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Introduction to medium-induced emissions
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QCD in a background medium

QCD with color bkg: A(t,x) + Ay(t, x)

 Multiple scatterings E g E
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QCD in a background medium

QCD with color bkg: A(t,x) + Ay(t, x)
 Multiple scatterings
Medium Feynman rules:

* medium propagator:

e medium vertex:
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QCD in a background medium

QCD with color bkg: A(t,x) + Ay(t, x)

 Multiple scatterings E g E

Medium Feynman rules:

* medium propagator:

e medium vertex:

 Medium average:

o weakly coupled, thermal plasma
(A (t, x)Aq (t', X)) mea o random fields

o “idk, evaluate later”
‘ 5)
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Medium-induced emission

LO radiation in vacuum:

2

drvac 20, C; 1
dwd) T w?

— soft and collinear singularity
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Medium-induced emission

LO radiation:

dI drvac dlmed
dodd dwdd  dwd?d

= complicated integral
[Isaksen, Tywoniuk(2023)]

e J™ed > 0: induced emissions
« [™ed: 1o collinear divergence: 9 is integrated
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Medium-induced emission

LO radiation:

dI drvac dlmed
dodd dwdd  dwd?d

= complicated integral
[Isaksen, Tywoniuk(2023)]

e J™ed > 0: induced emissions
« [™ed: 1o collinear divergence: 9 is integrated

Approximate solutions:

1. analytic:
harmonic oscillator [BDMPSZ(1997)]
* opacity expansion [GLV-Wiedemann(2000)]
 improved opacity expansion [Mehtar-Tani(2021)]

2. numeric: Feal,Vazquez(2018)]
[Andres,Aploinario,Dominigues(2020)]
[Schlichting,Soudi(2021)]
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Unified picture of MIE
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Unified picture of MIE
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Unified picture of MIE
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Unified picture of MIE
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Testing the unified picture

Comparing to numerical solution:

[Numeric from Andres,Apoliniaro,Dominigues]
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* https://github.com/adam-takacs/kernels
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Application of the unified picture

arXiv:2206.02811
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Application: MIE cascade

Medium-induced fragmentation function:

E dN
D(x,t) = x—
dx
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Application: MIE cascade
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Application: MIE cascade
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Summary

* Understanding jet modification in medium

e In this work:

: : .. odI
o single induced emission .

o energy loss of a parton

* QOutlook:
o event generator implementation
o energy loss of a whole jet

o understanding pQCD in the plasma to all orders
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Thank you for the attention!
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Unified picture of MIE

Expansion in scatterings:
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Unified picture of MIE

Expansion in scatterings:
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Multiple soft scatterings:
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Expansion in real scatterings:

InL

wC
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Opacity expansion, L < A
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Application: accuracy

Single emission in vacuum

jdz.f d9 PL2(z,9) = 0(asL?) + O(asl) + O(ay)

logarithmic enhancement: soft b
& collinear emission
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Application: accuracy

Single emission in vacuum

j dz j 49 PO (2,9) = 0(a.1?) + 0(a.L) + O(a,)

logarithmic enhancement: soft b
& collinear emission

Power counting in vacuum

1d
T(v) = | dv'— G,
o, dv
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Application: accuracy

Single emission in vacuum

j dz j 49 PO (2,9) = 0(a.1?) + 0(a.L) + O(a,)

logarithmic enhancement: soft
& collinear emission

Power counting in vacuum

1 do
— | av' =
X(v) v oo dv

=1Ha,Cl2 ; HYm L +310)
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‘l’:a?(224l[4 |+:223L3 \\\ +222L2 + "')

N

Single emission in medium

j dz f 49 110m(2,9) = O(a.P,) + 0(a L) + 0(a,)

power & logarithmic enhancement: soft
emission & large medium
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Application: accuracy

Single emission in vacuum

j dz j 49 PO (2,9) = 0(a.1?) + 0(a.L) + O(a,)

logarithmic enhancement: soft
& collinear emission

Power counting in vacuum

1 do
S(w) = | dv'
@) g, dv'’
=1Ha,Cl2 ; HYm L +310)
| | N
-|J'a52(224L4 '+:223L3 SO+ Z,,L2 4 )

| > N

oo \

Single emission in medium

j dz f 49 110m(2,9) = O(a.P,) + 0(a L) + 0(a,)

power & logarithmic enhancement: soft
emission & large medium

Power counting in medium
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