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Time: ~0fm/c ~1fm/c ~10 fm/c ~101° fm/c

- Jet imaging: Jets as differential probes of the spatio-temporal structure of the thermal matter in HIC

- Modification of jet properties encodes information about the QGP characteristics and evolution
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Focus on leading perturbative processes: Two processes that modify the evolution of HQ.

Transverse momentum broadening Medium induced gluon radiation

N

Theoretical formulation requires a tractable description of the matter

: : See e.q.
- Matter treated as a classical background field Casalderrey-Solana, Salgado 2007

- The field is produced by an stochastic ensemble of charged particles

. [ts statistical correlations are determined by the matter properties
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Dead-cone effect present in vacuum radiation of a HQ

Radiation of a massless quark Radiation of a massive quark
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Dead-cone effect present in vacuum radiation of a HQ

Radiation of a massless quark

d.L NOéSCFll
dwodd  w©™ wéb
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HQ as a new window

Radiation of a massive quark
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dwdd ~ @ are mg)Z
| E2

Massachusetts Institute of Technology



I BBl Massachusetts _
I I“ Tochnoloay HQ as a new window

Dead-cone effect present in vacuum radiation of a HQ

Radiation of a massless quark Radiation of a massive quark

dL N a,Cr 11 dL aCr 1 6>

dwdd ™ w0 dodd — w(gz I 7;233)2
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Clean avenue to access medium induce radiation and extract information of the matter
See Armesto, Salgado, Wiedemann PRD 2004

Diagnostic tool of the bulk with the HQ mass coupling with the transverse dynamics of the bulk
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Matter — field produced by an stochastic ensamble of SU(N.) charged quasiparticles

Matter flowing

scattering potential

A () = —i(q-ztq.z) W Aa . 2 §(q - u
g () /:1:,26 uf(x, 2) (2, 2) vgi @, 2) (2m) 0(q - ) density of color sources

velocity of the sources

See e.q.

Sadofyev, Sievert, Vitev PRD 2021

Andres, Dominguez, Sadofyev, Salgado PRD 2022
Kuzmin, XML, Reiten, Sadofyev PRD 2024
Kuzmin, XML 2024
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Matter — field produced by an stochastic ensamble of SU(N.) charged quasiparticles

Matter flowing

| scattering potential
gA™" (q) = / emi(amtes) i@ 2) (@, 2) v(g @, 2) (27) (g - u)

Y

density of color sources

velocity of the sources

Stochastic field — need to specify the average over its configurations —— determined by properties of matter

(Gaussian white noise statistics

<ﬁa(wa 2:)0" (Y, Zy)> > 5ab5(2)(m —Y) 0(2z — 2y) p(, 22)

See e.q.

Sadofyev, Sievert, Vitev PRD 2021

Andres, Dominguez, Sadofyev, Salgado PRD 2022
Kuzmin, XML, Reiten, Sadofyev PRD 2024
Kuzmin, XML 2024
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Matter — field produced by an stochastic ensamble of SU(N.) charged quasiparticles

Matter flowing

| scattering potential
gA™" (q) = / emi(amtes) i@ 2) (@, 2) v(g @, 2) (27) (g - u)

Y

density of color sources

velocity of the sources

Stochastic field — need to specify the average over its configurations —— determined by properties of matter

(Gaussian white noise statistics
~a ~b x §52) (0 — ) §( . —
</0 (:B,Zx)p (y,zy)> (m y) (Zm Zy) p(w,zx)

Transversely homogeneous matter Seee.g.
Sadofyev, Sievert, Vitev PRD 2021
Andres, Dominguez, Sadofyev, Salgado PRD 2022
p(x, z) = p(2) Kuzmin, XML, Reiten, Sadofyev PRD 2024
Kuzmin, XML 2024
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Matter — field produced by an stochastic ensamble of SU(N.) charged quasiparticles

Matter flowing

| scattering potential
gA™" (q) = / emi(amtes) i@ 2) (@, 2) v(g @, 2) (27) (g - u)

Y

density of color sources

velocity of the sources

Stochastic field — need to specify the average over its configurations —— determined by properties of matter

(Gaussian white noise statistics

<ﬁa(wa 2:)0" (Y, Zy)> > 5ab5(2)(m —Y) 0(2z — 2y) p(, 22)

NL,U
Transversely homogeneous matter Seee.g.

S 2. U Sadofyev, Sievert, Vitev PRD 2021
7 : Andres, Dominguez, Sadofyev, Salgado PRD 2022
jet p(x, 2p) ~ p(zz) Kuzmin, XML, Reiten, Sadofyev PRD 2024
Kuzmin, XML 2024
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The relevant diagram
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The relevant diagram

The jet quenching parameter can be extracted as

A o
Gij = 37 (P;p;)
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The relevant diagram

The jet quenching parameter can be extracted as

N (9 a U u —
4i; = 77 (Pipj) = =57 [Vw-0.V-o), (W (y; L,0) W' (y; L,0))]

Y=y

See Barata, Kuzmin, XML, Sadofyev, Salgado 2025
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The relevant diagram

The jet quenching parameter can be extracted as

N 8 a U u —
4i; = 77 (Pipj) = =57 [Vw-0.V-o), (W (y; L,0) W' (y; L,0))]

Y=y

| 2

L
1m U
Wr[u] T, — P - dr 1% A% Q
(y7 70) eXp{Z/O T A (y 9 EQ uTyT)}

See Barata, Kuzmin, XML, Sadofyev, Salgado 2025
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The jet quenching parameter is

