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JET QUENCHING

• copious emergence of jet structures in heavy-ion collisions 
!  with reduced energy & substructure modifications

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

• hence, modeling of jets does not only depend on the 
details of stage 2, but also how we separate the stages

• theoretical guidance at high-pT 
• what drives quenching & substructure modifications?
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TWO SHOWERS

• Medium cascade 
• at high-pT, radiative processes dominate (medium-

induced emissions) 
• energy is transported from hard particles via multiple 

branchings to soft particles (thermalization) 
• time-ordering

• Vacuum-like jet shower 
• color coherence angular-ordered cascade (collimation)

• Is there a way to combine the two?
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OUTLINE

• radiative processes in the medium 
• phase space analysis 
• first application: single-inclusive jet spectrum 
• generating functional approach
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MEDIUM INTERACTIONS @ HIGH-ENERGY

• high-temperature: separation of scales 
• elastic interactions with transverse momentum exchange 

• dressed propagators: 2D non-relativistic QM 
• light-cone perturbation theory in background
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Fig. 7. Illustration of a gluon cascade that is initiated by a gluon with energy E . Four generations
are displayed. The branching time ! t i ! t ! (x i ), that corresponds to the lifetime of generation
i , decreases after each branching as in a BDMPS-Z cascade. The inclusive distribution D (x, ! )
measures the probability to Þnd in the cascade, at time t , a gluon with energy xE . The rate
equation ( 5.90) describes how this distribution evolves with time t .

features of the cascade. The solution of Eq. (5.96) for the simpliÞed kernel reads66,72

D (x, ! ) =
!

!
x (1 " x)3/ 2

exp
!

" "
! 2

1 " x

"
, with ! =

L
t!

. (5.99)

This solution exhibits two remarkable features: a peak nearx = 1 associated with
the leading particle, and a scaling behavior in 1/

!
x at small x where the x depen-

dence factorizes from the time dependence, i.e.

D (x, ! ) #
!

!
x

e" !" 2
. (5.100)

An illustration of this solution is given in Fig. 11, left panel. The energy of the
leading particle, initially concentrated in the peak at x ! 1, gradually disappears
into radiated soft gluons, and after a time t $ t! (i.e. ! $ 1/

!
" # 0.5) most of

the energy is to be found in the form of radiated soft (x ! 0.1) gluons. This is
also the time at which the peak corresponding to the leading particle disappears
(see Fig. 11). At the same time the occupation of the small x modes increases
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<latexit sha1_base64="3McXv7YdJPVQtRWRgNtNoplDzcY=">AAAB9HicbZC7SgNBFIZn4y3GW9TSZjAIVnFXBC2DNhYWEcwFkiXMTs4mQ2Zn15mzwbDkOWwsFLH1Yex8GyeXQhN/GPj4zzmcM3+QSGHQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibONUcajyWsW4GzIAUCmooUEIz0cCiQEIjGNxM6o0haCNi9YCjBPyI9ZQIBWdoLR87bYQnzAI9PrvrFEtu2Z2KLoM3hxKZq9opfrW7MU8jUMglM6bluQn6GdMouIRxoZ0aSBgfsB60LCoWgfGz6dFjemKdLg1jbZ9COnV/T2QsMmYUBbYzYtg3i7WJ+V+tlWJ45WdCJSmC4rNFYSopxnSSAO0KDRzlyALjWthbKe8zzTjanAo2BG/xy8tQPy97lu8vSpXreRx5ckSOySnxyCWpkFtSJTXCySN5Jq/kzRk6L8678zFrzTnzmUPyR87nD/pJkjc=</latexit><latexit sha1_base64="3McXv7YdJPVQtRWRgNtNoplDzcY=">AAAB9HicbZC7SgNBFIZn4y3GW9TSZjAIVnFXBC2DNhYWEcwFkiXMTs4mQ2Zn15mzwbDkOWwsFLH1Yex8GyeXQhN/GPj4zzmcM3+QSGHQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibONUcajyWsW4GzIAUCmooUEIz0cCiQEIjGNxM6o0haCNi9YCjBPyI9ZQIBWdoLR87bYQnzAI9PrvrFEtu2Z2KLoM3hxKZq9opfrW7MU8jUMglM6bluQn6GdMouIRxoZ0aSBgfsB60LCoWgfGz6dFjemKdLg1jbZ9COnV/T2QsMmYUBbYzYtg3i7WJ+V+tlWJ45WdCJSmC4rNFYSopxnSSAO0KDRzlyALjWthbKe8zzTjanAo2BG/xy8tQPy97lu8vSpXreRx5ckSOySnxyCWpkFtSJTXCySN5Jq/kzRk6L8678zFrzTnzmUPyR87nD/pJkjc=</latexit><latexit sha1_base64="3McXv7YdJPVQtRWRgNtNoplDzcY=">AAAB9HicbZC7SgNBFIZn4y3GW9TSZjAIVnFXBC2DNhYWEcwFkiXMTs4mQ2Zn15mzwbDkOWwsFLH1Yex8GyeXQhN/GPj4zzmcM3+QSGHQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibONUcajyWsW4GzIAUCmooUEIz0cCiQEIjGNxM6o0haCNi9YCjBPyI9ZQIBWdoLR87bYQnzAI9PrvrFEtu2Z2KLoM3hxKZq9opfrW7MU8jUMglM6bluQn6GdMouIRxoZ0aSBgfsB60LCoWgfGz6dFjemKdLg1jbZ9COnV/T2QsMmYUBbYzYtg3i7WJ+V+tlWJ45WdCJSmC4rNFYSopxnSSAO0KDRzlyALjWthbKe8zzTjanAo2BG/xy8tQPy97lu8vSpXreRx5ckSOySnxyCWpkFtSJTXCySN5Jq/kzRk6L8678zFrzTnzmUPyR87nD/pJkjc=</latexit><latexit sha1_base64="3McXv7YdJPVQtRWRgNtNoplDzcY=">AAAB9HicbZC7SgNBFIZn4y3GW9TSZjAIVnFXBC2DNhYWEcwFkiXMTs4mQ2Zn15mzwbDkOWwsFLH1Yex8GyeXQhN/GPj4zzmcM3+QSGHQdb+d3Mrq2vpGfrOwtb2zu1fcP6ibONUcajyWsW4GzIAUCmooUEIz0cCiQEIjGNxM6o0haCNi9YCjBPyI9ZQIBWdoLR87bYQnzAI9PrvrFEtu2Z2KLoM3hxKZq9opfrW7MU8jUMglM6bluQn6GdMouIRxoZ0aSBgfsB60LCoWgfGz6dFjemKdLg1jbZ9COnV/T2QsMmYUBbYzYtg3i7WJ+V+tlWJ45WdCJSmC4rNFYSopxnSSAO0KDRzlyALjWthbKe8zzTjanAo2BG/xy8tQPy97lu8vSpXreRx5ckSOySnxyCWpkFtSJTXCySN5Jq/kzRk6L8678zFrzTnzmUPyR87nD/pJkjc=</latexit>

