Investigating Hard Splittings via Jet
Substructure in pp and Pb—Pb Collisions at
v/snn = 5.02 TeV with ALICE

ORNL Nuclear Physics Seminar

Raymond Ehlers!  Leticia Cunqueiro?

2020 October 01
10ak Ridge National Lab OAK RIDGE %

National Laboratory

raymond.ehlers@cern.ch H L I C E



QCD Phase Diagram and the Quark Gluon Plasma (QGP)

= At high temperatures, hadrons melt into

their constituent quarks and gluons. < 200*;@’ ‘ sz‘ " '.-‘-?-,{..
= The quarks and gluons are deconfined in a é B ~ Quarksand Gluons

strongly coupled state known as the 'E g Criti;a'Pgi"@i

Quark Gluon Plasma (QGP). 2 f \ @ %@%;;/ -
= Phase transition occurs around a g‘. 100'1 £ Hagrons o %6"%4;\

temperature of T ~ 150 MeV. 2 A (g,b“’b g/’%};‘;

= Smooth crossover phase transition near ) & ol
net baryon density of ~ 0. / Neutron stars  conductor?

= Trajectories through the phase-space are g INudei o Net é';'ryon Bersity

experimentally accessible in heavy-ion
collisions.
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High Momentum Transfer Processes

= Heavy ion collisions involve a

variety of physical processes.
= — We need tools to isolate
properties of interest.
= My focus: High momentum
transfer processes which provide
a built-in probe of the QGP.
= The experimental signature of | 1ty
high momentum transfer processes [ H‘
is known as a jet.
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Jets and Jet Quenching

= Jets are collimated sprays of particles

produced by the fragmentation of a parton

from a high momentum transfer scattering.
= Experimentally defined by a jet clustering
algorithm with a resolution parameter, R.
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Jets and Jet Quenching

= Jets are collimated sprays of particles

produced by the fragmentation of a parton
from a high momentum transfer scattering.
= Experimentally defined by a jet clustering
algorithm with a resolution parameter, R. q

= In heavy-ion collisions, jets are produced
before the QGP forms and then propagate
through it, losing energy.
= Jet-medium interactions are expected to
modify the internal structure of the jet.
= Jets probe multiple scales during propagation.
= The impact of these interactions are

collectively known as jet quenching.

»~
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How Do We Measure Jets in ALICE?

= ALICE performs two kinds of jet

measurements: THE ALICE DETECTOR
= Charged-particle jets.
= Full jets.

= Why charged-particle jets?
= ALICE central barrel tracking is

based around the ITS and TPC.
1. Measure charged particles with

coNoareNE
amo
o
o

precise angular resolution down | io.czwage
15 Hoon scker

to pt > 150 MeV/c. 2w
15. Dipole Magnet

= Well suited for measurements | 15

18.ZDC

| will discuss today. 19 ACORDE

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
c. ITS SSD (Strip)
d. Voand TO

e. FMD

2. Larger acceptance.
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Jet Splittings and Jet Substructure

= Focus on the details of the jet evolution.

= As the parton propagates, it radiates and splits.
= This leads to our collimated spray of particles which
is identified as a jet.

= For each splitting, we have a leading and subleading %AR
subjet. P

= Evolution of the jet is characterized by these jet
splittings.

= To stay in the perturbative regime — early, hard
splittings.
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The Lund Plane

= Can visualize the splitting phase space
with the Lund Plane.

= Three variables define our splittings via
the leading (1) and subleading (2) subjets:

= AR= /(91— 92)2 + (N1 —M2)?
» kr = proibed xsin AR

sublead

| 2T priedgprebed

= For fixed «s, splittings are uniformly
distributed in the Lund Plane.

= Selecting on these variables provides a

lever for exploring the phase space.
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The Lund Plane
= Can visualize the splitting phase space log kT PT.2
with the Lund Plane. 4&?
pPT1

= Three variables define our splittings via

the leading (1) and subleading (2) subjets:

s AR = /(91— 92)2 + (N1 —M2)?
» kr = proibed xsin AR

. Z=

sublead
priead—prevblead
= For fixed «s, splittings are uniformly

distributed in the Lund Plane.
= Selecting on these variables provides a log 1/AR

constant AR

Lines of

lever for exploring the phase space. Large angles Small angles
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The Lund Plane
= Can visualize the splitting phase space log kT pPT2
with the Lund Plane. 4/@
PT1

