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HOW 'rO 'I'QS‘I' a ‘rheory [Caron-Huot, et al, 2209.00008]

One natural way to study a theory is to
\ \ ) measure it locally ...

(O(x)0(0))

.. we are however never allowed to ask such
questions at colliders
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HOW 'l'O 'l'eS‘l' a ‘l'he()ry [Caron-Huot, et al, 2209.00008]
Om2 = Z 207

Instead one can compute “shapes™ of final state particle distributions
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HOW 'l'O <l'eS‘l' a ‘l'he()ry [Caron-Huot, et al, 2209.00008]
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“Shape” observables are badly defined from QFT point of view and this
propagates down to experimental level



HOW 'l'O 'l'eS‘l' a ‘l'he()ry [Caron-Huot, et al, 2209.00008]

Recent push towards reformulating collider observables in terms of flows of conserved charges

/d%eiq“wu (QIO@)E (i) - E(N)O0)[Q),  where  EMIP) =Y Eid(Q — )|P)

[
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Detector operators and
enerqgy correlators

Energy correlators in HICs
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Detector operators and
enerqgy correlators
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Energy deteCtOr OperatOrS [for recent review: Moult, Zhu, 2506.09119] @
Energy flow operator revival [Hoffmann, Maldacena (2008)]:

in a given QFT can be directly connected to correlations between detectors

[Sterman, 1970s]
E(711) [Svesnikov, Tkachov, 1990s]
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Energy deteCtOr OperatOrS [for recent review: Moult, Zhu, 2506.09119] @
Energy flow operator revival [Hoffmann, Maldacena (2008)]:

in a given QFT can be directly connected to correlations between detectors

[Sterman, 1970s]
E(711) [Svesnikov, Tkachov, 1990s]

Cross-section level definition

[Basham, et al, 1970s]

@- ) 00 1 aa dNo.
dQ "'N?z fa§1 Ea d pa El" 1d3ploo. EN- 1 d3pN l

Sy [é%é@b —9)]

Useful for contributions computed
from cross-sections
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Energy deteCtOr OperatOrS [for recent review: Moult, Zhu, 2506.09119] @
Energy flow operator revival [Hoffmann, Maldacena (2008)]:

in a given QFT can be directly connected to correlations between detectors

[Sterman, 1970s]
E(711) [Svesnikov, Tkachov, 1990s]

Cross-section level definition Light-ray operator based definition

) |[Basham, et al, 197ONS] E(ﬁ) — Tim At TQniTOi (t, r ﬁ)
@"“EIEE'ICPP do T — 00
d y=3J =1 ° “ E'd% e Ey dpy
N g 1_ _
Su| 2 526, -9) d¥ ~ (QJ'E(n)J|Q)
Useful for contributions computed Allows to constrain result from symmetry
from cross-sections arguments beyond S-matrix picture
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Energy deteCtOr OperatOrS [for recent review: Moult, Zhu, 2506.09119] @
Energy flow operator revival [Hoffmann, Maldacena (2008)]:

in a given QFT can be directly connected to correlations between detectors

[Sterman, 1970s]
E(711) [Svesnikov, Tkachov, 1990s]

Cross-section level definition Light-ray operator based definition

|[Basham, et al, 197;)NS] E(ﬁ) — Tim At TQniTOi (t, r ﬁ)
*=Ef2'Ea-1d3pa =133 7 -1 73 . T—00
dQd N=pJ 4= E, dp,»*Ey “dpy

N g 1_ .
Su| 2 526, -9) dY ~ (QJ'E(N)J|2)
n)lout) = Z E; 5®(n; — n)|out)
Useful for contributions computed i€out Allows to constrain result from symmetry
from cross-sections arguments beyond S-matrix picture
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Energy deteCtOr OperatOrS [for recent review: Moult, Zhu, 2506.09119] @
Energy flow operator revival [Hoffmann, Maldacena (2008)]:

in a given QFT can be directly connected to correlations between detectors

[Sterman, 1970s]
£(n1) [Svesnikov, Tkachov, 1990s]

