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Introduction

Massive charged gauge bosons W’
o Predicted by several Beyond Standard Model theories

o Effective Left-Right model (Phys.Rev.D66:075011, PhysRevD.86.075018)
o Arise from additional symmetries

W’-> tb is an interesting channel:
°c More model independent than leptonic decay

[e]

Probe leptophobic sector

o

BSM dynamics could explain high top mass

(¢]

Directly probes coupling to third generation _
o Complementary to W’->lv and W’->VV searches

W’ signal samples generation:
o ATLAS: MadGraph5 (LO) using FeynRules, with CTEQ6L1 PDF
o CMS: CompHEP (LO) with CTQ6M PDF q




W’ models
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V5 |CKM matrix for quarks, &;;for leptons o

gwl Standard Model weak coupling constant

/

ar| coupling strength to right-handed fermions 1 b

Ifla, |> 0, one must take into account interference with the SM W boson

o W’ with left and right handed couplings
> m(Wg') > m(vg)
o m(Wyg') < m(vg): WR'-> lvg forbidden

o Wy’ cross section * branching ratiois enhanced




W’ searches — 8 TeV results

In Run 1 both ATLAS and CMS performed searches for W’
° |In both leptonic and hadronic channels

° No excess was found
o Results were interpreted in W',
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W’ models and as limits on different couplings
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13TeV analyses summary

CMS leptonic (35.9fb):

CMS leptonic (2.2fb1) and | ° Electronand muon channels | ATLAS hadronic (36.1fb%):
hadronic (2.6fb™1): : o >=2jets: 1 or 2 b-jets > Top tagging using shower

o JHEP 08 (2017) 029 > TypeA, TypeB deconstruction | |
° pr(top), m(top), pr(jetl, jet2)
o Phys. Lett. B 781 (2018) 327

° pr(top), m(top), pr(jetl, jet2)
o Phys. Lett. B 777 (2017) 39

mM(W') m(W’g) = 2.4 TeV m(W’g) = 3.6 TeV m(W’g) = 3 TeV
[TeV]

m(W’,) m(W’,) = 2.9 TeV
[TeV]




?ﬁlhﬁ‘é Event selection - hadronic

Dominant background is multijet production

o Estimated from data using a six-region “2D sideband” method
that predicts both the shape and normalisation of the my,
distribution

q/

Loose but not  Not loose

Large-R jet top candidate
top-tagged tight top-tagged top-tagged

E
Other important background is tT production
o Monte Carlo estimate using Powheg-Box v& e D
b-tagged Not b-tagged
Small-R jet b-candidate
TO -ta er [%2] SR L A R L L L
p gg ' - - ' . "GC'J‘ 700E + Data ATLAS 3
o Boosted-top identification using shower deconstruction T oot o fG=13Tev, 301"
(SD) s Non tt MC E

500F

o The SD tagger calculates likelihoods that a given large-R jet :

originates from a hadronic top-quark decay or from a high-
momentum light quark or gluon

° Xsp is defined as the ratio of the sum of the signal-

hypothesis weights to the sum of the background-
hypothesis weights

Data / Pred.

3 perm P({P} }|top-quark jet)
Y perm P({P} } | gluon/light-quark jet)

xsp({pF}) =




A2 m(tb) hadronic analyses 13 TeV

S 10°FT T T T T T T T T
- o ATLAS $ Data _
Event SeleCthn. (g 10* {s =13 TeV, 36.1 fo! ;zllfa-ftﬁ+W/Z+]ets
o Veto events with leptons (e or p) SEETH =3 ron all-had
— N\ uncertainty
e LA N ) o e, re-fit
> One large-R jet (R=1.) £ 10 S Tevw
. q>‘) 10 ‘ SR2
o at least three subjets o ~
° two or more subjets must have a combined invariant mass centered ! N
on the W-boson mass 107! N
o at least one more subjet can be added to obtain a totalmass 1072 I
centered on the top-quark mass 3 14 ,
FR:
. . . -~ 1R
o Categorise events depending number of b-tagged jets S ogf \
0.6 ‘ ‘ e
o Using 77% efficiency working point © 1000 2000 3000 4000 5000 6000
m,, [GeV]
Event reconstruction and selection
Large-R jet (J) p% > 420 GeV, |n| < 2.0
Small-R jet () ph > 25 GeV, |n| < 2.5
Top-quark jet candidate (J&nd) jet J with highest m; + 0.15 x my
b-quark jet candidate (jgan9) highest-pr jet j with pJ. > 420 GeV,
AR(Jgnd ) > 2.0
Lepton veto zero leptons with pr > 25 GeV, |n| < 2.5
b-quark jet candidate n zero jid with |n| > 1.2
0 b-tag in zero b-tagged jets j with AR(J21, j) < 1.0
1 b-tag in exactly one b-tagged jet j with AR(J&24, ) < 1.0




?ﬁlhﬁ‘é Results hadronic analysis 13 TeV

The observed my, spectrum is consistent with the background-only prediction

Exclusion limitsat 95% CL are set on the W’-boson production cross-section times
branchingratioto tb
o excluding W’ bosons with right-handed couplings with masses below 3.0 TeV

o excluding W’ bosons with left-handed couplings with masses below 2.9 TeV
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Event selection - leptonic

Selection:
o ==1 lepton (e or p) with pr> 180GeV (dilepton veto)
o >2 central jets with p;> 30 GeV
o Leading jet p; > 350 (450) GeV in the e (n) channel
o top quark from the W’ decay is highly boosted

o causing the b-jet and lepton to be close to each other

o |eptons are not required to be isolated

o High E{™iss >120(50)GeV in the e (n) channel
Events in the e channel |Ap(e, E;Miss)| < 2 radians

