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INTRODUCTION

•models of jet evolution in medium typically adopt a multi-
stage framework (factorization):
- ME/shower (in) → medium modifications → shower 

(out)
•modeling of jets does not only depend on the details of 

stage 2, but also how we separate the stages
•our motivation: theoretical guidance at high-pT

- what drives quenching & substructure 
modifications?
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QCD JETS
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• soft & collinear divergences: resummation
• color coherence: angular ordering
• strong separation of time scales (semi-classical)

Dokshitzer, Khoze, Mueller, Troyan “Basics of Perturbative QCD” (1991)
hadronization
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MEDIUM SCALES: LENGTH
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Large ~O(1) probability of 
multiple splitting inside the 

medium.

Andrews et al. arXiv:1808.03689 
Dreyer, Salam, Soyez 1807.04758 
Chien, Elayavalli arXiv:1803.03589 

Cunqueiro, Płoskoń arXiv:1812.00102

Andersson, Gustafson, Lönnblad, Pettersson Z.Phys.C (1989)
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COMPUTING OBSERVABLES
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quenching factor = nuclear modification factor
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SINGLE-PARTON QUENCHING

 6

P(✏) =

r
!s

✏3
e�

⇡!s
✏

<latexit sha1_base64="2Amei3q6k2AGPp4c+39jsFlKrxU="></latexit><latexit sha1_base64="2Amei3q6k2AGPp4c+39jsFlKrxU="></latexit><latexit sha1_base64="2Amei3q6k2AGPp4c+39jsFlKrxU="></latexit><latexit sha1_base64="2Amei3q6k2AGPp4c+39jsFlKrxU="></latexit><latexit sha1_base64="2Amei3q6k2AGPp4c+39jsFlKrxU="></latexit>

!s ⇠ ↵2
sC

2
Rq̂L

2
<latexit sha1_base64="UeP1q2U0tuRjroB6c/UUpZkjMOc="></latexit><latexit sha1_base64="UeP1q2U0tuRjroB6c/UUpZkjMOc="></latexit><latexit sha1_base64="UeP1q2U0tuRjroB6c/UUpZkjMOc="></latexit><latexit sha1_base64="UeP1q2U0tuRjroB6c/UUpZkjMOc="></latexit><latexit sha1_base64="UeP1q2U0tuRjroB6c/UUpZkjMOc="></latexit>

resummation of 
multiple, soft radiation 

at large angles

Baier, Dokshitzer, Mueller, Schiff JHEP 0109 (2001) 033

Sensitivity to the soft scale where multiplicity is large, 
N(ω>ωs)>1
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QUENCHING OF PARTON
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• form factor suppression 
related to multiplicity of  
virtual gluons

• strong quenching for

• quark ≈ meson (rescaling)
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NEIGHBORING JET ENERGY LOSS
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Y. Mehtar-Tani, KT arXiv:1706.06047 [hep-ph]

contributions from interferencestotal color charge

Mehtar-Tani, Salgado, KT PLB (2012), JHEP (20132; Casalderrey, Iancu JHEP (2011)
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NEIGHBORING JET ENERGY LOSS
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Y. Mehtar-Tani, KT arXiv:1706.06047 [hep-ph]
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NEIGHBORING JET ENERGY LOSS
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Y. Mehtar-Tani, KT arXiv:1706.06047 [hep-ph]
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LUND PLANE IN MEDIUM
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vacuum (out)

non-pert
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“logarithmic”
time

“linear”
time

“logarithmic”,
non-perturbative

Regimes:

hard, in-medium 
radiation

energy-loss, 
broadening

fragmentation, 
hadronization

t1 t20 L ∞

tf < td
<latexit sha1_base64="/Ehxz50ivnK8gA0HuJ+JzxGBZng="></latexit><latexit sha1_base64="/Ehxz50ivnK8gA0HuJ+JzxGBZng="></latexit><latexit sha1_base64="/Ehxz50ivnK8gA0HuJ+JzxGBZng="></latexit><latexit sha1_base64="/Ehxz50ivnK8gA0HuJ+JzxGBZng="></latexit>

