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QGP in small collision systems?

:III\I\III‘I\Ill\l\lllllll\llll IIIII
E ALICE p-Pb | 5, = 5.02 TeV

TT{12,50} — TT{6,7}
Anti-k; charged jets, R = 0.4

CMS, JHEP 09 (2010) 091 ALICE, PLB 783 (2019) 95

(d) CMS N> 110, 1.0GeV/c<p_<3.0GeV/c < 13
T & 1.3t

S i

—_ S 811t
o = i

4.\ et 2

<]': 2 oof

] S 308

< o7t

-043<y*<1.36; -0.03<y* <0097
TT jet
T—-Ap<0.6

0.6 i[:] Syst. uncert.
r — 0.4 GeV/c spectrum jet shift
| |

pe" (GeV/c)

T,jet

» Evidence of collective effects in small collision systems
* No significant evidence of jet quenching

* Next steps for jet quenching searches
- Improve precision
- other observables
- other small collision systems

ALICE
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In-vacuum shower
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Jet quenching

in-medium shower

ALICE

AN

Signatures of in-medium interactions
- Energy transport out of cone — yield suppression at high p_

 Jet substructure modification
« Jet deflection — acoplanarity

Jet quenching in high-multiplicity pp collisions
e Inclusive R,, - Glauber scaling undefined — measurement not possible

e Acoplanarity

ALICE, JHEP 09 (2015) 1
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pp collisions at Vs = 13 TeV %

ALICE

» Data from 2016-2018

* Online triggers:
- Minimum bias (MB) 0.098 pb* (3.2G events)

- High multiplicity (HM): 13 pb*

« Offline event activity (EA) selection:
VOM = VOA + VOC

Scaled multiplicity VOM/{VOM)
(VOM ) = mean of MB distribution

Enables comparison of runs with

differing VO gain, and with theory
« 5<VOM/(VOM) <9 = 0.1% of MB cross section

1||| L] s e L | e

=
TS:JS 10-'E ’ﬂ'u-,II ALICE preliminary
S . Ty, pp Vs = 13 TeV
= 10 H .
o O ALICE measured MB
105 el =
5
10 e 5 < VOM/(VOM) < 9 - 4
10° .'-_ 5 =~ 0.1% cumulant g
10 -' ‘ |
107 %DD: 1
108 E G:QF Q' !
: : [F?ﬁ] ? ? ? VZERO-A ! VZERO-C
107° PR e e e e | ) S e . - . -
T I W ) ST AT VOA:2.8<n<5.1 VOC: -3.7<n<-1.7
F. Krizek HP2020 4

VOM/{VOM)



Semi- mcluswe recoill jet analysis
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pp Vs = 13 TeV

Uncorrected
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- Charged-particle jets recoiling from high-p_ hadron (Trigger Track, TT)

» Jet-wise correction for estimated event density p:  p,, *"** = p, "™ - p-A

 Ensemble-level: correct for uncorrelated jet yield

ch

Arecoil (PTJet) =

1

dNjet

N trig de]et

TT{20,30)

1 dNp

Cref *

ALICE

Not corrected for
instrumental effects
and background
p,-smearing

= jet area

jet

Nirig de et | TTI67)

c . ~0.95 data-driven correction factor due to observed conservation of total jet number
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Acoplanarity versus event activity .

Data not unfolded; estimated uncertainty from tracking efficiency

ALICE

Significant suppression of HM wrt MB; effect is stronger for recoll jets with lower p_
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in raw data and PYTHIA

ALICE

Qualitative comparison
to PYTHIA 8 Monash

shows similar

suppression pattern -

The effect may not be
due to jet quenching

Use PYTHIA to explore

the origin of the effect
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Open questions from QM axde

* |s the enhanced acoplanarity at HM seen In
PYTHIA due to color reconnections?

- compare PYTHIA color reconnections on/off

* Does the HM requirement bias towards multi-jet
final states?

