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Jets in heavy-ion collisions

Jets: colored probes from partons that R = Pb-Pb @
interact strongly with medium AA scaledeopp ®>+@®
Jet quenching: partons in heavy-ion (HI) collisions Momentum Medium

interact with the medium to produce:
response

— jet energy loss (suppression of high pT jet yields, correlation)
— jet substructure modification (jet structure and substructure

measurement)

Push toward

lower pT : (ALICE)

— Connection to RHIC
— Probes different scales and modification
expected to be different

— Quark and gluon fractions vary

and large R :

— Possible recovery of the jet energy because of
out-of-cone radiation

— Possible difference in modification for larger jets
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Large R Jets in heavy-ion collisions

Inclusive jet suppression: large R=0.2 to 1.0!
— Possible recovery of the jet energy because of

out-of-cone radiation

— Possible difference in modification for larger vs smaller jets
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https://link.springer.com/article/10.1007/JHEP05(2021)284

Di-jet balance &)

EXPERIMENT

ATLAS-CONF-2020-017

Probes path-length dependence and per-jet fluctuations of the jet quenching.
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* Anasymmetry at lower pT
e Less difference between pp and Pb+Pb at high pT

e Could be explained by changes of flavor or energy lose fluctuation
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https://cds.cern.ch/record/2720247?ln=en

/-hadron correlations in Pb+Pb and pp collisions

arXiv:2103.04377v1

What is the new information compared to the inclusive
measurement ?
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Similar trend to what we see in photon tagged jets.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.072301
https://arxiv.org/abs/2103.04377v1

Jet antisotropies A@s

ATLAS-CONF-2020-019

Deferential jet yields measurement w.r.t. reaction plane.
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The angular distribution of jets is described via a Fourier N ST B
expansion : 40-60% 20-40% 10-20% 0-10%
o« 14+2)Y7_ 1vncos(n(q§ tpn)) In—plane:.shorter path length in the medium less
d('b suppression

Out-of-plane: longer path length in the medium more
suppression positive v2.
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https://cds.cern.ch/record/2720249?ln=en

Jet anisotropies @6
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ATLAS-CONF-2020-019
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Consistent results from the LHC experiments measurement
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https://cds.cern.ch/record/2720249?ln=en
https://alice-figure.web.cern.ch/node/18510

Groomed jet substructure

arXiv:2107.12984

Groomed jet substructure: How is the hard jet substructure modified in heavy-ion collisions?

p'[',sublcading

Pt Jeading 1 PT subleading
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https://arxiv.org/abs/2107.12984

Groomed jet substructure

arXiv:2107.12984

Groomed jet substructure: How is the hard jet substructure modified in heavy-ion collisions?
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https://arxiv.org/abs/2107.12984

Groomed jet substructure

arXiv:2107.12984

Groomed jet substructure: How is the hard jet substructure modified in heavy-ion collisions?
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* Narrower Bg distribution for Pb—Pb
* Sensitivity to the microscopic structure of the QGP
* Towards quantitative understanding of the properties of QGP
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https://arxiv.org/abs/2107.12984

Jets containing a prompt J/
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https://arxiv.org/abs/2106.13235

Leading subjet fragmentation

Good description from theoretical predictions form :
JETSCAPE collaboration arXiv:1903.07706 and Medium Jet functions
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https://arxiv.org/abs/1903.07706
https://alice-figure.web.cern.ch/node/19990

A and Kg In jets in p—Pb and pp collisions

arXiv:2105.04890
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https://arxiv.org/abs/2105.04890

UPC
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Giulia Manca's talk !
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https://indico.lip.pt/event/688/contributions/3811/

UPC @ LHC

Ultraperipheral Heavy ions collision induce a Huge
EM fields which act as a source of high-energy, quasi
real photons (Equivalent Photon Approximation)

The photons produce a wide variety of exclusive final
states in lead-lead collisions

Pb

Pb

I

The photon may also interact with a parton in the
nucleus (photonuclear interactions.)
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UPC]J]/P and Y’ @ midrapidity
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No models fully describe the whole rapidity
dependence
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Well described by models with moderate
shadowing
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https://doi.org/10.1140/epjc/s10052-021-09437-6

Ratio ' to J/W

Eur. Phys. J. C 81 (2021) 712

coh
Oy
dy
coh
g n
dy

= 0.18 £0.0185(stat.) & 0.028(syst.) = 0.005(BR).

The measured ratio of the Y’ to J/ cross section is compatible with the:

* Exclusive photoproduction cross section ratio measured by the H1 collaboration in ep
collisions Phys. Lett. B 541 (2002) 251-264

e Ratio measured by the LHCb collaboration in pp collisions JHEP 10 (2018) 167
e Ratio predicted in the leading twist approximation Phys.Rev. C 93 no. 5, (2016) 055206,
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https://www.sciencedirect.com/science/article/pii/S037026930202275X?via%3Dihub
https://link.springer.com/article/10.1007/JHEP10(2018)167
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.055206
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measured cross section and the
__—shape of the distribution
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data.

QCD dynamical effects not
taken into account
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https://doi.org/10.1016/j.physletb.2021.136280

Xe+Xe->pY+Xe+Xe ®

ALICE
Phys. Lett. B 820 (2021) 136481

do/dy = 131.5 + 5.6(stat. ) 15 (syst. )
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First measurement with Xe nucleus -> first Fit parameter a=0.96+0.02

study of A dependence

e The theoretical predictions slightly
overestimate the measurement

e Fair agreement between data and
predictions

Significantly bellow 4/3=> important
shadowing effects

Close to unity => not incoherent behavior,
just large shadowing suppression

Oxygen data in the future !
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https://doi.org/10.1016/j.physletb.2021.136481
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Phys. Rev. C 104 (2021) 024906

XS 10-20% larger in data
than in the calculations,
suggesting the presence of
larger fluxes of photons in the
initial state.