td < tf < L
<latexit sha1_base64="5JEG/IYZr0O6oxXJseOOeLcss8c="></latexit><latexit sha1_base64="5JEG/IYZr0O6oxXJseOOeLcss8c="></latexit><latexit sha1_base64="5JEG/IYZr0O6oxXJseOOeLcss8c="></latexit><latexit sha1_base64="5JEG/IYZr0O6oxXJseOOeLcss8c="></latexit>

L < tf
<latexit sha1_base64="03Ptn5gFGFWDFMmvMXxeSxOchUE="></latexit><latexit sha1_base64="03Ptn5gFGFWDFMmvMXxeSxOchUE="></latexit><latexit sha1_base64="03Ptn5gFGFWDFMmvMXxeSxOchUE="></latexit><latexit sha1_base64="03Ptn5gFGFWDFMmvMXxeSxOchUE="></latexit>

…
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G(u) =
X

n

Pnu
n

<latexit sha1_base64="3WMP/DuKCT285KB7LimLgdb/FXE="></latexit><latexit sha1_base64="3WMP/DuKCT285KB7LimLgdb/FXE="></latexit><latexit sha1_base64="3WMP/DuKCT285KB7LimLgdb/FXE="></latexit><latexit sha1_base64="3WMP/DuKCT285KB7LimLgdb/FXE="></latexit>

G(u = 1) = 1
<latexit sha1_base64="pcHlo2EfxPs1F+V+JQnTK1YcEF4="></latexit><latexit sha1_base64="pcHlo2EfxPs1F+V+JQnTK1YcEF4="></latexit><latexit sha1_base64="pcHlo2EfxPs1F+V+JQnTK1YcEF4="></latexit><latexit sha1_base64="pcHlo2EfxPs1F+V+JQnTK1YcEF4="></latexit>

Generating function:

Konishi, Ukawa, Veneziano Nucl. Phys. B1567 (1979); Bassetto, Ciafaloni, Marchesini Phys. Rept. 100 (1983) 
Dokshitzer, Khoze, Mueller, Troyan “Basics of Perturbative QCD” (1991)

Applications to jets

Pn ! P (k1, . . . , kn)
<latexit sha1_base64="duMcry8nU3mc0BE+jIboSZlLzk8="></latexit><latexit sha1_base64="duMcry8nU3mc0BE+jIboSZlLzk8="></latexit><latexit sha1_base64="duMcry8nU3mc0BE+jIboSZlLzk8="></latexit><latexit sha1_base64="duMcry8nU3mc0BE+jIboSZlLzk8="></latexit>

un ! u(k1) . . . u(kn)
<latexit sha1_base64="rqtu5bC94r7UkqXgKO+csbAifCk="></latexit><latexit sha1_base64="rqtu5bC94r7UkqXgKO+csbAifCk="></latexit><latexit sha1_base64="rqtu5bC94r7UkqXgKO+csbAifCk="></latexit><latexit sha1_base64="rqtu5bC94r7UkqXgKO+csbAifCk="></latexit>

Normalization
(conservation of probability)

where C(p,R) is the collimator function that satisfies [3]

C(p,R) = 1 + ↵̄

Z R

0

d✓

✓

Z 1

0
dz P (z) ⇥(tf < td < L)

⇥
⇥
C(zp, ✓)C((1� z)p, ✓)Q2(pT )� C(p, ✓)

⇤
. (25)

Here we have used that Zvac(p,R;u = 1) = 1 and Zout(p,R, ✓;u = 1) = 0. Note that if one
neglects energy loss, that is, Q2(pT ) = 1, then C(p,R) = C(p, ✓) = 1.

