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Why Study QCD Antennas
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* 2 - 3 (coherent) processes are
building blocks for Parton Cascades
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Why Study QCD Antennas

* 2 - 3 (coherent) processes are
building blocks for Parton Cascades

W ‘ * Coherence breakdown expected
200, ‘ to drive medium modifications

0000
)
0000
S
S
S
)
)
S
S &
S (e
S oy
S (e
S (o
S (g
S (o
S

Precision QGP studies
require accurate fixed
order calculations
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First: A look at vacuum antennas



QCD Coherence: Gauge Invariance
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QCD Coherence: Gauge Invariance

J(k, k)=

2

- CR-N+Q:(R-T)+Q, T “

Radiation Radiation Radiation pH
‘from’ (a) ‘from’ (b) ‘from’ (a+b)

(All other terms can be recovered from J)

R(K)=TJ(K,K)
R(R) = J(k,R)
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QCD Coherence: Gauge Invariance
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Radiation Radiation Radiation pH
‘from’ (a) ‘from’ (b) ‘from’ (a+b)

Interference effects* imply angular ordering:

J(k, k)=

(All other terms can be recovered from J)

R(K)=TJ(K,K)
R(R) = J(k,R)

d

* after azimuthal averaging: / (p;" J(k, k) =R(k)O(k/w — 6n)
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What Changes inside the QGP?
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Colour exchanges with medium - Broken colour connections



Parton Propagation In-Medium

Consider a coloured field: A;; = A~ 7(t,x) T/

Add up an infinite number of scatterings - Wilson Lines

igAik 19 Ak

Wi (to, t) = /t0§ §>§ 2 tj S G— _|_/d514._§_.; _|_/d51/d52 +




Parton Propagation In-Medium

Consider a coloured field: A;; = A~ 7(t,x) T/

Add up an infinite number of scatterings - Wilson Lines
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Parton Propagation In-Medium

Consider a coloured field: A/j = A~ a(t, X)

Add up an infinite number of scatterings - Wilson Lines

Wi (tg, t) = i . . N /tds igAix
toéé...égt to ?sgé




Parton Propagation In-Medium

Consider a coloured field: A;; = A~ 7(t,x) T/

Add up an infinite number of scatterings - Wilson Lines

igAik K j

Wi(to, t) = /to§ §=§ % tj = — -I-/GIS%—E—F 52 §=§ %t <+— W, (s, t)

t
For a fixed transverse coordinate: Wi (t, to) = Pexp {/g/ ds A(s, x)}

(Rotation in colour space) (Path-ordering) to

Allowing transverse diffusion: §(t, tg) —/Drexp —/ 2(s)ds}W(t to)

(Brownian motion)

(Path Integral)

These are the building blocks for in-medium calculations



Momentum Broadening

Momentum Broadening

% é .. _ (due to colour rotation over different lines)
i(po—p)-(x—%) [/ M! « §—§7X def
/X)_( e 0 < M Po— R —p (t t01 pO p)

P(X — X t, to)

Medium Averages:

According to MV-Model  (A?(t, X) Aé(f, X)) =V(x—x)n(t)é(t —t) 533
(Gaussian White Noise) ————

Scattering Rate Medium Density —— Modelling choices

From the Wilson Line

Evolution Equation O:P(r;t, ty) = —%n(t)a(r)P(r; t, tg) = P(r;t, to) = exp {— /to ds @ a(r)}

Main phenomenological object:
‘Dipole Cross-section’

o(r) =29 [V(0) — V(r)]




Barata, Mehtar-Tani, Soto-Ontoso, Tywoniuk :: JHEP 09 (2021) 153

Medium-Induced Emission WITWT'G?) (G'6)

Induced emissions encoded in the Kernel

I’(t‘f) re tr | i
K(r;, ti;rs, t :/ Dr ex {// ds(—r S—|—/ 0r> : -
(rtirete) = [ Preeyi | ds{5r(s) ( th xk P
d/ asCr & _/ / _ _
NN . w 2Re dt dt -qIC(q, t;p, t)P(c0, k; t,
Gluon emission rate: ik~ mer i i pqp qK(q.t;p. t)P(cc q)
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Medium-Induced Emission WITWT'G?) (G'6)

