Global Recoil in Initial-Final Antennae
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Introduction

Parton showers simulate initial state radiation (ISR) with backward evolution

Two types of showers:

 DGLAP-style with 1 — 2 branchings
- Pythia, Herwig(angular)
- Recoil from ISR shared globally

 Dipole/antenna-style with 2 — 3 branchings

- Sherpa, Herwig(dipole), Dire, Vincia
- Recoil from ISR shared:

1.Globally for initial-initial connections
2.Locally for initial-final connections

Goal: Find a way for initial-final connections to share recoil globally

Context: Vincia, a shower plugin for Pythia based on antenna factorization

Giele, Kosower, Skands:1102.2126
Gehrmann, Ritzmann, Skands:1108.6172
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Antenna Factorization

Antenna Factorization
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Antenna Factorization

Antenna Factorization

|M(”7pa7 kapba )|2 ~ QQCCLgCD(pay kapb)|M(”7p;7p§)7 )‘2

Antenna functions are similar to Catani-Seymour dipoles

a?“P ~ D, b+Dbka

Collinear behaviour is split between dipoles
Add up to correct soft behaviour
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Phase Space Factorization

Major advantage of the 2— 3 scheme:
Exact factorization of phase space

dzr, d dx 4 d
. xb d(I)n — :CA CUB dé’n—ld¢ant
T, Tp rAa IB

On-shell momenta with exact momentum conservation

Two scenarios:
Initial-initial Initial-final
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Initial-Initial
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Phase Space Factorization - li

dx, dx
2d®s(pa + py — pj + pr) @ ng
La Lp
dx 4 dx
— 2d®,(pa +pp — pr) D,
A IR

1 1 TATB : dp
d®ant — d a'd
1672 sap (xa azb> Yaj @by o

Sij = 2Di*Dj -

Saj/*
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Phase Space Factorization - li

> O < Shortcut to avoid doing Lorentz transform
PR

2 P5
Pa — C1PA
l Py = C2PB
pj pj = c3pa + capp + csp1 (@)
Pr = Pa + Db — Dy
Pa DR Do

* Recoil on rest of the system is required
l D;  Single free parameter

> <«
Da U Db
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Initial-Final
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Phase Space Factorization - IF

dx, drp
d®s(p, +pB — pj + Pr + r)
Lqg ITB
dx s dxp
p— d®1(pA —I_pB _>pK —l_pR> d¢ant
A IB
AP LoL % ds, 9%
ant — Sa' Sjk 5 _
1672 sapc 22 IR or
PK Sik
—
5 Pk
3/ D;
> —— — — > > —~ T
J 2\ PB Pa PB

fon pr
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Phase Space Factorization - IF

Try the same shortcut

R e Kinematics
pa PB pa p— ClpA
Jon Dj = CopA + C3DK + CaPr + c5p1 ()
l Pk Pk = C6PA + C7PK + c’8PR + CcopL (@)
%\ D Pr = Pa —PA +PK + PR — DPj — Dk
PB
Pa
/pR « Too many free parameters

), l /pk « Makes little sense physically

Pa PB
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Initial - Final Mapping

Map 1: PA retains its direction

_ SAK T Sjk
Pa — PA
Sjk
SikSak Sai \/Sjksajsak
L J Qa J
pj = pA - PK pi(p)
Sak(SArx + Sik) SAk + Sjk Sak + Sjk

Pk = Pa — PA T PK — Dj
Pk emits P with pq spectating

* No Lorentz boost required — PR does not change
* Automaticallyxz, > x4

 Correct collinear and soft behaviour

» Default map for dipole/antenna showers

Arbitrary difference between

* Initial-initial: Global recoil
* Initial-final: No global recaoill
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Initial - Final Mapping

Map 2: PK retains its direction

Sak SajSsik \/SjkSajSak
Pa = pa PK pi(p)
SAK — Saj SAK(SAK — Saj) SAK — Saj
Pj = Da — DA + DK — Dk
~ SAK — Saj
Pk — PK
SAK

P emits P; with pr spectating

» Lorentz boost required to reallign p, — pr changes
* Not necessarily r, > x 4, implemented with a veto
 Correct collinear and soft behaviour
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Lorentz boost

—<————>A—> > —— — —
PB Pa PB

/pR Pr

Da

1.Boost to rest frame of p,and pp
2.Rotate to beam axis
3.Boost to lab frame

AHY :g,uy | p%pg_pgp% | p/j&p% _p%piﬁ | PAPa

Do PB PA-DB (pa-pB)(Pa-PB

)p%p%

Properties: (Apgp) = pp
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Phase Space

2

1 1 z% dy

dq)ant — 5 5 dSadejk—

167 sax x4 27

Antenna Phase Space,s =234,x =0.5 Antenna Phase Space,s =234,x,=0.5
AK A AK A
90 G 901
2 s
% 80 Map 1 % 80[- Map 2

s &~ F
70 70

Radboud University :




Phase Space
1 1 517124 d_gp

dd,, =

Antenna Phase Space,s =94,x,=0.2
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Phase Space

1 1 2% dy
dq)ant — 5 5 dSadejk—
167 sax x4 27
Antenna Phase Space, S = 37.5,x A= 0.8 Antenna Phase Space, e 37.5,x \= 0.8
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Implementation

Combine maps probabilistically

P1 — Ya; Pl — Ik
Saj + Sk Saj -+ Sjk
* Physically sensible choice « Smaller coverage of phase space
 Very similar to dipole approach o Still correct in IR limits

Correct Jacobian by veto with a factor

2 2
Py(22) 4 (- P (222)

2
LAl
Lal

Py =
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Phase Space

Antenna Phase Space, e 234, x \= 0.5 Antenna Phase Space, e 234,x A= 0.5
— 90 — 90
> By > Sk
= 80 P17 ST =, 80 P17 5
n n
70 70
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Cabouat, Sjostrand:1710.00391

Phase Space

(+q—=>7"/Z+y
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Cabouat, Sjostrand:1710.00391

Phase Space

(+q—=>7"/Z+y
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Conclusion
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