General cross-section formulation E(7iz) Detector Operator decomposition
(Em) - Em)) = [ doe(m) () Jim (e = 100 ng) 4
[Bellin et al, 2026]
Collider operator basis A
5e— &) = 3(e) + 6D (e) + -+ S 6™ (e) + -+

Joao Barata (CERN) 19



Energy deteCtOr OperatOrS [for recent review: Moult, Zhu, 2506.09119] @
Energy flow operator revival [Hoffmann, Maldacena (2008)):

in a given QFT can be directly connected to correlations between detectors

[Sterman, 1970s]
E(711) [Svesnikov, Tkachov, 1990s]
0 » X 9 ~ P (Z)—
4y (E(7,)E (7)) e 45} d
ny)c\n2 SR o

— = ) : — 5, A = 1 —

A6 /ﬁl,ﬁz P (1 - g — cos 6) < > 7 /Z Jdﬁdzz( 2)
1
~ (9—a with exponent determined by anomalous scaling
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Energy deteCtOr OperatOrS [for recent review: Moult, Zhu, 2506.09119] @
Energy flow operator revival [Hoffmann, Maldacena (2008)):

in a given QFT can be directly connected to correlations between detectors

[Sterman, 1970s]
E(711) [Svesnikov, Tkachov, 1990s]
0 » X 9 ~ P (Z)—
4y (E(7,)E (7)) e 45} d
ny)c\n2 SR o

— = ) : — 5, A = 1 —

A6 /ﬂl,ﬁz P (1 - g — cos 6) < > 7 /Z Jd@dzz( 2)
1
~ (9—a with exponent determined by anomalous scaling

In HICs: New angular scaling connected to properties of matter!
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EECs across collisional systems: e+e- and pp

EEC gives a clean separation between different physical regimes

[EP Alliance, 2511.00149]
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EECs across collisional systems: e+e- and pp @

EEC gives a clean separation between different physical regimes

O 8
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EECs across collisional systems: pp 7B, Kang, Mayo, Pentals, 2411.1752] (@)

dXPP(Rp)
o 8 — : o Gerdvdl
R - S : |
T L. pD 18=5. ¢ N
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Valid frompp toe'e : Hadronic phase well described
EEC gives a clean separation between different regimes universality of jet function from dihadron FFs
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EECs across collisional systems: pp [JB, Kang, Mayo, Penttala, 2411.11782]
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Probing heavy ion collisions using jets

Joao Barata (CERN) 19



Energy correlators in HICs: perturbative contribution @

Let us consider first the EEC and include the perturbative corrections at leading accuracy

d>a—a9 2% [}
~ 22| a4z 2(1 — 2)Pyq(2)
dx X Jo

Simplest form from general factorization formula:

/> single flavor, ignore IS effects
dx; dx ; dz
fz/p xzaﬂ)/ ij/p(x]7 )/ ka (%7%777 pT/Zk U)

e -3 e

dnde Zk

S| P2 RQ 24 92 ]
4

/ dnyjkl (Zkayaln 2 9 7:“) leT{ (lny pQTzavalu>

JO <L H

NS i)

for complete calculation 1n HICs see [JB, Brewer, Lee, Silva, 2508.19404 + wip]
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Energy correlators in HICs: perturbative contribution @

Let us consider first the EEC and include the perturbative corrections at leading accuracy

dne—~e  9q [ | —
N — l —2)P |
o [ e 2P ( g+ Ea0) ) Qualn e
. . £ " Resummation Perturbative Energy loss
Will not discuss matter ettects here medium correction (non-perturbative)

Simplest form from general factorization formula:
single flavor, ignore IS effects

