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No significant evidence of jet quenching

Quark-Gluon Plasma in small systems?

11/5/2019 Peter Jacobs 2

Evidence of collective effects

Focus on events with high Event Activity (EA)

QGP generates both collective effects 
and jet quenching: cannot have one 
without the other

Next steps for jet quenching searches:
• improve precision
• other observables
• other small systems

this talk

energy-loss limit: 
400 MeV @ 90% CL

Phys.Lett. B783 (2019) 95

Eur. Phys. J. C76 (2016) 271Phys.Lett. B719 (2013) 29
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Jet quenching observables

Signatures of in-medium interactions
1. Energy transport out-of-cone 

→ yield suppression (RAA, IAA)
2. Jet substructure modification
3. Jet deflection → acoplanarity

All must occur

Different sets of observables probe 
different aspects of jet quenching
• explore all three, require 

consistent picture

In vacuum In-medium Jet quenching in high-EA pp collisions 
Inclusive RAA
• Glauber scaling undefined, measurement 

not possible
Acoplanarity

D. A. Appel, PRD 33, 717 (1986) 
J.P. Blaizot and L. McLerran, PRD 34, 2739 
(1986) 

L. Chen et al., Phys.Lett. B773 (2017) 617

Experimental techniques in place

D!

trigger

Background: initial-state (Sudakov) radiation



pp collisions at √s=13 TeV
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Offline: High Multiplicity (HM) selection
• 5< (V0M/<V0M>) <9
• 0.1% of MB cross section

Dataset: pp, √s=13 TeV (2016-18)
Online triggers (see also backup slide): 
• MB: 0.098 pb-1 (3.2B evts)
• High Multiplicity: 13 pb-1

Offline Event Activity (EA)
• V0M = V0A + V0C
Scaled multiplicity V0M/<V0M>
• <V0M> = mean of MB distribution
• Enables comparison of runs with 

differing V0 gain, and with theory

V0A: 2.8<h<5.1
V0C: -3.7<h<-1.7
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Semi-inclusive recoil jet analysis
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Trigger: charged hadron
• Signal: TT{20,30}
• Reference: TT{6,7}
Recoil jets: Charged jets, anti-kT, 
R=0.4

cRef~0.95-1.0 (extracted from data)

JES: area-based !A adjustment
Full unfolding not yet done

➞ data labelled “uncorrected”

Semi-incl. distribution of recoil jets relative to a high-pT hadron trigger

Drecoil removes all uncorrelated background yield including multiple partonic 
interactions (MPI) ➞ essential for precise acoplanarity measurement

D!

trigger
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Acoplanarity via Drecoil
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<latexit sha1_base64="Txxg68Gfsm4I8sKFy6MsNT7AhUY="></latexit>

Integrated over D! > p-0.6 20 < pch,recoT,jet < 30 GeV/c
<latexit sha1_base64="cFEskrL/1JLHIBAaKiqtvXmYT0Q=">AAACIHicbVDLSgMxFM3UV62vUZdugkVwUepMK7SLLgoudFmhL2hryaS3bWzmQZIRyjCf4sZfceNCEd3p15i+QFsPBE7OuZd773ECzqSyrC8jsba+sbmV3E7t7O7tH5iHR3Xph4JCjfrcF02HSODMg5piikMzEEBch0PDGV1N/MYDCMl8r6rGAXRcMvBYn1GitNQ1CzmrFHTbLlFD4UbVzD2o+G7xpcOMAOrHpbzVxgvxGuoXNO6aaStrTYFXiT0naTRHpWt+tns+DV3wFOVEypZtBaoTEaEY5RCn2qGEgNARGUBLU4+4IDvR9MAYn2mlh/u+0M9TeKr+7oiIK+XYdXTlZEu57E3E/7xWqPrFTsS8IFTg0dmgfsix8vEkLdxjOgDFx5oQKpjeFdMhEYQqnWlKh2Avn7xK6rmsnc/mbi/T5eI8jiQ6QafoHNmogMroBlVQDVH0iJ7RK3oznowX4934mJUmjHnPMfoD4/sHp8CjPw==</latexit>

1-d projections of the 2-d distribution

D!

trigger
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EA dependence of acoplanarity
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Data not unfolded; estimated systematic uncertainty from track eff 

