The present and future

.. %% of antenna showers
/Aoy, o\ s 47X based on JHEP 07 (2024) 161
%004, o g% and PLB 836 (2023) 137614
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Modelling QCD radiation

Parton showers dress a fixed-order calculation with radiation, describing the
evolution from the parton level (quarks, gluons, ...) to the particle level (hadrons).

- amplitudes factorise in limits where emissions

| | |
| | |
are soft (E; — 0) or collinear (6; — 0) : : :
| | |
| | |
| | |
| | |
| | |
|
|
|

- starting from a large scale {,, radiation is modelled
under the assumption that it is soft/collinear and
ordered 1y > t; > 1, > ... >

Evolves event from hard scale f, to soft scale #,, but introduces logarithms

f
al = a!log (7()) n<2m, largeif t < 1,



The full picture
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Overview

1. Constructing antenna showers

2. Logarithmic Accuracy
based on [CTP JHEP(07(2024)161]

3. NLO matching
based on [CTP JHEPQ07(2024)161]

4. Towards NNLO matching
based on [Campbell, Héche, Li, CTP, Skands PLB836(2023)137614]



https://inspirehep.net/literature/2772353
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https://inspirehep.net/literature/1905669

Constructing antenna showers

focussing on FSR



More than one way to skin a cat...

A specific parton-shower algorithm is defined by:

- Branching kernels — What is the probability for a parton to branch?

- Recoil scheme  — How is the four-momentum of the emission generated?
- Evolution variable — In what measure does the event evolve?

Dipoles Antennae
emitter recoiler emitter+recoiler
I
- 4+ - ey L
recoiler emitter emitter+recoiler
e.g. SHERPA CSS, HERWIG dipole, DIRE e.g. ARIADNE, VINCIA
@ recoil taken by opposite dipole end e both parents absorb transverse recoil

@ intrinsically coherent @ intrinsically coherent



Factorisation in unresolved limits

o
AN




Factorisation in unresolved limits
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Dipole showers

Dipole showers describe radiation from (leading-colour) emitter
dipoles with local on-shell kinematics:

B— aph _ pH -
p; = ap, G transverse recoil

1

taken by p
pl'=0-ap/+ 1 -b)ps+p] ~ L .
J recoiler
p; = bpy
Branching kernels contain collinear limit and partial fraction soft eikonal:
1 2s ik iVNote: “rest” 6f soft limit
Pqqu(pia Pj, pk) — l + (1 - Zi) | reproduced by neighbouring
Sij | Sij + Sik | dipole with i < k
soft Jjlli

Ordering variable typically chosen as some notion of transverse momentum:
| Sik

tEp%zz(l—z)le “Z=m
ik t Sjk

\

LSIK = Sijk = Sij + S]k + Sik
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Antenna showers

Antenna showers describe radiation from dipoles with loca
emitter-recoiler-agnostic on-shell kinematics:

emitter+recoiler

I

L

p}' = a;p; + bpy — cpll *—
p].” =l —a;—a)p; + (1 —b;— b)p, + p!

 taken by p; a

| transverse recoil

nd px emitter+recoiler

p; = apy +bpe — (1 —o)plf

Antenna functions (= branching kernels) contain soft + (part of) collinear limits:

| Note: “rest” of j || k limit
reproduced by neighbouring
| antenna withz <& 1 —z

2S- S'k S"S'k
ik J iy
Ag/qg(pi’pjapk) — + ) !
Sijsjk SijSijk Sjksijk
soft Jjlli Jjll k

Ordering variable typically chosen as symmetric “ARIADNE-p | ™

SiiSik (I=z)s; jlli Sik

Sik

— .2
t:pl

Sik + Sjk

S ijk

Sijk (1 - Zj)sjk .] ” k

11



Aside: sector antenna showers

Idea: combine antenna showers with deterministic jet-clustering algorithm
- shower only generates branchings that would be clustered by a 3 — 2
clustering algorithm ~ ARCLUS [Lénnblad Z. Phys. C 58 (1993