>
a

d dx; d d
ZH Z/ o fz/p xzalu)/ xjfg/p(x], )/ Zk?‘[k (CEZ,ZEJ,?] pT/Zk ,u)

dnde 2k

-l 2 R2 y24p2 - ]
_/O dnyjkl (Zk7 y? ln ZQ/LZ 7”) ‘]}—] (ln [LQT 7mQ7,u> _
\> Sy —1)o(1—2)

for complete calculation 1n HICs see [JB, Brewer, Lee, Silva, 2508.19404 + wip]
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Energy correlators in HICs: perturbative contribution @

Let us consider first the EEC and include the perturbative corrections at leading accuracy

d>9—a9 e 1 1
~ _ | gq

dX ~ X , dZ Z(]- Z)PQQ(Z) (X_a,yqq(g) I Fmed( ,Z)Q qu(pt7 ><7 Z)

Resummation Perk ./ Energy loss

-Medium correction (non-perturbative)
Short note on energy loss: [Baier et al, hep-ph/0106347]

do.medium(p ) do.vacuum(p 1 E) dZElOSS
= [ deD(9 T B = (QuQ0) - T() @ Hlp)
_|_
dov>enm(p, +¢)/dp? ( DL ) Q-weights encode NP process of fast
dovecwmn(p ) /dp?  — \pi+e thermalization of gluon energy to the bulk
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Energy correlators in HICs: perturbative contribution @
|JB, Caucal, Soto-Ontoso, Szafron, 2312.12527]

Let us consider first the EEC and include the perturbative corrections at leading accuracy

dni—a 25 ! 1
~ 2 [ dez(1—2)P(z) | — - FILa(X 2) ) Qag(Prs X 2)
dx X Jo

“Hard source”
approx.

Large Ne limit

med

Jodo Barata (CERN) X P



EECs across collisional systems: pPb

PP
EEC

1.2

p-Pb
EEC P>

2

0.8

[ALICE, 2606.18143]

ALICE
— p-Pband pp |s,, =5.02TeV E
- anti-k; ch jets, R =0.4,20 < p>"* <40 GeV/c
all pairs, p7* > 1.0 GeV/c

—

= (Gomover model
— P, broadening model —
— Twist-4 OPE model

| | | ] ] | | | | | |

107 107" af

Joao Barata (CERN)

Several theory models roughly
capture large angle enhancement

|Fu, Muller, Sirimanna, 2411.04866]

[JB, Kang, Mayo, Penttala, 2411.11782]
| Andres, Dominguez, Holguin, Marquet, 2411.15298]

[Ke, Mecaj, Vitev, 2512.11952]

This observation is interesting taking
into account R, ~ 1

23



EECs across collisional systems: pPb @

Several theory models roughly
capture large angle enhancement

[ALICE, 2606.18143]

o ALCE
2 12 pPbandpp |s, =502TeV E [Fu, Muller, Sirimanna, 2411.04866]
£ Q - anti-k; ch jets, R =0.4,20 < p>"* <40 GeV/c
4 all pairs, ptTrk > 1.0 GeV/c [JB, Kang, Mayo, Penttala, 2411.11782]
| Andres, Dominguez, Holguin, Marquet, 2411.15298]

[Ke, Mecaj, Vitev, 2512.11952]

This observation is interesting taking
into account R, ~ 1

0.8

In the collinear limit the EEC takes
a simple form set by symmetry

1072

{ ) ] Coefficients encode theory
dR R LSt dependent dynamical data !
L L
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Energy correlators in HICs: perturbative contribution @
|JB, Caucal, Soto-Ontoso, Szafron, 2312.12527]

