 103
High EA: 0-30%

Low
 EA: 

70-90%

• Jets: 
• anti-kT
• R=0.4
• |η|<0.6

• Binned in Δφ in π/8 slices from the trigger
• Jet spectra (S) presented in this talk are 

raw uncorrected, detector level
• Tracking efficiency is EA-independent & 

negligible underlying event
• S0-30%EA /S70-90%EA expected to be 

insensitive to corrections
22
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Suppressed recoil & negligible transverse spectra

Full Markers: High EA:
0-30%

Open Markers: Low EA:
70-90%

• At “jet-like” pT (>~8 GeV/c) 
transverse Δ𝜙𝜙 (background) 
negligible compared to recoil 
spectra
⇒ background correction 
negligible for S0-30%EA & S70-90%EA

23
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Geometry: Jets/Ncoll over all b are as expected

• The average number of jets per Ncoll (integrated over all b) is identical for 
p/d+A collisions as in pp collisions (values of R≈1)

David Stewart        DNP 2020

ATLAS & CMS ALICE
PHENIXC

M
S Eur. Phys. J. C

 76, 372 (2016)

A
LIC

E Phys. Lett. B749, 68-81 (2015)

PH
EN

IX
 Phys. Rev. Lett.116,122301 (2016)

2015 & 2016: Rp/d+A consistent with unity

25



Geometry-binned Rp/d+A were surprising

David Stewart        DNP 2020

𝑠𝑠NN
= 5.02TeV

40 100          1000

A
TLA

S Phys. Lett. B
748,392–413 (2015)

ATLAS
PH

EN
IX
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PHENIX

• EA activity converted to Ncoll via geometry, central Rp/d+A suppressed, peripheral Rp/d+Aenhanced
• Naïve A+A interpretation: Central events form QGP in which jets are quenched
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Tantalizing hint from ATLAS
• Suppression ratios between 

central and peripheral Rp+Pb
for jets at p-going 𝜂𝜂’s scale 
with total jet |𝑝⃗𝑝| (i.e. 𝑝𝑝T ×
cosh 𝜂𝜂)

• Related to Bjorken-x of the 
proton (xp)

David Stewart        DNP 2020

pT× cosh(<y*>)[GeV]

A
TLA

S Phys. Lett. B
748,392–413 (2015)
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