= Three variables define our splittings via

the leading (1) and subleading (2) subjets:

= AR=V(o1— @22+ (i —m2)? [T
= kr=preielasinAR Lines of

sublead
. Z=

P ) constant kt

= For fixed «s, splittings are uniformly
distributed in the Lund Plane.
= Selecting on these variables provides a kr =0 log 1/AR

lever for exploring the phase space. Large angles Small angles
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The Lund Plane
= Can visualize the splitting phase space log kT PT.2
with the Lund Plane. 4AR
pPT1

= Three variables define our splittings via
the leading (1) and subleading (2) subjets:

= AR= /(91— 92)2 + (N1 —M2)?
» kr = proibed xsin AR

sublead

| 2T priedgprebed
= For fixed «s, splittings are uniformly
distributed in the Lund Plane.
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lever for exploring the phase space. Large angles Small angles
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Splittings in the Lund Plane

PT1

log 1/AR

Large angles Small angles

Raymond Ehlers (ORNL) - 2020 October 01 8



Splittings in the Lund Plane

log kt pT,2
AAR
pPT1
[ ]
log 1/AR
Large angles Small angles
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Splittings in the Lund Plane

log kt pT,2

AAR

pPT1
\
.\
[
log 1/AR

Large angles Small angles
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Measuring Jet Substructure

= We only measure final state hadrons.
= — We don't have direct access to the jet

splittings.
= How does our theory cartoon translate to an
experimental measurement?
= How do we make meaningful measurements in
the presence of the underlying background in
heavy ion collisions?

= — Jet substructure measurements using jet
declustering algorithms and jet grooming.
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Measuring Jet Substructure

L
[ ]
= We only measure final state hadrons. o
' . . oA
= — We don't have direct access to the jet L L
1
splittings. A
1 4

= How does our theory cartoon translate to an

o -

experimental measurement?

= How do we make meaningful measurements in
the presence of the underlying background in
heavy ion collisions?

= — Jet substructure measurements using jet
declustering algorithms and jet grooming.

Raymond Ehlers (ORNL) - 2020 October 01 9



Jet Declustering

= Conceptually, jet declustering undoes the

>

clustering algorithm used to find jets.

= lteratively group jet constituents together

based on their angular distance.
= Closest constituents are paired together first.

= Continues until all constituents are clustered.
= By using angular distance, we impose angular
ordering in the Lund Plane, mirroring QCD.

= Correlates with the splitting history.
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Jet Declustering

= Conceptually, jet declustering undoes the

clustering algorithm used to find jets.
= lteratively group jet constituents together

based on their angular distance.
= Closest constituents are paired together first.

= Continues until all constituents are clustered.

= By using angular distance, we impose angular
ordering in the Lund Plane, mirroring QCD.

= Correlates with the splitting history.
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Jet Grooming Algorithms

Even in vacuum, soft QCD splittings can distort

this process.
= Even more problematic in heavy ion collisions.

— Employ jet grooming algorithms to require
sufficiently hard splittings.
Benefits depend on the collision system:

pp: Limit contamination of soft QCD

--f - )
e ]
-.___)

Y
k)

P

~

o -

~
~

background.
Pb—Pb: Select hard component of quenched jets.

| will focus on SoftDrop to start.
= There are a wide variety of grooming algorithms.

11
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Jet Grooming Algorithms

= Even in vacuum, soft QCD splittings can distort

this process.
= Even more problematic in heavy ion collisions.

= — Employ jet grooming algorithms to require
sufficiently hard splittings.

= Benefits depend on the collision system:

= pp: Limit contamination of soft QCD
background.

= Pb—Pb: Select hard component of quenched jets.

= | will focus on SoftDrop to start.
= There are a wide variety of grooming algorithms.
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Jet Grooming: Soft Drop

= Recluster the jet using Cambridge/Aachen
algorithm (geometric).

= Undo the last clustering step to get two
branches with pt1 and pt2

= Check whether the two branches pass the
SoftDrop condition:

. B
min(pt.1, pPT,2) AR
—_— > Zcuteﬁ = Zcut < 12

PT.1+ PT2 Ro

= If condition passed, record subjet properties.
= Often labeled with “g", such as z.

= If failed, take the harder branch and continue
by to the next splitting of that branch.
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Jet Grooming: Soft Drop

= Recluster the jet using Cambridge/Aachen
algorithm (geometric).