Blaizot, Iancu, Mehtar-Tani 1301.6102 
Blaizot, Dominguez, Iancu, Mehtar-Tani 1311.5823

! L
<latexit sha1_base64="dmzbS4nYPOifkVepA0wKjzXtLBI="></latexit><latexit sha1_base64="dmzbS4nYPOifkVepA0wKjzXtLBI="></latexit><latexit sha1_base64="dmzbS4nYPOifkVepA0wKjzXtLBI="></latexit><latexit sha1_base64="dmzbS4nYPOifkVepA0wKjzXtLBI="></latexit>



K. Tywoniuk (UiB)

TURBULENT CASCADE

�11

0.01

0.1

1

10

0.001 0.01 0.1 1

!
xD

(x
,!

)

x
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! = ø"

!
öq
E

t
<latexit sha1_base64="gBrt/wUHs52/ATRk5tP2c+Envc0=">AAACEnicbZA7SwNBEMfnfBtfUUubxSBoI3c2CiKIIminYIyQC2Fus5cs2Xu4OyeE4z6DjR/D1sbCB7ZWdn4bN4mFrz8s/PjPDLPzD1IlDbnuhzMyOjY+MTk1XZqZnZtfKC8uXZgk01xUeaISfRmgEUrGokqSlLhMtcAoUKIWdA/79dq10EYm8Tn1UtGIsB3LUHIkazXLGz5hxvb8ADXzUaUd9M2VptwPNfLc7yCxqyI/KgpqlivupjsQ+wveF1T2d+9OngHgtFl+91sJzyIRE1doTN1zU2rkqElyJYqSnxmRIu9iW9QtxhgJ08gHJxVszTotFibavpjYwP0+kWNkTC8KbGeE1DG/a33zv1o9o3Cnkcs4zUjEfLgozBSjhPXzYS2pBSfVs4BcS/tXxjtowyCbYsmG4P0++S9cbG16ls9sGgcw1BSswCqsgwfbsA/HcApV4HAD9/AIT86t8+C8OK/D1hHna2YZfsh5+wTbzqBw</latexit><latexit sha1_base64="4xLyvW8I3Ue31XcM9rBmYix/QsE=">AAACEnicbZDJSgNBEIZ74hbjFvXopTEIepEZQRREDIqgtwhmgUwMNZ2epLFnsbtGCMM8gxcfw6uXHBTx6smbb2Mn8eD2Q8PHX1VU1+/FUmi07Q8rNzE5NT2Tny3MzS8sLhWXV2o6ShTjVRbJSDU80FyKkFdRoOSNWHEIPMnr3vXJsF6/5UqLKLzEfsxbAXRD4QsGaKx2cctFSOih64GiLsi4B66+UZi6vgKWuj1AepOlp1mG7WLJ3rZHon/B+YJS+eDhfHC1e1RpF9/dTsSSgIfIJGjddOwYWykoFEzyrOAmmsfArqHLmwZDCLhupaOTMrphnA71I2VeiHTkfp9IIdC6H3imMwDs6d+1oflfrZmgv99KRRgnyEM2XuQnkmJEh/nQjlCcoewbAKaE+StlPTBhoEmxYEJwfp/8F2o7247hC5PGMRkrT9bIOtkkDtkjZXJGKqRKGLkjj+SJPFv31sB6sV7HrTnra2aV/JD19gnseKE8</latexit><latexit sha1_base64="4xLyvW8I3Ue31XcM9rBmYix/QsE=">AAACEnicbZDJSgNBEIZ74hbjFvXopTEIepEZQRREDIqgtwhmgUwMNZ2epLFnsbtGCMM8gxcfw6uXHBTx6smbb2Mn8eD2Q8PHX1VU1+/FUmi07Q8rNzE5NT2Tny3MzS8sLhWXV2o6ShTjVRbJSDU80FyKkFdRoOSNWHEIPMnr3vXJsF6/5UqLKLzEfsxbAXRD4QsGaKx2cctFSOih64GiLsi4B66+UZi6vgKWuj1AepOlp1mG7WLJ3rZHon/B+YJS+eDhfHC1e1RpF9/dTsSSgIfIJGjddOwYWykoFEzyrOAmmsfArqHLmwZDCLhupaOTMrphnA71I2VeiHTkfp9IIdC6H3imMwDs6d+1oflfrZmgv99KRRgnyEM2XuQnkmJEh/nQjlCcoewbAKaE+StlPTBhoEmxYEJwfp/8F2o7247hC5PGMRkrT9bIOtkkDtkjZXJGKqRKGLkjj+SJPFv31sB6sV7HrTnra2aV/JD19gnseKE8</latexit><latexit sha1_base64="veobFYyjwvHtXnrSMLc7N09HluY=">AAACEnicbZC7SgNBFIZnvcZ4W7W0GQyCNmHXRhshKIJlBHOBbAhnJ7PJkNlLZs4KYdlnsPFVbCwUsbWy822cXApN/GHg4z/ncOb8fiKFRsf5tpaWV1bX1gsbxc2t7Z1de2+/ruNUMV5jsYxV0wfNpYh4DQVK3kwUh9CXvOEPrsf1xgNXWsTRPY4S3g6hF4lAMEBjdexTDyGll54Pinogkz54eqgw8wIFLPP6gHSYZzd5jh275JSdiegiuDMokZmqHfvL68YsDXmETILWLddJsJ2BQsEkz4teqnkCbAA93jIYQch1O5uclNNj43RpECvzIqQT9/dEBqHWo9A3nSFgX8/XxuZ/tVaKwUU7E1GSIo/YdFGQSooxHedDu0JxhnJkAJgS5q+U9cGEgSbFognBnT95EepnZdfwnVOqXM3iKJBDckROiEvOSYXckiqpEUYeyTN5JW/Wk/VivVsf09YlazZzQP7I+vwB58+eQA==</latexit>