Induced emissions encoded in the Kernel

r(te)=re tr : i
K(ri, tisre, te) = Drexp i ds [ Zi2(s) + i 0r> | 1
( ' f) /I’(t,‘):r,' p{ /t; ( ( ) ( t X IC t X P
d/ asCr e _/ / _ _
iSSi . w 2Re dt dt -qIC(q, t;p, t)P(c0, k; t,
Gluon emission rate: ik~ mer i i pqp qK(q.t;p. t)P(cc q)

Usual approach: Harmonic Oscillator

n(s)o(r) —» 222 C’( )2
CAI ~ <k§cqmred>
a L

- Adds up multiple interactions
- Covers only small‘r' (g> < T2

med|um)
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Medium-Induced Emission WITWT'G?) (G'6)

. . . ! KH
Induced emissions encoded in the Kernel g A{{g
M !
r(te)=rr tr W n(s) M | €
K(ri, ti;re, t :/ Dr ex {// ds(—'rzs —|—i—0r>} < T
( ' f) I’(t,‘):r,' p t; 2 ( ) 2 ( ) tl X IC t' X P
o dl asCr /Oo _/f / _ _
. w = 2Re dt dt -qIK(q, t;p, t)P(oo, k; t,
Gluon emission rate: ik~ mer i i pqp qK(q.t;p. t)P(cc q)
Usual approach; Harmonic Oscillator Alternative: GLV (Opacity Expansion)
4q(s)
n(s)o(r) — —=r?
2 g e~ Jdsn(s)e(r) 1 — /dsn(s)a(r)
&l <k§cquired> ]q
9= L ! “Single Scattering”
- Adds up multiple interactions - Allows for full momentum range

- Covers only small‘'r' (¢° < T2 4um) - Misses many-scattering contribution
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Medium-Induced Emission WITWT'G?) (G'6)

Induced emissions encoded in the Kernel

M : :
r(tf):rf tr w ( ) t ! i
K(r;, tiire, tr) = Drexp< i ds [ =#%(s) +i—= 0r>} M i i
( r 1) /r(t,):r, p{ /t (2 (s) 2 (r) th xK tixP
d/ asCr o _/f / _ _
iSSi . w = 2Re dt dt -qIK(q, t;p, t)P(oo, k; t,
Gluon emission rate: ik~ mer i i pqp qK(q.t;p. t)P(cc q)
Usual approach; Harmonic Oscillator Alternative: GLV (Opacity Expansion)
q( ) 2
n(s)o(r) -» —=
e~ Jdsn(s)e(r) 1 — /dsn(s)a(r)
&l <k§cqmred> ]q
9= L “Single Scattering”
- Adds up multiple interactions - Allows for full momentum range

- Covers only small‘r' (g> < T2

medium) - Misses many-scattering contribution

Analytical approaches possible, but limited in phase-space

*Mixed approach: Improved Opacity Expansion
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Mehtar-Tani, Tywoniuk :: JHEP 01 (2013) 031
Casalderrey-Solana, Iancu :: JHEP 08 (2011) 015

An te n n a D e co h e re n ce Mehtar-Tani, Salgado, Tywoniuk :: JHEP 10 (2012) 197

* M and M7 overlayed
1 — Aped K P p*

/"'W)rm;ku j(f{,, R‘,) _ Re/ dt / dt—_/ eit(%ﬁnQ_ql-ﬁn)qz . (ql . (J.)én)
0 t 44>

<'mmmmmﬂ P(k — q3;00, )K(q2, £ Gy, )[1 — Ameq(t)] + (sym.)