Monte Carlo study Monte Carlo study
1 vacuum | ' ' 'vaclut;m' — |
]_O S vacuum with Fy,.q 15' splitting B 101 S vacuum with F.q 15% splitting g
i medium (VLEs+MIEs) i i medium (VLEs+MIEs) i
----- medium (VLEs+MIEs) with Fi,.q 15¢ splitting | -==== medium (VLEs+MIEs) with Fy,.q 15 splitting
Q Q
- 0L - = 0L -
Zm X 10 : Zm X 10 :
i~ =
3, 3,
== No E-loss ==
1071k N 1071k R
\-‘_ - \\\:
G=1.5GeV?/fm, L = 4 fm, o meq = 0.24 L =15 GeV?/fm, L = 4 fm, a5 meq = UM ;
quark, p;o = 200 GeV dijet, p; jet > 200 GeV, |y;e| < 2.1 :
102 10~} 10° 1072 1071 10"
X X

~ 22 | dzz(1—2)Pyy(2) [ — - Flea( 2) | Qqg(pes X, 2)

“Mixes” directly

with hard function
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Energy correlators in HICs: perturbative contribution @
|JB, Caucal, Soto-Ontoso, Szafron, 2312.12527]

1.70 nb Pbe (5 02 TeV) + 302 pb pp (5 02 TeV) Monte Carlo study
‘CMS Preliminary 120 < jet pT. <140 GeV T it Fois 1 nltting _:
1.5 antl-kT R=04 medium (VLEs+MIEs) i
|Tliet| <1.6 . me—e- medium (VLEs+MIEs) with Fy,.q 15¢ splitting
o) .
A [ T I . e
ol I T2
0 - ] O 9
- === PbPb 0-10% / pp - ng 107 F \ .
i Hybrid, no wake B ~
0-5¢ [ Hybrid, pos. wake pT >1GeV - o
- [ Hybrid, full wake =1 - = E-loss
1.5 B ] Data syst unc — - Data stat. unc | — NN
— - _1 i \\\ \x
Sle | — - : 10
_GCJCDU = - G=15 GeV?/fm, L =4 fm, os meq = 0: J
— i : dijet, pt jet > 200 GeV, |yjet| < 2.1 -
0.5 . o . ~ 102 10— 100
107 10~
Ar X
Similar shape to experimental data ! 1
Is this everything ? X_qu(g) -1 med(X ,2) (qg (Pts X5 2)
“Mixes” directly
with hard function
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Probing heavy ion collisions using jets @

Jets evolve on top of a bulk which backreacts; this can inform about dynamical properties of matter

Depletion of particles (negative wake)

Mach cone structyre [G.-Y. Qin, A. Majumder, H. Song, U. Heinz, 0903.22255]
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Probing heavy ion collisions using jets @

[Tachibana et al, 1701.07951] [ATLAS, 2408.08599]
102_ | | | | ) (Y corr/ Y uncorr)xj},=0.3—0.6
_(a) Leading Jet 2.76 TeV - g 1.025 L, L N N N D L N I L B Y I B O B B
_ e PbPb(CMS. 0-30 %) - 2 B 90<pYr<1BOGeV -
101t . PEPE((W / Hy d;o) °) _ i 1.02 = Pb+Pb |5, = 5.02 TeV, 1.72nb™" Py >:t0 GeV —
- -== PbPb (w/o Hydro) - 5 = Centrality 0-10% 'l <237, I"1<2.5 -
_ PbPb (Hydro) NS 1.015 - A¢(jet,track) > /2 Ap(y.jet) > 3n/4 -
100- ¢ pp (PYTHIA) g 1.01F 0.3<x, <0.6_:
~~ L i
\:i 1.005 5
1 - il I 0
107 1 B st FE b - - - - H LHAH A
A e 0.095 + + +
102 pift> 120 GeVic - : S
p_]]e_;t2> 50 GeV/C tecececcscccns . 0.99 B = =
10-3 A (01,12> 571'/ 6 | l | 0.985 ; [ R |2 S |1 I (l) [ ‘: r't\j": g 3 = \*
0 0.2 0.4 0.6 0.8 1 - - - .
4 An(jet, track)

The effects of hydro response on jets should be non-negligible

Still, hard to get sharp experimental confirmation of this effect
Joao Barata (CERN) 28



