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Outline s

Many new physics models are expected to manifest themselves in the final states with leptons and

photons. This talk presents searches in CMS for new phenomena in the final states that include leptons

(and photons), focusing on the recent results obtained using the full Run-Il data-set collected at the LHC in

following areas:

O The Higgs Sector

O Exotic Heavy Resonances
O Exotic Dark Matter

O Supersymmetry
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The Higgs Sector




Lepton Flavor Violating Decays: H — et/pt =¥

CMS-PAS-HIG-20-009

O Lepton flavor violating (LFV) decays of the Higgs are forbidden in the SM
O Higgs production mechanisms: gluon fusion (ggH), vector boson fusion (VBF)

QO Search for H — et and H — ut in 4 channels: urt,, ut,, et,, et, ggF/VBF

> T, reconstructed with the standard HPS algorithm : Th, T, Te

0O Main backgrounds: Z — 11, top-quark processes, backgrounds from mis- |dent|f|ed objects
O Train BDTs in each channel separately

> e.g. input variables in H —pT,

meol = collinear mass
- estimate my assuming the momentum of neutrinos (v)
collinear with the visible tau decay product(s)

H T e
€«——H---->T3

ph, pr meolfme (u, %), my(e, 7355°)| Ag(e, 1), Ap(u, PRiss), Ad(e, priss)

mt = transverse mass
- discriminate against W— 2 v background

my(€) = V2|pf ||Pmss|(1—C0§A4’e,ﬁ;"iSS)
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Lepton Flavor Violating Decays: H — et/pt Y

| CMS-PAS-HIG-20-009 I
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Search for VBF H* and H* = —
| CMS-PAS-HIG-20-017 I

0 In Georgi-Machacek model, extended Higgs sectors give rise to charged
Higgs bosons with couplings to W and Z

O Search for VBF H¥* — W*W?* and H* — W*Z in fully leptonic (e/u) decays
O Main backgrounds: diboson, non-prompt lepton

0 m;YWand m; effective in discriminating between signal and background

137 1" (13 Tev 137 1™ (13 eV, Expected and observed exclusion limits at 95% CL
> T T { ) c F T T ( )
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Exotic Heavy Resonances



CM

Di-Lepton Resonances

CMS-PAS-EXO-19-019

O Simple signature: Z’ — |l
O Multiple theory models
> E.g., Spin-1 resonances in a sequential SM (SSM) and a superstring-inspired model: Z’sgy or Z’,,

O Lepton backgrounds from high order simulation with Z peak used to normalize. Jet backgrounds
estimated from data

137 fb™ (13 TeV, ee) + 140 fb™" (13 TeV, pp)
30 S 0 L ) W B U B N

=T w7 ™ 3
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Lepton + MET Resonances

L -

| CMS-PAS-EXO-19-017 I

O W’ —lv: high pT lepton and “nothing else” (pT miss), inclusive in number of jets
> Equivalent SSM interpretation

> Split-Universal Extra Dimension (split-UED) model, Kaluza-Klein (KK) partner: W™

>  R-parity Violating (RPV) Supersymmetry model q L
0 Study based on a binned fit in the discriminant variable M; h AKX A
My = /2% piss(1 - cos[Ag (£, py=))) Wt
137fb (13 TeV) - 137fb (13 TeV) —
o CM‘S -‘ ‘ -} os;n -—‘ ‘= e\ i 8 CMSI i I ; - oson‘ S— : I I= e q
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T -7/l o 10 [
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Lepton + MET Resonances
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Cross-section limits set as a function of transverse mass

Can also scan in RPV Slepton mass vs. coupling plane
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| CMS-PAS-EXO-19-017 I

In split-UED model, R (the extra dimension radius) vs. p (the bulk mass parameter of the five
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Exotic Dark Matter



Dark matter produced in association with Z boson —

EPJC 81 13 (2021)

O Several models are considered including Two-Higgs-doublet model + pseudoscalars

(2HDM+a), simplified DM, invisible Higgs and Graviton -

O “mono-Z” scenario: a Z boson produced in pp collisions, recoils against DM or other g §/< ot
BSM invisible particles B \

O Baseline selections require same flavor oppositely charged lepton pair within Z mass g a< X

window, (b)-jet veto and additional lepton veto, and p:™s and m; .