Good description from starlight prediction after background subtraction
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.024906

Forward neutron multiplicity dependence

PhysRevlett.127.122001

PbPb 5.02 TeV (1.5 nb™)
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Broader acoplanarity for events with a larger number of emitted neutrons from each nucleus
Impact parameter dependence of initial states photon
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.122001

Two-particle azimuthal correlations A@s
Phys. Rev. C. 104 014903

Measurement done using photonuclear UPC events (8. Ay — 1 dszair 1 AN ived
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correlation function in
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flow coefficients
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Two-particle azimuthal correlations £

EXPERIMENT

Phys. Rev. C. 104 014903
Comparison with in pp and p + Pb collisions : The v2 values are smaller at similar particle
multiplicities
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Flow coefficients vn as a function of
Charged particles multiplicity

Flow coefficients v3 as a function of
particle pr

Flow coefficients v2 as a function of
particle pr
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.014903

Exclusive dijet photoproduction

CMS-PAS-HIN-18-011

. PbPb 0.38 nb" (5.02 TeV) PbPb 0.38 nb” (5.02 TeV)
QT:ﬁT1+ﬁT2 % :IIII|IIIIlI.I:IIIIIIIIIIIIIIIIII: ’-A_\ _IIIIIIIIIIIIllllllIIIIIlIIIIIIIIlIIIIIIIIIIIIIIII_
, ) > ok CMS Preliminary p,>30GeV I & 1.4 - p, >30GeV -
© 7 F [ Data p,,>20GeV 1 @ b p,>20GeV -
g s <24 3 o | <2.4 .
2 0.6 — RecoRAPGAPMC o' 50cey 3V | T RecoRAPGAPNC  qi2sGev
< sk Pr>0Q; E K Pr>Q :
L ] 0.8F —
0.4 — - -
| ERE
0.2 L = =
0.1F = :
C . oF ]
Ed 1 - - O_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_
PTzz(pTll—ple) 0 1 2 3 4 5 6 2 4 6 8 10 12 14 16 18 20 22 24

<

Q; [GeV

* MC prediction consistently above data in QT dependence
* Call for theoretical effort for a better description of QT dependence

* Towards the extraction of the Wigner or Husimi gluon distributions

Hassane Hamdaoui (Mohammed V University in Rabat) MPI@LHC 2021 October 14, 2021


https://cds.cern.ch/record/2725347?ln=en

CMS-PAS-HIN-18-008

Using pPb UPC : First correlation measurements for yp system

CMS preliminary pPb, \/s,,, = 8.16 TeV (68.8nb™)
a—l E| 1 ) I i L l LI L | LI I LI T I 1 1 T I 1 T ) l 1 LI I LILEL EE ] | ] I ] | ] I LI ] I LI I I LI I I LI I I I 1 I I | 1 I I | LI E
v 0.45E 0.3 < p%, P> < 3.0 GeV/c E3 1.0 < p!'%, p2%°° < 3.0 GeV/c E
04E =L 3
0 35:_ -+vp enhanced E3 Bin limits E
0.3E ® Minimum-bias ES 2=Ny <5 3
0.255_ Systematic uncertainty _E_ \ 5 <Ny <10 -E
025 + 10 <N, <35 3
T E =t 5<N, <35 5
0.1 5;—/ —+ ‘\\ ~
of S
0.05F = = = - =+ 3
OE I B R BT A BT I A NI A AN N AN A B EE I E NS I S S T T T E

4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
Ntrk Ntrk

* V2 increase with pT for a given multiplicity range
* V2 higher in yp than Min-Bias events for the same multiplicity

* Possible different sets of initial state configurations between the 2 samples

Hassane Hamdaoui (Mohammed V University in Rabat) MPI@LHC 2021 October 14, 2021


https://inspirehep.net/literature/1809620

Light by Light Scattering

JHEP 03 (2021) 243

o Pb*
T\
b Pb*

0=120+17 (stat.)+*13(syst.)x4(lumi.)nb
Comparable to predicted values of :

80 + 8 from Phys.Rev.C 93 (2016) 4, 044907 | 1.50£0.32

78 +8 from Eur.Phys.).C 79 (2019) 1, 39 1.54+0.32
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https://link.springer.com/article/10.1007/JHEP03(2021)243
https://link.aps.org/doi/10.1103/PhysRevC.93.044907
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.044907

Search for ALPs @)s

JHEP 03 (2021) 243

v
* The diphoton invariant mass distribution is used to set limits
on the production of axion-like particles a
* Assuminga 100% ALP decay branching fraction into photons
* Derived constraints on the ALP mass and its coupling to photons
¥
Existing constraints from JHEP 12 (2017) 044
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https://link.springer.com/article/10.1007/JHEP03(2021)243

e JETS : colored probe for QGP
* Jet qguenching measurements to learn about the QGP
* Quenching in small system ? medium response ?

 UPC heavy ion collisions allow to probe photon-induced interactions
* New testing ground for QED process.

* Clean way to search for particles that couples to photon such ALPs

e Stay tuned for more results from Run3 data taking @ LHC !
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Thank you
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Large R Jets in heavy-ion collisions

Inclusive jet suppression: large R=0.2 to 1.0! JHEP 05 (2021) 284

— Possible recovery of the jet energy because of
out-of-cone radiation
— Possible difference in modification for larger vs smaller jets

CMS (S = 5:02 TeV, PbPb 404 ub'1, pp 27.4 pb”
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