The interference term:

1 1
i i on=L_2P Gluon Gluon Antenna
1 ] p+ p* A
¢ f Broadening Decoherence Decoherence
AH
p

What physical picture underlies the decoherence factor?
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Casalderrey-Solana, Iancu :: JHEP 08 (2011) 015

An te n n a D e co h e re n ce Mehtar-Tani, Salgado, Tywoniuk :: JHEP 10 (2012) 197

* M and M7 overlayed
1_Amed, K . P p*

E/Nm/mm;k“ J(k,R) = Re / d’*/ df/ t(50°=arin) g . (g, — win)
0 t q:49>

The interference term:

S U P(k — q2; 00, 1)K(q2, T q1, t)[1 — Amed(t)] + (sym.)
i gn=L_P Gluon Gluon Antenna
- rr Broadening Decoherence Decoherence
ti f "

What physical picture underlies the decoherence factor?

Probability colour structure survives?

/ Analogy: Radioactive decay!
o 6nt
x5 . {1 ‘Single scattering probability:  dPi_scatter = n(t) ( )

t

\ ‘Survival probability’: 1 — Apeq(t,0) = exp{ / dé n(€) 0(6n€)}

The ‘Decoherence Factor’ quantifies colour correlations
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Casalderrey-Solana, Iancu :: JHEP 08 (2011) 015

An t i 'An g u I a r O rd e ri n g Mehtar-Tani, Salgado, Tywoniuk :: JHEP 10 (2012) 197

* M and M7 overlayed
1_Amed, K . P p*

%M

t t

<<

The interference term:

0 t q:9>
P(k — q2; 00, 1)K(q2, T q1, t)[1 — Amed(t)] + (sym.)

Gluon Gluon Antenna
Broadening Decoherence Decoherence

‘Survival probability: 1 — Apeq(t, 0) = exp{ / dé n(€) 0(6n€)}

Destruction of colour structure
- Disruption of Interference
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An t i 'An g u I a r O rd e ri n g Mehtar-Tani, Salgado, Tywoniuk :: JHEP 10 (2012) 197

* M and M7 overlayed
1_Amed, K . P p*

<'“““"W

t t

<<

The interference term:

0 t q:9>
P(k — q2; 00, 1)K(q2, T q1, t)[1 — Amed(t)] + (sym.)

Gluon Gluon Antenna
Broadening Decoherence Decoherence

‘Survival probability: 1 — Apeq(t, 0) = exp{ / dé n(e) J(énﬁ)}

Destruction of colour structure
- Disruption of Interference

Colour Decoherence breaks Angular Ordering
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H i Sto ry Of An te n n a S Mehtar-Tani, Salgado, Tywoniuk :: JHEP 10 (2012) 197

* M and M7 overlayed
1—Aneq K P p

1 1

i i p P

| i on === 5
p*

The story so far:

Standard Assumptions:

* Quark/Antiquark with no transverse diffusion
* Instantaneous antenna creation *
* Isotropic/Homogeneous medium **

People lifting these assumptions:

* Pablo Guerrero Rodriguez (Monday, 23 Mar, 14h30)
** Florian Lindenbauer (Tuesday, 24 Mar, 14h30)

** Andrey Sadofyev (Monday, 30 Mar, 09h00)

The interference term:

0 t 44>

P(k — qo; 00, )K(qo. £ qq, t)[1 — Amea(t)] + (sym.)

Gluon Gluon Antenna
Broadening Decoherence Decoherence

Some recent work:

Mapping collinear in-medium splittings
(Finite antenna formation time)
Dominguez, Milhano, Salgado, et al. :: EPJC 80 (2020) 1 11

A generalized picture of colour decoherence in dense QCD media
(Decoherence as a function of antenna splitting)
Abreu, Mayo Lopéz, Milhano, Soto-Ontoso :: JHEP 03 (2025) 216

QCD antenna radiative spectrum in dense media within the Improved Opacity Expansion

Kuzmin, Silva :: JHEP12 (2025) 022
10



Mehtar-Tani, Tywoniuk :: JHEP 01 (2013) 031
Casalderrey-Solana, Iancu :: JHEP 08 (2011) 015

O u r G Oa I Mehtar-Tani, Salgado, Tywoniuk :: JHEP 10 (2012) 197
* M and M7 overlayed

1 - Doy K P P The interference term:
me

Iw)ku J(K k)= Re/O dt/ df/ elt(5r—a,dn)q . (q; — wbn)
i t 49>

P(k — qy; 00, 1)K(qa. t: q1, t)[1 — Amea(t)] + (sym.)