L X

0O Fit either py™* or my distribution to data (my is used for 2HDM+a)

pseudoscalars DM particle

mr =V2p,piss[1 — cos Ap(F{’, PF=s)]
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o 10 . 31 o 1 w E x 1 L. o
Al o orrsonant . oo Q Limits are set on the m, at 95%
-+ E ]
) s E 10 ; Om, up to 440 GeV is excluded for my=1
: E a H
N | *T WV 1 Tev
0 i 107" - N2 M)
103 2 3 [k
15 F = 4 A" /“,—“
5 + Bl { | 1 : 5 sf E 400F .-~ 2HDM + a
5 T £ °F E S tanB=1,5in6 =0.35
8 osfE E Qg i 200~ my =10 GeV
° 500 1000 1500 500 1000 1500 100 200 300 400 500 600
m. [GeV] m, [GeV] m, [GeV]

Jie Xiao Searches for new physics in events with leptons in the final state in CMS


https://link.springer.com/article/10.1140/epjc/s10052-020-08739-5

Supersymmetry



EWK SUSY production in multilepton final states st

CMS-PAS-SUS-19-012

0 Decay chains in electroweak SUSY production naturally yield leptonic final states, the unknown
nature of “True SUSY” means it could be anywhere ;

O Search exhaustively: look at up to 13 different leptonic final states x % // ¢
0 A glance of the 3 leptons channel 7 D
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EWK SUSY production in multilepton final states

O A glance of the 2 same-sign leptons channel

107
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O Final states with a ss Iepton pair are quite clean SM-wise, and can be home to more compressed SUSY
O The problem is dealing with “non-prompt” leptons: use a dedicated and precise data-driven estimation
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Summary and Outlook =

a CMS is highly active in BSM searching with leptons and photons

O Many BSM models are explored, e.g., the Higgs sectors, exotic heavy resonances, extra

dimensions, supersymmetric theories, and dark sector extensions, ...
O Limits can often be easily reinterpreted between several BSM models
O No significant deviation from SM expectation is observed
O Still many degrees of freedom left to explore!

O Run Il offers the chance to search for new models, update background methods and tools!
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Dark photon: VBF + Higgs (YYD) JHEP 03(2021) 011 |t

0 The final-state quarks (q) arise from the VBF process and yp is a massless
dark photon that couples to the Higgs boson through a dark sector

0 Signal region requires VBF, lepton veto, jet multiplicity, and geometrical
cut between and jets

0 Divide the regions by : <1500 GeV and > 1500 GeV
mT — \/melss 7[1 — COS(A¢ﬁrmss :IY‘)]
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Two-Higgs-doublet model: H— aa—pptr >

JHEP 08 (2020) 139

0 Two-Higgs-doublet model are simple extensions of the SM

a 7
O Further extension 2HDM+S: possible search for h — aa (a pseudoscalar) H oz
> Tty final state chosen for high reco efficiency and a low misidentification probability ggF/VBF \\
a s L

> 3.6<ma[GeV]<21
trigger on muons froma "~ H

0O Background constrained in a 2D unbinned fit to m,, vs m, 7,7, in 3 m, fit

O Limits are set at 95% C.L., as a function of m,, on the branching fraction (B) for H — aa — purr
Limits are set at 95% C.L.

. . . g ey

Dedicated reconstruction method Background constrained = 258 350t (13T

§ 95% CL upper limits m, =125 GeV
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Wy Resonances

CMS-PAS-EXO-20-001

O X/W’ — Wy: appears in many different models
> Spin 0 or 1; narrow or 5% broad resonances

O Hadronic decay of the W identified with jet substructure
O m,, distribution fitted by the parametric function
O Limits seton o x B(X —» Wy): 0.11-35 fb
- CMS preliminary 137 fo' (13 TeV)
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Other heavy resonance

CMS-PAS-B2G-20-001

0 First triboson resonance search (WWW)

See Xudong’s Talk
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CMS-PAS-B2G-19-002
O X =W V/H = Ivqq/bb

O 2-dimensional fit in
hadronic V/H jet mass and
W+V invariant mass
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Compressed SUSY models in leptonic final states

CMS-SUS-PAS-18-004

0 Soft 200S & 3t Final States 0 Wino/Bino Interpretation
o Signal 0O Increased low-M, acceptance:
> ISR jet: Boost to final state objects sensitivity down to Am~3 GeV

O Optimization + Maximum acceptance:
sensitivity up m(x,°) to ~300 GeV @ Am~10 GeV

O 3€ complements the 2{ to higher Am

Z*/W* leptonic decays

A4
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My, down to 1 GeV
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Search for VBF H* and HX £ [ cms-PASs-HIG-20-017 ] =
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Di-Lepton Resonances =

CMS-EXO-19-019

Upper limits for a spin-2 graviton

resonances in the Randall-Sundrum Exclusion limits in the mass plane of the mediator
model of extra dimensions and DM particles
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Dark matter produced in association with Z boson —
EPJC 81 13 (2021)

137 fb~! (13 TeV)
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https://link.springer.com/article/10.1140/epjc/s10052-020-08739-5

Dark matter produced in association with Z boson =

EPJC 81 13 (2021)

O Several models are considered including Two-Higgs-doublet model + pseudoscalars (2HDM+a),
simplified DM, invisible Higgs and Graviton

O Upper limits of branching O The 95% CL cross section O 95% CL expected and
fraction of the Higgs boson limit in the ADD* scenario as observed exclusion limits
invisible decay a function of M, for n=4 on M, as a function of the
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*Arkani-Hamed-Dimopoulos—Dvali (ADD) model of large extra dimensions. which is motivated by the disparity between the electroweak
(EW) unification scale and the Planck scale. This model predicts graviton (G) production
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