1
3
. [\
1
1 2 4
P 243 < P 5
) 2

,143

J
2 2 1
P 143 < P 243
4
k \l oS
3
2

= softest gluon always regarded as emitted one
= only one (most singular) antenna contributes at each phase-space point

B S;iSik
p 1,k —
SIK

Since PyTHiA 8.304: sector showers default option in ViNciA 12


https://inspirehep.net/literature/342082
https://inspirehep.net/literature/1783225

Parton showers in PYTHIA

Simple shower PartonShowers:model = 1
- PYTHIA’s default pr-ordered shower algorithm
« based on DGLAP splitting functions + dipole-like kinematics

VINCIA PartonShowers:model = 2
- antenna shower ordered in p;
* based on antenna functions + local antenna kinematics

=
I
i

\7
DIRE PartonShowers:model = 3 | ’egaCy sup |
| port
- dipole shower ordered in p; M\“"“’\ only

 based on dipole splitting functions + local dipole kinematics

——
APOLLO to be released? LI\LE&N
- dipole-antenna shower ordered in notion of p,

 based on partitioned antenna functions + global dipole kinematics

13
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Logarithmic accuracy



Parton showers and resummation

Conventional dipole(-like) showers are inconsistent with NLL resummation

Dipole PanLocal PanLocaI PanLocal PanGlobal PanGlobal
(Py8/D|rev1) (B=0,dip.) (B=3,dip.) (B=31ant) (B=0) (B—l)
\/E"+ ) ',i'__'f"+ff",§"__'" ",-.'",f"'t',-.'f' Tf'i"-.‘ """ t"_
Br I not +E T not *, T NLL T NLL T NLL TNLL i
BW—NLL" +i 1 NLL *: 1 OK | OK + | OK + | OK { |
YRS, L SELRY U SESIRRLE 16 SRSIUNS! 08 SUCMOS U GUSULE 1
FCit # Ll + ik +__ +__ N .+___ .+__
max(u’ 7] =11 K B ¢ 1 $ T $ T ¢ 1 ¢ -
Thrustt 4 + ¢ T T T RRRL JEL SEEEEE Y INS
scehg AL 44 4T 4L b4
Neoet kel b T 8T bt  SEaEIRURE. Bia ARTEER. S0u

005 0.00  -0.05 0.00 005 0.00 005 0.00  -0.05 0.00 -0.05 0.00
Relative deviation from NLL for as;—0

[PanScales PRL125(2020)5.052002]
Why care?

Impossible to ignore recent progress on logarithmically accurate showers
(PanScales, ALAric, HERwIG, Deductor, ...)

Improved formal control over shower and matching precision
(consistency with resummation, higher-order matching, theoretical uncertainties, ...)

15


https://inspirehep.net/literature/1782392

The problem with dipole/antenna showers

Main issue: local dipole recoil schemes are not NLL safe

(leaving problems with the correct assignment of Cr and C, aside — noted already in [Gustafson NPB 392(1993)251])

In kt

'NLL safety: [PanScales PRL125(2020)5.052002]

| subsequent emissions must not affect previous
ones if they are well separated in at least one |
direction in the Lund plane

adapted from S. Ferrario-Ravasio

82 81
impact of gluon-2 emission on gluon-1 momentum

81 82
——————————————————

> > [ dlg4]1—dglg4] 94[a1-919.(d] gilal~g49z0al | dlgs]—agalgy] ] §> 999}
- e e i b L aaniaadansed

(o)) 1 | ¥+-. + 4 > >

Ty + + -
\‘- 3 ‘+ +. e
@ [ . t )
g 057 "‘T,' ?' Dire = |.
- e Pythia ° |]
[ gluon1 L momentum on| g Vincia + |1
0 1 1 " " " " 1 " " " " 1 el o 1 " " Pi— | 1 1 2
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[Dasgupta et al. JHEP09(2018)033]


https://inspirehep.net/literature/1782392
https://inspirehep.net/literature/334349
https://inspirehep.net/literature/1674695

Global antenna kinematics

Recoil issues can be fixed with global transverse recoil Pjg‘i"(’;;a'
(— PanGilobal [PanScales PRL125(2020)5,052002]) RRRRRAR I 3
" NLL 7
pl.” = Fdl-p}u | OK