@D(x, ⌧)

@⌧
=

Z
dzK(z)

r
z

x
D

⇣x
z
, ⌧
⌘
� zp

x
D(x, ⌧)

�

<latexit sha1_base64="YPOORoaH13mk3Pbdk6jiN9BTgJo="></latexit><latexit sha1_base64="lVltpultMY3KxUscLmYZsZemXxE="></latexit><latexit sha1_base64="lVltpultMY3KxUscLmYZsZemXxE="></latexit><latexit sha1_base64="4kIJCB5rWlryyocCfR3/Su+EqPo="></latexit>

K(z) =
dI

dz d!
<latexit sha1_base64="bsIaLmKoRRtXepXpc2QXTTcc32Q=">AAACJnicbZDLSgMxFIbPeK31VnXpJlgEBZEZN3YjiG4UNxWsLXRKyaQZG5q5kJwR22Gexo2v4kakIuJKH8W0FW/1QODLf84h+X8vlkKjbb9aE5NT0zOzubn8/MLi0nJhZfVSR4livMIiGamaRzWXIuQVFCh5LVacBp7kVa9zPOhXr7nSIgovsBvzRkCvQuELRtFIzcKBG1BsMyrTs2yrt33g+oqy1EV+g2krI6fZN/eIu0O+bi7SJGsWivauPSwyDs4nFA9Lb48EAMrNQt9tRSwJeIhMUq3rjh1jI6UKBZM8y7uJ5jFlHXrF6wZDGnDdSIc2M7JplBbxI2VOiGSo/txIaaB1N/DM5MCU/tsbiP/16gn6pUYqwjhBHrLRQ34iCUZkkBlpCcUZyq4BypQwfyWsTU1QaJLNmxCcv5bH4XJv1zF8btI4glHlYB02YAsc2IdDOIEyVIDBLdxDH56sO+vBerZeRqMT1ufOGvwq6/0DvYaowQ==</latexit><latexit sha1_base64="oW9LT9C1lY7TXnuxyix3MXC7ROc="></latexit><latexit sha1_base64="oW9LT9C1lY7TXnuxyix3MXC7ROc="></latexit><latexit sha1_base64="RdAVVjeqWrya+MAZ/rpravdRgSk=">AAACJnicbZDLSgMxFIYz9VbrbdSlm2ARKkiZcaObQtGN4qaCvUCnlEyaaUMzF5IzYjvM07jxVdy4qIi481FML3hpPRD48p9zSP7fjQRXYFkfRmZpeWV1Lbue29jc2t4xd/dqKowlZVUailA2XKKY4AGrAgfBGpFkxHcFq7v9y3G/fs+k4mFwB4OItXzSDbjHKQEttc2S4xPoUSKSm7QwPC45niQ0cYA9QNJJ8XX6w0PsnODvmwMkTttm3ipak8KLYM8gj2ZVaZsjpxPS2GcBUEGUatpWBK2ESOBUsDTnxIpFhPZJlzU1BsRnqpVMbKb4SCsd7IVSnwDwRP29kRBfqYHv6smxKTXfG4v/9ZoxeOethAdRDCyg04e8WGAI8Tgz3OGSURADDYRKrv+KaY/ooEAnm9Mh2POWF6F2WrQ131r58sUsjiw6QIeogGx0hsroClVQFVH0iJ7RCL0aT8aL8Wa8T0czxmxnH/0p4/MLqbumeg==</latexit>

• energy flow to the IR (thermal 
scale)


• quasi-democratic branching

• generalization to transverse 

momentum dependence

• overlapping formation times: 

radiative corrections to q̂

Mehtar-Tani, KT 1401.8293

Blaizot, Iancu, Mehtar-Tani 1301.6102 
Blaizot, Dominguez, Iancu, Mehtar-Tani 1311.5823

Mehtar-Tani, Schlichting 1807.06181 
Kutak, Płaczek, Straka 1811.06390
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QUENCHING WEIGHTS

�12
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d!dt
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�
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<latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit><latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit><latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit><latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit><latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit>

compute energy radiated off 
leading particle (z≪1)

Baier, Dokshitzer, Mueller, Schiff JHEP 0109 (2001) 033
Salgado, Wiedemann PRD 68 (2003) 014008
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QUENCHING WEIGHTS

�12
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Z L

0
dt

Z
d!
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dI

d!dt
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Z
d!0 dI

d!0dt

�
P(✏� !, t)

<latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit><latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit><latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit><latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit><latexit sha1_base64="n5HoE6vAO/ekWxX2Z063TddiYKo="></latexit>

compute energy radiated off 
leading particle (z≪1)

e-loss dominated by max of distribution!

P(! ) =

!
" 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>

Using the soft BDMPS spectrum:

! s ! ø" 2 öqL2
<latexit sha1_base64="8ub5dxi+MNVtzD6YyYsu8GhxI1I="></latexit><latexit sha1_base64="8ub5dxi+MNVtzD6YyYsu8GhxI1I="></latexit><latexit sha1_base64="8ub5dxi+MNVtzD6YyYsu8GhxI1I="></latexit><latexit sha1_base64="8ub5dxi+MNVtzD6YyYsu8GhxI1I="></latexit>

Baier, Dokshitzer, Mueller, Schiff JHEP 0109 (2001) 033
Salgado, Wiedemann PRD 68 (2003) 014008



K. Tywoniuk (UiB)

TWO-PRONG QUENCHING WEIGHTS
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So far, we have only dealt with a single hard parton propagating 
through the plasma (shower initiator). What about two?

Y. Mehtar-Tani, KT arXiv:1706.06047 [hep-ph]

Pqg = Pq ! Psing
<latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit>

Interferences are important at t<td! 
Generalizes to all higher-order splittings at large-Nc.
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<latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit>
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K. Tywoniuk (UiB)

TWO-PRONG QUENCHING WEIGHTS

�13

So far, we have only dealt with a single hard parton propagating 
through the plasma (shower initiator). What about two?