This normalization function C(p,R) accounts for the fact that the inclusive jet spectrum is
sensitive to the fluctuations of the jet substructure. In the strong quenching limit, Q2(pT ) ⌧ 1,
it reduces to a Sudakov suppression factor

C(p,R) = exp


�
↵s

⇡

Z R

0

d✓

✓

Z 1

0
dz P (z)⇥(tf < td < L)

�
. (26)

In the DLA approximation we find (for pT � !c):

CDLA(p,R) = exp


�2↵̄ ln

R

✓c

✓
ln

pT
!c

+
2

3
ln

R

✓c

◆�
, (27)

where ↵̄ = ↵sNc/⇡.

4. Single-inclusive gluon distribution

The inclusive gluon distribution is defined as

D(x|p,R) ⌘ x
dN

dx
⌘ x

�Z(p,R;u)/�u(x)
���
u=1

Z(p,R;u)
���
u=1

= x
�Z(p,R;u)/�u(x)

���
u=1

C(p,R)
. (28)

where x = !/pT . Using the above definition together with Eq. (22) we find

C(p,R)D(x|p,R) = x�(1� x)

+2

Z R

d⌦ ⇥(tf < td < L)
h
D

⇣x
z

���zp, ✓
⌘
C(zp, ✓)C((1� z)p, ✓)Q2(pT )� zD (x|p, ✓)C(p, ✓)

i

+2

Z R

d⌦ ⇥(tf < td < L)
h
Dout

⇣x
z

���zp,R0, ✓
⌘
C((1� z)p, ✓)Q2(pT )

i

+2

Z R

d⌦
�
⇥(td > L) +⇥(td < L < tf)

� h
Dvac

⇣x
z

���zp, ✓
⌘
� zDvac (x|p, ✓)

i
. (29)

It can be easily checked that
R 1
0 dxD(x,R) = 1 provided C(p,R) satisfies Eq. (25).

Another formulation is possible by allowing the first splitting in Dout to include angles
smaller that the previous angle in the shower.

5. DLA approximation in the absence of energy loss

Let us now make contact with Ref. [4], where the fragmentation function D(x) was compute
in the DLA approximation in the absence of energy loss. In this approximation, one can set
C(p, ✓) = 1 and Q(pT ) = 1 in Eq. (29). Furthermore, only the real contributions that are
strongly ordered in energies contribute to the DLA approximation. Hence, Eq. (29) yields

D(x|p,R) = x�(1� x) + 2↵̄

Z R

0

d✓

✓

Z 1

0

dz

z
⇥(tf < td < L)D (x/z|zp, ✓)

+2↵̄

Z R

0

d✓

✓

Z 1

0

dz

z
⇥(tf < td < L)Dout

�
x/z|zp,R0�

+2↵̄

Z R

0

d✓

✓

Z 1

0

dz

z

�
⇥(td > L) +⇥(td < L < tf)

�
Dvac (x/z|zp, ✓) . (30)

7

Fragmentation
function
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= +Zvac

�
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�
1� z, ✓

�

Zvac

�
z, ✓

�

✓

z

1� z

Zvac

�
1, R

�

z

1� z

Figure 2: A diagrammatic representation of Eq. (17) that describes the evolution of the generating functional

in vacuum.

The first correction to the above result takes the form:

N Q(p)N�1 @Q(p)

@(n/p)

NX

i=1

@

@ki

✓
d�0,excl

dk1dk2...dkN

◆
. (15)

3. The coherent branching algorithm

Jet evolution in the coherent branching algorithm, that assumes strict angular ordering
through the shower, that is,

R > ✓1 > ... > ✓n, (16)

can be described by a generating functional Zvac(pT , R;u) that obeys the evolution equation

Zvac(p,R;u) = u(p) +
↵s

⇡

Z R

0

d✓

✓

Z 1

0
dz P (z) [Zvac(zp, ✓)Zvac((1� z)p, ✓)� Zvac(p, ✓)] , (17)

where u(p) is an arbitrary function of the 3-momentum p ⌘ (p+, p?), and

P (z) = Nc
(1� z(1� z))2

z(1� z)
, (18)

is the gluon to gluon Altarelli-Parisi splitting function.
Probability conservation implies that