Energy correlators in HICs: hydrodynamic response @

0.8

(a)
07 - medium
response

From several MC models, there seems to
be large contribution to EEC from the

0.6 -
05 0o =4 medium back reaction to jet
5 1= F00
CT\% 04 - radiated 02 E=100GeV
% sluon T=0.36 GeV
0.3 - .
Can we understand this at
0.2
the theory level for EECs ?
0.1 -
0.0 —— T T————r
102 10-1 10Y
6

|Z. Yang, et al, 2310.01500]
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Energy correlators in HICs: hydrodynamic response @

[JB, Kuzmin, Milhano, Sadofyev, 2412.03616]

The key observation is that jets couple to a classical background,
General angular dependence can be predicted !

Includes medium response
(sourced by jet enerqy deposition)

How are these two energy flows imprinted on ENCs ?

Joao Barata (CERN) 30



Energy correlators in HICs: hydrodynamic response @

[JB, Kuzmin, Milhano, Sadofyev, 2412.03616]

To deal with hydro/classical flows we
consider the evolution of Jets inside
finite sized “hydro-balls”

[see L. Delacretaz, et al, 1805.04194; for related formulation]

Joao Barata (CERN) 31



Energy correlators in HICs: hydrodynamic response @

[JB, Kuzmin, Milhano, Sadofyev, 2412.03616]

To deal with hydro/classical flows we
consider the evolution of Jets inside
finite sized “hydro-balls”

[see L. Delacretaz, et al, 1805.04194; for related formulation]

This allows for explicit calculation
of the angular structure of the A A
classical response terms <g E > — <

Joao Barata (CERN) 31



Energy correlators in HICs: hydrodynamic response

[JB, Kuzmin, Milhano, Sadofyev, 2412.03616]

Comparing to data, the large angle enhancement is qualitatively in agreement with hydro’s prediction

1.75}

1.5}

0.75}

M7 T

- This work

Transition anale is now set by
uf(fotvjzi)/l7t:7é /\1rmxi/l?t

CMS data
Hybrid, no wake

Hybrid, pos. wake
Hybrid, full wake

&
—
'A

ECh
Ar

Joao Barata (CERN)

x 102

4.0
3.5
3.0
2.5

JEWEL+PYTHIA (PbPb JJ)
Anti-k, R = 0.4

VSNN = 5.02 TeV,O—5%
pie* € (200, 240] GeV

0.0

i HYBRID+PYTHIAS (PbPb JJ)
1.0 Anti-k, R = 0.4
VNN = 5.02 TeV, 0-5% +
0.5 pl=* € [200, 240] GeV
e
103 102 101

103

L Wo/response .---
— - "-

—— w/response

wo /response

X102

Ry,
[Master Thesis, M. Leitao, 2024]
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Full structure of EECs in HICs JB, Moult, Sadofyev, Silva, 2503.13603] @

What is the main lesson for phenomenology ?

y—-e 4o X107
pr =20 GeV, ¢ =2 GeV?/fm, L = 2 fm ' 3.9 w/gsponse
—— ja¥agsponse
101 ; 3.0 3
/\ 55 | ..
s .1 5
., 5 i
1072} Lor ~ JEWEL+PYTHIA (§bPb JJ)
[ 1.0 F __" Anti-k, R=0.4
VNN = 5.02 Tev‘:._ 5%
0.5 N plt € [200, 240] G'._l
031 e i R TS W 4
102 10! 0 Mgt
Rrp,
X
3Pl
(Classical) observable is highly degenerate : F = 4 (aP@) + + CP<3>) R +...
dRL RL 4,0 4
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Higher point functions in HICs

These results generalize to the fully differential higher point functions

o : s /2
L =5 fm, p, = 100 GeV, § =5 GeV? fm™!
10t F | |
37 /8
& o /4
m I\
10°F
w/8
- — vacC
- — med
NP b 1 . — ()
0.1 0.2 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
R; _ §
{=Rs/Ry

sin® ¢ =1 — (R — Ru)?/R%

Joao Barata (CERN)

