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Outline

* Signaturesand hard probes for quark-gluon plasma

* Observationsin small size final states
* Constraints on jet quenching based on latest measurements
* Collective behaviorin several systems

* Dijet correlationsand per-event yields
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QGP medium with hard probes

* Quark Gluon Plasma (QGP): unique state of matter
formed in heavy ion collisions

Jet production
‘ ¢ Highly energetic
¥ ol p jet (leading jet)

 Wide range of signhatures in dense system

Quark-gluon

* Suppression of jet spectra due to the energy lossin  plasma
strongly interacting medium Low energy jet

(subleading jet) Strong interactions with the medium

https://www2.lbl.gov/Science-Articles /Archive/sabl/2008/Feb /jets.html

* Azimuthal anisotropies (collective flow)

* Smaller systems: benchmark for the interpretation of
the heavy ion collision observations

* Intermediate system: p-Pb collisions

* Smallest: p-p collisions with high multiplicity

https://physics.aps.org/articles/v10/s139
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. Measurementsin Pb-Pb or p-Pb collisions
Jet suppression ~
dNAA/dPT dNAA/dPT
« Modified particle p; spectrum due to Raalpr) = (Noon/ANPP /dpr| ~ Taa doPP/dpr

energy loss, observables of interest:

Nr of binary NN collisions Fg-p reference

 Nuclear modification factor
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* Jetquenchingin nuclear modification
factor measurements

No quenching in p-Pb
collisions at p; > 2 GeV
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Latest results from ATLAS

5% centrality independent
enhancement at near side

* Ratio between per-jet
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Jet quenching constraints

e Combined measurements with jet p; > 30 GeV =
* Focusing on the central collisions
e Similar trend for both sides
* Results are compared with Angantyr and AMPT (A
MultiPhase Transport model) generator predictions
e p">4.5GeV: no UE subtraction is required

* Running with or without final-state effects
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(d) CMS N= 110, 1.OGeVlc<pT<3.OGeWc

Final state anisotropies p-p with high multiplicity | _
—— <J£ §

) B

* Two-particle angular correlations in ® @ ~ IS

high-energy collisions

Pb-p with high multiplicity

f_.

Central Pb-Pb collisions (@) oms Lat=at b

Pbe\jﬁ =2.76 TeV, 0-5% centrality
I
* short range collective effects
observed in all systems
* Ridge structure: hint of long range

Trigger particle

Jet particle correlation function

, 74
]- d NGSSOC S (A 77’ A ¢_)

Random combinatorial background

Associated particles

correlations
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. . . . N 0.25[= ALICE, p-Pb s, = 5.02 TeV, 0-10% ALICE, Pb-Pb {s,,, = 5.02 TeV, 20-60%
- e Inc. charged-particle v, o] Inc. charged-panicle V, (% 0.6
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ALICE results compared to AMPT

M 0.25

L ALICE, p—Pb, 'll's_ =5.02 TeV, 0-10% AMPT string-melting
* v,>0without jet quenching in high [ 500 e charges parice v, B 1rc. chargec paric v,
. . . . U"E—- amoe () & GeVie Jet-particie v,
multiplicity p-Pb? Predicted v, > 0 T 10 Govis B > 1.0Gavie
IEN o7 > 1.5GeVic 1 p¥="> 1.5 GeVic
0.15

* Inclusive charged particles show

different trend v, for jet particlesis below 0.
the model predictions

« AMPT predictions with string melting 0-“5;:-_+H%
also included -

06¢-¢¢0¢-d3-N¥3D

Modification factor | ¢

* All strings converted to g and anti-q | joccribed at high-p, |O° 16

1.4
* Elastic scattering between these AN L 12
. . . cent T i
partons responsible for long-range Crrreen) = rugmen N g py 08E iR ALICE, ., VOA: 05%
. - Phys. Rev. C 91 (2015) 064905
correlations 04 ; 10

P (GeV/e)
Initial spatial ‘ Partons escape more likely along ‘ Azimuthal anisotropies not
anisotropy the shorter axis of the volume from hydrodynamic flow

