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Overview
( 18}

Reminder: vector-boson scattering

fully off-shell scattering: pp — et vep™Dyjj

u

du

@ production of two EW gauge bosons
(usually W*/7)

@ together with two jets

@ at O(ab) (LO)

— EW and QCD corrections for 4¢ 4 2j

Wt W+ Ve 7 Wt e

et H et

. e m i o

4 categories: w- W 7, Z W A

o WEW=: like-sign scattering d
o WEZ: WZ scattering

o 77: ZZ7 scattering Z i
Wt Ve
o WHW~: opposite-sign scattering ot
W It
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Overview
oe

NLO tower of couplings

2 2
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LO: O(a2a®) O(ala®) O(aa®)
QCD QCD QCD
EW EW EW
NLO: O(aa*) O(a2a®) O(atab) 0O(afa’)

NNLO: O(ala?)
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EW Corr. for VBS

Two setups: VBS vs. Higgs

[CMS collaboration]

Leptons:
pT,e > 25 GeV, lye| < 2.4, PT,miss > 20 GeV
Pr ote— > 30GeV, My, > 20GeV,

Jets:

pr,; > 30GeV, lyjl <45, ARy, > 0.4,

Mj 5, > 500GeV,  |Ayjj,| > 2.5.

[CMS collaboration]

Leptons:

P10, > 25GeV, pr,e, > 10GeV, lye] < 2.4, pr miss > 20GeV,
PT,Z*’Z* > 30 GeV, MZ+Z* > 12 GeV, ARZ*Z* > 0.4,
60 GeV < My g g miss < 125 GeV,

Jets:
PT,j;» > 30GeV, |yjm| <47, ARy ,0>04, pj; <30GeV

M5, > 400 GeV, |ijlj2| > 845,

2 _
MT,z+e,miss = 2Py p+¢— PT,miss(1 — COS APyt p— 1niss)
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https://inspirehep.net/literature/2080534
https://inspirehep.net/literature/1677887

EW Corr. for VBS

o] le}

EW corrections for VBS fiducial cross sections

o EW corrections, 6% = aﬁflo/oﬁg, for VBS processes typically —15% to —16 %
@ can be understood from (VBS-independent) EW logs with Q = My,

«a Q? Q?
5 = — < —4CEW jog? | =~ 26EW | —=
EW,LL = 7 { w log Y + 2by," log M2

Process WHw+t Wtz 77

0% olfb]  —0.2169(3) —0.04091(2) —0.015573(5)
ool [fb]  1.4178(2)  0.25511(1)  0.097683(2)
5" [%] ~15.3 ~16.0 —15.9
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https://inspirehep.net/literature/1613898
https://inspirehep.net/literature/1727600
https://inspirehep.net/literature/1814403

EW Corr. for VBS
o0

EW corrections for VBS fiducial cross sections

o EW corrections, 6% = al‘\’;LO/aﬁg, for VBS processes typically —15% to —16 %
@ can be understood from (VBS-independent) EW logs with Q = My,

«a Q? Q?
5 = — < —4CEW jog? | =~ 26EW | —=
EW,LL = 7 { w log Y + 2by," log M2

Process WHw+ Wtz 77 WHw-— WHW-—
(VBS setup)  (Higgs setup)

0% olfb]  —0.2169(3) —0.04091(2) —0.015573(5)  —0.307(1) —0.103(1)
6
ool [fb]  1.4178(2)  0.25511(1)  0.097683(2) 2.6988(3) 1.5322(2)
5" [%] ~15.3 ~16.0 —15.9 —11.4 6.7

— What's special about WHW~— VBS?

Refs.:
o WTWT: 8. Biedermann, A. Denner, M. Pellen]
@ WZ: (A Denner, S. Dittmaier, P. Maierhfer, M. Pellen, C.S.]
@ ZZ: [A. Denner, R. Franken, M. Pellen, T. Schmidt]
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https://inspirehep.net/literature/1613898
https://inspirehep.net/literature/1727600
https://inspirehep.net/literature/1814403

EW Corr. for VBS

0oe

WTW~ VBS and Higgs VBF: 0% = 0@} /0%,

5o’ In the Higgs setup we force the Higgs on-shell;
0%+ instead of VBS we rather have VBF Higgs
pp — Hjj — 4¢jj

60 GV < M gt miss < 125GeV

—6.7 % Higgs setup Higgs cut removes 98 % of the Higgs BW peak
[Map — Myg| > 20Ty

—11.4%TVBS setup

—13.2%TVBS setup + Higgs cut ~ — ; sizable fraction (27 %) of Higgs VBF mixes with
opposite-sign VBS!

—15%T (typical VBS EW corr.) — mostly responsible for smaller corrections
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Distributions
[ 1]

LO distributions: dijet invariant mass

— af a0’ — ala ala! — 10 total — af a0’ — ajat —— aja' — 10 fotal
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o left: VBS-, right: Higgs-setup

@ starting at Mj;j, ~ 1500 GeV /1000 GeV EW and QCD production cross for VBS/Higgs
setup resp.

@ size of the 4 gluon loop-induced up to 4.5%/5 %
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Distributions
oce

LO distributions: dijet rapidity difference
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o left: VBS-, right: Higgs-setup

@ starting at Ayj;;, ~ 6/5 EW and QCD production cross for VBS/Higgs setup resp
@ size of the 4 gluon loop-induced up to 2.5 %/5 % resp.
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NLO distributions: dijet invariant mass

— LO+a7 LO + aya® — L0 — NLO — LO+a” LO +a® — LO — NLO
1073
z
o
=
1077 1077
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
500 1000 1500 2000 ’ZVSHU 3000 3500 1000 500 1000 1500 2000 2:501) 3000 3500 4000
M;,;,[GeV] M ,[GeV]

o left: VBS-, right: Higgs-setup

@ band indicates MC integration uncertainties

@ increasing EW corrections in the tail

o integrated QCD correction: —5.1%/—21.6 % resp.