Y. Mehtar-Tani, KT arXiv:1706.06047 [hep-ph]

td ! (öq! 12)! 1/ 3

0 tf td

Pqg = Pq ! Psing
<latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit><latexit sha1_base64="dsZsJn693T9fCJ1sI9mkTsAqVEU="></latexit>

Interferences are important at t<td! 
Generalizes to all higher-order splittings at large-Nc.

td = L

! c ! (öqL3)! 1/ 2
<latexit sha1_base64="sBIuLweJlLt3vXb08WLrI9u5l3o="></latexit><latexit sha1_base64="sBIuLweJlLt3vXb08WLrI9u5l3o="></latexit><latexit sha1_base64="sBIuLweJlLt3vXb08WLrI9u5l3o="></latexit><latexit sha1_base64="sBIuLweJlLt3vXb08WLrI9u5l3o="></latexit><latexit sha1_base64="sBIuLweJlLt3vXb08WLrI9u5l3o="></latexit>
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QUENCHING WEIGHTS EVOLUTION EQUATIONS

�14

! (" , t) =
! !

0
d#

"
e" !" ! 1

# dI
d#dt

<latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit><latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit><latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit><latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit><latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit>

Regularized rates in Laplace space: 

!
! t

P(" , t) = #dir (" , t)P(" , t)
<latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit><latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit><latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit><latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit><latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit>

Rate equation for one charge

!
! t

Psing (" , t) = #dir (" , t)Psing (" , t) + #int (" , t)S2(t)
<latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit><latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit><latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit><latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit><latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit>

Rate equation for two charges
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QUENCHING WEIGHTS EVOLUTION EQUATIONS

�14

! (" , t) =
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0
d#

"
e" !" ! 1

# dI
d#dt

<latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit><latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit><latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit><latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit><latexit sha1_base64="T+oo05VDRTFgKl3AC0hL9RfL0sY="></latexit>

Regularized rates in Laplace space: 

!
! t

P(" , t) = #dir (" , t)P(" , t)
<latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit><latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit><latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit><latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit><latexit sha1_base64="9rNT9N7gaV0DfurVUhBng8GoCsI="></latexit>

Rate equation for one charge

!
! t

Psing (" , t) = #dir (" , t)Psing (" , t) + #int (" , t)S2(t)
<latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit><latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit><latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit><latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit><latexit sha1_base64="KSBONQF5OPX9RDwKmbcSkO7kZ+w="></latexit>

Rate equation for two charges

S2(t) = exp


�1

4

Z t

0
ds q̂(x12, t)x

2
12(s)

�

<latexit sha1_base64="unPxRm+W14oCZakEf616u/Y1BHw="></latexit><latexit sha1_base64="unPxRm+W14oCZakEf616u/Y1BHw="></latexit><latexit sha1_base64="unPxRm+W14oCZakEf616u/Y1BHw="></latexit><latexit sha1_base64="unPxRm+W14oCZakEf616u/Y1BHw="></latexit><latexit sha1_base64="unPxRm+W14oCZakEf616u/Y1BHw="></latexit>

“decoherence parameter”

color randomization of a qq̄ pair
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�15

ln pT /! c

ln pT R/Qs

ln pT R4/ 3

öq1/ 3

ln pT R2L

ln 1/R ln 1/" c ln 1/" L

ln 1/z

ln 1/"

ln pT /! c

ln pT R/Qs

ln pT R4/ 3

öq1/ 3

ln pT R2L

ln 1/R ln 1/" c ln 1/" L

ln 1/z

ln 1/"

dP ! 2
! sCR

"
<latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit>

zE✓ > Q0
<latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit>

hadronization
!

10
fm

<latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit>

• jets are multi-particle objects 
with interesting space-time 
pattern 

• double-logarithmic regime 
• strong energy ordering 
• strong angular ordering 
• formation time

Bassetto, Ciafaloni, Marchesini (1983);  
Dokshitzer, Troyan, Khoze, Mueller (1991)
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�15
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ln pT R/Qs
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ln pT R4/ 3

öq1/ 3

ln pT R2L

ln 1/R ln 1/" c ln 1/" L

ln 1/z

ln 1/"

dP ! 2
! sCR

"
<latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit>

zE✓ > Q0
<latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit>

1

t f,1
<latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit>

t f,1
<latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit>

hadronization
!

10
fm

<latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit>

• jets are multi-particle objects 
with interesting space-time 
pattern 

• double-logarithmic regime 
• strong energy ordering 
• strong angular ordering 
• formation time

Bassetto, Ciafaloni, Marchesini (1983);  
Dokshitzer, Troyan, Khoze, Mueller (1991)
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dP ! 2
! sCR

"
<latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit>

zE✓ > Q0
<latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit>

1

t f,1
<latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit>

t f,1
<latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit>

2

t f,2
<latexit sha1_base64="2iwrRg1pUSJlmnvhzIaql0fsZzw="></latexit><latexit sha1_base64="2iwrRg1pUSJlmnvhzIaql0fsZzw="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit>

t f,2
<latexit sha1_base64="2iwrRg1pUSJlmnvhzIaql0fsZzw="></latexit><latexit sha1_base64="2iwrRg1pUSJlmnvhzIaql0fsZzw="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit>

hadronization
!

10
fm

<latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit>

• jets are multi-particle objects 
with interesting space-time 
pattern 

• double-logarithmic regime 
• strong energy ordering 
• strong angular ordering 
• formation time

Bassetto, Ciafaloni, Marchesini (1983);  
Dokshitzer, Troyan, Khoze, Mueller (1991)
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dP ! 2
! sCR

"
<latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit><latexit sha1_base64="LpG0K2AnkbPiUOS2rdqOc6PstIc="></latexit>

zE✓ > Q0
<latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit><latexit sha1_base64="AVFdcBqXCXk/gJrf/UHzKE/VY3g="></latexit>

1

t f,1
<latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit>

t f,1
<latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit><latexit sha1_base64="05ko0Kkoe7ka4Bs5yn1LygcHLrQ="></latexit>

2

t f,2
<latexit sha1_base64="2iwrRg1pUSJlmnvhzIaql0fsZzw="></latexit><latexit sha1_base64="2iwrRg1pUSJlmnvhzIaql0fsZzw="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit>

t f,2
<latexit sha1_base64="2iwrRg1pUSJlmnvhzIaql0fsZzw="></latexit><latexit sha1_base64="2iwrRg1pUSJlmnvhzIaql0fsZzw="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit><latexit sha1_base64="zAd04uToTBneLJdK4CRyPL6LN6k="></latexit>

3

t f,3
<latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit><latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit><latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit><latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit><latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit>

t f,3
<latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit><latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit><latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit><latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit><latexit sha1_base64="u+tuviN+Y2OKJmrQuf0BpJXzK38="></latexit>

hadronization
!

