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CMS .
e Multi-boson process

Why is Multi-boson process interesting?

e Massive vector bosons directly couple to Higgs boson, provide
probe to Higgs mechanism

e Multi-boson process
> Large cross section, precision test of SM
> Multi-boson vertex sensitive to anomalous couplings
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e Vector boson scattering (VBS)
> [t’s important that Higgs contribution preserve the unitarity
within VBS
> The longitudinal polarized part of massive vector boson is
connected to the Higgs mechanism, help us have a better
understanding on Higgs mechanism

> Multi-boson vertex sensitive to anomalous couplings

Sun Yat-Sen University, Meng Lu 2 meng.lu@cern.ch



Current results

June202t CMS Preliminar

: # 7 TeV CMS measurement (L < 5.0 fb™)
BB EREE RARY £ 102 & 8 TeV CMS measurement (L < 19.6 fb™)
. = . (CroOSs: SCC_thll rom to # 13 TeV CMS measurement (L < 137 fb™)

B 5 1T

sniets) ¢ 104 toct . . - Theory prediction

B 10 E Ete;Stg()f SM in g1ant €ross . cys g5uCL limits at 7, 8 and 13 Tev
3 5® section scale

, © [pb]

10

Production Cross Section
B e
o o

N LR

=
<
w

u . . . . . . . . . . . . . . . . E g .
. . . . . . . . . . . . . . . . . . . . L]
" ; : : z . . . x . Z . . x : x - ; 2 .

| | I | | | I | | I | | | | I I I, | | I | I
W' Z.Wy Zy bVM)WZ ZZ vwWwwwwwz wzz zzz WVy Wyy Zyy EW EW -Ew Tew 'ew Ew Ew |tt to, W

107

| T Sy (S ey [— [——" S— W— | | p—, o—po— |
VBF
00W GaZ WW QUWHSSWW GaZy0aWZoaZZs «ch Ity tZq ttZ ty ttW tttt ggH ik 'VH'WH ZH ttH tH HH
EW,Zyy,Wyy: fiducial with W—lv, Z-ll, I=p. Th. Ao, in exp. Ac

Sun Yat-Sen University, Meng Lu 3 meng.lu@cern.ch



e Topics in this talk

> Inclusive Wgamma: PRL 126(2021) 252002
o Use 2016-2018 data @13 TeV
> VBS Wgamma: PLB 811(2020) 135988

o Use 2016 data @13 TeV
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.252002
https://www.sciencedirect.com/science/article/pii/S0370269320307917

inclusive Wy

Final state: one lepton + one photon + MET

YYVYVYVY

Photon pt > 25 GeV (pass electron veto)

Muon pt > 30 (26)GeV for 2017 (2016, 2018) data
Electron pt > 30 (35) GeV for 2016 (2017, 2018) data
MET > 40 GeV

Extra muon or electron veto

Two identification working points (WP) are defined,
i.e., tight and loose for muons and electrons for fake
lepton estimation

Backgrounds:

Fake photon: photons from z° decay inside of jets
Fake lepton: electrons and muons inside of jets
Double fake: fake photon and fake lepton
Electron-induced photon: track missed electron which
pass the electron-veto selection

Z+photon: one of the lepton does not pass the electron
selection

Pileup photons
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CMS . .
Z Fake photon estimation

Neutral pion in the jets decays to two photons, they could be reconstructed as one single
photon when the distance between them is small.
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The shower shape Gy (energy intensity) can be used to distinguish true and fake photons: true
photon tend to have smaller G
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CMS . .
e Fake lepton estimation

Leptons in the jets can pass the lepton selections, tight-to-loose method is used to
estimate its contribution, event selections:

Event passes trigger

Exactly one muon or electron passing tight or loose WP

MET < 20 GeV

Transverse mass < 20 GeV

One Jet with pt > 30 (20) GeV for muon (electron) channel with separation AR >

0.3

YVYVY VY

Lepton fake rate: Numerator/Denominator
Denominator: #events passing selection above
Numerator: #events passing tight lepton selection

Fake rate is then applied on a fake-lepton enriched control sample
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CMS . .
e Other backgrounds estimation

> Double fake: the product of fake lepton and fake photon, apply them on a
double fake control sample

> Electron-induced photon: mostly in electron channel, get the shape from

MC (Z->ee), float it in the signal extraction fit

Z+photon: estimate using MC

V.V

Pileup photon: W boson event, and a photon from pileup event

> Match the pileup true photon to the selection photon in the W+jets
events

> Top and multi-boson contribution estimated using MC sample
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CMS .
Z Cross section measurement
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Anomalous coupling study

SM
If physics Beyond SM exist in very high BSM
energy scale, it will promote the yields of
SM, especially in the extreme phase space.
CMS 137 fb' (13 TeV)
| mPlewp  eData Photon pt is used for anomalous coupling study, four
£ 10 Zy e-induced v = . .. .
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VBS Wy

VBS: scattering between two vector bosons radiated from incoming partons.
Unique topologies:

Two very forward jets, with large eta separation and invariant mass

Low hadronic activity in central region

Because photon don’t directly couple to Higgs boson, the main motivation of
VBS Wy is its sensitivity to aQGC.