(e]

Neutrino p; calculation
o Estimated from E;™issand W mass constraint
o Neutrino p, reconstruction

Top and W’ reconstruction
o Find jet that gives m(lvb) mass closest to top-quark

o Assign highest p; remaining jet to W’ decay

Dominant backgrounds:
o {f, W+jets production

Subdominantbackgrounds:

o single top (s-, t-channel), Wt,
Z/y*+jets, diboson production

All backgrounds estimated from
Monte Carlo
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m(tb) leptonic channel 13 TeV

Categories are created according to:
o lepton type (e or )

o number of b-tagged jets among the first two leading p; jets (1 or 2)

o allows the analysis to maintain acceptance for signal events where one of the jets is not correctly b tagged
o ptand p;i1*i2 (Type A or B)

o allows the analysis to perform well over a large range of possible sighal masses
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CMS /|
4% , .
~ W'y —leptonic channel 13 TeV

Data agree with the predicted SM background processes
o set 95% CL upper limits on the W' boson production cross section

Right-handed W'; bosons with masses below 3.4 TeV are excluded at 95% CL
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Interference

W’ couple to same fermion multipletsas Standard Model W boson
o |Interference between s-channel single top production via W and W’; bosons

° Interference can be constructive and destructive
o We consider only destructive interference
o These processes are generated together

For W’ search s-channel single top production entersinto signal
o Wt and t-channel single top productions are considered as backgrounds
o Limits are set on the pp-> W’ /W->tb process considered as unique signal

q t ¢ t
w* w’

q' b @ b

IM|? = Mgy |* + [Mpsu|? + 2R(MEy Mpsar)




Results on couplings 13 TeV

M 9fb’ TeV M 9fb’ TeV

g‘lcs 35.9fb" (13 TeV) 3600»; ﬂmlcs 35.9fb" (13 TeV) 3600»;
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3200 2 3200 2
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2800 . 2800

0.6 ~2600 0.6~ ~2600

—2400 I ~2400

0.4 —12200 0.4 —2200

—2000 i —2000

02 ~1800 ol ~1800

' ~1600 <l —1600

0 95% CL Expected | | 1400 0 95% CL Observed -1400
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a a
1
o= (1—a?)osm + o (af (a7 — ag)or + ag(ag — a7 )or + 4ajagoLr — 247 aR0sMm)
L R

where o, og, O\r, Oy are obtained from simulation (including interference)
Mixed-coupling signal: (a, ag) = (1/V 2,1/ V 2) instead of previously (1,1) to ensure that
widths are similar for all samples
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Leptonic channel 14 TeV

CMS leptonic 14TeV (3000fb* @ HL-LHC): Sio000
o CMS-PAS-FTR-16-005 2 0000
o Projections obtained by extrapolation of 13 TeV analysis “10000
o Scaling of background and signal cross-sections 50000
o 1tag, 2tag, e and p channels 40000

30000
- """"""—"T"T"—"T"T"—"""]"T"-"T"T"T" 20000
§_ e _§ 10000
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Current systematics

CMS Preliminary Simulation

3000 fb!, Vs = 14 Te

1<

e+jets N =1
b tags

500

[t + single-Top
—e W', m=25 TeV
W', m=3.0 TeV
--W'p, m=3.5TeV
W'g, m=4.0 TeV

1000 1500 2000 2500 3000 3500 4000
M(tb)

o Keep thevalues from the Run13TeV analysis

Reduced systematics

o Cross section, PDF, and Q2 uncertainties scale down by a factor of 2

o The top p;uncertainty scaled down by a factor of 3
o theluminosity uncertainty isreduced to 1.5%

o jetenergy scaleuncertainty and the b-tag uncertaintyissetto 1%

o The mis-tag uncertainty stay unchanged
o All other uncertainties scaled down by factor v¥

No systematics

o correspondingto the best possible limit

Ewolv + Ziy* I + v

x 20
x 20
x 20
x 20

Lo b b b by b by g 14032




Leptonic channel 14 TeV

A quasi-model-independent method is used:
o Projections are performed forarbitrary cross sections and resonance mass
o Toy datasets with different amounts of injected signal are studied

o The p-values for these hypothesized datasets compared to the null-signal hypothesis yield
significances which are reported in units of standard deviations (o)

o Three exemplary values of 20, 30 (corresponding to “evidence”) and 50 (corresponding to
discovery)

CMS Preliminary Simulation 3000 fb' (14 TeV)

—— Theory (M << MW.H)
— - Theory (M, > M, )

- == Current Sygtematics
----- Reduced Systematics
No Systematics

.:._../II|IIII|IIII
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—2c —3c —5c
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

1.5 2 2.5 3 3.5 4
W' Mass [TeV]
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Conclusion and Outlook

Presented ATLAS and CMS results for W’ searches for 2015 and 2016 data

No excess found
o Results are interpreted as limits on several W’ models
> W'g, W'
o Limits on couplings

Projections of the leptonicanalysis at 14TeV
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m(tb) leptonic channel 14 TeV

CMS leptonic 14TeV (3000fb1):
1tag, 2tag regions
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W', — combined 13 TeV
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m(tb) leptonic channel 13 TeV

35.9fb" (13 TeV)
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W’ - combined 8 TeV
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Right-handed W’ - hadronic

, 19.7 fb™ (8 TeV)
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Couplings ATLAS 8 TeV
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m(tb) leptonic analyses 8 TeV
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Couplings CMS 8 TeV

) Combined - expected 19.7 fb'' (8 TeV)

) Combined - observed 19.7 b (8 TeV)
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m(tb) hadronic analyses 13 TeV
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W' — hadronic 13 TeV

2.6 (13 TeV)
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