10
fm

<latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit><latexit sha1_base64="vr6BL/0e/onbzJy1G9l9ZHiGl2Y="></latexit>

• jets are multi-particle objects 
with interesting space-time 
pattern 

• double-logarithmic regime 
• strong energy ordering 
• strong angular ordering 
• formation time

Bassetto, Ciafaloni, Marchesini (1983);  
Dokshitzer, Troyan, Khoze, Mueller (1991)
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�16

ln pT /! c

ln pT R/Qs

ln pT R4/ 3

öq1/ 3

ln pT R2L

ln 1/R ln 1/" c ln 1/" L

ln 1/z

ln 1/"

tf > L
<latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit><latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit><latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit><latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit><latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit>

t f < L
<latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit><latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit><latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit><latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit><latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit>

(PS)inside =
ø!
4

ln2 !
pT R2L

"

! 3.2
<latexit sha1_base64="FHyouvtxkS5iwRF+02eo1X43X80="></latexit><latexit sha1_base64="FHyouvtxkS5iwRF+02eo1X43X80="></latexit><latexit sha1_base64="FHyouvtxkS5iwRF+02eo1X43X80="></latexit><latexit sha1_base64="FHyouvtxkS5iwRF+02eo1X43X80="></latexit>

(PS)outside =
ø!
2

ln2
!

pT R
Q0

"
! (PS)inside

" 2.3
<latexit sha1_base64="6gMzHflX2eqV7IilMtO3GAd9X4Q="></latexit><latexit sha1_base64="6gMzHflX2eqV7IilMtO3GAd9X4Q="></latexit><latexit sha1_base64="6gMzHflX2eqV7IilMtO3GAd9X4Q="></latexit><latexit sha1_base64="6gMzHflX2eqV7IilMtO3GAd9X4Q="></latexit>

Large ~O(1) probability of multiple 
splitting inside the medium.
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�16
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ln pT R/Qs

ln pT R4/ 3

öq1/ 3

ln pT R2L

ln 1/R ln 1/" c ln 1/" L

ln 1/z

ln 1/"

tf > L
<latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit><latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit><latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit><latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit><latexit sha1_base64="a5w1IS5vr/AvJfgBJOyydQhi9iI="></latexit>

t f < L
<latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit><latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit><latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit><latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit><latexit sha1_base64="HaKr5rIstygUSorlRGTefHh1EzQ="></latexit>

(PS)inside =
ø!
4

ln2 !
pT R2L

"

! 3.2
<latexit sha1_base64="FHyouvtxkS5iwRF+02eo1X43X80="></latexit><latexit sha1_base64="FHyouvtxkS5iwRF+02eo1X43X80="></latexit><latexit sha1_base64="FHyouvtxkS5iwRF+02eo1X43X80="></latexit><latexit sha1_base64="FHyouvtxkS5iwRF+02eo1X43X80="></latexit>

(PS)outside =
ø!
2

ln2
!

pT R
Q0

"
! (PS)inside

" 2.3
<latexit sha1_base64="6gMzHflX2eqV7IilMtO3GAd9X4Q="></latexit><latexit sha1_base64="6gMzHflX2eqV7IilMtO3GAd9X4Q="></latexit><latexit sha1_base64="6gMzHflX2eqV7IilMtO3GAd9X4Q="></latexit><latexit sha1_base64="6gMzHflX2eqV7IilMtO3GAd9X4Q="></latexit>

Blue region corresponds 
to unresolved splittings.

Large ~O(1) probability of multiple 
splitting inside the medium.
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�17

ln pT /! c

ln pT R/Qs

ln pT R4/ 3

öq1/ 3

ln pT R2L

ln 1/R ln 1/" c ln 1/" L

ln 1/z
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vacuum (out)

vacuum (in)

Slicing 
• jet splittings in the “hard” regime 

inside the medium 
• act as (independent) sources 

of medium-induced radiation 
(shaded region) 

• loss of AO when crossing 
shaded region 

• vacuum cascade at late times

medium

tf =
L

<latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit><latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit><latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit><latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit>

tf = tbr

<latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit><latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit><latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit><latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit>

see also Caucal, Iancu, Mueller, Soyez 1801.09703
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CONSEQUENCES

• energy-loss/quenching depends on the amount (phase 
space) of radiation inside the medium 

• mismatch of real and virtual contributions!

�18

Remainder: A warm-up exercise to show the 
appearance of medium-induced logs.
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JET SPECTRUM IN HEAVY-ION COLLISIONS

�19

The spectrum of outgoing particles is affected by energy loss.

d!
dp

=
! !

0
d" P(")

d! 0(pT + ")
dp"

<latexit sha1_base64="D+WjlN0gj6st5ux7MbiVxUB0nkA="></latexit><latexit sha1_base64="D+WjlN0gj6st5ux7MbiVxUB0nkA="></latexit><latexit sha1_base64="D+WjlN0gj6st5ux7MbiVxUB0nkA="></latexit><latexit sha1_base64="D+WjlN0gj6st5ux7MbiVxUB0nkA="></latexit>

d!
dp

!
d! 0

dp

! !

0
d" P(")e" n ! /p T

" #$ %
Q(pT )

<latexit sha1_base64="n5hR8LnfibVWMkMljwkE9XDI610="></latexit><latexit sha1_base64="n5hR8LnfibVWMkMljwkE9XDI610="></latexit><latexit sha1_base64="n5hR8LnfibVWMkMljwkE9XDI610="></latexit><latexit sha1_base64="n5hR8LnfibVWMkMljwkE9XDI610="></latexit>

Rjet =
!

d!
dp

" # !
d! 0

dp

"

<latexit sha1_base64="Xzdg3T3eAk0tuq3KMJdEnqj+XkI="></latexit><latexit sha1_base64="Xzdg3T3eAk0tuq3KMJdEnqj+XkI="></latexit><latexit sha1_base64="Xzdg3T3eAk0tuq3KMJdEnqj+XkI="></latexit><latexit sha1_base64="Xzdg3T3eAk0tuq3KMJdEnqj+XkI="></latexit>

! /p T ! 1
<latexit sha1_base64="gKqDBl0p0fxqJ+36Eax7uF2GuJc="></latexit><latexit sha1_base64="gKqDBl0p0fxqJ+36Eax7uF2GuJc="></latexit><latexit sha1_base64="gKqDBl0p0fxqJ+36Eax7uF2GuJc="></latexit><latexit sha1_base64="gKqDBl0p0fxqJ+36Eax7uF2GuJc="></latexit><latexit sha1_base64="gKqDBl0p0fxqJ+36Eax7uF2GuJc="></latexit>