Zvac(p,R;u = 1) = 1. (19)

This is a consequence of energy conservation along the parton cascade. We shall see that this
property will be altered in the medium. Consider now a jet going through a medium of length
L. In addition to the generating functional for jet evolution in vacuum initiated at a time
that is parametrically of order tf = 1/(pT R2), it will be convenient to introduce a generating
functional that describes a truncated cascade initiated at tf > L, that is, when

2

z(1� z)pT✓2
> L, (20)

where the first splitting occurs at angles larger than the splitting that precedes it in the shower
history. Hence, it will depend on two angles the angle ✓ of the precedent splitting and an
angle R0 > ✓, that sets the maximum angle of the subsequent shower. We shall denoted it by
Zout(p,R0, ✓), where the subscript “out” stands for “outside the medium”. It di↵ers from the

4
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�
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�
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�

✓
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�
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�

z

1� z

Figure 2: A diagrammatic representation of Eq. (17) that describes the evolution of the generating functional

in vacuum.

The first correction to the above result takes the form:

N Q(p)N�1 @Q(p)

@(n/p)

NX

i=1

@

@ki

✓
d�0,excl

dk1dk2...dkN

◆
. (15)

3. The coherent branching algorithm

Jet evolution in the coherent branching algorithm, that assumes strict angular ordering
through the shower, that is,

R > ✓1 > ... > ✓n, (16)

can be described by a generating functional Zvac(pT , R;u) that obeys the evolution equation

Zvac(p,R;u) = u(p) +
↵s

⇡

Z R

0

d✓

✓

Z 1

0
dz P (z) [Zvac(zp, ✓)Zvac((1� z)p, ✓)� Zvac(p, ✓)] , (17)

where u(p) is an arbitrary function of the 3-momentum p ⌘ (p+, p?), and

P (z) = Nc
(1� z(1� z))2

z(1� z)
, (18)

is the gluon to gluon Altarelli-Parisi splitting function.
Probability conservation implies that

Zvac(p,R;u = 1) = 1. (19)

This is a consequence of energy conservation along the parton cascade. We shall see that this
property will be altered in the medium. Consider now a jet going through a medium of length
L. In addition to the generating functional for jet evolution in vacuum initiated at a time
that is parametrically of order tf = 1/(pT R2), it will be convenient to introduce a generating
functional that describes a truncated cascade initiated at tf > L, that is, when

2

z(1� z)pT✓2
> L, (20)

where the first splitting occurs at angles larger than the splitting that precedes it in the shower
history. Hence, it will depend on two angles the angle ✓ of the precedent splitting and an
angle R0 > ✓, that sets the maximum angle of the subsequent shower. We shall denoted it by
Zout(p,R0, ✓), where the subscript “out” stands for “outside the medium”. It di↵ers from the

4

Built-in angular ordering:   R > 𝜃 > … > Q0/p

MLLA evolution equation

@

@ lnQ
D(x, ✓) =

Z 1

0
dz

↵s

⇡
P (z) [D(x/z, zQ)� zD(x,Q)]

<latexit sha1_base64="t+EECNggFDMrsq1+T/8ngqI85S0="></latexit><latexit sha1_base64="t+EECNggFDMrsq1+T/8ngqI85S0="></latexit><latexit sha1_base64="t+EECNggFDMrsq1+T/8ngqI85S0="></latexit><latexit sha1_base64="t+EECNggFDMrsq1+T/8ngqI85S0="></latexit>
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Assume all particles are produced and, subsequently, quenched 
independently in the medium

We can further make the following change of variables to make contact with the quenching
probability introduced by Baier et al [2]:

✏ =
(1� z)pT

z
, z =

pT

pT + ✏
, dz = pT

d✏

(pT + ✏)2
(7)

and

P (✏) = p�1
T z3/2D (z, ⌧(pT/z)) (8)

Then, Eq. (6) yields

Q(pT ) = pn�5/2
T

Z 1

0

d✏

(pT + ✏)n�5/2
P (✏) . (9)

Recalling that n is large one can use the exponential approximation

pnT
(pT + ✏)n

' exp

✓
�
n✏

pT

◆
(1 +O(n✏2/p2T )). (10)

This approximation allows one to neglect in what follows the energy loss ✏ everywhere in the
cascade and keep it only in the steeply falling spectrum of the original parton, and finally turn
the convolution of an arbitrary number of quenching probability distribution into a product
of their Laplace transforms evaluated at n/pT . Higher order corrections can be in principle
calculated systematically as derivative of the power index n.

To illustrate this point consider the exclusive cross-section for measuring N partons in the
final state that have formed early in the medium, i.e., tfi ⌧ L. In vacuum we have

d�0,excl
dk1dk2...dkN

=

Z
dp f(k1, k2, ..., kN |p) �(p� k1 � k2 � ...� kN )

d�

dp
, (11)

where we have used the shorthand notation

dki ⌘
d2k?idk

+
i

2(2⇡)3k+i
. (12)

Eq. (11) is modified in the medium as follows

d�excl
dk1dk2...dkN

=

Z
dp

(Z NY

i=1

d✏iP (✏i)

)
f(k1 + ✏1, k2 + ✏2, ..., kN + ✏N |p)

⇥�(p� ✏� k1 � k2 � ...� kN )
d�

dp
(13)

In the above expression it is understood that the ✏’s appear only in the k+ component of the
3-vectors. Shifting p ! p + ✏ = p +

P
✏i and neglecting ✏i’s in f , but not in the initial power

spectrum d�/dp, owing to the fact multiple branchings in the vacuum do not generate any
large powers of the fragment energies, the above expression simplifies as

d�excl
dk1dk2...dkN

'

Z
dp

(Z NY

i=1

d✏iP (✏i)

)
f(k1, k2, ..., kN |p)

⇥�(p� k1 � k2 � ...� kN )
d�(p+ ✏)

dp

'

✓Z 1

0
d✏P (✏) exp

✓
�
n✏

pT

◆◆N d�0,excl
dk1dk2...dkN

= Q(p)N
d�0,excl

dk1dk2...dkN
. (14)

3

-neglect energy-loss compared to typical energies…

Any in-medium, resolved parton is weighted by a quenching factor!

We can further make the following change of variables to make contact with the quenching
probability introduced by Baier et al [2]:

✏ =
(1� z)pT

z
, z =

pT

pT + ✏
, dz = pT

d✏

(pT + ✏)2
(7)

and

P (✏) = p�1
T z3/2D (z, ⌧(pT/z)) (8)

Then, Eq. (6) yields

Q(pT ) = pn�5/2
T

Z 1

0

d✏

(pT + ✏)n�5/2
P (✏) . (9)

Recalling that n is large one can use the exponential approximation

pnT
(pT + ✏)n

' exp

✓
�
n✏

pT

◆
(1 +O(n✏2/p2T )). (10)

This approximation allows one to neglect in what follows the energy loss ✏ everywhere in the
cascade and keep it only in the steeply falling spectrum of the original parton, and finally turn
the convolution of an arbitrary number of quenching probability distribution into a product
of their Laplace transforms evaluated at n/pT . Higher order corrections can be in principle
calculated systematically as derivative of the power index n.

