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Jet tomography

« Jets see the matter in HIC at multiple scales, and essentially X-ray it;

The existing jet quenching theory is based on multiple simplifying assumptions:
large parton energy, static matter, no fluctuations, etc;

There is a very recent progress on the medium motion and structure effects in
jet quenching and this is the focus of this talk;

« The developed formalism can be also applied to include orbital motion of

nucleons and some of the in-medium fluctuations to the energy loss in cold
nuclear matter;

0
4
§
=
0
q

E

MARIE CURI
EXCELENCIA . s _» P .
? MARIA Instituto Galego de Fisica de Altas Enerxias (IGFAE) igfae.usc.es



R. Baier et al, NPB, 1997

\Wa. B. G. Zakharov, JETP, 1997
9*\ = I < ; FA E = XUNTA R. Baier et al, NPB, 1998
' \\\‘ T o ’ ’

I““‘ Instituto Galego de Fisica de Altas Enerxias +r+ DE GHLIC[H M' Gyulassy et al' NPB’ 2000

M. Gyulassy et al, NPB, 2001

Y
O
O
Pl =g L'Q

07001670

Y

=)

==
(X000

)

[\]
(XI0000

)

ST
(X000

A

0

MARIE CURIE

9 fff\(ifikmf:‘ Instituto Galego de Fisica de Altas Enerxias (IGFAE)




W,
a2 o IGFAE WSC

KA XUNTA
% ¢{ DE GALICIA

v

A& e &
L N N N

Sp

MARIE CURIE

9 E{&ﬁi;:‘ Instituto Galego de Fisica de Altas Enerxias (IGFAE)
[ DAz



AS, M. Sievert, I. Vitev, PRD, 2021

% SIGFAE ugs

K XUNTA
% ¢ DE GALICIA

Color potential

the initial
distribution

gALY (q) =Y e rtitdul vi(q) (2m) 6 (q° — i - §)

() ~ ™~ the fluid velocity
inhomogeneity
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Medium averaging

P, P, 2
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Medium averaging
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Color potential

the initial
distribution

gALL (q) =) €7 td ul vi(q) (2m) 6 (¢° =P @)
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The broadening

pm pz p3 p4 pf
@— : |
q] QQ q3 q4
V. (% V. V.
]I .]2 ]3 ]4

E — oo _ d2pm
— i)~ [ P QEL?Ypf, Lipins0) J (E.pin)
VAN

single particle

u<LbE pz> 1 propagator
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The broadening

P, P, p; P, P
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Wr(Y,p) = / e P <G (Y t %3 %) G (Y B %3 _§)>

y,X

alimito p q
(JIHEI; 2392%5(;) — Jr + o0 Vy — 1612) Wr(Y,p)=0

\ in the harmonic

approximation
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Wr(Y,p) = / e P <G (Y t %3 %) G (Y B %3 _§)>
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quantum corrections to the
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Color potential

the initial
distribution
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Jet broadening
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Gluon emission
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Gluon emission

1R~ _ 9 lim dz /d2x0 e~ xoly J(x0)
0

QjE Z§—>00

.k2 —
/ X W(xq; 00, 2s) to... W(X0; 2s, 0) ei2i 1 [e VG (Kf, 253 %0, 25)

energy fraction proj

| |

Wilson line (x < 1) the gluon (single-particle) propagator
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Gluon emission

dN o L z
2 2 — 5 A 2 C . C_
(2m) * dwd?k Ncw2Re/o dz/o t /xo,y 6ol [( < V)

x (G (k, Liy,2) 97 (k, L%, 2) }{G°* (v, 7%, 2) Wh " (x0: % z)>]

| “

broadening of the gluon
(already have it with V)

X=X=Xg

emission kernel

OK(y, 2%, 2) = —/ dS/ Koy, z;w,s)0V(w, s)Ko(W, s;x, 2)
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Summary

« Jets do feel the transverse flow and anisotropy, and get bended and distorted;

« The transverse flow and anisotropy do affect the medium-induced radiation,
bending the substructure of jets;

« These effects can be in principle probed in experiment, leading us towards actual
jet tomography;

One should also expect similar evolution-induced effects for the other probes of
nuclear matter;
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Jet broadening

uniform matter

* Opacity y = 4 <]0L> ~ gy L w L
 u = (0.7 (about /4 to z-axis) —oX

c u=gTrwithg=2andT = 500 MeV

What jet energy corresponds to (8) = 1°?

|

E~50 GeV
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Jet broadening

inhomogeneous matter

« Opacity y ~ 4 ppi\ _ o, LVT p? L E °
« u=gT withg ~2and T ~ 500 MeV Eu2/ % o B2\
« LVT>T

What jet energy corresponds to ("6”) = 1°7?

|

Jet energies: E < 100 GeV
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Energy-energy correlators
dy /1 p do (-2
ax (1w
dfdao 0 odzdOdo

1
OéSCF 1 dl e 0
:L dz 7'('2 E-FCUmp%t“q ZC(l—CU) 10 -

dy
dfdo

« EEC for jets, see K. Lee et al, 2022

e EEC in HIC, see Carlota’s slides

—1 _
* The small-x BDMPS-Z formula is not strictly 10 ]

applicable, just an illustration

« The gradient effects can be clearly seen
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