
Acoplanarity: new angles on an old idea

ECT* 6/16/22 New angles on acoplanarity 1

Peter Jacobs, LBNL

Jet Quenching In The Quark-Gluon Plasma
ECT* Trento
June 16, 2022



d’Eramo et al., JHEP 1305 (2013) 031 
Discrete scattering centers or 
effectively continuous medium? Distribution of momentum transfer kT

Strong coupling: 
Gaussian distribution

Weak coupling :

hard tail ⇠ 1

k4T

Df

Jet acoplanarity: in-medium hard scattering
(“Rutherford experiment”)
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What are the quasi-particles?
• high Q2: bare q and g
• low-ish Q2: 

• thermal-mass glue 
• magnetic monopoles
• …?

?



Jet acoplanarity: in-medium multiple scattering
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D. A. Appel, 
PRD 33 (1986) 717

J.P. Blaizot and L. McLerran, 
PRD 34 (1986) 2739

BDMPS: multiple soft scattering

D𝜑

Jet scattering to measure the 
QGP is an old idea

Medium-induced jet energy loss:

Medium-induced angular broadening:
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Expect largest acoplanarity at low pTjet → experimentally challenging
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Semi-inclusive distributions
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Select events based on cleanly-measured trigger:
• ch hadron, p0, gdir
• distributed “inclusively”
Count all recoil jets in acceptance (no rejection)
Normalize per trigger

Not equivalent:
• jet-wise rejection
• pair-wise normalization



The heavy-ion jet measurement challenge: 
uncorrelated background
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Pions do not come labelled “jet” or “background”:

• you cannot know with certainty whether any given hadron (or hadron 
cluster) arises from the same high-Q2 process as the trigger

• “uncorrelated background” strictly has meaning only for ensemble-
averaged distributions

→ “Statistical” correction for uncorrelated background yield



Ev. 1 Ev. 2 Ev. 3 Ev. 765 

…

Pick one random 
track per real event
→ add to mixed  

event

Mix only similar 
centrality, ΨEP , 
z-vertex position 

Mixed event

Real events
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Uncorrelated background: mixed events
STAR Collaboration, 
Phys. Rev. C 96 (2017), 024905

Destroys all multi-hadronic 
correlations, including jets



Statistical uncorrelated background yield correction 
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Phys. Rev. C 96 (2017) 024905

uncorrelated 
background

Signal+
bkgd

Unbiased correction for broad range of observables
• enables precise heavy-ion jet measurements at very low pTjet and large R

Data-driven, no modeling 
Two bkgd normalization constants (horiz, vert) 
• extracted from data
• values within few percent of unity
• rel. uncertainties ~per-mil

JHEP 09 (2015) 170



Jet acoplanarity: first measurements
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D𝜑

ALICE, JHEP 09 (2015) 170

Significant background: vacuum (Sudakov) radiation

STAR,Phys Rev C96 (2017) 024905

L. Chen et al., Phys.Lett.B 773 (2017) 672

First- generation ALICE+STAR measurements: 
no medium-induced acoplanarity observed within uncertainties

In progess: second-generation measurements with greater precision…
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Au+Au: 13 nb-1
p+p: 23 pb-1
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!
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Correction for (pT, Df) smearing due to instrumental effects and bkgd
fluctuations: SVD/Bayesian unfolding

Background yield: statistical correction
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Discrete scattering centers? 
Effectively continuous medium?

?

L. Cunqueiro
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Jet thermalization (Soeren)

Hybrid model (Dani+Krishna)



Alternative: quenched-jet fragments + energy conservation 
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• enhancement at low pTjet and large angle are shower fragments stripped from 
higher energy jets (energy loss!)

• consistent with medium-induced narrowing of substructure at high pTjet?
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Next steps

R=0.2

R=0.4

10<pTjet<20 20<pTjet<30 30<pTjet<50

Striking dependence on 
R and pTjet

Conjecture: enhanced yield at low pTjet and large R us due to diffuse radiation
• Medium response, jet fragments,...
Then driving parameter to collect 10 GeV is R2, not R
→ measure jet profile/internal structure of this population



Extra slides
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