To illustrate this point consider the exclusive cross-section for measuring N partons in the
final state that have formed early in the medium, i.e., tfi ⌧ L. In vacuum we have

d�0,excl
dk1dk2...dkN

=

Z
dp f(k1, k2, ..., kN |p) �(p� k1 � k2 � ...� kN )

d�

dp
, (11)

where we have used the shorthand notation

dki ⌘
d2k?idk

+
i

2(2⇡)3k+i
. (12)

Eq. (11) is modified in the medium as follows

d�excl
dk1dk2...dkN

=

Z
dp

(Z NY

i=1

d✏iP (✏i)

)
f(k1 + ✏1, k2 + ✏2, ..., kN + ✏N |p)

⇥�(p� ✏� k1 � k2 � ...� kN )
d�

dp
(13)

In the above expression it is understood that the ✏’s appear only in the k+ component of the
3-vectors. Shifting p ! p + ✏ = p +

P
✏i and neglecting ✏i’s in f , but not in the initial power

spectrum d�/dp, owing to the fact multiple branchings in the vacuum do not generate any
large powers of the fragment energies, the above expression simplifies as
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We can further make the following change of variables to make contact with the quenching
probability introduced by Baier et al [2]:

✏ =
(1� z)pT

z
, z =

pT

pT + ✏
, dz = pT

d✏

(pT + ✏)2
(7)

and
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T z3/2D (z, ⌧(pT/z)) (8)

Then, Eq. (6) yields
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P (✏) . (9)

Recalling that n is large one can use the exponential approximation
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' exp
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�
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pT
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(1 +O(n✏2/p2T )). (10)

This approximation allows one to neglect in what follows the energy loss ✏ everywhere in the
cascade and keep it only in the steeply falling spectrum of the original parton, and finally turn
the convolution of an arbitrary number of quenching probability distribution into a product
of their Laplace transforms evaluated at n/pT . Higher order corrections can be in principle
calculated systematically as derivative of the power index n.

To illustrate this point consider the exclusive cross-section for measuring N partons in the
final state that have formed early in the medium, i.e., tfi ⌧ L. In vacuum we have
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dk1dk2...dkN
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dp
, (11)

where we have used the shorthand notation
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2(2⇡)3k+i
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Eq. (11) is modified in the medium as follows
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In the above expression it is understood that the ✏’s appear only in the k+ component of the
3-vectors. Shifting p ! p + ✏ = p +

P
✏i and neglecting ✏i’s in f , but not in the initial power

spectrum d�/dp, owing to the fact multiple branchings in the vacuum do not generate any
large powers of the fragment energies, the above expression simplifies as
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dk1dk2...dkN

'

Z
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d✏iP (✏i)

)
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GF IN THE MEDIUM
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… is vacuum-like.
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• Follows angular ordering
- ordering of decoherence times

• Is affected by quenching (large-Nc)

Caucal, Iancu, Mueller, Sozey PRL (2018)
Y. Mehtar-Tani, KT arXiv:1707.07361 [hep-ph]
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Putting all the pieces together: Z(p,R;u)
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Z(p,R;u = 1) = C(p,R)
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Non-trivial normalization: collimator function!where C(p,R) is the collimator function that satisfies [3]

C(p,R) = 1 + ↵̄

Z R

0

d✓

✓

Z 1

0
dz P (z) ⇥(tf < td < L)

⇥
⇥
C(zp, ✓)C((1� z)p, ✓)Q2(pT )� C(p, ✓)

⇤
. (25)

Here we have used that Zvac(p,R;u = 1) = 1 and Zout(p,R, ✓;u = 1) = 0. Note that if one
neglects energy loss, that is, Q2(pT ) = 1, then C(p,R) = C(p, ✓) = 1.

This normalization function C(p,R) accounts for the fact that the inclusive jet spectrum is
sensitive to the fluctuations of the jet substructure. In the strong quenching limit, Q2(pT ) ⌧ 1,
it reduces to a Sudakov suppression factor

C(p,R) = exp


�
↵s

⇡

Z R

0

d✓

✓

Z 1

0
dz P (z)⇥(tf < td < L)

�
. (26)

In the DLA approximation we find (for pT � !c):

CDLA(p,R) = exp


�2↵̄ ln

R

✓c

✓
ln

pT
!c

+
2

3
ln

R

✓c

◆�
, (27)

where ↵̄ = ↵sNc/⇡.