= Undo the last clustering step to get two
branches with pt1 and pt2

= Check whether the two branches pass the

SoftDrop condition: 1
; B
min(pt 1, P1.2) > 20008 = zoue <AR12> 2
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Jet Grooming: Soft Drop

= Recluster the jet using Cambridge/Aachen
algorithm (geometric).

= Undo the last clustering step to get two
branches with pt1 and pt2

= Check whether the two branches pass the
SoftDrop condition:

: B
min(pT.1, pPT,2) B ARy
———= >z =
pri+pro Zcut Zcut < Ro \/

= If condition passed, record subjet properties.
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Soft Drop Characteristics

= SoftDrop is often employed with
Zewt = 0.1,0.2,0.4 and f = 0.

= Lund Plane shown for PYTHIA, with no 0
grooming cut applied.

T T T
ALICE Simulation
PYTHIA Vs = 2.76 TeV
80 < py’ <120 GeV/c, anti-k; R=04 0.14
Cambridge-Aachen Reclustering

BRRENERRE N RRRRERREARRRRRR R
0.16

-2
= Characteristic behavior of SoftDrop is shown

with the red line.
= Only keep the first splitting above that line.

-4

In(z AR)

= Differences become apparent by
subtracting embedded PYTHIA from -8

Pb—Pb.
= Significant off-diagonal for response matrix. 05 118 zln(z"ri 8 35 4 488

1
« s Difficult to unfold. AR

0.02

L
=)

0
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Soft Drop Characteristics

= SoftDrop is often employed with
Zewt = 0.1,0.2,0.4 and f = 0.

ALICE Preliminary

= Lund Plane shown for PYTHIA, with no | sF 2015 o100 oo yss - 502 Tev
. . 6E anti-k; charged jets R = 0.4
grooming cut applied. [ Data-PYTHIA embedded
. . . ac
= Characteristic behavior of SoftDrop is shown b
. . £ = t
with the red line. 0F
= Only keep the first splitting above that line. | -2
. -4
= Differences become apparent by oF
subtracting embedded PYTHIA from g~ B0< Py F <120 GeVie
E 1s‘t Softd‘rop Spl‘lltlr‘lg, z‘cm=oi1/j=o‘ | | |
Pb—Pb. %05 115 2 25 3 85 4 45 5

In(1/AR)

= Significant off-diagonal for response matrix.
= — Difficult to unfold.
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Soft Drop Characteristics

= SoftDrop is often employed with
Zewt = 0.1,0.2,0.4 and f = 0.

T T T T T T T
ALI&)E Preliminary
0-10% Pb-Pb Embedded PYTHIA s, = 2.76 TeV

= Lund Plane shown for PYTHIA, with no Anti-k; Charged Jets, R=0.4 ]
A A 80 < p"P* < 120 GeV/c — -
grooming cut applied. i 14°
= Characteristic behavior of SoftDrop is shown o E
=
with the red line. 04 %
= Only keep the first splitting above that line. J 107
= Differences become apparent by
subtracting embedded PYTHIA from . .
Pb—Pb. '-I:... i - . v15 ! u-: 10°
0 01 02 03 04 05 06 07 08

= Significant off-diagonal for response matrix.
= — Difficult to unfold.

true
Rg
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Background Contributions to Substructure in Pb—Pb

= Although grooming helps to select the quenched hard 010
L . . . i %l% E ALICE Preliminary Charged jets anti-k
splitting, combinatorial background is still present. | & JF PYTHIAB embedded R=04,l7 <05
Z 8|5, =5.02Tev Soft Drop z,,=0.2, =0
= Standard pr je; correction doesn’t correct the jet 7E-30-50% 40<p, ., <120Gevic
) " ) ) 6 é COI‘ISIIIUEH[ subtraction
constituents which form the subjets. oF pyTHia | Eventby-event
. . . . E 4+ Ry =08
= Correct for this with event-wise constituent 48 . * Roe 206
. 3E R =0
subtraction JHEP 08 (2019) 175. S
= Distributes background energy throughout the event, =
and subtracts that energy from close particles. 070,05 01 0.15 0.2 0.25 03 0.35 04 4
. . g
= Parameters optimized for Pb—Pb 4 7
ALICE Preliminary PYTHIA8 embedded Soft Drop z,, = 0.2, B=0 Charged jets anti-k
collisions to reduce background but AT A el B 2 ep < T
Ze Jetby-et 5E ey,
minimally impact the signal. U Eembyeven R 206 :
. . —e— Event-by-event, R,
= Comparison for Ry on the right.
070
= Unfold in background free region. o
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https://doi.org/10.1007/JHEP08(2019)175