For               and large    : n
<latexit sha1_base64="uPfwI5105BLEgq38L08imAhO8aA="></latexit><latexit sha1_base64="uPfwI5105BLEgq38L08imAhO8aA="></latexit><latexit sha1_base64="uPfwI5105BLEgq38L08imAhO8aA="></latexit><latexit sha1_base64="uPfwI5105BLEgq38L08imAhO8aA="></latexit><latexit sha1_base64="uPfwI5105BLEgq38L08imAhO8aA="></latexit>

pn
T

(pT + ! )n ! e! n ! /p T

!
1 + O

"
n! 2

2p2
T

#$

<latexit sha1_base64="/VGmtVp9SBR69U4HfI9KQlXJOZM="></latexit><latexit sha1_base64="/VGmtVp9SBR69U4HfI9KQlXJOZM="></latexit><latexit sha1_base64="/VGmtVp9SBR69U4HfI9KQlXJOZM="></latexit><latexit sha1_base64="/VGmtVp9SBR69U4HfI9KQlXJOZM="></latexit>

nuclear modification 
factor
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RADIATIVE CORRECTIONS

�20

• higher-order corrections not enhanced by phase space 
when balance between real & virtual emissions 
- for sufficiently inclusive observables 
- is this the case in the medium?

d!
dp

=
d! Born

dp

!
1 + " s ((PS)real ! (PS)virt ) + O(" 2

s)
"

<latexit sha1_base64="IvgxV6vSKoo5/bGyOcBbIOe56ec="></latexit><latexit sha1_base64="IvgxV6vSKoo5/bGyOcBbIOe56ec="></latexit><latexit sha1_base64="IvgxV6vSKoo5/bGyOcBbIOe56ec="></latexit><latexit sha1_base64="IvgxV6vSKoo5/bGyOcBbIOe56ec="></latexit>

Y. Mehtar-Tani, KT arXiv:1707.07361 [hep-ph]
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RADIATIVE CORRECTIONS

�20

• higher-order corrections not enhanced by phase space 
when balance between real & virtual emissions 
- for sufficiently inclusive observables 
- is this the case in the medium?

Rjet = Q(0) (pT ) + Q(1) (pT ) + O(! 2
s)

<latexit sha1_base64="cn6GC7ds54lBqnmMcfetz7Arass="></latexit><latexit sha1_base64="cn6GC7ds54lBqnmMcfetz7Arass="></latexit><latexit sha1_base64="cn6GC7ds54lBqnmMcfetz7Arass="></latexit><latexit sha1_base64="cn6GC7ds54lBqnmMcfetz7Arass="></latexit><latexit sha1_base64="cn6GC7ds54lBqnmMcfetz7Arass="></latexit>

• expanding quenching factor corresponds to accounting 
for the quenching of higher-order emissions 
(substructure fluctuations)

d!
dp

=
d! Born

dp

!
1 + " s ((PS)real ! (PS)virt ) + O(" 2

s)
"

<latexit sha1_base64="IvgxV6vSKoo5/bGyOcBbIOe56ec="></latexit><latexit sha1_base64="IvgxV6vSKoo5/bGyOcBbIOe56ec="></latexit><latexit sha1_base64="IvgxV6vSKoo5/bGyOcBbIOe56ec="></latexit><latexit sha1_base64="IvgxV6vSKoo5/bGyOcBbIOe56ec="></latexit>

Y. Mehtar-Tani, KT arXiv:1707.07361 [hep-ph]
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FIRST CORRECTION TO QUENCHING

�21

• real & virtual are differently affected by energy loss effects! 
• the mismatch is largest at short formation times 

• enhances a subset of higher-order corrections

+

sensitive to quark+gluon quenching sensitive to quark quenching

Qgq(pT ) = Qq(pT )Qsing (pT )
<latexit sha1_base64="DJ+MWjeA4B78I5PAHQ38ZLMx814="></latexit><latexit sha1_base64="DJ+MWjeA4B78I5PAHQ38ZLMx814="></latexit><latexit sha1_base64="DJ+MWjeA4B78I5PAHQ38ZLMx814="></latexit><latexit sha1_base64="DJ+MWjeA4B78I5PAHQ38ZLMx814="></latexit><latexit sha1_base64="DJ+MWjeA4B78I5PAHQ38ZLMx814="></latexit>

Q(1) (pT ) =
! 1

0
dz Pgq(z)

! R

0

d!
!

" s(k! )
#

[Qgq(pT ) ! Qq(pT )]
<latexit sha1_base64="nVmKdgAxY16qbTL6IWmdylkrt1Y="></latexit><latexit sha1_base64="nVmKdgAxY16qbTL6IWmdylkrt1Y="></latexit><latexit sha1_base64="nVmKdgAxY16qbTL6IWmdylkrt1Y="></latexit><latexit sha1_base64="nVmKdgAxY16qbTL6IWmdylkrt1Y="></latexit><latexit sha1_base64="nVmKdgAxY16qbTL6IWmdylkrt1Y="></latexit>

