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Jets to study QCD

a0 Understanding validity of perturbative
vs. nonperturbative physics

Non-Perturbative Resummation Fixed Order

ALICE
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Jets to study QCD (B

ALICE
0 Understanding validity of perturbative ALICE reconstructs jets at midrapidity with a high-
vs. nonperturbative physics precision tracking system (ITS+TPC) and EMCal
Non-Perturbative =~ Resummation Fixed Order | | .| pT,jet I 20 —_— 200 GeV / C
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O Probes of quark-gluon plasma

Charged particle jets
0 High-precision spatial resolution to resolve particles

— Ideal for jet substructure measurements
Full jets (charged tracks + EMCal ﬂo, Y)
Y. Mehtar-Tani O More direct comparison to theory
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Jet angularities — pp

ALICE

Class of IRC-safe observables:

Pt
g =
pT,jet
. ARi,jet 2 )
0, = P ’ARi,jet:\/ Ay“+ Ag

Continuous parameter f > O systematically
varies weight of collinear radiation

Almeida, Lee, Perez, Sterman, Sung,Virzi PRD 79 (2009)
Larkoski, Thaler, Waalewijn JHEP 129 (2014)
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Jet angularities — p

ALICE
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Jet angularities — p

D ®

ALICE
. S I%$18 [ @ ALICEpp ALICE Preliminary
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" Prie with pQCD calculations 0; X - =
Kang, Lee, Ringer JHEP 04 (2018) Ay
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R Q<= [ @ ALCEpp ALICE Preliminary
Ol 30+
_S E Sys. uncertainty pp Vs =5.02 TeV
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. . : : : -~ NLO+NLL ® Herwig7 | n. | < 0.7
Continuous parameter [ > (O systematically Most of the distribution . T enwm) etk jets,(5=5)
varies weight of collinear radiation can be non-perturbative, : =

which spoils agreement in
perturbative region due to

self-normalization

Almeida, Lee, Perez, Sterman, Sung,Virzi PRD 79 (2009)

Larkoski, Thaler, Waalewijn |HEP 129 (2014) 0 0.05 0.1 0.15 0.2 . ’9=125
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Jet axis differences — pp

ALICE

Measure angular difference between different jet axes:
ARaxis — \/Ayz T A§02

O Standard axis: E-scheme recombination
O Soft Drop axis: Standard axis of groomed jet
a0 Winner-Take-All axis:WTA recombination scheme

Cal, Neill, Ringer, Waalewijn
JHEP 04 (2020) 211
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Measure angular difference between different jet axes:
ARaxis = \/Ayz + A§02

O Standard axis: E-scheme recombination
O Soft Drop axis: Standard axis of groomed jet

a0 Winner-Take-All axis:WTA recombination scheme

Cal, Neill, Ringer, Waalewijn
JHEP 04 (2020) 211
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Jet axis differences — pp ®

ALICE

Standard - WTA
10° ¢

Measure angular difference between different jet axes:
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Subjet fragmentation — pp ®

ALICE

Cluster inclusive jets with radius R, then recluster with anti-k, with radius r

Neill, Ringer, Sato 2103.16573
Kang, Ringer, Waalewijn |HEP 07 (2017) 064
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Subjet fragmentation — pp ®

ALICE

Cluster inclusive jets with radius R, then recluster with anti-k, with radius r

Neill, Ringer, Sato 2103.16573
Kang, Ringer, Waalewijn |HEP 07 (2017) 064
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et Leading subjets
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Subjet fragmentation — Pb-Pb

Measure subjets in heavy-ion collisions to probe jet quenching

See also: Caucal, lancu, Mueller, Soyez JHEP 10 (2020) 204
Apolinario, Milhano, Ploskon, Zhang EP|JC 78 (2018) 6,529

Can probe much higher 7 than hadron fragmentation measurements

CMS PRC 90 (2014) 2 024908
ATLAS PRL 123 (2019) 4 042001

| Opportunity to test universality of jet fragmentation functions
J r,med(z) =J med(Z)

N

parton — subjet parton —» jet
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Subjet fragmentation — Pb-Pb

Measure subjets in heavy-ion collisions to probe jet quenching

No significant modification observed

do
Gz, >0.7 er
N
o1
|

Well-described by theoretical predictions

0 JETSCAPE |
JETSCAPE Collaboration 1903.07706 \
3 In-medium jet functions

- ALICE Preliminary ®pp
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C Charged jets anti-k+ Sys. uncertainty
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, ch jet
15— anti-k, sut;jets r=0.2 i
Qiu, Ringer, Sato, Zurita PRL 122 (2019) 25 :
Neill, Ringer, Sato 2103.16573 10~ -
Kang, Ringer, Waalewijn JHEP 07 (2017) 064 -
S 0
R i .