Fully Unfolded z;, nsp in 30-50% Pb-Pb Collisions

Zg

SN 1o ‘ ALIbE Preli‘minar 1
olo 10;-pp VA
¢ [=Pb-Pb30-50% Sy = 5:02 TeV ]
—| 7 8l[ISys. uncertainty ~ Charged jets anfik, ]
S C R =04, |njel| <0.57
6 SGf(z; Pr enjer < gOZG;V/((:);
F oft Drop zcul = ]
47—_*7::: f(agged 0.89, flagged =0. 88—7
L — ]
2r B
a| O ; ; ; ——7
& %1.4§ =
Q1=1.2F E

o 13 i *+* I i
o T T ! |
08 E
0.6 E

= | | | | |

02 025 03 035 04 045 05
z
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nsp

a E T T T T T 3
-8 %wo 6*!;% Pb 30-500¢ ALICE Preliminary
o0 B e —ovvo Sy =5.02 TeV 1
o iO'SEDSyS' uncertainty Charggg jets antik; ]
0.4 R=04,7 | <05
0.3 == 60<p , <80 GeV/c ]
[ == SoftDro;TJ zcu‘—OZ,ﬁ:O,
0.2¢ ] E
04
£ Il Il Il V—Y—’—Yi:
o £ T T T T T T T ]
E}- 0_1'2; =
o|%128 4 E

e L |
=1 - | ]
0.8; - i
0.6 | | | | | | | B

0o 1 2 3 4 5 6 7
nSD
Consistent with no modification.
/

NN
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Fully Unfolded R; in 30-50% Pb-Pb Collisions

Rg Zeut — 0.2 Rg Zcut — 0.4
H 0, 6,
= Suppression of large 0 02 04 06 08° 0 02 04 06 08°
S Eepp | ALICE preliminary 1 | 19l Fpp ALICE Preliminary |
angles and enhancement 3€ 1a 11 py g M7 |8 14 R s M
of small ang|es for both | = 12}[ISys. uncertainty  opo e jets antik, § ||| 2 12}[Sys. uncertainty . oed jets antik 7
5" 105 R =04, |’7,a|<°'5§ o 10 R =04, |,;Je‘|<o.5§
Zeyt- 8 o 60<p . <80GeVic 8t 60<p <80 GeV/c
E . ch jet E = T, chijet E
. 6L Soft Drop 2, =0.2, =01 6 + Soft Drop 2, = 0.4, =01
= Tested for consistency b TE ar =0891,,=088 ] . £ = 058, 14, = 0.56 ]
. . . % 7: | —— 7:
with unity, as determined (2} —_—— - (2) = ]
2 Tl * TEe T
by x° CDF for sys + stat (% 2 b 1 kB o ]
. o :J'*T bl o :‘ ]
in quadrature. I ] £ ]
J.: — " N B J.: 4+7‘ i
" Zout = 02 p:003 0 et I I I I I ‘ I ] 0 et LT S— I ! I 1
P A— 0.4: p:0029 0 0.05 0.1 0.15 0.2 0.25 0.3 2.935 0 0.05 0.1 0.15 0.2 0.25 0.3 l(?).9135

g £ g &)
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Model Comparisons for R, in 30-50% Pb—Pb Collisions