H — H H H L‘mtransverse recoil B
P=r(l—a)p'+r(1-> + rpt
pJ ( ’)pf ( k)pK Py taken by entire event B

+ 4
3
Pi = "ilg / Pe= 20 g
keFS
pl =plk—pt ' 1 '
¢
$

2
PR to conserve invariant mass of the event

Requires rescaling r = :
pr -.1.11 A

But: very difficult to deal with rescaling when keeping phase space exact!
Note: PanScales uses soft/collinear phase-space approximation

17


https://inspirehep.net/literature/1782392

Global dipole kinematics

Alternative solution: give up on emitter-recoiler-agnostic kinematics
(— ALARIC [Herren et al. JHEP10(2023)091])

pl-ﬂ = Zﬁg iwtransvers.e.r.ecoil

pH — aﬁpf. + bKH +p/’t trilke_n by |n|t|;:1I state
J Uy 1 5  KH = Z 2

K' = (1 —z—a)pl+ (1= RY —pf &= | ici

subsequent boost distributes transverse recoil among all final-state particles
Note: analogous to dipole subtraction with identified hadrons [Catani, Seymour NPB485(1997)291

=t
=
1

Pi

[Herren et al. JHEP10(2023)091]
Requires partitioning of antenna functions intoj || i and j || k terms

= ApPoLLO: Antenna Partitioning Overcoming Logarithmically Limiting Obstacles

18


https://inspirehep.net/literature/2135530
https://inspirehep.net/literature/418649
https://inspirehep.net/literature/2135530

APOLLO — gluon emissions

. u . -
Introduce auxiliary vector n to partition soft term g pin; # 0, pinj # 0
25y 1 2s;(piny) N 1 253 (pen))
Sysic S Se(piy) + sy (pey) S s (i) + sy (Piry) 0D actice
: : nt = Kt + p¥
Collinear terms straightforward (1/s;; vs 1/s;) - J

Two (partitioned) antenna functions / branching kernels

P (pi pjs Py ;) = : ~u P —
R R k’ ) —_- =
qg\Pi> Pj T sy si(piny) + s (peny)  Sij

1 I zsik(pinj) SikSik
Poo(Dy P P 1) = — M
U sy | sulpimy) + sy(pay) sy

(Note: branching kernels implicitly depend on branching angle ¢)

Evolution variable chosen in analogy to collinear limit of ARIADNE-p |

1 R e
t=(1-2)s;=z(1-22p; ‘ (pi +ppn

19


https://inspirehep.net/literature/2772353

APOLLO — gluon splittings

Gluon splittings irrelevant for NLL consistency, because purely collinear
Note: in principle all purely-collinear branchings irrelevant at NLL

Use kinematics with intrinsic i «<» j symmetry (i.e., q <> q symmetry)

py = q IBH- + bi [@t _ ppt < tran~sverse recoil taken
l i 1 by p;; (not NLL safe)

Branching kernel constructed as

1 2sjksl-k
qu(piapj7pk) =—|(1- >
Sﬁ SUk

Evolution variable 7 = (1 — z)s;; identical to gluon-emission case
(not necessary, but simplifies multiplicative NLO matching)

20


https://inspirehep.net/literature/2772353

NLL tests

Take limit o, — 0 with A = a,log(v) = const to separate NLL terms in ratio

ZPS
SNLL
Numerically achieved by extrapolating results for small o, in the limitz. — 0
(numerically quite challenging, done in dedicated python code)
S
%4& 1.6 -~ —— AroLLO |
515 T VINCA N | VINCIA not NLL

| APOLLO is NLL

0.2 0.3

04 05 o6 07

08 09 1

AP/
| Ay, = angle between first and second emission

21


https://inspirehep.net/literature/2772353

Ratio to NLL Ratio to NLL Ratio to NLL

Ratio to NLL

NLL tests

AroLLo
L2 z+—-1-17 ag =0.01 ——- as=0.0025
101 — s as = 0.005 ag — 0 (fit)
1 E I_'_"_1=_-|—._ _______
L N e e
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'APOLLO is consistent with NLL for wide range of global event shapes