Gluon Gluon Antenna
Broadening Decoherence Decoherence

Usual approach: Harmonic Oscillator Approximation

8> q
S \/ Yukawa — — no(r) ~ =r2
(if ¢* < w?)
e"") V(Z) This misses the high-momentum contribution

(‘hard perturbative tail’)

In this talk: Realistic scattering rates y



Caron-Huot, Gale :: Phys.Rev.C 82 (2010) 064902
Andres, Apolinario, Dominguez :: JHEP 07 (2020) 114

B ri ef H i Sto ry Of Ra te E q u a t i O n S Schlichting, Soudi :: Phys.Rev.D 105 (2022) 7, 076002

Previous idea: Consider both Emission Kernel and Broadening as Propagators

Vacuum-like Medium-modified
contribution contribution
K > a, K q, / Ld K > L ¢ pop d,
— —e— — < — S —e —a— <
_ t é
L t L S S

d> . a a; - a; /td d; - uu vv . a
t g
S

t t t t t S

T erpedp-q)
2
*Where: — (27r)26(2)(p —q) e*/(f*f)ﬂ
t t
P q

«—é«— — n(s) U(P2— q)
s 12
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B ri ef H i Sto ry Of Ra te E q u a t i O n S Schlichting, Soudi :: Phys.Rev.D 105 (2022) 7, 076002

Previous idea: Consider both Emission Kernel and Broadening as Propagators

Vacuum-like Medium-modified
contribution contribution
K > 4 K d> /L I LeL pop q>
— —e— — < — S —e —a— <
_ f é
L t L S S
B % _ B & /fd Bl VYT q
——] —— == —e] 0 M+ — S —e 0 M+ —4—5—4— ——] ——
—_— —_ t —_
t t t t t S S S t
r T on26@(p -
=% -aq) Gluon spectrum framed
*where: B as solution to differential equations
t P t q *Successfully implemented for single quark emission

«—g«— — n(s) U(P2— q)
s 12
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Interference from Propagators

Decoherence Factor

KkH

q: (Close to)

must be handled
oC @ D K- K
J(Kk,R) = Re/ dt/ [1 — Amed(t)] e+’t e {
0 a1

I

L
Broadening: + / ds
t

Uniquely for the ] term

L
Kernel + Broadening: +/ ds
t

Remains for the R(k) term

- === - === === = -_——_—_—_-—-—-—-0O

A

Vacuum-Like Contribution

PP 41 q -q;

P e

a;

5 pp uu < a u p B
“g‘“ w2 a:

S S S t
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Interference from Propagators

J(k, k) = Re/ooodt/

- === - === === = -_——_—_—_-—-—-—-0O

Decoherence Factor

a;

must be handled 5 5
2919 2w K-k Kk
[1 - Amed(t)] e+lt v T {

p p

Uniquely for the ] term

——

L K
Broadening: + / ds ——
t

L
Kernel + Broadening: +/ ds k
t

Remains for the R(k) term

b p

+ (sym.)

S

S

p* w
K=k p—+p
n=kK—k

KkH
_ W _
n=k—5—+p

pH

(Close to)
Vacuum-Like Contribution

a. q:-q:

u u

q°

@ fu p\ _

Solve differential equations for Broadening and Kernel
— Build the gluon emission spectrum

13



Some (preliminary) results




Assumptions on the medium

Simplified ‘brick’ model: n(t) = ng©(L — t)

* Density of scattering centres
** Can be relaxed by scaling laws

Salgado, Wiedemann :: Phys.Rev.Lett. 89 (2002) 092303

A
v

15
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Assumptions on the medium

sSimplified ‘brick’ model:  n(t) = ng®(L — t) 1/@

* Density of scattering centres
** Can be relaxed by scaling laws

A
v

L
Characteristic Gluon Energy
Medium Parameters: (no, L, /J,) — (nOL W = ,u,2L/2 ’ QC — 2/,U,L)
Longitudinal density Characteristic Angle
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Assumptions on the medium

sSimplified ‘brick’ model:  n(t) = ng®(L — t) 1/@

* Density of scattering centres
** Can be relaxed by scaling laws

A
v

L
Characteristic Gluon Energy
Medium Parameters: (no, L, /J,) — (nOL W = 'u,2L/2 ’ QC — 2/,U,L)
Longitudinal density Characteristic Angle