Rg Zeut — 0.2 Rg Zcut — 0.4
b b4
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
o T T T ™ o T T T T I
u JETSCAPE %‘% 14 ~pp ALICE Preliminary 3 -8‘% 14 ~pp ALICE Preliminary 3
o . p+Pb-Pb30-50% B = 5.02 TeV ] o = p+Pb-Pb 30-50% [Bom = 5.02 TeV ]
MATTER+LBT — z 12DSys. uncertainty Charged jets anti-k; 1 — 12DSys. uncertainty Charged jets anti-k; 1
. 5" 10F R=04,]7,|< 0.5 o 10 R=04.In,|< 0.5
arxiv:1903.07706 8- i 60<p, h“<3oeewc5 8- 60<p, . . <80GeVic
6F ] Soft Drop 2, =0.2, =07 6 + Soft Drop z,,, = 0.4, B = Oi
i SRS =089, 18 = 088 ] s 10 0 =058, 24, = 056 ]
= Pablos et al. Hybrid model vice —_— 3 oF == 3
OF : . . 1 | |e OF : .
JHEP 01 (2020) 044 s eeea] | @1 T s W o)
5 D Pablos et al., L,es—zlnT i o215 =Pablos et al.; L,eS—ZI T 3
= [ =0, 2/7'[7—, 00 - -Pablosetal Liee = 1|l TR -Pablosetal Lree = ]
oy 1:,
= Perhaps sensitive to : :
gt | | | | | 0 - &b | I i 1 I—
coherence in the medium. %% 005 01 015 02 0.25 0.3 035 %% 005 0.1 0.15 0.2 0.25 0.3 035
9 ]
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https://arxiv.org/abs/1903.07706
https://doi.org/10.1007/JHEP01(2020)044
https://cds.cern.ch/record/2725572

Jet Substructure as a Tool to Study Medium Structure?/1

= ALICE is searching for the signature of

point-like (Moliere) scattering centers in the | %' inge T
medium 2 | 010% Pb-Pb {5y = 2.76 TeV
’ ) Anti-k; charged jets, R = 0.4
= Up to now, ALICE has measured large-angle | 40 < p*°" < 60 GeV/c
- L " TT{20,50} - TT(8.9}
recoil jet deflections in /syny = 2.76 TeV. 0.05

| @ Pb-Pb: o = 0.173£0.031(stat)+0.005(sys)

o . I m PYTHIA + Pb-Pb: o = 0.164+0.015(stat)
within uncertainties. L

= Consistent with no acoplanarity of recoil jets

= What is the impact of the medium on jet E"*t e e ]

Statlshcal errors only
PR L
1 6 1.8 2 2 2 2 4 2 6 2 8 3

Ag

o

substructure?

= Would it be sensitive to such scattering

centers?
JHEP 09 (2015) 170
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Jet Substructure as a Tool to Study Medium Structure?/2

= |f a subjet is deflected at a large angle by a

scattering center, it will increase the kt of that
splitting JHEP 05 (2013) 031, JHEP 01 (2019)

172
= Point-like scatterers in the medium would
appear as an excess of large kt emissions in
Pb—Pb collisions relative to pp collisions.

Can we detect with jet substructure observables
high-kt emissions which are signature of
point-like (Moliere) scatterers in the medium?
Alternative approach to access the same physics
as investigated via hadron-jet decorrelations.
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https://doi.org/10.1007/JHEP05(2013)031
https://doi.org/10.1007/JHEP01(2019)172
https://doi.org/10.1007/JHEP01(2019)172

Jet Substructure as a Tool to Study Medium Structure?/2

= If a subjet is deflected at a large angle by a m;géﬁn'w) .
scattering center, it will increase the kt of that 0.0025 o Strong. g1
splitting JHEP 05 (2013) 031, JHEP 01 (2019) 00020

0.0015
172 0.0010
= Point-like scatterers in the medium would 0,000

appear as an excess of large kt emissions in

Pb—Pb collisions relative to pp collisions.
Prob(k™", co)

= Can we detect with jet substructure observables 006

0.05

high-kt emissions which are signature of oo

point-like (Moliere) scatterers in the medium? 003

= Alternative approach to access the same physics 002}

as investigated via hadron-jet decorrelations. oot

30 40 50 60 70 80 920
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Jet Substructure as a Tool to Study Medium Structure?/2

= If a subjet is deflected at a large angle by a /
scattering center, it will increase the kt of that

splitting JHEP 05 (2013) 031, JHEP 01 (2019) kt

172
= Point-like scatterers in the medium would
appear as an excess of large kt emissions in

Pb—Pb collisions relative to pp collisions. trigger

= Can we detect with jet substructure observables
high-kt emissions which are signature of
point-like (Moliere) scatterers in the medium?

= Alternative approach to access the same physics

as investigated via hadron-jet decorrelations.
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Methods for Extracting Hardest kt

= Use grooming methods to identify the hardest kt

splitting in a jet: PYTHIAS Particle Level: Jet pr = 83.3 GeV/c

= For each considered splitting /, kt in node (GeV/c)
. — p.sublead .: . Iterative splitting
kti = PT; sin AR, Harder subjet __—’—"
= We compare eight grooming methods: Leading kt splitting .-

= Leading kt: irgng/);\ kti

= Leading krt for all z > 0.2 splittings.
= Dynamical grooming (PhysRevD 101.034004): <=
a 1 a
== i(1—z)pri(6;//R
K Mirg(%[Z( z)pri(0;/R)?]