Main backgrounds:

> QCD Wy: estimated from MC, which
is constrained by simultaneous fit

> fake phOtOIl, fake lePtOIl, double CMS 35.9 b (13 TeV) CMS 35.9 b (13 TeV)
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VBS Wy

Results:

> Observed (expected) significance: 4.96 (4.60) for 2016 data,

5.30 (4.80) after combing with Run I data
> EW signal cross section: 20.4 = 4.5 fb

(corresponding signal strength: 1.20 +0.26-0.24)

> EW+QCD cross section: 108 = 16 tb

Invariant mass of W and photon is used for
aQGC study. No obvious deviation from

(corresponding signal strength: 1.21 +0.17-0.16)

SM prediction is observed.
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% Summary

> Cross section measurements are performed @5% in inclusive Wy,
good agreements are obtained between measured and theoretical
prediction.

> First observation is obtained in VBS Wy combining Runl and 2016
data, cross section measurements are performed in VBS Wy.

> Anomalous coupling are measured in both inclusive and VBS Wy, no
deviation from SM is observed, limits are set, several of them are the

most stringent.

Thanke!
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Additional slides
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Inclusive Wy signal sample

MG 0+1 jet @NLO: 15.4 + 1.2 (scale) = 0.1 (PDF)

POWHEG 0+1 jet @NLO using C-NLO scheme: 22.4 + 3.2 (scale) + 0.1 (PDF)

Cuts MCFM POWHEG-NC | POWHEG-C-LO | POWHEG-C-NLO
Basic Photon || 12.92(3)F4:¢ | 12.40(3)1%¢, | 12.95(3)1%% | 15.08(7) 2%
Mrcut | 2.625(1)15%° | 3.09(2)F1% | 3.2002) 11 | 4.23(3) 100
Lepton cuts 1.077(1)1“8%‘3 1.22(1)J_“313(f2)/O 1.31(1)2%% 1.75(2)J:I§)%

Link: https://arxiv.org/pdf/1408.5766.pdf
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https://arxiv.org/pdf/1408.5766.pdf

aTGC operators

C and P conserved operators: C and/or P violated operators:

OM""’V‘/V — TI'[‘/VMV ‘/‘/VPVI/AI] Ov’iv”/” — Tr [‘i/ﬂ I/V'I/pv‘/,u]
W v p

OW’ = (D#(I))T‘/‘/W/(Dl/(p) Ty v
g (Du@)TB“”(D,,CI)) Oy = (Du®)'WH(D,®)
5 ? V8p pa . 2 /
DM = 0# - §g7' ‘/VM + §g BM

‘/V'LW = %QTI(OMVVVI . OIJ‘V; e QGI.IKVV,[L]W/K)

[ /
B, = 59 (OuBy — 0,B,)

Link: https://arxiv.org/pdf/1205.4231.pdf
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VBS Wy
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aQGC operators

Lo
L1
L2
L3
Lra
L s

L

Ly =

Tr (W, W*| X [(Dg®) ' DP @]

Tr [W,, WP | X [(Ds®)"'D* @]

B,,B"| x |(Dsg®)'DPO],

BP| x [(Ds®)'D"®],

(D, ®)"Wp,D*®| x B,

(D, @) Wp,D*®| x B¥,

(D, @) Ws, W DF D] ,

(D, ®)"Ws, WD @] .

Lro
Lr1
Lro
Lrs
Lre
Lr7
Lr3

L7

f() A Sruv lo
% Tr[W,, WH x Tr[Wa,sWeF],
fri :

= Tr[Wea, WHB] x Tr[Wp, W],

= Tr[W,,W*’] X B,gB°*,

— Tr :WQVW#B] X B,JBBa/Va
Jr1

A4
Jrs . »
] B,,B"'B,sB°F,
fT9 Hup va
i B, BBy, B".

Tr[W,,W*"] x Bs,B"®,

@ HHiggs ~EHA, Wuv F1 Buvsy B 8SUQ)FIU(1)HI37 55 7K =

® is Higgs doublet, Wuv and Buv are field-strength tensors of SU(2) and U(1)
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limits
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aC summary plots at: http://cern.ch/go/8ghC

lun Yat-Sen University, Meng Lu

0 200

400

800

aQGC Limits @95% C.L. [TeV™]

19

meng.lu@cern.ch




fT” limits
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aC summary plots at: http://cern.ch/go/8ghC
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