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dijet distributions as a function of xy = PTQ/,DT1
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LIDO captures globally the xy distributions

Dijet asymmetry in PbPb and pp collisions 2

Jet production
Highly energetic
jet (leading jet)

Quark-gluon
plasma

LOw energy jet
(subleading jet) Strong interactions with the medium

dijets get asymmetric in pt with increasing
collisions centrality

in central collisions (0-10%) the asymmetry
gets weaker with increasing leading jet pr
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https://arxiv.org/abs/2205.00682

Nuclear Modification Factor - Raa

Jet production
Highly energetic

Yields in Pb+Pb e Gandng o
collisions, (in i L ~
medium)

Quark-gluon

plasma /

LOw energy jet

Nuclear thickness Cross section in pp (subleading jet)  Strong interactions with the medium
function <N_,,;>/onn collisions (In vacuum)

* nuclear thickness function , Taa, accounts for the nuclear orverlap

* nuclear modification factor quantifies the change of yields, relatively to
the production in vacuum

¥ any deviation from 1 points to suppression or enhancement of the
Pb+Pb yields (jets, particles)
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Y-tagged jets: probing the colour charge of the initiating parton

In scenarios of radiative energy loss quarks and gluons are expected to lose their energy

proportionally to their colour factor

* at LHC energies inclusive jet production is dominated by gluon-initiated jets, but jets recoiling

against a photon are more likely to be quark-initiated

2018 Pb+Pb 1.7 nb", 2017 pp 260 pb’” 2018 Pb+Pb 1.7 nb™!, 2017 pp 260 pb’

[$0=5.02 TeV : L
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quark-initiated jets are
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measure Raa for photon-tagged jets and for inclusive jets and compare
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Y-tagged jets: probing the colour charge of the initiating parton

* In scenarios of radiative energy loss quarks and gluons lose their energy proportionally to their

colour factor

* at LHC energies inclusive jet production is dominated by gluon-initiated jets, but jets recoiling
against a photon are more likely to be quark-initiated

measure Raa for photon-tagged jets and for inclusive jets and compare

2018 Pb+Pb 1.7 nb™', 2017 pp 260 pb”’ ~® Data
1 Takacs et al.

- LIDO (u=1.3-1.8xT)
SCET; (9,=1.8-2.2)

Inclusive jets

Centrality 0-10%

anti-k; R = 0.4 jets
p’ >50 GeV, In'l <2.37
hﬁ‘"‘l < 2.8, A¢(y,jet) > n/2 %= Data

60 80 100 120 140 160 60 80 100 120 140 160 60 80 100 120 140 160
y-tagged jetp_[GeV] A1 AS-CONF-2022-019 Jetp_[GeV] Jetp_[GeV]

models overestimate the suppression of photon-tagged jets and

reproduce the inclusive jet one
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Jet substructure

* recent studies have shown an emergence of a critical angle between
hard splittings, above which the jet loses energy incoherently

|t can tell us about the nature of the jet energy loss and so infer the
properties of the quark gluon plasma

Recluster Remove if fails
with C/A soft drop

e —_—

Measured
anti-k+ jet

R=0.4

Zcut=0.2 ﬁ=0

Continue until Groomed jet , ]
branchlng passes Return ,et rg — AR‘I 2 between SU b‘JetS
satisfying the soft drop condition
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Jet substructure
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* Jets get narrower with increasing pt, independently on centrality

* jets with wider hard splittings are significantly more suppressed in central collisions

* result points to decoherent energy loss
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Reclustered large jets (R = 1.0)
R = 0.2 jets with pt > 35 GeV reclustered into anti-k: R =1.0

ATLAS Preliminary

study of k¢ splitting scale Pb+Pb .1..72 nb”', pp 257 pb, 5.02 TeV
® 0-10%

® 10-20%
A 20-40%
F 40-60%

60-80%

V di2 = min(pr 1, pr2) - ARy2

The lowest /d12 interval is
f populated with jets with
single “isolated” sub-jet,

lv]1<2.0, 200« P, <251 GeV
Reclustered R = 1.0 jets SSJ (\/d12=0).

ATLAS-CONF-2019-056

* significant change of the Raa magnitude between jets with SSJ
and those with more complex substructure

PLB725 (2013) 357

* then Raa is not dependent on /d12

Recluster jets and remove soft contributions e result points to decoherent energy loss



Raa for b-jets and inclusive jets 9

peripheral collisions
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b-jets less suppressed in central and mid-central

Raa slightly increases with pt In the measured range

LIDO describes relatively well the Raa

= Charm quark
' Gluon emission vertex

results support the dead cone effect

Emitted gluon

6, > 92 - >95

Eﬂadmom e >ERad;a!Or.5




Upsilon suppression

J/psi anomalous suppression by Debye colour

screening (Matsui and Satz, 1986) invariant dimuon mass spectra of Upsilon mesons