[JB, Moult, Sadofyev, Silva, 2503.13603] @
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Higher point functions in HICs

1JB, Moult, Sadofyev, Silva, 2503.13603] @

These results generalize to the fully differential higher point functions
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Higher point functions in HICs
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(Ec(n1)&c(n2)&c(ns)) = Ec(n1)Ec(n2)Ec(n3)
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g her pO| nt fu nCt|OnS N H ICS [JB, Moult, Sadofyev, Silva, 2503.13603] @

|[Bossi et al., JHEP, 2024 ]
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Energy correlators of the bulk matter

EP Alliance, 2511.00149]
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EECs have been extended to characterize full e*e™ events, providing

one more precision test of QCD
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Energy correlators of the bulk matter B Moult, Kuzmin, Sadofyev, Silva, 2604.21971] @

Can this discussion be generalized to understand directly the bulk matter?

E(m
® &(m) Closely related to EECs on states
q ® E(ny) generated by heavy operators in CFITs
& S(nk)

'Chicherin et al, 2306.14330]

‘Cuomo et al, 2503.21867]
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Energy correlators of the bulk matter U8 Moult, Kuzmin, Sadofyey, Silva, 2604.21971] @

This suggest a generic form for the EEC structure measured in QCD matter bulk states
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Energy correlators of the bulk matter JB, Peng, Sadofyev, Song, to appear] @
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Energy correlators of the bulk matter B Moult, Kuzmin, Sadofyev, Silva, 2604.21971] @

Can this discussion be generalized to understand fluctuations ?
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Energy correlators of the bulk matter B Moult, Kuzmin, Sadofyev, Silva, 2604.21971] @
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Energy correlators of the bulk matter JB, Peng, Sadofyev, Song, to appear] @
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EECs allow to fully characterize the entire HIC event, exactly

recovering form obtained from geometrical correlations
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Energy correlators of the bulk matter B Moult, Kuzmin, Sadofyev, Silva, 2604.21971] @

Hadrons OPE Hydro Hydrodynamics

modes

s

= matching » Ideal gas
of -7
& g d
) 7 /s
7 S X
/ —
IR uVv IR IR
Y < 1

Agcp

Joao Barata (CERN) 45



Conclusion @

ENCs offer a way to treat jets in HICs in a consistent and clean theoretical picture
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These observables can be extended beyond jet physics in HICs, and allow for
conceptually new description of QCD systems
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Thank you !
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Energy CO rrelatO IS |n H ICS [for recent review: Moult, Zhu, 2506.09119] @

The structure of ENCs, in the conformal limit, is determined by symmetry arguments

“dynamical” coefficient

Celestial block of
celestial dimension 0
and transverse spin |

In the collinear limit this structure reduces to the usual expression obtained in QCD

d E : ( boost along 77 ) (rotation along 77)
> celestial transverse . I
— - K ""I" O dimension spin "I""ln'J
dX (dilation w.rt. 71 € 52 (rotation w.rt. 77 € S
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Next steps for Pheno/Exp:
Is there a way to separate these different contributions ?

Can this be tested across
system sizes?

v Data/MC The same questions apply
Theory prediction for pure bulk/min bias
observable ?

axp  aly
= 2 +(ap<3>+bp<3>+cp<3>)RL+...
dRL RL 4,0 4,0 4
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Spatial structure of matter from EECs

Bulk matter produced in HICs can have more complex

t=1.0fm/c t=1.7fm/c t=3.2fm/c t=4.5fm/c

I 1
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geometry than the simple QGP-like picture | have discussed -] o® §
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Jets are optimal candidates to resolve !

sowe of these features
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Spatial structure of matter from EECs

[JB, Brewer, Lee, Silva, 2508.19404 ]
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General decomposition of EEC in such a state can be derived, including classical flows