o ;

Qo - == JETSCAPE

= = 1.5F Medium jet functions .
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Subjet fragmentation — Pb-Pb

Measure subjets in heavy-ion collisions to probe jet quenching

No significant modification observed

Not trivial — there are large quark-gluon differences 5§ “%F aLce preiminary .
. PP
- - - Sy =5.02 TeV _Pb 0-10%
IN vacuum S 5 %F y)?arged jets anti-k- -ESS.P:nge:tgi;ty
| & sof R=04 Ip <05
6l S - 80<p, . <120GeVic
.%2 15;— anti-k; subjets r =0.2 i
g
S : 3
| 5H 0
o
s a ] Ml . | —- .
Neill, Ringer, Sato  %lg | — JETSCAPE |
\\. 2103.16573 = 1.5 - Medium jet functions -
. <
Competing effects!? |
0 Gluon suppression — larger z, 85 | -
o 7 0.8 0.9 1
O Soft radiation — smaller z, Z,
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Subjet fragmentation — Pb-Pb

Measure subjets in heavy-ion collisions to probe jet quenching

—® Study the r-dependence

- ALICE Preliminary

do
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Groomed jet substructure wcascuoows

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

_ pT,subleading
PT leading +p T,subleading
\/ Ay? + Agp?
0, = R
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Sensitive to QGP resolution length
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N-subjettiness 210504936 ()

ALICE
Substructure of recoiling jet in semi-inclusive hadron-jet coincidence
1 .
TN = Zijk minimum (AR x,ARy k, ....,ARN k)
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Summary

ALICE

ALICE measurements of jet substructure in proton-proton collisions are
providing new tests of our first-principles understanding of QCD

O Jet angularities, jet axis differences, subjet fragmentation, ... and more not shown!
O Explore the transition from the perturbative to nonperturbative regimes

O Provides crucial insight for reference to heavy-ion collisions

ALICE measurements of jet substructure and jet correlations in heavy-ion collisions
are producing an emerging picture of jet quenching phenomenology

a0 Hard splitting not strongly modified — z,, 7

0 Collimation/filtering of wide jets — 0,

|

S

0 Medium-induced soft splitting can be exposed in region dominated by quark jets — z,
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backup

ALICE
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Jet substructure in heavy-ion collisions o)

ALICE

There are many simultaneous unknowns in jet quenching theory:

Strongly-coupled vs. weakly-coupled interaction
Color coherence

Spacetime picture of parton shower

Nature of quasiparticles

O O o gd g

Y. Mehtar-Tani

Jet substructure is an appealing tool to disentangle these

log 26
O Target specific regions of phase space
Andrews et al. |PG (2020)
. jet substructure ———
S & S : QQ
& X > > -1
,&OQ Q&{% Q@ &P &CZ;%Q @C&% N 4.
Q \,QO \Q,Cbb 20 %) O‘Q’ g \\
S O X0 \>® @Q N log -4 h
\Q,‘ZY : \Q) : ,\QJ : \Q) xQ \Q/%} pr i1/ \\
R m2 _T A log 1, 11?1.- \L >
pT pr prr m T my, QCD A
pTR ,C logl R | vV L3
Yang-Ting Chien, QM2018 X Ve log 1/
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Experimental challenge: Background (®

ALICE
Ensemble observables Object tagging
For observables that don’t involve event-by-event ~ For observables that involve event-by-event
tagging of objects, use ensemble-based methods tagging, the background can induce mis-tagging
Ungroomed angularity, mass, N-subjettiness, ... Groomed observables, leading subjets, ...
\7 . - o B \\ | N - o -
- 10 g TR PP 8%"’ - PYTHIA8 embedded in thermal background
—_ = | = - ay = 2-02 TeV
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T 1 . Anti-k; charged jets, R =0.5 = CA reclustering ST 4L R=04 In <10 con
O) - 7 -Ap<0.6 S =49 GeV/c 80<pPYTH'A<1oo GEV/C = b (owap)
15 107F TT{8,9) = PT. jet = ' SD: 2, = 0.1, =0 aroomed away
68; B F Integral: 0.921 + 0.004 - - C-Areclustering .g;ﬁ:irde jet
Zlq10% @ TT{20,50} = _L:_Léhé e
© -OE - Integral: 0.904 = 0.007 3 " | oL — Truth
=103 -0- — pp + therma
S F - - = PYTHIA
1—2: 1074 _D__.__‘_ = == Background
4+ §
107 : —— E = o Embedded / Truth
: -Statistical errors only - g g 3 = Tagging purity
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