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Signatures of QGP-like formation in small-collision systems
1. Enhancement of strange hadrons production in high multiplicity pp collisions [ALICE, Nature Physics 13 (2017) 535–539]

2. Pronounced ridge structures in high multiplicity pp collisions [CMS, JHEP 09 (2010) 091]

3. Non-zero 𝜐
2
 coefficient for low and high-p

T
 particles in p–Pb collisions [ATLAS, Eur. Phys. J. C 80 (2020) 73]

No conclusive results on jet quenching → 400 MeV energy loss limit at 90 % CL in p–Pb [ALICE, Phys. Lett. B 783 (2018) 95]

Why searches for jet quenching in small-collision systems are of interest?

       Same physical mechanisms drive early equilibration and jet quenching 

       → key to interpret the observed collective phenomena
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Advantages of semi-inclusive approach:

● Measurements with unbiased jet population

● Access to low p
T
 jets → more sensitive to medium-induced broadening*

● Data-driven approach for removal of uncorrelated background yield

          → key tool for precise acoplanarity measurements

Jet quenching measurements in high multiplicity pp collisions

Yield suppression of high-p
T
 inclusive jets 

      → undefined Glauber scaling factor for high multiplicity pp

Semi-inclusive measurements of hadron-jet acoplanarity

      → Glauber scaling factors cancel identically

Cross section for trigger 
hadron production

Differential cross section for 
coincidence production of trigger 

hadron and recoil jet

Parton propagation 
through hot and 
dense medium

* [L. Chen et al, Phys. Lett. B773 (2017) 672]



Scaled V0M distribution
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● Online data triggers:

○ Minimum bias (MB) trigger     → L
Int

 ≈ 32 nb-1

○ High multiplicity (HM) trigger → L
Int

 ≈ 104 nb-1

● Offline event activity (EA) selection:

                  V0M = V0A + V0C → sum of signals

● Characterization of EA in terms of V0M/⟨V0M⟩
                    ⟨V0M⟩ - mean of MB distribution

V0A: 2.8 < 𝜂 < 5.1 V0C: -3.7 < 𝜂 < -1.7

HM events
0 – 0.1%

arXiv:2202.01548

Event activity selection
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Studies of hadron-jet acoplanarity using semi-inclusive Δ
recoil 

observable

● TT{x,y} → trigger-track with p
T
 ∊ (x,y) GeV/c

● Anti-k
T
 R = 0.4 charged-particle recoil jets

● Jet p
T
 corrected for underlying event density 𝜌 estimated on event-by-event basis

Acoplanarity measurements as a function of event activity

      Fully corrected data:

● Substantial suppression of back-to-back jet production in HM collisions

● Broadening of HM acoplanarity distribution with respect to MB

        PYTHIA 8 Monash simulation:

● V0M = # of charged, final state particles within V0A & V0C acceptances

● Does not account for jet quenching effects

● Exhibits qualitatively similar features as experimental data

NEW

Measurements of hadron-jet acoplanarity: Δ
recoil

 observable



Number of high-p
T
 recoil jets vs. event activityRecoil jet pseudorapidity distribution vs. event activity

Summary: Multi-jet final state → generic bias for HM measurements in small systems  

● HM trigger imposes substantial bias on recoil jets

● Lower enhancement in V0A 

                    → asymmetric coverage of V0 arrays

● Lower probability to observe 1 hard recoil 

jet in HM events 

        → induce acoplanarity suppression

● High multiplicity trigger 

        → bias toward multi-jet final state
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