~ 2 2
~— Q_O 1 - u” e O Uity ",
dij = 9 | u— E2 ¥, (u—)Q F2

The flow induces anisotropic transverse momentum broadening

Interplay between the HQ mass and the flow generate a tensorial jet quenching parameter

XML

Xoan Mayo Lopez 6 Massachusetts Institute of Technology



I BBl Massachusetts _ _
I I“ Tochnooay The jet quenching parameter

The jet quenching parameter is

- - |sotropic result

N 2 2
~— q_O 1 - u” e O Uity ",
dij = 9 | u— E2 ¥, (u—)Q F2

The flow induces anisotropic transverse momentum broadening

Interplay between the HQ mass and the flow generate a tensorial jet qguenching parameter

XML

Xoan Mayo Lopez 6 Massachusetts Institute of Technology



I BBl Massachusetts _ _
I I“ Tochnooay The jet quenching parameter

The jet quenching parameter is

- - |sotropic result

A 2 2
~ 490 1 4 u” e, S Uity e
dij = 9 | u— E2 ¥, (u—)Q F2
B - Flow corrections

The flow induces anisotropic transverse momentum broadening

Interplay between the HQ mass and the flow generate a tensorial jet qguenching parameter

See Barata, Kuzmin, XML, Sadofyev, Salgado 2025
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The jet quenching parameter is

- - |sotropic result

qA..:q_O 1 - “ Q5. At D HQ scale
Y2 u- E-? Y (um)? E?
K _ Flow corrections

The flow induces anisotropic transverse momentum broadening

Interplay between the HQ mass and the flow generate a tensorial jet qguenching parameter

See Barata, Kuzmin, XML, Sadofyev, Salgado 2025

Xoan Mayo Lopez 6 Massachusetts Institute of Technology



H Bl Massachusetts
I I Institute of
Technology

Medium induced radiation off a HQ in flowing matter



I BBl Massachusetts _ _
I I“ Tochnolngy Medium induced gluon spectrum

The relevant diagram
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The relevant diagram

al

dwd?k X @ %%

(27)%w

which can be written as

wdwd2k N 2} —oc N, w?

_+ m X m
d] < o0 g 4 Qw (1_ k::u, _Q u” ) i:j—acj
(27‘(‘)2 — lim @ §R/ dajj/ dazj/ e ’ o B ) )
0 0 Y
2

™m
—iQ

X e = EZ2 wau’li Sg(ki, k,l’}l_, Yy, 7",3_3;'_) Vy Vg /C(y,il_f;l_, ZL‘,ZC;_)

See Barata, Kuzmin, XML, Sadofyev, Salgado 2025
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The relevant diagram

al

dwd?k X @ %

(27)%w

which can be written as

—+ m2, z2 m2 2
d[ o o0 T g ., Qw (1_ k::u, . Q u” ) f;'_
(277)%] — = lim 82%/ dajj/ dazj/ e : T )
dwd*k :B;3—%oo ]\ﬁzéd 0 0 Y
mg
i y-u
X € ‘B2 Yoy Sg(k,k,:v;f;y,r,:?:j) Vy : Va: /C(y,il_f;l_;a?,ilfj)

Xoan Mayo Lopez 7

Medium induced gluon spectrum
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See Barata, Kuzmin, XML, Sadofyev, Salgado 2025
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The relevant diagram

(27)%w

which can be written as

—+ m2, z2 m2 2
C&[ o o0 T g ., Qi’ <1f_ @:u . Q u” ) 1fj-
(277)%] — = lim SQER/ dajj/ dazj/ e : LT e )|
dwd*k a:?—>oo NCW 0 0 Y
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x e "B 2= Sy(k, ko iy, v 7)) Vy Ve K(y, 2552, 2))

al
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Medium induced gluon spectrum
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See Barata, Kuzmin, XML, Sadofyev, Salgado 2025
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The relevant diagram

(27)%w

which can be written as

—+ m2, 2 m2 2
C&[ o o0 T . Qi’ <1f_ @:u . Q u;_ ) —j-
2m) w — lim ~ R dz .t dat [ e e )
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Medium induced gluon spectrum
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The relevant diagram

al

dwd?k X ® %%

(27)%w

which can be written as

—+ m2, z2 m2 2
d[ o o0 T g . Qw (1_ k;u R 'u,_ > —;I—
2m)w = lim ~ R dz ! det [ e ° w0
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encodes the DC dynamics
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Medium induced gluon spectrum
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Directional dead-cone: mass dependent coupling of HQ and flow

02, (k - u) = 02, (1 ’”)

u w

See Barata, Kuzmin, XML, Sadofyev, Salgado 2025
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Directional dead-cone: mass dependent coupling of HQ and flow

02, (k - u) = 02, (1 ’”)

u w

DC becomes anisotropic and the MI radiation becomes elliptical

L=40fm, E=30GeV L=20fm, E=50GeV
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Directional dead-cone: mass dependent coupling of HQ and flow

DC becomes anisotropic and the MI radiation becomes elliptical

dl
Y dr dsin 6 do

(2m)°
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See Barata, Kuzmin, XML, Sadofyev, Salgado 2025
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To take home:

 The HQ dead-cone effect provide a clean avenue to study medium induced radiation

 There is a mass dependent coupling of the HQ with the transverse dynamics of the matter

 The broadening in the presence of flow becomes anisotropic and the jet quenching parameter tensorial

 The medium-induced radiation inside the DC region encodes information about the transverse flow of the matter
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Thank you!