— one of the most striking signatures of the
QGP

pT" <30 GeV ATLAS
100 |Iy* < 1.50 Pb+Pb, \(STN =5.02 TeV
Cent. 0-80 % L=1.82nb™
¢ Data =Y (1S)
—Fit =Y (2S)
—Bkg z2Y(3S)
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L=0.26fb"
¢ Data =Y (1S)
—Fit ==aY(2S)
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further theoretical work predicted the weaker
the bound state the sooner the suppression

— explore this to probe the temperature of * 8 85 9 95 10 105 11 115 12
arXiv:2205.03042 [nucl-ex] m,, [GeV] m,, [GeV]
the QGP : :
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Upsilon Raa

excited Y states significantly more

ATLAS
pp, Vs =5.02 TeV, L =0.26 fb’

PD+Pb, (S0 =502 TeV, L = 1.82 b’ suppressed than the ground state

ly"*|<1.5, Cent. 0-80 %

Yao et al. Du et al.
Y(1S) —m— Y (29) C1Y(1S)
— Y(2S) —a— Y (2S+3S) ] Y(2S)

— Y(25+39) | [ 1(25+39) no dependence with dimuon pr

steady increase of suppression as a
function of the number of the nucleon
participants, Npart

3) 10 15 20 25 30 0, 50 100 150 200 250 300 350 400

arXiv:2205.03042 [nucl-ex] P [GeV] .. “ (N

data well described by the models in the whole
pT1 range and centrality
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An 80 years old prediction - Light by Light

Heisenberg, W., Euler, H. Folgerungen aus der Diracschen Theorie des Positrons. Z. Physik 98, 714-732
(1936). The fact that electromagnetic radiation can be transformed into matter and vice versa leads to
modifications of the Maxwell’s equations...

o () scales with ~ Z4

Evidence of LbyL scattering (Nature
Physics 13, 852-858(2017)):

4.4 (3.8) 0

ofid = 70 + 24 (stat) + 17 (syst) nb, In
agreement with SM predictions.

LbyL may be sensitive to BSM
* exotic charged particles
* extra dimensions

* axion-like particles - ALP




YY—YY in UPC 13
Most recent analysis (JHEP 03 (2021) 243)
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kinematic distributions are consistent with SM
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14

YY—YY In UPC - search for axion-like particles

JHEP 03 (2021) 243

95% CL upper limit for YY—a—=>YY
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important contribution of ATLAS to the exclusion limits for 6 < ma < 100 GeV
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vyvy—ee in UPC 15

Xsection as a function of mee, <p_">, |yee| and |coso*|
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Messages from Runs 1 & 2 data

v dijet pt balance is recovered at large leading jet pt
v jet suppression is sensitive to the Casimir colour factor of the initial parton

v reclustered R=1.0 jets with single sub-jet less quenched than those with complex substructure;
jets with wider hard splittings are significantly more suppressed in central collisions suggesting
decoherent energy loss

V' b-jets less suppressed (20%) in central and mid-central collisions at the same reconstructed pr
as expected from the dead-cone effect

Vv’ Increase of suppression of the Y states with centrality. Excited states significantly more

suppressed
v important contribution of ATLAS to axion exclusion limits for 6 < ma < 100 GeV

v yy—ee cross-sections confirm Standard Model predictions

Good progress in the interpretation of the data



Outlook

Stay tuned to Run 3 data (first run postponed to 2023)

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults

Run 168875, Event 1577540
Time 2010-11-10 01:27:38 CET &\,
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Jet reconstruction in Pb+Pb collisions 19

ATL-COM-PHYS-2011-1733

AtlasPublicEventDisplays

Calorimeter HION-2015-001

E anti-k, R=0.4 V5 = 5.02 ToV
E 2015 Pb+Pb data

Calorimeter rage
towers density:

p(n, layer)

Flow modulation
(vb V3, V4)

Ilterative

subtraction = /\ o
” woo| 2 o ‘,r../ “

S

DL x

arXiv - 0802.1189 ATL-COM-PHYS-2012-628
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Collisions centrality 20

HI collision’'s dynamics controlled by impact parameter 5 [ Pb

Pb+Pb, 0.49 nb ™', |s,,,, = 5.02 TeV
— Minimum-bias UCC-1 —UCC-2

Events
o
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PD*2%8 54208

Pb+208
Peripheral collision

r
r
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6 Central collision
SETY [TeV]

Centrality is parametrized using the energy deposited
in the Forward calorimeter (|n|>3.2)
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Dijet asymmetry in PbPb and pp collisions

dijet distributions as a function of xy = pt2/pT+

anti-k, R=0.4
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https://arxiv.org/abs/2205.00682

Quark jet fraction 22
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Figure 1: Fraction of photon-tagged jets (filled markers) and inclusive jets (open markers) initiated by a quark, as a
function of p"Tm, in the PytHiA (red), HeErwiG (black), and SHeErprA (blue) event generators.