• Significant suppression and broadening of HM wrt MB distribution
• Strongest effects at lowest pT,jet

ch

20 < pchT,jet < 30 GeV/c
<latexit sha1_base64="ij01vM+MRVNU1iZN9hTNEYIn7lc=">AAACG3icbVC7SgNBFJ31GeMramkzGAQLibsbQYsUAQstI+QFyRpmJzfJmNkHM7NCWPY/bPwVGwtFrAQL/8ZJsgFNPDBw7jn3MvceN+RMKtP8NpaWV1bX1jMb2c2t7Z3d3N5+XQaRoFCjAQ9E0yUSOPOhppji0AwFEM/l0HCHV2O/8QBCssCvqlEIjkf6PusxSpSWOjnbNkthp+0RNRBeXD29B5XczUo6SEpFs41n9TXUz2jSyeXNgjkBXiRWSvIoRaWT+2x3Axp54CvKiZQtywyVExOhGOWQZNuRhJDQIelDS1OfeCCdeHJbgo+10sW9QOjnKzxRf0/ExJNy5Lm6c7ylnPfG4n9eK1K9Sydmfhgp8On0o17EsQrwOCjcZQKo4iNNCBVM74rpgAhClY4zq0Ow5k9eJHW7YBUL9u15vmyncWTQITpCJ8hCF6iMblAF1RBFj+gZvaI348l4Md6Nj2nrkpHOHKA/ML5+AMIQoTI=</latexit>

15 < pchT,jet < 20 GeV/c
<latexit sha1_base64="xn620D1nVFZl5oGpZVrRjNtZflU=">AAACG3icbVC7SgNBFJ31GeMramkzGAQLiburokWKgIWWEfKC7BpmJzfJmNkHM7NCWPY/bPwVGwtFrAQL/8bJCzTxwMC559zL3Hu8iDOpTPPbWFhcWl5Zzaxl1zc2t7ZzO7s1GcaCQpWGPBQNj0jgLICqYopDIxJAfI9D3etfDf36AwjJwqCiBhG4PukGrMMoUVpq5WzrvBi1HJ+onvCTyvE9qPRuWtJeWrRNB0/ra6id0LSVy5sFcwQ8T6wJyaMJyq3cp9MOaexDoCgnUjYtM1JuQoRilEOadWIJEaF90oWmpgHxQbrJ6LYUH2qljTuh0C9QeKT+nkiIL+XA93TncEs56w3F/7xmrDqXbsKCKFYQ0PFHnZhjFeJhULjNBFDFB5oQKpjeFdMeEYQqHWdWh2DNnjxPanbBOi3Yt2f5kj2JI4P20QE6Qha6QCV0g8qoiih6RM/oFb0ZT8aL8W58jFsXjMnMHvoD4+sHx0qhNQ==</latexit>

40 < pchT,jet < 60 GeV/c
<latexit sha1_base64="fky/aR5a1vCzs1euAohoGV1tyAs=">AAACG3icbVC7SgNBFJ2NrxhfUUubwSBYSNxdg1qkCFhoGSEvyMYwO7lJxsw+mJkVwrL/YeOv2FgoYiVY+DdOXqCJBwbOPede5t7jhpxJZZrfRmppeWV1Lb2e2djc2t7J7u7VZBAJClUa8EA0XCKBMx+qiikOjVAA8VwOdXdwNfLrDyAkC/yKGobQ8kjPZ11GidJSO2sXzGLYdjyi+sKLKyf3oJK7WUn7SfHcdPCsvobaKU3a2ZyZN8fAi8SakhyaotzOfjqdgEYe+IpyImXTMkPViolQjHJIMk4kISR0QHrQ1NQnHshWPL4twUda6eBuIPTzFR6rvydi4kk59FzdOdpSznsj8T+vGanuZStmfhgp8Onko27EsQrwKCjcYQKo4kNNCBVM74ppnwhClY4zo0Ow5k9eJDU7b53l7dtCrmRP40ijA3SIjpGFLlAJ3aAyqiKKHtEzekVvxpPxYrwbH5PWlDGd2Ud/YHz9AMo5oTc=</latexit>
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15 < pchT,jet < 20 GeV/c
<latexit sha1_base64="xn620D1nVFZl5oGpZVrRjNtZflU=">AAACG3icbVC7SgNBFJ31GeMramkzGAQLiburokWKgIWWEfKC7BpmJzfJmNkHM7NCWPY/bPwVGwtFrAQL/8bJCzTxwMC559zL3Hu8iDOpTPPbWFhcWl5Zzaxl1zc2t7ZzO7s1GcaCQpWGPBQNj0jgLICqYopDIxJAfI9D3etfDf36AwjJwqCiBhG4PukGrMMoUVpq5WzrvBi1HJ+onvCTyvE9qPRuWtJeWrRNB0/ra6id0LSVy5sFcwQ8T6wJyaMJyq3cp9MOaexDoCgnUjYtM1JuQoRilEOadWIJEaF90oWmpgHxQbrJ6LYUH2qljTuh0C9QeKT+nkiIL+XA93TncEs56w3F/7xmrDqXbsKCKFYQ0PFHnZhjFeJhULjNBFDFB5oQKpjeFdMeEYQqHWdWh2DNnjxPanbBOi3Yt2f5kj2JI4P20QE6Qha6QCV0g8qoiih6RM/oFb0ZT8aL8W58jFsXjMnMHvoD4+sHx0qhNQ==</latexit>

The observed effect is characteristic of enhanced jet quenching in high EA collisions.