[JB, Milhano, Sadofyev, Silva, wip]
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Jodo Barata (CERN) [matches light-ray decomposition in M. Kologlu, et al, 1905.01311; H. Chen, et al, 2505.16753]
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Higher point functions in HICs JB, Moult, Sadofyev, Silva, 2503.13603] @

The same conclusions hold for higher point functions, where the shape can be non-trivial
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The Standard Model of heavy ion collisions
The Quark

[PHENIX collaboration, 2018]
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The Standard Model of heavy ion collisions

Many questions remain open about validity and emergence of this “Standard Model™
picture of HICs from the OF T and experimental perspectives

CGC, IS models, ... Kinetic theory, hydro, ... Hadronic transport, ...
No confirmation of saturation/ No test of out of equilibrium dvnamics Lacking connection between
CGC picture q y observables and theory

Joao Barata (CERN) 54



Probing heavy ion collisions using jets

CGC, IS models, .. Kinetic theory, hydro, ... Hadronic transport, ..

Jets allow for a QCD driven exploration of the intermediate matter states in HIs

Joao Barata (CERN) 55



Probing heavy ion collisions using jets

Initial blue quark Final red quark

Momentum broadening

(k) ~ qL

L/

Jet transport coefficient,
diffusion constant

Light-cone time evolved in matter
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Probing heavy ion collisions using jets

Radiati /
adiative energy loss LPM QCP effect

Energy depletion driven
by soft gluon cascades

Bethe-Heitler ‘classical” rate
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Probing heavy ion collisions using jets @

Breaking of anqgular ordering and evolution of color antennas has been widely explored
[Salgado, Tywoniuk, Mehtar-Tani; Iancu, Casalderrey-Solana, early 2010s]

vacuum ——> anqular ordering

mediom —— * anti-angular
ordering *

Joao Barata (CERN) 58



Probing heavy ion collisions using jets @

Breaking of anqgular ordering and evolution of color antennas has been widely explored
[Salgado, Tywoniuk, Mehtar-Tani; Iancu, Casalderrey-Solana, early 2010s]

“Iwo pronged”
vacoum —> angular ordering

mediom ——>  anti-angular : : ; ;
ordering ” Observing this pattern gives evidence for A

Joao Barata (CERN) 58



Probing heavy ion collisions using jets @

In summary, the current picture of jet evolution in the HICs looks something like this:

Joao Barata (CERN) 59



Probing heavy ion collisions using jets

In summary, the current picture of jet evolution in the HICs looks something like this:

Jet

Virtuality cascade
(houndary matter effects)
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Probing heavy ion collisions using jets @

In summary, the current picture of jet evolution in the HICs looks something like this:

Mediuwm back-reaction
(hydro)

Virtuality cascade
(houndary matter effects)
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Probing heavy ion collisions using jets @

In summary, the current picture of jet evolution in the HICs looks something like this:

O
o Jet
Q0% -
1 Q QL Medium back-reaction
(hydro)
Virtuality cascade

(houndary matter effects)

Soft medium induced radiation
(energy loss, LPM effect)
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Probing heavy ion collisions using jets @

In summary, the current picture of jet evolution in the HICs looks something like this:

0
Jet
R0 Q0> -
Medium back-reaction
(hydro)

Transverse resolution of

the jet by the matter
Jerhy Virtuality cascade

(houndary matter effects)

Soft medium induced radiation
(energy loss, LPM effect)
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Probing heavy ion collisions using jets

Interactions with medium can be described via exchange of soft gluons

[BDMPS-Z, early 2000s] A% z) p~gl

At high energies this is equivalent to 2d non-rel. QM: [Susskind, 1960s]

9 ; Lo
(209, . 9 Wilson line along forward light-cone
g(an?tQ;wl)tl) :/ DT’GXP ?/ atr Wr
L1 t

Motion In transverse direction;
partial sub-eikonal order effect

1

Any cross-section boils down to computing correlation functions of such objects

do ~ (T H{Q, ['}) matter
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