@ increase of the QCD corrections in the Higgs setup due to the jet veto
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Distributions

oe

NLO distributions: dijet invariant mass

— LO — NLO — LO — NLO
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o left: VBS-, right: Higgs-setup

@ band indicates 7-point scale uncertainties

@ no overlapping bands: EW corrections not covered
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Conclusion

Summary

e Calculation of WT W~ scattering concludes the NLO EW/QCD VBS computations
(with fully leptonic decays, unpolarized)

@ Opposite sign VBS shares many features of its cousins, but ...
overlaps with Higgs VBF (27 %) and therefore ...

o lowers EW corrections from the expected —15% to ...

EW corrections: —11.4%/—6.7 % for the VBS/Higgs setup resp.
QCD corrections: —5.1%/—21.6 % resp.

loop induced corrections up to 5% (of total LO) in some distributions
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No Higgs integrated results

VBS cross sections with additional Higgs cut:

. . 6 7 7 asal 6
Contribution oo lfb] Ao olfb] 5% [%] Ao lfb] 89 [%]
VBS only  1.6117(2) ~0.239(2) ~148  —0.043(3) 27

VBS + WWW  0.11398(2) ~0.0143(2) ~125  0.0080(5) 7.1

VBS + WWZ  0.24916(4) —0.0324(3) ~13.0  0.0018(11) 0.1
WWW only 5.303(2) x 105 —143(2) x 10~  —27.0  0.01110(2) 2.1 x 10*
WWZ only 9.415(2) x 105  —2.80(2) x 10-5  —20.7  0.004021(3) 4.3 x 103
v/vg  6.832(4) x 106 0.02575(3) 38x 105  0.0108(2) 1.6 x 10°

total 1.9750(2) —0.260(2) —13.2 —0.007(3) —0.4
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Distributions
@00

NLO distributions: transverse momentum of the leading jet

— NLO — 10 — NLO
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o left: VBS-, right: Higgs-setup

@ band indicates 7-point scale uncertainties

14/12



NLO distributions: dilepton invariant mass

— LO — NLO — LO — NLO
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o left: VBS-, right: Higgs-setup

@ band indicates 7-point scale uncertainties
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Distributions
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NLO distributions: leading jet rapidity

— LO —— NLO — LO — NLO
05 0.3
0.4
02
0.1
0.1
.0 0.0
—4 -2 0 2 4 —4 -2 0 2 4
= = Ll L L EmmuAEE]
& o e A e e e & 100 T e = ssmup
2 H T T T T e T e T T e T LT LT L] [l ET:‘W
CR- g
—4 -2 0 2 i —4 -2 0 2 A
Ui

o left: VBS-, right: Higgs-setup

@ band indicates 7-point scale uncertainties
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Dist

LO distributions: dilepton invariant mass
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o left: VBS-, right: Higgs-setup
@ band indicates MC integration uncertainties
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LO distributions: four-lepton invariant mass

4 6 oot ate’ — L0 total
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o left: VBS-, right: Higgs-setup
@ band indicates MC integration uncertainties
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Distributions
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LO distributions: Leading-jet—muon distance

4
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o left: VBS-, right: Higgs-setup

@ band indicates MC integration uncertainties
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Distributions
000

LO distributions: Centrality of the positron

5 2 5 2
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o left: VBS-, right: Higgs-setup

@ band indicates MC integration uncertainties
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Distributions
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NLO distributions: leading jet transverse momentum

— LO+ad7 LO +aa® — LO —— NLO — LO+ad” LO +aa® — LO —— NLO
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o left: VBS-, right: Higgs-setup
@ band indicates MC integration uncertainties

21/12



NLO distributions: dilepton transverse momentum

Distributions

— LO+ad7 LO +aa® — LO —— NLO — LO+ad” LO +aa® — LO —— NLO
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o left: VBS-, right: Higgs-setup
@ band indicates MC integration uncertainties
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Distributions

NLO distributions: dilepton invariant mass
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o left: VBS-, right: Higgs-setup

@ band indicates MC integration uncertainties
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Distributions

[e]e]e]

NLO distributions: leading jet rapidity
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o left: VBS-, right: Higgs-setup

@ band indicates MC integration uncertainties
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Distributions
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NLO distributions: leading jet rapidity separation

— LO+d7 LO +aa® — LO —— NLO — LO+ad” LO + aa® — LO —— NLO
L0
0.6
0.8
=]
= = 04
0.2
02
0.0 0.0
3 1 5 6 7 8 3 4 5 6 7 8
10 0
— — ™ s — — = S |
S X ..
< ’ < =25
0 e T
3 1 5 5 7 8 9 3 1 5 5 7 8 9
A5 |Ag5|

o left: VBS-, right: Higgs-setup
@ band indicates MC integration uncertainties

25/12



	Overview
	Introduction

	EW Corr. for VBS
	Setup(s)
	Integrated cross sections

	Distributions
	LO distributions
	NLO distributions

	Conclusion
	Summary

	Appendix
	Tables
	No Higgs results

	Distributions
	NLO scale uncertainties
	LO MC uncertainties
	NLO MC uncertainties