= a=0.1- Most symmetric z: “zDrop".
= a=1- Largest kt ~ k'pr: “kyDrop”.
= a=2 - Shortest splitting time t;* ~ k2pr:

1
-

“TimeDrop".
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.034004

Grooming Method Characteristics/1

Each grooming method has different characteristic behavior in the Lund Plane.

Leading kT Leading kt z > 0.2 Dynamical kt

T T T T T T T T
ALICE Simulation 103 ALICE Simulation 103 ALICE Simulation 103
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Grooming Method Characteristics/2

Number of splittings until the selected splitting converges at high k.

kt inclusive kt > 5 GeV/c
ol I ALICE Simulation 06F T ALICE Simulation 1
PYTHIA8 /s = 5.02 TeV PYTHIA8 /s = 5.02 TeV
04 Anti-kt charged jets ] 0.5F Anti-kt charged jets -
R =104, |nje| <05 R =104, |nje| <05

£ 60 < PThjer <80 GeV/c ||| £04 60 < piey jor < 80 GeV/c |
503} 11|s kP > 5 GeV/c
~ e . ~ .

% + Leading kt % 0.3F + Leading kt ]
—,— 1 . —— 1 .

202 - - Leading kt z > 0.2 ] 4 - Leading kT z > 0.2
= e ~+ krDrop 30_2 ~+ krDrop ]
— — -4 timeDrop — -4 timeDrop

0.1 R 01 —— 1
— ——
0.0f —— == «— 4| o0of —— e el
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Nsplit Nsplit
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Hardest k+ Measured in pp Collisions

=kt follows characteristic steeply falling shape.
= PYTHIA in broad agreement with the data.

Leading kt Leading kt z > 0.2
10° s g D - ssii.L g
- F ALICE Preliminary { || . ALICE Preliminary ]
> = PPA/s=502TeV ] || & < pp /s = 5.02 TeV |
2 + Anti-kt charged jets > S Anti-kr charged jets A
& ) R =104, || <0.5 1 & R =04, || <0.5 1
c 10l 60 < Py jor < 80GeV/c | || 101k 60 < p§ep jor < 80 GeV/c |
= 113 — FPYTHIA _ ) gg
S S ) tagged . ]
=l Z =1 L £ =084
{ |+ Leading kt : { —~ Leading kt z > 0.2 ;
T 10 °k——PYTHIAS Monash 2013 4|7 10— PYTHIA8 Monash 2013 3
< L2f ' Il 1of A :
E[§ Lof . * 1 |[El§ vLof---He : :
&l” ogf —— T1[ET o8 | 3
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Hardest k+ Measured in pp Collisions

= Dynamical grooming methods show same trends.

= PYTHIA in broad agreement with the data.
Dynamical kt

Dynamical time

107 e T 107 e s
- ALICE Preliminary { || . ALICE Preliminary ]
L(T - pp v/s = 5.02 TeV ] L(T pp v/s = 5.02 TeV ]
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2: ~+ krDrop { -+ timeDrop
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0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
kr (GeV/c) kr (GeV/c)
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Comparison Between Grooming Methods

].00_I""I""I""I'"'I""I""I""I""I"
- F ALICE Preliminary
’IG L pp /s = 5.02 TeV
—_— . .
= Comparison of the different %  —— ;"_t'bkl cr;rﬁeijgt;
= U.4, |Net .
grooming methods in pp collisions. %10 . 60 < < ég GeV/c
—F D ——— ,ch jes E
= Ratio is relative to leading kr. CR: ——
= At low-mid k1 there is some 3 : i k.TDrSp E——
2 I timeDro
divergence between the methods. Sﬁ b Leading F;(T —_—
= All grooming methods converge at | — 102k | Leading kr z > 02 | | | ]
h|ghkT '—1.4:|""|""|'"'|'"'|""|""|""|""|'_
. . = 1.2F E
= The exact same splitting is selected [£|2 1_05-__! " . d#»--_
by all methods at very high kt. 382 . ; —i:
0 1 2 3 4 5 6 7 8
kr (GeV/c)
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Toward Hardest kt in Pb—Pb

= To access feasibility in Pb—Pb, study the correlation PYTHIA part. level

T T

between the hardest k1 splitting in the parton graph i it - |- Chen
*1@ EMMI

and from declustering at particle level.
= |dentified the hardest kt graph, and then performed
declustering for R = 0.8 jets.

