Jet evolution & substructure

modification within the QGP
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What is jet modification in the
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Introduction

Qhard‘
 pQCD and factorization:

Qhard > Qjet > AQCD

L 0., ~1
QJet 00 GeVv e Jet-medium interaction:

Qjet > Qmea « This talk!
* Weakly or strongly coupled medium?
Qmed ~ GeV >
AQCD Qmed > Nocp + Talk by Go,

Almaalol, Li

*There can be several medium scales and they can depend on the observable.
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Introduction

e Separate hard and background fields (g = g, + qo, 4 = 4, + 4y)
Locp(q,4) = L(qn, Ap) + L(qo, Ao) + Lint(qn, An, qo, Ao)
~ L(qn, An) + 9qn)qn + gArU)An

* Dressed propagators:

W:W+T f%

* Models for the background (J (x*)):

o High-temperature plasma (T > Ay¢p)
o Random color-fields
o Non-perturbative “function”
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Introduction
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Goal: AA— 1, ..., n
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*This talk focusesoni—1,...,n.



Jet modification: medium-induced emissions

Broadening:

TrT

Medium

2
~ G;i(',p)
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Jet modification: medium-induced emissions

Vacuum

* Fixed path:

e Color conservation:

<

~ 6;;6(p" —p)

2

Medium

Broadening:

2
‘m ~ G;i(',p)

Color decoherence:

=T -

Q
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-

color decoherence
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Jet modification: medium-induced emissions

Vacuum Medium

Emission:

—<

2
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? dzdd @ z O

soft & collinear poles!
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Jet modification: medium-induced emissions

Vacuum Medium

*  Emission:

—<

* Resumming emissions: collinear jet

—<
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Jet modification: medium-induced emissions

*  Emission:

—<

2
+

—<

2

Vacuum

dI’*  a,2C; 1

dzdd @ z O

soft & collinear poles!

AN

—

* Resumming emissions: collinear jet

Medium

Vacuum + medium-induced emissions:

il

2

d
: dlime _ & Qmed Ci
dz s E /73
K soft pole!
m < Qmed
z KL Qmed/E

Adam Takacs (Heidelberg)

LHCP 2024, Boston

10



Jet modification: medium-induced emissions

Vacuum

*  Emission:

—<

* Resumming emissions: collinear jet

—<

2
dI’*  a,2C; 1

dzdd @ z O

soft & collinear poles!

AN

—
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Medium

Vacuum + medium-induced emissions:

2
med
: dIi _ & Qmed Ci
dz s E /73
K soft pole!
m < Qmed
z KL Qmed/E

Wide-angle medium-induced cascade:

D o'
=

2
+
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Jet evolution: factorized picture

[Mehtar-Tani, Tywoniuk, Salgado]

[Caucal, lancu, Mueller, Soyez]

Vacuum

Ink; =z
/

Medium
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Jet evolution: factorized picture

[Mehtar-Tani, Tywoniuk, Salgado]

[Caucal, lancu, Mueller, Soyez]

angular ordering
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Jet evolution: factorized picture

[Mehtar-Tani, Tywoniuk, Salgado]
[Caucal, lancu, Mueller, Soyez]

angular ordering

Vacuum
2 3
A
R {66€ {666
N
- AN
~ N\
£ S
AN
\\
RN
AN
AN
AN
AN
AN
AN
TN
AN
\
In1/9

Medium

vacuum jet vacuum jet

11’1 kt = Z'l9
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Experimental test of the

factorized picture

Talks by: Barata, Rothman, Jacobs, Go, Ehlers, Andres
See also in my backup.
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How to improve this picture?
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Improvements

Factorized picture:

Adam Takacs (Heidelberg)

vz

Ingredients:

+1 medium modeling:

vacuum evolution: Talks by
Caletti, Roloff, Chahrour, Hoppe

- jet creation (LO—NLO), jet evolution (DLA—NLL)

cascade evolution:

- beyond soft&collinear limit (NLO 64, NLLmeq)

. . X [Ghigliery, Teaney]
- finite sized medium [Caron-Huot, Gale]

[Isaksen, Takacs, Tywoniuk]

medium scales:

- resolution, coherence, orderings [Arnold 2023]

- homogeneous/static = dynamical medium [Sadofyev et al]

Talks by

- medium response / jet thermalization
Go, Almaalol, Li

LHCP 2024, Boston
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Jet modification: correlated emissions

Vacuum Medium

* Two gluon emission:

-CE| - |£f. &

dIvec  drec
~ 42,49, dz,dv,

2

X 09, >19,)

angular-ordering!
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Jet modification: correlated emissions

Vacuum
* Two gluon emission:

SOSIERPIW. S

dIvec  drec
~ 42,49, dz,dv,

2

X 09, >19,)

angular-ordering!

Medium

Two gluon emission:

O

(anti-)Angular ordering:
[Mehtar-Tani, Tywoniuk, Salgado]
[Caucal, lancu, Mueller, Soyez]

Medium coherence:
[Mehtar-Tani, Tywoniuk, Salgado]

[Casalderrey-Solana, lancu]

In-medium ordering:

[Blaizot, Dominguez, Mehtar-Tani]
[Arnold 2015-]

RRR
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Summary:

o Jets modify in the QGP — extract QGP features (T, n, ¢, ...)
o (Semi-) perturbative treatment

* scattering amplitudes « jet observable
o State of the art picture of jet modification:

* good agreement with data!

ask me about it!

* improvements in the doorstep!
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Thank you for your attention!
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Experimental test of the

factorized picture
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Experimental tests

Talks by: Barata, Rothman, Jacobs, Go, Ehlers, Andres
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Observables:
e event shapes
e jet substructure
* energy correlators
* eftc.
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Experi

mental tests

Talks by: Barata, Rothman, Jacobs, Go, Ehlers, Andres

A
Qhard T cMSs VSan = 5.02 TeV, PbPb 404 ub™, pp 27.4 pb’’
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[CMS JHEP05(2021)]
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SOIINEEIRENS

Talks by: Barata, Rothman, Jacobs, Go, Ehlers, Andres

Qhard"

jet
T

Qmed

Agcp
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Observables:
e event shapes
e jet substructure
* energy correlators
* eftc.
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SOIINEEIRENS

Talks by: Barata, Rothman, Jacobs, Go, Ehlers, Andres

A
Qhard T ' JetMed partoﬁs: ' 200
102F AA @ 5.02 aTeV, inclusive jets, 1
"om pr > 400 GeV, Rani—r, = 0.2, |n] < 2.8, L.75
. - hardest splitting
p]et | I l 11.50
T
.1.2F
Uy 1 Observables: = 1% e
3 100 2
kig | * event shapes < :
Qmed e jet substructure 0.75
100,
* energy correlators 0.50
AQCD * etc. 055
107 0.00

1/ ahard

[Cunqueiro, Pablos, Soto-Ontoso, Spousta, Takacs, Verweij 2023]
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