t f ! tbr
<latexit sha1_base64="NleO418L4ctKyK+f1GoNhoocFzY=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBVZlpq627ohuXFewDOkPJpJk2NPMguSOWoeDGX3HjQhG3/oQ7/8b0BSp6IHByzr0k53ix4Aos69PILC2vrK5l13Mbm1vbO+buXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3g58Vu3TCoehTcwipkbkH7IfU4JaKlrHkDXAXYHqT/GjhB4cfXkuGvmrULxvFwsF7FVKFlnpWpFE7tyalctbBesKfJojnrX/HB6EU0CFgIVRKmObcXgpkQCp4KNc06iWEzokPRZR9OQBEy56TTDGB9rpYf9SOoTAp6q3zdSEig1Cjw9GRAYqN/eRPzL6yTgV92Uh3ECLKSzh/xEJ43wpBDc45JRECNNCJVc/xXTAZGEgq4tp0tYJMX/k2axYGt+Xc7XLuZ1ZNEhOkInyEYVVENXqI4aiKJ79Iie0YvxYDwZr8bbbDRjzHf20Q8Y718kbZh9</latexit><latexit sha1_base64="NleO418L4ctKyK+f1GoNhoocFzY=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBVZlpq627ohuXFewDOkPJpJk2NPMguSOWoeDGX3HjQhG3/oQ7/8b0BSp6IHByzr0k53ix4Aos69PILC2vrK5l13Mbm1vbO+buXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3g58Vu3TCoehTcwipkbkH7IfU4JaKlrHkDXAXYHqT/GjhB4cfXkuGvmrULxvFwsF7FVKFlnpWpFE7tyalctbBesKfJojnrX/HB6EU0CFgIVRKmObcXgpkQCp4KNc06iWEzokPRZR9OQBEy56TTDGB9rpYf9SOoTAp6q3zdSEig1Cjw9GRAYqN/eRPzL6yTgV92Uh3ECLKSzh/xEJ43wpBDc45JRECNNCJVc/xXTAZGEgq4tp0tYJMX/k2axYGt+Xc7XLuZ1ZNEhOkInyEYVVENXqI4aiKJ79Iie0YvxYDwZr8bbbDRjzHf20Q8Y718kbZh9</latexit><latexit sha1_base64="NleO418L4ctKyK+f1GoNhoocFzY=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBVZlpq627ohuXFewDOkPJpJk2NPMguSOWoeDGX3HjQhG3/oQ7/8b0BSp6IHByzr0k53ix4Aos69PILC2vrK5l13Mbm1vbO+buXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3g58Vu3TCoehTcwipkbkH7IfU4JaKlrHkDXAXYHqT/GjhB4cfXkuGvmrULxvFwsF7FVKFlnpWpFE7tyalctbBesKfJojnrX/HB6EU0CFgIVRKmObcXgpkQCp4KNc06iWEzokPRZR9OQBEy56TTDGB9rpYf9SOoTAp6q3zdSEig1Cjw9GRAYqN/eRPzL6yTgV92Uh3ECLKSzh/xEJ43wpBDc45JRECNNCJVc/xXTAZGEgq4tp0tYJMX/k2axYGt+Xc7XLuZ1ZNEhOkInyEYVVENXqI4aiKJ79Iie0YvxYDwZr8bbbDRjzHf20Q8Y718kbZh9</latexit><latexit sha1_base64="NleO418L4ctKyK+f1GoNhoocFzY=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBVZlpq627ohuXFewDOkPJpJk2NPMguSOWoeDGX3HjQhG3/oQ7/8b0BSp6IHByzr0k53ix4Aos69PILC2vrK5l13Mbm1vbO+buXlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtb3g58Vu3TCoehTcwipkbkH7IfU4JaKlrHkDXAXYHqT/GjhB4cfXkuGvmrULxvFwsF7FVKFlnpWpFE7tyalctbBesKfJojnrX/HB6EU0CFgIVRKmObcXgpkQCp4KNc06iWEzokPRZR9OQBEy56TTDGB9rpYf9SOoTAp6q3zdSEig1Cjw9GRAYqN/eRPzL6yTgV92Uh3ECLKSzh/xEJ43wpBDc45JRECNNCJVc/xXTAZGEgq4tp0tYJMX/k2axYGt+Xc7XLuZ1ZNEhOkInyEYVVENXqI4aiKJ79Iie0YvxYDwZr8bbbDRjzHf20Q8Y718kbZh9</latexit>

Y. Mehtar-Tani, KT arXiv:1707.07361 [hep-ph]
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“SUDAKOV” SUPPRESSION FACTOR

�22

• resummation of 
medium logs via 
non-linear equation 

• strong-quenching 
limit: dominance of 
virtual fluctuations 
(Sudakov)

Rjet = Qq(pT) ! C(pT, R)
<latexit sha1_base64="Qu/y9SzaLv2NBQ/5DB27CJcNdZs="></latexit><latexit sha1_base64="Qu/y9SzaLv2NBQ/5DB27CJcNdZs="></latexit><latexit sha1_base64="Qu/y9SzaLv2NBQ/5DB27CJcNdZs="></latexit><latexit sha1_base64="Qu/y9SzaLv2NBQ/5DB27CJcNdZs="></latexit><latexit sha1_base64="Qu/y9SzaLv2NBQ/5DB27CJcNdZs="></latexit>

C(1, pT , R) = 1 +
! 1

0
dz

! R

✓c

d!
!

" s(k! )
#

Pgq(z)! (tf < td)

!
"
C(z, pT , ! )C(1 " z, pT , ! )Q2

q(pT ) " C(1, pT , ! )
#

<latexit sha1_base64="+S/GmfQn8ntSh1V5Xw28m+7i6Oc="></latexit><latexit sha1_base64="+S/GmfQn8ntSh1V5Xw28m+7i6Oc="></latexit><latexit sha1_base64="+S/GmfQn8ntSh1V5Xw28m+7i6Oc="></latexit><latexit sha1_base64="+S/GmfQn8ntSh1V5Xw28m+7i6Oc="></latexit><latexit sha1_base64="+S/GmfQn8ntSh1V5Xw28m+7i6Oc="></latexit>

ÒhadronÓ

jet w
/co

herence

jet w
/o co

herence

Y. Mehtar-Tani, KT arXiv:1707.07361 [hep-ph]
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GENERATING FUNCTIONAL APPROACH: A SKETCH
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d!
dp

= Q(pT )
d! 0

dp
<latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit><latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit><latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit><latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit>

d! (excl)

dk1 . . . dkN
= QN (pT )

d! (excl)
0

dk1 . . . dkN
<latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit><latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit><latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit><latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit>

In the small quenching limit, we can generalize:
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GENERATING FUNCTIONAL APPROACH: A SKETCH
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d!
dp

= Q(pT )
d! 0

dp
<latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit><latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit><latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit><latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit>

d! (excl)

dk1 . . . dkN
= QN (pT )

d! (excl)
0

dk1 . . . dkN
<latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit><latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit><latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit><latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit>

In the small quenching limit, we can generalize:
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<latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit><latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit><latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit><latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit>

tf = tbr

<latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit><latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit><latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit><latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit>

Z (p, R; { u} ) = u(p) +
! R

d! " (t f < t br < L )
"
Z (zp,! )Z

#
(1 ! z)p, !

$
Q2(pT ) ! Z (p, ! )

%
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<latexit sha1_base64="U5PgQyraDSqXkeY/qs+76izgqBo="></latexit><latexit sha1_base64="U5PgQyraDSqXkeY/qs+76izgqBo="></latexit><latexit sha1_base64="U5PgQyraDSqXkeY/qs+76izgqBo="></latexit><latexit sha1_base64="U5PgQyraDSqXkeY/qs+76izgqBo="></latexit>
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GENERATING FUNCTIONAL APPROACH: A SKETCH
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d!
dp