L o . N w s o«
T RARRERRES EREanasi

= Compare pythia graph vs:
= Particle level PYTHIA (as crosscheck). o Gt
= Particle level PYTHIA + thermal background. T Vogorome

= Strong correlation between the hardest emission PYTHIA part. level 4 thermal

T T T T
ound =" 53

log(Hardest shower splitting kr)

and the hardest splitting at large k.
= Studied at EMMI| RRTF Workshop on the

space-time structure of jet quenching.

hardest,grapl
-
o 4N w b g

LR I B I R L R
’

log(k:

= Difficulty of unfolding that was found in SoftDrop a

substructure persists for the hardest k. I
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https://indico.gsi.de/event/8938/

Toward Hardest kt in Pb—Pb

= To access feasibility in Pb—Pb, study the correlation PYTHIA part. level

between the hardest kt splitting in the parton graph e Y. Chen
© EMMI

and from declustering at particle level.
= |dentified the hardest kt graph, and then performed
declustering for R = 0.8 jets.

L o . N w s o«
T RARRERRES EREanasi

= Compare pythia graph vs:
= Particle level PYTHIA (as crosscheck). ‘
= Particle level PYTHIA + thermal background. 7T P eacreemedto

= Strong correlation between the hardest emission PYTHlA part. level + thermal

log(Hardest shower splitting kr)

and the hardest splitting at large kt.
= Studied at EMMI| RRTF Workshop on the
space-time structure of jet quenching.

khardesl,graph
T

log(

= Difficulty of unfolding that was found in SoftDrop

substructure persists for the hardest kr.
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https://indico.gsi.de/event/8938/

Sneak Peak: Prong Matching: Subleading Purity

Not available. ..
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Summary and Outlook —— E—
~pp ALICE Preliminary 3
. = Pb-Pb 30-50% [Sy=502TeV ]
= Measured zg, Rg, and nsp in 30-50% Pb-Pb = 12f0ISys. uncertainty  cparoe jets antik, |
o o~ 10F - R=04,1n | <057
and pp collisions at /syn = 5.02 TeV. £ R 60<p, , <80Gevic]
. . I E e Soft Drop Zoy = 0.2, =03
=z, nsp consistent with no modification. == fg(;)gedD:mc:).si;,uf;gged j).as,f
= R, shows enhancement at small angles 2 e E
and suppression at large angles. gl ° '%%E%‘;’éfﬁ’ l\fI_‘ATTERl+LBT Prei)]
| = - Lres = ]
= Both for zee = 0.2 and 0.4. RCLSEE ERBGSE =S o
= Measured hardest kt splittings in pp 10 -
collisions at /syy = 5.02 TeV. ‘E - 0% 0,06 01 0.15 0.2 0.25 0.3 0.35
. . ——— R
= Grooming methods converge at high kr. |3 TR = 2
i ) =l — 60 < p, oy < 80 GeV/c
= PYTHIA broadly consistent with data. L0 Plenje Ve
—~
. . . = ~+ krDrop ——p—
= Hardest kt in Pb—Pb is converging and P 4 timeDrop
- - 2'_’ .
looks promising. = Leading kr ——
- . . 102f Leading kr z > 0.2, ) ) ) N
= Further exploration of larger R jets, jet ;14 T
. . EER Y - e
splitting structure, and grooming methods. [z 08 —t——— |
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Groomed Jet Substructure at /syy = 2.76 TeV

More symmetric splittings seem to be more sup-
pressed in agreement with detector level measurements

in the /sy = 2.76 TeV data (PLB 2020.135227).

T T T T T
n
80 < p;‘e‘ <120 GeV/c E®= 0-10% Pb-Pb = -= Smeared Hybrid Model
|  Soft Drop z, =0.1 4 %}“4 Emb. PYTHIA + =— Smeared Jewel (w/recoils)

[ ALICE Pb-Pb s =276 Tev
Anti-k ; charged jets, R = 0.4

1IN, dN/dz,

Ratio to
PYTHIA
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