Antenna Opening: 5[7 — RC — 6/7 ,U,L/Q — 5n/8_c
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Salgado, Wiedemann :: Phys.Rev.Lett. 89 (2002) 092303

Assumptions on the medium

sSimplified ‘brick’ model:  n(t) = ng®(L — t) 1/@

* Density of scattering centres
** Can be relaxed by scaling laws

A
v

L
Characteristic Gluon Energy
Medium Parameters: (no, L, /J,) — (nOL W = 'u,2L/2 ’ QC — 2/,U,L)
Longitudinal density Characteristic Angle

These set the
typical scales for
the gluon spectrum

Antenna Opening: 5[7 — RC — 6/7 ,U,L/Q — 5n/8_c

15



The Decoherence Parameter

Antenna decoherence: Relevant before emission starts 104
‘Survival probability’

1—Amed(t,0)=exp{ /d& n(€) 0(5"5)}

Yukawa Rate: —— R.=0.2
_ _air-d — R.=1.0
o(r)=[,(1—e"4)Vv(e) R
8mu? 9| — meL=1.0  R.=n/b,
Yukawa — 10721 =
vV (q) (q2 + M2)2 ............ noL =50 96 — 2/<ML)

000 025 050 075  1.00
[ ] [ ] [ ] tL
Qualitative behaviour: /

Decoherence increases with antenna size and medium density




Covering the Phase Space

d’1,
4
10! dz d(6/on)
- Yukawa (full)
noL = 1.0 0.06
R. = (En/@c =1.0
0.=2/(pL) 0.04
10°
-0.02
3
~
‘ZT -0.00
8
o F—0.02
s — — ¢ — —— — (N —0.04
—0.06
PRELIMINARY
1072
1072 107! 10° 10! 10?
0/én

Coherence break down
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Covering the Phase Space

d’1,
4
10! dx d(8/én)
Yukawa (full)
n(]; =10 0.06
R.=0n/0.=10
0.=2/(pL) 0.04
10°
-0.02
3
~
ﬁ -0.00
8
o F—0.02
e — — ¢ — — — —— (" —0.04
—0.06
PRELIMINARY
1072
1072 107! 10° 10! 10?
0/én

1
- <8

Coherence break down

Slice the phase-space

Yukawa (full), ngL = 1.0, R. = én/0. = 1.0, v = w/w. = 1.0

0.03

0.024

0.014

dl,
dxd(0/on)

102

— = ];nd _ I[? _ [;\B PRELIMINARY
—_— nd

L
_____ ];3
......... AB

~I

10-1 100 1ot 102
0/on

Yukawa (full), ngL = 1.0, R. = dn/0. = 1.0, = w/@, = 0.05

0.016 4
0.014+
0.0124
;:: 0.0101

= | 0.0081
1= 0,006
0.0041
0.002

0.000 4

— yInd _ jC _ 7AB
I=1Im 1O - I}

PRELIMINARY

R Ind
Iq
_____ C
I
......... AB
_Iq
=]
102 10! 100 10! 10
0/on

Note: BDMPS (k? ~ p?) and anti-
angular ordered contributions
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Yukawa Scattering: GLV vs Full Spectrum

Full — GLV

Yukawa, ngL = 1.0, R. = 5.0

0.31 PRELIMINARY
0.2
0.1
0.0
—01 r=w/w, = 0.05
r=w/w.= 1.0
—0.21 — Full spectrum
----- GLV N =1 (full Apeq)
—0.3
0.05 :
0.004 ======Z2Zoaao \::,/_i‘,/,-:::::,_-“_-_
—0.051_ B i :
1072 1071 100 10! 102
0/on

dI,
dzd(0/on)

1.51

1.04

Full — GLV

Yukawa, ngL = 5.0, R. = 5.0

0.5 1

0.0

PRELIMINARY

— 1 =w/w. = 0.05

— r=w/w.= 1.0

— Full spectrum

----- GLV N =1 (full Apeq)