- look at jet distributions in PYTHIA

F. Krizek HP2020
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New PYTHIA high statistics
simulations

« Charged particles |n,| <6

Fully covering VOC :-3.7<n<-1.7and VOA:2.8<n<5.1
* Events containing TT{20,30} or TT{6,7} In |n| < 0.9
o Anti-k; track-based jets with R = 0.4 In

1) ALICE central barrel: [0,
2) broad n range: Niet

e Color reconnection on/off

<0.5
< 5.6

VOM defined by the number of charged, final state particles in VOA & VOC
HM in PYTHIAis 4 < VOM/(VOM) <9; HMinreal datais 5< VOM/(VOM) <9

F. Krizek HP2020
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Does color reconnection on/off

show qualitative difference? - No

CR is not the primary factor

generating enhanced acoplanarity

In HM events
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In ALICE
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HM events:

jet

jet
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» significant bias in distribution of high-p_ recoil jets
« strong enhancement in forward trigger acceptance

« collision system is symmetric but VOs have asymmetric coverage
- sharply different effects on n-bias

F. Krizek HP2020 12
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e Does high EA selection enhance:
- recoill jet distribution at large |n|? — Yes
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HM selection biases recoil jets
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PYTHIA 8 Monash: # high-p. recoll jets

ALICE
vs Event Activity in ALICE acceptance
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In small systems
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Summary ALICE

*ALICE data: Recoll jet yield suppression and broadening
iIn HM events for p; < 60 GeV/c

- Similar effect observed in PYTHIA

*New PYTHIA studies:
- effect not due to color reconnection in model
- HM induces bias towards multi-jet events in small systems

- This bias must be taken into account in all studies of small
collision systems at high multiplicity

*Direct observation of multi-jet bias of ALICE HM trigger?
- PYTHIA shows significant signal
- Next step: apply to ALICE data

F. Krizek HP2020 15
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Systematic check:

Is the effect from high track density ? atice
for TT{20,30} — TT{6,7}

recon
H T T |1 | | I | 1T 1T 1 I I T 1T 1 | L | | L | = T T 1 | L | L 19
0.08 [ ALICE preliminary T \ Embedded to MB \ 1 ‘ Embedded to HM ‘ ]
Uncorrected 15 < p °<20GeV/c hreco

+ 15 < p <20 GeV/c -
| 15<p] " <20 GeVic _|_ — PYTHIA det. level ol o d vl .I.
TI_’_\ 0.06 _Egl(irel syst. unc. MB .|. [ Hybrid *__ e :I:_
- unc. 1 . - _ L — Hybrid ]
-(?j [ — HM 5 < VOMAVOMD) < 9 + i Anti-k charged jets, R = 0.4 + 1 |
S i Correl. syst. unc. HM 1 Ae>030 + 1 +:|::|: .
= o4 N RS S :
S - ¥ 1 o t
3 | = S0 -
< [ iﬁ\ 1 K, | +F _
0.02} o T .t ik i"‘ﬁ .
| - i - [ st :

M Lo g™ Legetsts
0 | I' | | L 1 1 1 | L1 1 1 I | I | | L1 1 1 | L1 1 1 | I I | | L 1 1 1 | 1 1 1 1 | |

2 2.5 3 2 2.5 3 2 2.5 3

Ag| (rad)

« Generated PYTHIA detector-level events with TT
 Embeded them into real MB and HM pp events
« Compared A__ distributions from PYTHIA Truth and Embedding (Hybrid)

All distributions agree —
suppression is not due to instrumental effects or analysis procedure
F. Krizek HP2020 8



PYTHIA 8 Monash: A
with color reconnectlon on/off
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PYTHIA 8 Monash:
IN mjet\ <b5.6

recoill
New for HP2020
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« No jet quenching in PYTHIA - p_balance of back to back jets -
Would A __ . measured in much wider n range still exhibit suppression?

— Suppression not observed
F. Krizek HP2020



Probability of such an event

HM/MB

PYTHIA 8 Monash: # of high-p_ recoil jets
vs Event Activity, broad acceptance ALICE

New for HP2020
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74

e Same calculation but for broad acceptance

- HM condition enhances probabillity
to have at least one high-p_ recoill jet

— The probability of having no high-p_
jetin |njet| < 5.6 Is suppressed

F. Krizek HP2020
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