How do particles redistribute within the jet and beyond? 23

PRC 100 (2019) 064901

Study FF as a function of the angular distance between

the charged particle and the jet axis. + | ATLAS 200 < p* < 251 GeV
Q - Pb+Pb ys,, =5.02 TeV, 0.49 nb’ 0-10%
T 4 pp Vs=5.02TeV, 25 pb” anti-k, R=0.4

= 1.O<pT<1.6GeV . 1.6<pT<2.5GeV
P A ¢ 2.5<pT<4.0 GeV + 4.O<pT < 6.3 GeV )
. > R -+ B63<p_<10.0GeV a 10.0<p1 < 25.1 GeV
t - I | dnen(r)

v 25.1 <pT>T<63.lGeV . .
[)([)T.I‘) — T ,)_ * . +
Niet 2tr - drdpy SR

In central collisions RppTr Is above unity at all r for all

pt < 4 GeV —> Energy lost by jets is being transferred to ¢ | ATLAS 126 < p* < 158 GeV
: : : : : - Pb+Pb s, =5.02 TeV, 0.49 nb’’ 60-80%
particles with pt < 4 GeV with larger radial distance. 4l-pp V5 =5.02TeV, 25 pb" anti-k, R=0.4

P-1.O<pT<1.6GeV o1.6<pT<2.5GeV
‘ 2.5<pT<4.0 GeV + 4.0<pT < 6.3 GeV
-+ 6.3 <p, < 10.0 GeV a 10.0<p] < 25.1 GeV

Modification much lower in peripheral collisions. ¥ 251 <p, <631 GeV
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Figure 2: The relative systematic uncertainties on inclusive p'Tﬂ cross-section and per-event jet yield measurements in
pp collisions at \/3 = 5.02 TeV (left) and for different event centralities in Pb+Pb collisions at y/syny = 5.02 TeV
(second and third panels). The legend applies to all the panels.
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Figure 3: The relative systematic uncertainties on inclusive r, cross-section and per-event jet yield measurements in
pp collisions at /s = 5.02 TeV (left) and for different event centralities in Pb+Pb collisions at /sy = 5.02 TeV

(second and third panels) shown for soft-drop parameters z.4 = 0.2 and g = 0. The legend applies to all the panels.



Reclustered large jets (R = 1.0) 25
R = 0.2 jets with pt > 35 GeV reclustered into anti-k: R =1.0

study of k¢ splitting scale
Vdi2 = min(pr1,pr2) - AR2

Recluster jets and remove soft contributions

- ATLAS Preliminary “ ¢ 0-10% - ATLAS Preliminary
=Pb+Pb 1.72 nb”, pp 257 pb'1 m10-20% 3 " Pb+Pb 1.72 nb™, pp 257 pb'1, 5.02 TeV
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Large-R jets (reclustered with R = 0.2 jets and soft particles

removed) are increasingly suppressed with centrality.
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Cross-section of R=0.2 b- and inclusive

jets in pp collisions at 5.02 TeV b-jet to inclusive jet cross-section ratio
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anti-kt R =0.2 jets . anti-kt R =0.2jets ---- PYTHIA8 5.02 TeV, R = 0.2 jets, |y|<2.1
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» Ratio of cross sections is flat in the measured range in pp
 ATLAS and CMS consistent
 (Good agreement with Pythia8
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Ratio of Raa between b-jets and inclusive jets
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ATLAS Centrality 50-80% : LIDO model Centrality 20-50% . LIDO model Centrality 0-20%

anti-k, R=0.2jets, |y | < 2 1 v =5.02 TeV — Dai et al. v =5.02 TeV — Dai et al. v =5.02 TeV
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anti-k, R = 0.2 jets, [y|<21
= LIDO model ' anti-k, R = 0.2 jets, [y|<21 ' Pb+Pb 2018, 14(1 7)nb”’
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* At the same reconstructed pt Raa of b-jets is 20% higher
* Consistent in peripheral collisions

* Dai et al. captures the ratios of Raa
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arXiv:2205.03042 [nucl-ex] Table 1: Summary of the sources of systematic uncertainty.

Collision type Sources Y(1S) [%] | T(nS) [Y%]

T(nS)/T(18S) [Y]

pp collisions

Luminosity
Acceptance
Efficiency
Signal extraction
Bin migration
Primary-vertex association

1.6
0.3-9.3
2.7-1.0
3.1-10.2

<]

2.0

1.6
0.2-4.1
2.8-4.0

4.3-11.9
<]

2.0

3.0-7.1
4.5-12.2

Pb+PDb collisions

(TAA)
Acceptance
Efficiency
Signal extraction
Bin migration
Primary-vertex association

0.8-8.2
0.3-9.3
4.0-15.0
3.8-16.3
<2
3.4

0.8-8.2
0.2-4.1
3.9-25.3

14.6-28.7

<2
3.4

4.4-28.8
16.6-31.5
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« excited Ystates significantly more

suppressed than the ground state
* NO dependence with dimuon pr

* steady increase of suppression as a
function of the number of the nucleon
participants, Npart.

data well described by the models In
the whole pTt range and centrality
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YY—YY in Ultra Peripheral Collisions
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Figure 5: Breakdown of relative systematic uncertainties in the differential cross-section as a function of m.. (left)

and |y..| (right).
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YY—un in UPC
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