)
1 -
0
1 -

mmmmmes= s I I D I S et e m——

102 10 109 10! 102

Radiation exclusively out-of-cone for soft gluons
Disgreement worsens for denser media

18



Yukawa Scattering: GLV vs Full Spectrum

Yukawa, ngL = 1.0, R. = 1.0

0.041 ,
PRELIMINARY i~~~
0.021
1~ /
o g
~N
“1= 0.00-
8
o
S
€Tr = Q}/(z)c == 0.05
—0.021 ® =w/@: =10
— Full spectrum
_____ GLV N =1 (full Ayeq)
>
5 0.005]
I | e B
= —0.005 122"
= 10-2 10-! 10° 10* 107

Full — GLV

Yukawa, ngL = 5.0, R. = 1.0

1 PRELIMINARY

T =w/w, = 0.05

r=w/w.= 1.0

— Full spectrum
_____ GLV N =1 (full Ayeq)

0.25
0.00
~0.251__

Radiation exclusively out-of-cone for soft gluons
Disgreement worsens for denser media




Yukawa Scattering: GLV vs Full Spectrum

Yukawa, ngL = 1.0, R. = 0.2 Yukawa, ngL = 5.0, R. = 0.2
PRELIMINARY | PRELIMINARY
0.015 3
0.0021 A\
N 0.010
\\
0.001 1 N
" N = 0.005
S g \\\\ o g
S = ==
== 0.0001 == 0.0001
) =
o o
& &
r=w/w. = 0.05 —0.005 1 r=w/w. = 0.05
—0.0017 r=w/w.= 1.0 r=w/w.= 1.0
— Full spectrum —0.0101 — Full spectrum
—0.0024+ | === GLV N =1 (full Ayeq) ool N GLV N =1 (full Ayeq)
= ; > ;
O 0. ; Q
@) 0.0005 ¢ 0.01
| 0.0000 | =======mmmmmmmmmmm- e | 0.00 ] m=mmmmmmmm e mmmmm————
= L = —0.011 Lo
5 —0.0005 1+ ; 2 . . = . . . ; ;
1072 107! 10° 10! 10? 1072 107! 10° 10! 10?
0/on 0/on

Radiation exclusively out-of-cone for soft gluons

Disgreement worsens for denser media
20



Barata, Mehtar-Tani :: JHEP 10 (2020) 176

Varying the scattering rate

Our aim: Check dependence of the spectrum on modeling choices

Compare ‘Yukawa’ and ‘Hard Thermal Loop’ (*) scattering rates:

* Glossing over plenty of HTL subtleties

n(t)VYukawa (q) 7 O NCT(t)VHTL(q)

103

87-(-/_1,2 b - ngukawa(q)
102- O~ m?
VYukawa(CI) = \\\ “““ T2VurL(q)
(@ + 1)
8mTm?
VuTL(q) = 2 100
W= @)
1071.
. . aSNCT — nO/e 1072.
For a fair comparison: R ,
mD T ll’ e 10—3.
Same ‘Coulomb tail’ at large ‘q’, but different e i 10

q/p or q/mp

infra-red behaviour

21



Barata, Mehtar-Tani :: JHEP 10 (2020) 176

Decoherence for different rates

Antenna decoherence: Relevant before emission starts o] nlL = 1.0 A npL = 5.0
‘Survival probability’
t
o(dné)
1— Amed(tv O) = exp {_/ df I’I(S) 2 } 10~
0 >
o(r) = [, (1— &) V(e) i
8 oz i i
K = Re=10 R, = on/6,
Vikawa(0) (g% + u?)? — Re=s0 0. = 2/(uL)
VHTL(Q) _ 871'/77% ------ HTL Z?V:Té €= noL/e
(9% + mp)q? 1
E T T
. . aN.T = ng/e =
For a fair comparison: { o/ &
mp = u“e T 01

00 02 04 06 08 1000 02 04 06 08 10
t/L t/L

Same qualitative behaviour:
Decoherence increases with antenna size and medium density
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Full Spectrum: Yukawa vs HTL