ATTILA RADL JET MEASUREMENTS IN SMALL SYSTEMS )




d3N0-20q.- gg o E ATLAS Iérelilmir;arly ] [III n.oc;;'<1.'u,-3.‘0<'yh.|=-2'.ulf
.o . 1 1 dijet o8 O 2;@:8.16 TeV,L=165nb" [ # | 0.0<y’<1.0,-2.0<yh<-1.0_:]_>|
Dijets in small systems | G0 dmdnds e e S
ch ' (PT,Avga Vb y') = 3 60-90% 1-6:_ [ 4 1 00<y<10,10<y <20 _:(H
1 1 d Ndijet 1.4F ++ [# ] 00<y'<1.0,20<y, <30 _j%
. .o . 60-90% 60-90% N E 00<y"<20,30<y,<45 T
* Properties of dijets measured in (Tyg ) New dPravedyody ‘ii : +++¢_,__;_ is
""""""""""""""""""" | Y}
. - 1
- - . 0.8 =
photonuclear and p-Pb and p-p collisions Central / peripheral | °% .. L, £ 2
o + o gl =
. HH H : + + + + + I 1 :
* Angular correlations dijetyield 04w T e H T
c + + + + 3
0.2:— + + =
.o . fo]= ! L | L .
e Per-event dijet yields 30 40 17 2407 10°
pT,Avg [GEV]
Modificationsin dijet yield vs
Non-trivialangular correlations pseudorapidity comparedto p-p
in y-Pb dijet event reference system (shadowing)
o e BRI e TR IR B R 1.4 55 <p}" <75 Gev [ 75 <p}" <95 GeV CMS roron e iiee)
> p,>30Gv ] & 14- CMS P, >30GeV 15 g antick, = 0.3jets
T P >20GeV | o [ L= Data P,,>20 GeV . b > eV, B, » 206V -
i Ei'z' ;:; v E § 1-2;_RAPGAP |gl_2| ;52; v 1A I'J.;-Ll& 1 s — " whosacpcrie D
o C < e ] L ... Hatta et. al. < e m ] - - . Data
zw 0-55_ P,>Q, _E 1:_ Hatta et. al P;>Q ] § 0.8 } i -gy;l. uncert. gggozg E
= F : 0.8 4|_|_— 5 oey N
0.6:— _: g 1.4 95<p:"e< 115 GeV I 115<pi“‘< 150 GeV - p3* > 150 GeV 5
F 15 1.2F S
0.4 9] a e %
: = i = S
02 ] 0.of ME™ N
N g1 | Qe vector sum o6t
2 4 6 8 1012 14 16 18 20 22 24 . L ‘ : L L
o [radian; Q,[Gev. | of two jets 2 0 1 2

ATTILA RADL JET MEASUREMENTS IN SMALL SYSTEMS



Overview

* Hard probes can be used to explore the behavior of small systems

* Long-range angular correlations observed in heavy ion, but also in high multiplicity p-Pb and p-p
collisions

* Elliptic flow v, > 0 in various measurements as in heavy-ion collisions
* But nosign of jet quenching

* Latest results: string melting model (in AMPT) suggests positive v, without hydrodynamical
flow effects

 Modifications in dijet yields, and unexpected angular correlations are measured in photonuclear
and p-Pb collisions

* Run-3 heavy ion runs provide unique opportunity: O-O collisions (details in backup) and
increased p-Pb luminosity

e Further understanding of the initial state is expected
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Backup
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Jet quenching constraints from ATLAS measurements
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Oxygen run at the LHC
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ALICE Projection

| 0-5%
PYTHIA Angantyr 8303 —— {47550,

e Alternative intermediate system: O-O collisions

Event count
3 3
W

_om=6.37 TV 30 40% B
* Broad covered final state multiplicity - a0 37
C
. : o @
 Geometrically small system, but large fluctuations "’ &
10° | S
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o
o
* Further investigation of the missing jet quenching : 1 M -
. 1 | [I‘IH(;"OI I ﬂ.l]l[H‘IH&I_)O-ﬂ o | IIIJSI[:{J
* Flow effects can also be studied to explore the N, Il <0.5

intermediate multiplicity range between p-p, p-Pb and
Pb-Pb systems

e Short run is proposed at the LHC
* 6.37 TeV cm energy with ~1 nb™! delivered data
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Projections of the O-O run results

* Foreseen correlation measurements over large variety

Statistical precision < 1.5%
up to 50 GeV
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