22


https://inspirehep.net/literature/2772353

Ndo/d(1-T)

Comparison to data

Preliminary comparison to LEP data and default PYTHIA and VINCIA
No dedicated tune, fix g; ,,4 = 0.44 and b .4 = 0.55 based on “first bins” of event shapes @ LEP

MC /Data

Thrust Two-jet resolution (Durham algorithm)
L &3 L
10" £ § .|
s 107 E
- < E
1 B
; 10" =
107" = +
= H —¢— Data
L DELPHI Data — 1 & Eur.Phys.J.C 17 (2000) 19
107% Z.Phys.Cy3 (1996) 11 H PyYTHIA
F —+— PytHIA VINCIA
1073 & ViNecia 1071 —+— Arorro
E —+— Arorro . =
C + =
I Y ‘ | | L L | | | | :1 llH‘ | lllllH‘ | oLl | Ll | |
1.4 1.4 g
1.3 1.3 ;,
1.2 % 1.2 5
1.1 ) 1'1 =X bbb d by
0.9 U 09 H ' )
0.8 S 08E
0.7 0.7 g
0.6 ‘ ‘ 0.6 5 ‘ ‘ ‘
0‘5 | | | | | | | | | | | | | | | | 0 | N | [ | [ | |

(6} 0.1 0.2 0.3 0.4 g 104 1073 102 107 1
Y23

| 9-point fragmentation-parameter i missing NLO 3 correction:
[ revyelghtlng arXiv:2308:13459 a a(my,) = 0.118 in CMW scheme
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Parton showers vs fixed-order calculations

Fixed-order calculations — hard jets
- reliable at high scales, without scale hierarchies
... *» accurate for limited number of legs (+ loops)

o) o
+2 +3
o o
o o o)
+0 +1 +2 +3

— « perturbative accuracy (LO, NLO, NNLO, ...)

Parton showers — jet substructure
* reliable at small scales, with scale hierarchies
.+ approximate predictions for many particles

— « logarithmic accuracy (LL, NLL, NNLL, ...)

= large complementarity, so ideally combine them!



Matrix-element corrections

The simplest way to combine parton showers with fixed-order calculations:
Matrix-element corrections (MECSs)

Replace splitting functions (for first branching) by full matrix element.

Schematically:

( 9

h'd

)
A(fp, 1)) = €exp § — Z Z Jd¢lj C; P ij(pi’pjapk; nj) Whec(D@,41)
I J#i ;
1

L

with MEC factor:
R(pl’ .. "pl’l+1)

Z Z CijPij(pi’pj’pk; nj)B(ﬁl’ . ’ﬁn)
i J#i

Whmec(DPy41) =

26



Matrix-element corrections

For simple processes (colour-singlet decays/production), the MEC can be
absorbed into the definition of the branching kernel.

E.g. H — qgq (with non-vanishing Yukawa but kinematically massless quarks)

2S- S'k S.. 2
2 ik j ij 2
SiiSik — SiSijk - SjkSijk  Sijk

. ( ) 2Sik(pinj) Sjk 1
H-qeq\Pi> Pj> P> 1Y) =
Qeq e J Sij(Sjk( pinj) + S,-j(]?k”j)) SijSijk  Sijk
253 (pety) Sij 1

Py, (P> Pjs P 1) = * "
WPEREPEEIT T si(si(pm) + si(pen))  Sasi Sijk

27



Full-colour MECs

In general:
Need to account for subleading-colour pieces with varying signs (— 1/Nc)f :

Kinematics explicitly depend only on pl.”, pj”, and global reference K*.