0.3 1

Yukawa — HTL
é:oo
coo L

Full spectrum, noL = 1.0, R, = dn /0, = 5.0

Full spectrum, ngL = 5.0, R. = dn /0, = 5.0

GO ot W
L L

0.6
a,N,TL =noL/e | PRELIMINARY asN,.TL = noL/e PRELIMINARY
mp = ey’ 1- 0.44 mp = en’
0.2
g
b=t
8
o
8
r=w/w,=0.05
r=w/w.= 1.0
— Yukawa
B —— HTL
. e r
4 a 0.1
i I S — =:::::::;.._*._/.._}:x..:._:._=._._._._._.. c|6 0.0 = J\,\_..._—_,,_q _____
b £ —0.11
T T T T T 4 T
1072 107 10° 10! 10 & 1072 107 10° 10! 10
0/on 0/6n

Smaller differences than between ‘Full’ and ‘GLV’ spectrum
Agreement improves for denser media
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Full Spectrum: Yukawa vs HTL

Full spectrum, ngL = 1.0, R, = dn/f, = 1.0 Full spectrum, ngL = 5.0, R. = dn/f, = 1.0
0.04 1
asN.TL =nyL/e PRELIMINARY 0.104 asN.TL = nolL/e PRELIMINARY
mh, = cp? - md = ey '
0.02 A 0.05 1
= Y s | s
)\‘v g ‘/./‘/ ’\?‘ g 000'
“1= 0.00- = RaE=t
3 =
) g —0.051
T =w/w. = 0.05 r=w/w,=0.05
—0.02- r=w/w.= 1.0 0.10- r=w/w.= 1.0
—— Yukawa ' —— Yukawa
—— HTL —— HTL
= ; = —0.151 _
=001 N = 0.0251 =
< 000- S —— =’---:=J'\.._\.>"—"‘-h"'-l-"‘-"—— < 0.000- —-—-—-—-—--—-—-—--;;..\'\.:";--— e e e e
E —0.011 | | | | E —0.0259 |
= 1072 107! 10° 10! 107 = 1072 107! 10° 10! 102
0/on 0/on

Smaller differences than between ‘Full’ and ‘GLV’ spectrum
Agreement improves for denser media
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Full Spectrum: Yukawa vs HTL

Yukawa — HTL

Full spectrum, ngL = 1.0, R, = dn /0, = 0.2

0.002 1

—0.002 ~

asN.TL =nyL/e

2
mp =

PRELIMINARY
e’

0.0005 1

0.0000 1

—0.0005 1

dI,
dzd(6/dn)

Yukawa — HTL

Full spectrum, ngL = 5.0, R. = dn /0, = 0.2

0.006 1

0.004 ~

0.002 ~

0.000 1

—0.002 ~

—0.004 ~

—0.006 -

—0.008 1

asN.TL=nyL/e

2
mp =

e’

PRELIMINARY

0.002 T

0.000 1

—0.002 -

—
S T ——

Smaller differences than between ‘Full’ and ‘GLV’ spectrum

Agreement improves for denser media
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Summary
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Summary

The radiation pattern of a quark-antiquark antenna is contained in
the interference term
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Summary

The radiation pattern of a quark-antiquark antenna is contained in
the interference term

K ar

_._-_._-7)
The harmonic oscillator approximation can be lifted with recourse to [ :
propagator (implicit) equations LY
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Summary

The radiation pattern of a quark-antiquark antenna is contained in
the interference term

K ar
The harmonic oscillator approximation can be lifted with recourse to -
ropagator (implici ion
propag (implicit) equations @
t t
% Quantifies the breakdown of colour coherence and the model

4{ dependence of antenna spectrum calculations
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Summary

The radiation pattern of a quark-antiquark antenna is contained in
the interference term