4. Single-inclusive gluon distribution

The inclusive gluon distribution is defined as

D(x|p,R) ⌘ x
dN

dx
⌘ x

�Z(p,R;u)/�u(x)
���
u=1

Z(p,R;u)
���
u=1

= x
�Z(p,R;u)/�u(x)

���
u=1

C(p,R)
. (28)

where x = !/pT . Using the above definition together with Eq. (22) we find

C(p,R)D(x|p,R) = x�(1� x)

+2

Z R

d⌦ ⇥(tf < td < L)
h
D

⇣x
z

���zp, ✓
⌘
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i
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h
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⇣x
z
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⌘
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i
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� h
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⇣x
z

���zp, ✓
⌘
� zDvac (x|p, ✓)

i
. (29)

It can be easily checked that
R 1
0 dxD(x,R) = 1 provided C(p,R) satisfies Eq. (25).

Another formulation is possible by allowing the first splitting in Dout to include angles
smaller that the previous angle in the shower.

5. DLA approximation in the absence of energy loss

Let us now make contact with Ref. [4], where the fragmentation function D(x) was compute
in the DLA approximation in the absence of energy loss. In this approximation, one can set
C(p, ✓) = 1 and Q(pT ) = 1 in Eq. (29). Furthermore, only the real contributions that are
strongly ordered in energies contribute to the DLA approximation. Hence, Eq. (29) yields

D(x|p,R) = x�(1� x) + 2↵̄

Z R
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dz

z

�
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�
Dvac (x/z|zp, ✓) . (30)
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Strong quenching limit 𝑄 ≪ 1 (Sudakov factor):

C(pT, R) ' exp


�2↵̄ ln
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✓
ln
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+

2

3
ln
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Y. Mehtar-Tani, KT arXiv:1707.07361 [hep-ph]



K. Tywoniuk (UiB) 2019 Santa Fe Jets and Heavy Flavor

100 1000
p 

0

0.2

0.4

0.6

0.8

1

1.2

R

Quark energy loss
Jet energy loss (incoherent approx.)
Jet energy loss - R=0.4

T

je
t

[GeV]

“hadron”

jet w
/co

herence

jet w
/o co

herence

SINGLE-INCLUSIVE SPECTRUM

 18

jet loses energy via total charge & resolved substructure fluctuations

Rjet = Qq(pT)⇥ C(pT, R)
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EXAMPLE: STRONG QUENCHING LIMIT

 19
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All particles, except primary, quenched in the medium (Q≪1)
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Non-trivial effect of collimator!
• coherence of high-energy modes
• enhancement of low-energy modes

p = 100 GeV
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

R = 0.4
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OUTLOOK

•probabilistic setup combining jet & medium scales
- generating functional
- systematically improvable

• test bed to compare against models & MCs
•collimator function

- non-linear evolution of quenching

 20



2nd Heavy-Ion  Jet 
Substructure 
Workshop

● new tools for jet physics at the frontiers

● jet substructure and heavy flavor

● splitting maps of the shower

● jet modifications in small systems

● interplay between jets and underlying event

● statistical & machine-learning techniques

13 - 17 May
University of Bergen

https://jettols.w.uib.no
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MEDIUM-INDUCED GLUONS

 23
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hk2?i ⇠ q̂tmomentum broadening

Baier, Dokshitzer, Mueller, Peigné, Schiff (1997-2000); Zakharov (1996);…
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MEDIUM-INDUCED GLUONS
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TWO-PRONG PROBABILITY

 24
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Choosing two-prong substructure using SoftDrop

Non-monotonic behavior indicative of coherence effects!

Suggestive: inclusive zg distribution [Andrews et al. (ALICE) QM2018].
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