= Q(pT )
d! 0

dp
<latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit><latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit><latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit><latexit sha1_base64="yuj4lFTgNRlNoAl5eluUik14e2E="></latexit>

d! (excl)

dk1 . . . dkN
= QN (pT )

d! (excl)
0

dk1 . . . dkN
<latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit><latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit><latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit><latexit sha1_base64="9ac7YzpeEeBuhyD9Pf1NHbFbj94="></latexit>

In the small quenching limit, we can generalize:
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<latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit><latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit><latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit><latexit sha1_base64="OETNOhHAT7mx1LaZTGlsRsQFv1E=">AAAB9XicbZC7SgNBFIbPxluMt6ilzWAQrMKuCNoIQRsLiwjmAskaZiezyZDZ2WXmrBqWvIeNhSK2voudb+PkUmjiDwMf/zmHc+YPEikMuu63k1taXlldy68XNja3tneKu3t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8HgalxvPHBtRKzucJhwP6I9JULBKFrrHjtt5E+YhSNyQW46xZJbdicii+DNoAQzVTvFr3Y3ZmnEFTJJjWl5boJ+RjUKJvmo0E4NTygb0B5vWVQ04sbPJlePyJF1uiSMtX0KycT9PZHRyJhhFNjOiGLfzNfG5n+1VorhuZ8JlaTIFZsuClNJMCbjCEhXaM5QDi1QpoW9lbA+1ZShDapgQ/Dmv7wI9ZOyZ/n2tFS5nMWRhwM4hGPw4AwqcA1VqAEDDc/wCm/Oo/PivDsf09acM5vZhz9yPn8A8xmSIQ==</latexit>

tf = tbr

<latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit><latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit><latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit><latexit sha1_base64="9qoX+RWNvuKbyYRln7p/IMrqYjk=">AAACAXicbZDLSsNAFIYnXmu9Rd0IbgaL4KokIuhGKLpxWcFeoA1hMp20QyeTMHMilhA3voobF4q49S3c+TZO2wja+sPAN/85h5nzB4ngGhzny1pYXFpeWS2tldc3Nre27Z3dpo5TRVmDxiJW7YBoJrhkDeAgWDtRjESBYK1geDWut+6Y0jyWtzBKmBeRvuQhpwSM5dv74HeB3UMW5vgC/1wClft2xak6E+F5cAuooEJ13/7s9mKaRkwCFUTrjusk4GVEAaeC5eVuqllC6JD0WcegJBHTXjbZIMdHxunhMFbmSMAT9/dERiKtR1FgOiMCAz1bG5v/1TophOdexmWSApN0+lCYCgwxHseBe1wxCmJkgFDFzV8xHRBFKJjQyiYEd3bleWieVF3DN6eV2mURRwkdoEN0jFx0hmroGtVRA1H0gJ7QC3q1Hq1n6816n7YuWMXMHvoj6+Mb5bCXKg==</latexit>

Z (p, R; { u} ) = u(p) +
! R

d! " (t f < t br < L )
"
Z (zp,! )Z

#
(1 ! z)p, !

$
Q2(pT ) ! Z (p, ! )

%

+ . . .
<latexit sha1_base64="U5PgQyraDSqXkeY/qs+76izgqBo="></latexit><latexit sha1_base64="U5PgQyraDSqXkeY/qs+76izgqBo="></latexit><latexit sha1_base64="U5PgQyraDSqXkeY/qs+76izgqBo="></latexit><latexit sha1_base64="U5PgQyraDSqXkeY/qs+76izgqBo="></latexit>

Z(p,R;u = 1) = C(p,R)
<latexit sha1_base64="sGez3kBSVyZosPb5u71hEq457OE="></latexit><latexit sha1_base64="sGez3kBSVyZosPb5u71hEq457OE="></latexit><latexit sha1_base64="sGez3kBSVyZosPb5u71hEq457OE="></latexit><latexit sha1_base64="sGez3kBSVyZosPb5u71hEq457OE="></latexit>

Zvac(p,R;u = 1) = 1
<latexit sha1_base64="YtQxvuprzY/V9KBNU/vTjgYNg+Y="></latexit><latexit sha1_base64="YtQxvuprzY/V9KBNU/vTjgYNg+Y="></latexit><latexit sha1_base64="YtQxvuprzY/V9KBNU/vTjgYNg+Y="></latexit><latexit sha1_base64="YtQxvuprzY/V9KBNU/vTjgYNg+Y="></latexit>

Non-trivial normalization due to e-loss:



K. Tywoniuk (UiB)

CONCLUSIONS

• medium cascade: efficient transport of energy to large 
angles 

• hard, vacuum splittings in the medium act as sources 
• mismatch of real & virtual: logarithmic sensitivity to jet 

scales (Sudakov-like resummation) 
• merging the cascades: generating functional with phase 

space considerations

�24
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Thank you!
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MEDIUM TRANSPORT COEFFICIENT
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! (x ) = g2
!

d2q
(2" )2

ei qáx

q2(q2 + m2
D )

<latexit sha1_base64="OkRoDF0452kK0RUdUCj3Ut62DsE="></latexit><latexit sha1_base64="OkRoDF0452kK0RUdUCj3Ut62DsE="></latexit><latexit sha1_base64="OkRoDF0452kK0RUdUCj3Ut62DsE="></latexit><latexit sha1_base64="OkRoDF0452kK0RUdUCj3Ut62DsE="></latexit><latexit sha1_base64="OkRoDF0452kK0RUdUCj3Ut62DsE="></latexit>

a

b

c

d

i

j

k

l

x
<latexit sha1_base64="x4MzhqmvxtXZLAfL5QWYJdKQbrc="></latexit><latexit sha1_base64="x4MzhqmvxtXZLAfL5QWYJdKQbrc="></latexit><latexit sha1_base64="x4MzhqmvxtXZLAfL5QWYJdKQbrc="></latexit><latexit sha1_base64="x4MzhqmvxtXZLAfL5QWYJdKQbrc="></latexit><latexit sha1_base64="x4MzhqmvxtXZLAfL5QWYJdKQbrc="></latexit>
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Sensitive to the transverse extension of the “dipole”.
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“Harmonic oscillator” approximation