The harmonic oscillator approximation can be lifted with recourse to
ropagator (implicit) equations & &
propag (implicit) eq
*% Quantifies the breakdown of colour coherence and the model
dependence of antenna spectrum calculations
*{ A step towards precise computation of

jet substructure

26



Acknowledgements

REPUBLICA
PORTUGUESA

Fundacao
AT para a Ciéncia
EEmmmm—— c a lecnhologia

ssssssssssssssssssssssssssssssssss

U

TECNICO )
LISBOA 'Ig‘“

é INSTITUTO GALEGO ; I 1999
g% (I G FA E) > Flg:ECQLTAS ENERXIAS 2 5 2024

27



Backups



Covering the Phase Space

d’1,
xi
Lo - dz d(6/6n)
Ii Yukawa (full)
n(]; =1.0
R.=0n/0.=50
0. = 2/(HL)
10
3
~
3
[
S
1071
PRELIMINARY
1072 ;
1072 1071 10° 10 102

Coherence break down

0.20

0.15

0.10

0.05

0.00

- —0.05

—0.10

—0.15

—0.20

Slice the phase-space

Yukawa (full), ngL = 1.0, R. = én/0. = 5.0, v = w/w. = 1.0
0201 PRELIMINARY — =IO

0.157

dI,
dad(0/on)
=]
s

= 0.051

0.00

102 10t 100 10t 102

— Iq — I;“d _ [;‘ _ I(;\B PRELIMINARY

. dI,
dzd(0/dn)
s o o
o (=) (=)
=~ D [o5]

o
o
]

e
o
S

Note: BDMPS (k? ~ p?) and anti-
angular ordered contributions
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Propagator Equations: Details

Propagator equations in differential form

K 4>

at—‘—/C—‘—

Some definitions:

T 2ns?(p - a)

2w

q —i(f—t
Ko = (2m)%®(p—q)e o

«—g«— — n(s) U(P2— q)

L L 9
t t
a- a q; u u q
t t S t S
Some definitions:
K a, K a,
— P —<— — <
t=1L
e ) a1 a, a,
—— }C —<— _— <
t t=t
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The Interference Term - With Propagators !

K
ds —

L
Tk, K) — Tk, K) = +4w? /
t L S

Broadening Only
(II)

qi1

Broadening +
Kernel

+(K,HI?,)

pp q

P e

S

a:

qh 1

2_ 2 K

_4w2 Re/ dS/ [1 _Amed(s)] e+i5q12w¢71
0

L s
+ Re / ds/ dt/ [1— Apea(t)] € +’t1
0 0 a1 I

Broadening Only (I)

q.- G 1 pp 1
@ Gi—qi p> p>—p?

5 PP U U a; u p B
*‘g“— w2 p? a:

L S S s t

i G —q7

ppP q

L

** Azimuthal averaging is tricky!
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Initial Value Problem (A+B)

/AB OtSC/:

Y dwd2(8/6n) — (2m)2

L
/ dsn(s) Yag(k =wl,w; 7= 1,5),
0

Definitions

Yag(k, Wi T,s) = /P(K. —&4,7,5) [Vl w;s=0) — Sned(5)V (L, w; )],

V(- q) [ -

V(L w;s) = on / T, L) — J"(q,q)] Re e 2w,

Initial Value Problems

Orhas(K; T, s) = —%n(T) / o(k —y)¥as(y; T.s),

Yag(K, T=5,5) = V(k;0) — V(K; S)Smed(s)

Note: Plotted spectra are the azimuthal average of this spectrum

— Requires analytical work



Initial Value Problem (C)

C|3/C OtSC/: )
W g (QW)2Re2w// dsn(s)/ dtSmed(t)/ P, (Kk;s;u, t)-u.

d3/Md d3/C
Yiud2e ~ Ydwd2e

on=0
Initial Value Problems
|
Definitions: 6,0(k,7:4,5) = —5n(r) / ok — y)B(y. 71 q.5),
d(k.T;q,5) d:ef/Z'P(K.—li’T,S)U(Z—q) (;2 — %) , ¢(k.T=5.q,5)=0(k—q) <_ - %) '
Y(kisiut) = /q"’("’“' T=Las)kg s ut), et (ki s u, t) = +%n(t)/¢|(n; 5y, t)oly — we "5
y

P(k;s;ut=s)=¢p(k, T=1L;u,s),

Note: Plotted spectra are the azimuthal average of this spectrum
— Requires analytical work
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