Define colour-corrected branching kernel as

PN pupi K) = ), CyuPpipy i K)
k#i,]

Since f and z are Lorentz invariant, the full-colour ME can be reproduced by

(FC)(q) ) _ R(pl’ . 9pn+1) >
MEC n+1 ZZ Z Cljkptnal(t Z)B(ﬁl, ,ﬁn) 2
I j#Fi k#i,j
pinj

;\
it=0=-2)s;, z=—"""1|
/ (pi+pj)nj

28



Multiplicative NLO+PS

2 o2
Strategy developed > 20 years ago
- 1) B [Norrbin, Sjéstrand NPB603(2001)297-342]
3_ 0'1 0'2 P
Ke]

0 ©) ) Nowadays known as POWHEG matching
%2 % | [Nason JHEP11(2004)040
2 3

legs
Idea: first-order expansion of matrix-element-corrected shower reproduces NLO
calculation if Born-level event is weighted by NLO K-factor:

(O)iomps = [dq)2 B(®,) Ky o(®,) $5(ty, O; @)

First-order MECs can easily be implemented via finite terms in branching kernels
= for colour-singlet decays NLO matching automatic in PYTHIA

29


https://inspirehep.net/literature/534448
https://inspirehep.net/literature/659055

Multiplicative NLO+PS

Strategy developed > 20 years ago
(1) (1) [Norrbin, Sjéstrand NPB603(2001)297-342]

loops

0 ©) ) Nowadays known as POWHEG matching
%2 % | [Nason JHEP11(2004)040
2 3

legs
Idea: first-order expansion of matrix-element-corrected shower reproduces NLO
calculation if Born-level event is weighted by NLO K-factor:

(O)iomps = [dCI)n B(®,) Kyi o(®,) S, (£, O; @)

First-order MECs can easily be implemented via finite terms in branching kernels
= for colour-singlet decays NLO matching automatic in PYTHIA

In general need:
(1) Born-local NLO weight
(2) Matrix-element correction in first branching

30
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Multiplicative NLO+PS

Strategy developed > 20 years ago
(1) (1) [Norrbin, Sjéstrand NPB603(2001)297-342]

loops

0 ©) ) Nowadays known as POWHEG matching
%2 % | [Nason JHEP11(2004)040
2 3

legs
Idea: first-order expansion of matrix-element-corrected shower reproduces NLO
calculation if Born-level event is weighted by NLO K-factor:

(O)iomps = [dCI)n B(®,) Kyi o(®,) S, (£, O; @)

First-order MECs can easily be implemented via finite terms in branching kernels
= for colour-singlet decays NLO matching automatic in PYTHIA

In general need:
(1) Born-local NLO weight
(2) Matrix-element correction in first branching v/

31


https://inspirehep.net/literature/534448
https://inspirehep.net/literature/659055

Born-local NLO weights

Two general and NLL-safe schemes for multiplicative NLO matching:

Colour-ordered projectors Born-local subtraction
« same kinematics as in shower » splitting kinematics (NLL unsafe!)
* requires dedicated knowledge of « NLL safety restored up to ME-
colour structure corrected order
In both cases: POWHEG parton shower

identical evolution variable in first branching and subsequent branchings
Note: this means no mismatch, no need for PowhegHooks, no vetoed shower!

32



Colour-ordered projectors

Impose colour ordering on real matrix element

m

Ry --sPpi)) = ), COROpy, ... p,y)
=1

and decompose each colour layer according to branching kernels
£)p(¢
ROy, ospar) = ), D WOR Py, o paty)
i A
P.Ap.,p:;K)B(py,...,D
W|th W((/p) _ lj(pppja ) (pla ’pn)

) ;Pij(pi’pj; K)B(pys - Py)
[ i#]

e iwell defined as P; > 0

The real correction can then be integrated locally using shower kinematics

>> )y C<f>Jdc1>,.j [mf)R(f)(pl, ces Pust) = Pi(Dis i KOB(Pys -y By)
i jE £

33



Fraction of Points

Colour-ordered projectors — convergence tests

Apply rescaling in singular limits:

L. — : [ : . —> ..
soft: E; — xE;, collinear: | /s;; = X, /5;;

and express convergence in number of agreeing digits

o
[y

0.09

0.08
0.07

0.06
0.05
0.04
0.03
0.02

0.01

Colour-ordered projectors

; C(K)Wi(jf)R(f)(pl’ .. '7pn+1)