However, before concluding that its origin is indeed jet quenching, all other potential 
sources must be eliminated.



Systematic check: 
Broadening due to track density?
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Embedded distributions: no significant broadening
➞ broadening not due to higher track density

Is the broadening due smearing of 
the jet direction due to uncorrelated 
background?

• Generate PYTHIA 8 Monash events 
that satisfy the TT cuts

• Detector effects via fast simulation
• Embed in MB or HM events
• Do the full Drecoil analysis 
• Compare embedded and Truth 

distributions
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15 < pchT,jet < 20 GeV/c
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Additional checks (backup slide): 
broadening seen in raw distributions ➞ not introduced by subtraction in Drecoil

Broadening not due to instrumental effects or analysis procedure 
➞ effect is physical



Comparison to PYTHIA
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PYTHIA exhibits qualitatively similar broadening as data for HM vs MB
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ALICE data PYTHIA

PYTHIA 8 Monash

Qualitative comparison

Particle-level

No effects of B-field or 
interactions in material
➞ V0M = Charged particles in V0A/C  
h-acceptance

HM: 4 < (V0M/<V0M>) < 9



What are high multiplicity pp collisions? I
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↵ =
V0A/ hV0Ai �V0C/ hV0Ci
V0A/ hV0Ai+V0C/ hV0Ci

<latexit sha1_base64="EihOFYO0UCWAWgD4c+oiQh70c+Y="></latexit>

PYTHIA particle-level 
undershoots high-multiplicity tail
• Additional physics mechanisms
• Detector fluctuations (det-level 

simulations in progress)

Forward/backward asymmetry
• does F/B correlation change with 

multiplicity, e.g. due to changing jet 
contribution? V0A: 2.8<h<5.1

V0C: -3.7<h<-1.7
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What are high multiplicity pp collisions? II
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Width of a narrower for larger V0M/<V0M>
• good fits by a Gaussian fn

If width of a due to counting statistics:
�↵ ⇥

p
V0M/ hV0Mi ⇠ const

<latexit sha1_base64="BSWgB3rWnpVjCVmmpDQ6PpSxjSQ="></latexit>

↵ =
V0A/ hV0Ai �V0C/ hV0Ci
V0A/ hV0Ai+V0C/ hV0Ci

<latexit sha1_base64="EihOFYO0UCWAWgD4c+oiQh70c+Y="></latexit>

• Scaled width vs scaled multiplicity: minor evolution, small TT{} bias at large 
mult

• Character of events does not change significantly up to 9 x <V0M>
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Novel techniques developed to search for jet quenching in High Multiplicity (HM) 
pp collisions at √s=13 TeV

Drecoil measurement of acoplanarity: 
• significant broadening observed for pT,jet

ch < 40 GeV/c
• Coincident with yield suppression
• Broadening seen in raw (unsubtracted) data; not due to track density

V0 asymmetry a:
• event characteristics evolve little up to 9 times the mean MB multiplicity

PYTHIA shows qualitatively similar broadening

Broadening may be consistent with enhanced multi-jet contribution in HM events

Next steps:
• Understand broadening/suppression mechanisms in PYTHIA
• Additional observables sensitive to multi-jet final states 
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This analysis raises a question for all measurements at 
high multiplicity in small systems:

When we ask for high multiplicity, what is QCD giving us?
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Backup slides



ALICE datasets for pp collsision at √s=13 
TeV
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ALI-PERF-313410

High Multiplicity (V0) Online Trigger 

• Sum>threshold of V0 signals (excluding innermost 
V0A ring) within 25 ns of bunch crossing

• #channels with timing compatible with beam-beam 
interaction > threshold

• #channels with timing compatible with beam-gas 
interaction < threshold

• CTP: past-future protection within 7 bunch-
crossings around the trigger. 

V0A: 2.8<h<5.1
V0C: -3.7<h<-1.7
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Broadening due to track density?

11/5/2019 Peter Jacobs 17

All p
T,jet

ch bins
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Systematic check: 
Broadening due to Drecoil subtraction?
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<latexit sha1_base64="Txxg68Gfsm4I8sKFy6MsNT7AhUY="></latexit>

Larger azimuthal broadening in HM seen in Signal Only
Broadening not due to subtraction of Reference distribution in Drecoil

Drecoil (subtracted) Signal Only (TT{20,30})
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