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Outline

e Jets and QGP

e Quenching and energy loss
e Jet substructure

e Observables and technigues
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Factorization of high energy hadron collisions

Produces hard probes with
various quantum numbers:

inclusive jets, Z/y+jet,
c/b jets,...

Short distance Hard scattering
High energy
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Factorization of high energy hadron collisions

Produces hard probes with
various quantum numbers:

inclusive jets, Z/y+jet,
c/b jets,...

Short distance Hard scattering
High energy

Parton shower

Sequential emissions of

collinear and soft partons

Evolution of jet partonic states g0

Underlying events

Partonic medium  Formation of QGP
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Factorization of high energy hadron collisions

Partons confine

Produces hard probes with

various quantum numbers: into hadrons

inclusive jets, Z/y+jet, Hadronization Long distance
c/b jets,...

Short distance Hard scattering
High energy
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Parton shower
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Partonic medium  Formation of QGP
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Factorization of high energy hadron collisions
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A spacetime picture of heavy ion collision with jets
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A spacetime picture of heavy ion collision with jets
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A spacetime picture of heavy ion collision with jets
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A spacetime picture of heavy ion collision with jets
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Path-length dependence
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Quantum Chromodynamics (QCD)

Color confinement

os(Q?)

The coupling is large at low energy and small at high energy

Nonperturbative
Lattice simulation

035 [
03 ¢
025 |
02
015 |

0.1

0.05

L = o (M)

T decay (N3LO) e

low Q2 cont. (N3LO) e .

DIS jets (NLO) —— ]

Heavy Quarkonia (NLO)
e"e” jets/shapes (NNLO+res) F* ]
pp/pp (Jets NLO) F&— -

EW precision fit (N3LOy—=— ]

pp (top, NNLO) —— 4

| Particle Data Group_:

=0.1179 £ 0.0010

saal 1 1 Ll 1 1 Illllll

LAY

10 100 1000
Q [GeV]

asymptotic freedom (1973)

Perturbative
Series expansion

QCD is fwmwlo‘hd{ urfﬁ ciuavf:: am{j/umg
( portenic degrees of Freedom ) while hadrevs
are. the pheervable :ﬁm\/ stotes T han és to
“g)’"“‘t’t"t"“ '{V“""W‘, these hidden partong

\Q,qVQ C\ea\( Sijv\a‘('u\vk v co\\{a‘e" eventg

50 Years of QCD

Gross, Wilczek, Politzer

Many excellent talks at “QCD at 50”
16 at UCLA (YouTube link here)


https://www.youtube.com/playlist?list=PLjqOpQgpjtKoy21wrZ9hPnYM1KN97WYJH

Jets are manifestation of underlying partons

CMS Experiment at the LHC, CERN
Data recorded: 2016-Sep-27 14:40:45.336640 GMT
Run/ Event/LS: 281707 / 1353407816 / 851

AUN 447 EVENT 13177 EBEAM 13.7 GEV SPHERICITY 2.816E-01

81G CIRCLE AT 2.000 GEV . 2;[ R ,CHARGE g{\(ljgéé_Y
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3-je‘t event Confirming the existence of gluon CMS-PHO-EVENTS-2021-020-1 - Small, Medium, Large, Original

This is an event with two jets (orange cones) with transverse momentum

q of more than 3 TeV each, produced in proton-proton collisions at a centre-
e‘\' of-mass energy of 13 TeV at the LHC.
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Soft and collinear emissions in jets

Tef'g Qare O(I-VQCCZ‘M«, Structure s rVWAV\"-A
0\ L?j"\ ?V\ckg/ OO[(TS'-MS: Qqc(,l W-'H‘( o /
b unch e'f COHFWC\'(’“& \70\0—(:(_:,[(_9. This

o 0 gooernl oot of goge o [Sf fcarts 4 parins|
Th %’r\ D Tn +ha ][e‘vxu( stote

b
4 <
: :
? %
3 "3
¥ b
* g
¥ B3
A i
. . . e "f.

R T N S I S S R 3™ . ;
’ GaEE L S S i T L S N
co ameoo i :

F(Z,Q) ke(oMC_glqr\l}Q
V\'I’\Q"\ 220 o 0—0

( So f'e) (c o”l."wc\h)

?ra\whi\if/ (Z. 5) Tw e collinear (Iw\i{:
< Qs . o r> Z o ’\—
Ci \ l-’JkQ ) O
I /\\‘
QOMF“U\j Col oy terall \th - we L o _\__ e SO \TM«\'"(_,
B Sh ;\8% Lom 2 f




Color coherence
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Jet

Momentum
transfer

Medium :

Jet-medium interactions
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In-medium parton evolution
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Color decoherence
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Medium response and diffusion wake
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Monte Carlo implementations
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Jets are defined by jet algorlthms

VOLUME 39, NUMBER 23 PHYSICAL REVIEW LETTERS 5 DECEMBER 1977
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Jets are defined by jet algorithms
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Hadron and jet cross section
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Energy loss and quenching
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P Dijet and boson+jet
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Why jet substructure? The devil is in the detall

A
Subjet . Jet
"l - K " { Jet substructure is everything beyond
P y - jet kinematics, to quantify !

particle distributions around

! : "
_Jominantenergy flows ___ §
Details of Raa, Xy, Xuy, Ay
depend on jet substructure
Jet algorithm

Non-global correlation Salametal, PLB 512 (2001) 323-330

Small-R jet cross section, Out-of-jet energy profile
Salam et al, JHEP 04 (2015) 039
Kang et al, JHEP 10 (2016) 125
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ATLAS, PLB 751 (2015) 376-395
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Jet substructure are multi-scale probes

Pion [N W, Z, H
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Jet substructure: jet shape
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Jet grooming
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e Jet substructure in heavy ion is a fast developing field

e Sensitivity and precision in theory and experiment are both
challenge and opportunity

e Average jet energy distributions (jet shape and fragmentation
function) more established

e Explored jet-by-jet substructure fluctuations (zg, rg, mass, etc)

 Energy-energy correlator brings new excitement of probing
medium scales

* See the necessity of the synergy between soft and hard probes:
“omni-probe”?

Thank you and enjoy hew
results at HP2024
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In memory of two great physicists

Tsung-Dao Lee James Bjorken
1926-2024 1934-2024
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