Colour-ordered projectors

IS
B

x =102
x=10"3
x=10"*

0.09 x =102
x =103

x=10"*

7= 01928384
13 sector, 3 — 0

0.08

0.07

0.06

Fraction of Points

0.05
0.04
0.03
0.02

0.01

I T o

7" = 9192838485
13 sector, 3 — 0

I ‘ [ ‘ [ —

(o)) HH‘HH‘HH‘\\H‘HH‘H\\‘HH‘HH‘HH‘\H

(o)) HH‘HH‘HH‘\\H‘HH‘H\\‘HH‘HH‘HH‘\H

logyo([1 = RJ))

-2 -1
10810(“ —RJ)
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Born-local subtraction

In analogy to local analytic sector subtraction introduce sector functions
[Magnea et al. JHEP12(2018)107]

R(Pps o Duy) = D, Y WEER(py, ..o pyy ) With D7) Wit = 1

i i i
and construct subtraction term as

Ki(p1s s Dny1) 1= (Sjl + Cl]l' B Sjlcij) R(py, .. ’pn+1)WSCt

| Sl.l: projector into i-soft limit |

C;: projector into i || j limit §

The real correction can then be integrated locally

$ Z Z Jd¢lj [W;CtR(f)(pl’ "'apn+1) — Kl](pl’ ""pl’l+1)]
I J#Fi

But requires NLL unsafe splitting kinematics for i < j symmetry!

35


https://inspirehep.net/literature/1679581

Born-local subtraction — kinematics

The first (“POWHEG”) branching is generated with NLL unsafe splitting kinematics:
pl = aiﬁg- + b,k — Py
Subsequent branchings are generated with NLL safe radiation kinematics:
B — 5
pi - sz]
pj” = aﬁg. + bK* + p¥
Kt = (1 -z~ a)pl;+ (1 - bK* — p}

No mismatches due to evolution in single measure 7 = (1 — 2)s;;

The shower expansion reproduces the correct

| strongly-ordered matrix element in all configurations
where subsequent emissions are well separated in
at least one direction in the Lund plane!
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Fraction of Points

Born-local subtraction — convergence tests

Apply rescaling in singular limits:

soft: E; — xE;, collinear: | /s;; = X, /5;;

and express convergence in number of agreeing digits

o
[y

0.09

o
o)
&

0.07
0.06
0.05
0.04
0.03
0.02

0.01

o

(o)) HH‘HH‘HH‘\\H‘HH‘H\\‘HH‘HH‘HH‘\H

Born-local subtraction

I<ij(p1’ . "pn+1)
WEE'R(p1s -+ Prg1)

Born-local subtraction

x =102
x=10"3
x=10"*

©
B

7= 1928384 0.09

13 sector, 3 — 0 0.08

0.07

0.06

Fraction of Points

0.05
0.04
0.03
0.02

0.01

x =102
x =103
x=10"*

7" — 0132838485
13 sector, 3 — 0

o

(o)) HH‘HH‘HH‘\\H‘HH‘H\\‘HH‘HH‘HH‘\H
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Towards NNLO matching



VINCIANNLO

K.

loops

legs

Idea: fully-differential multiplicative NNLO matching scheme (“POWHEG at NNLQO”)

(O)\Nroses = [d¢23(¢2) Kanio(®2) Sa(ty, 0; @)

Need:

(1) Born-local NNLO K-factor

(2) NLO Matrix-element correction in first branching

(3) LO Matrix-element correction in second iterated branching
(4) Direct 2 — 4 branching with Matrix-element correction
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NNLO K-factors

(1) Born-local NNLO K-factor

V(®2)  IFEO(®2)  W(do) | Ip(d2) | Ig(®2)
B(®;) | B(®) | B(®) | B(®) | B(®)

R(®2, ¢ SNLO(0,, @ RV(®,, ® T(d,, d
+/d<|>+1 (P2 +1)_ (P2 +1)+ (P2 +1)_ (P2 +1)]

knnLo(®2) =1+

| B(92) B(®,) B(®,) B(¢2)
"RR (P, ¢ S(Py,d
+ d¢+2 ( 2 +2) _ ( 2 +2)]
. B(%2) B(®2)
Fixed-Order Coefficients: Subtraction Terms (not tied to shower formalism):

0 1 2 Legs 0 1

v v

2 Legs

Loops
Loops

Note: requires Born-local subtraction.

In the antenna formalism only given for simplest cases!
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RV and RR corrections

Key aspect:
up to matched order, include process-specific NLO corrections into shower evolution

(2) correct first branching to exclusive NLO rate

3 l’O
lo
R(®
ANO (10, 1,) = exp 4 — Jdch (®) (1 + wry(®@3)) ¢ \fl RV
B(®,)
§ tl J
(3) correct second branching to LO matrix element ¢
r 3 0
I \
RR(®,) RR
AL (1,,1,) = exp < —Jd@ ni h
3041 1) p +1 R(Ds) \t
\ t2 J 2
(4) add 2 — 4 branching and correct it to LO matrix element t
r . 3 Z—
0 \ f 2 o0

h'd

RR(®D,)
A0 (tp, 1) = exp § — Jd¢+2 B(®,) O, — 1)
5)

L J
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Real-virtual corrections

Real-virtual correction factor wgy, (“POWHEG in the exponent”) studied analytically

\%

vV .

'LIUQn—>3 Q|U2-'_*.3 _ MpPs=Dp1 Wlth.C.MW

O_EN 0F U ) 3]

_2l 2l |
N —~

S, 3, ]
20 50

S o |

—6 —6L |

_8_| L L L L L . . 1 . . \ 1 . R L 1 _8'| s L L | L L L | L L ) | ) \ L ]

-8 ~6 —4 ) 0 -8 ~6 —4 -2 0

log () log(y:;)

Now generalisation & semi-automation in form of NLO MECs
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Double-real corrections

Direct 2 — 4 shower fills unordered region of phase space with pi 4> pi 3

1/odo/d 10g(pi,4/P?L,3)

” Emissions ete” — 47 @ /s =240 GeV " Splittings ete” — 45 @ /s = 240 GeV
Vincia default Vincia default
Vincia default + MECs —— Vincia default + MECs
—— Vincia 2to4 —— Vincia 2to4
1071 to =5, te = (5 GeV)?, 2-loop a; 1071 4 to =35, t. = (5 GeV)2, 2-loop ay
T
o~
=
Y 3 10-2
10 ) 10
=
o0
2
=
1079 5 ® 10774
=
(S
<
—
= %
1075 g 1075 g
O O
T T
= <
= Z
105 ! ! ! ! | | | —1 105 L— ! ! ! | | . — 1=
—4 -3 -2 -1 0 1 2 3 4 —4 -3 —2 -1 0 1 2 3 4
2 2 2 2
log(p7 4/P1 ) log(p? 4/P1 3)

Sectorisation enforces a strict cutoff at pi 4= pf 3- No recoil effects!
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VINCIANNLO in resonance decays

By construction decay width is NNLO accurate.

NNLO Born accuracy also implies
NLO accuracy in first branching and
I sy’ |- LO accuracy in second branching.

0

E.g. H — bbj at paion level (massless b-quarks with non-vanishing Yukawa)
vs. NLO from [Coloretti, Gehrmann-De Ridder, CTP JHEP06(2022)009]

Thrust

—— H — bb NNLO+PS (VINCIA)
0.5 t —— H — bbg NLO (EERAD3)
VINCIA NNLO

«?@{

0.2 1 %
, Generalisation underway %
in collaboration with 01 \}/~

B. EI-Menoufi, H.T. Li,
L. Scyboz, P. Skands

1 dr
—T —_—
e 4
o
w

0.0 ; : : :
0.0 0.1 0.2 0.3 0.4 0.5
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Conclusions



Conclusions

Antenna showers are rooted in the soft limit.
Emitter-recoiler-agnostic antenna kinematics interpolate between dipole kinematics.

When aiming for formal NLL accuracy, the emitter-recoiler-agnostic picture may not
be kept alive at the same time as keeping the phase space exact.

Even with global “dipole-like” kinematics, a close connection to physical
matrix elements/antenna functions can be kept intact.

Antenna showers offer a promising candidate for general NNLO matching.
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