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 Many models beyond the Standard Model (BSM) predict
resonances at the TeV energy scale

 These include spin-0, spin-1 and spin-2 resonances
poroduced in such models as the Sequential Standard
Model (SSM) with SM-like couplings, Grand Unified
Theories (GUT) with Es gauge group, Randall-Sundrum
(RS) model of extra dimensions leading to Kaluza—Klein
graviton (Gkk) excitations

* We search for an excess on-top of a SM background

* The use of leptonic/photonic resonances has been a
critical tool in searching for signatures of physics

 The WR&Z boson as well as Higgs boson were all
discovered using these signatures
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e Electrons provide an important tool for discoveries with
their excellent energy resolution at higher energies

* This leads to a better mass resolution compared to
muons

* High momentum muons are reconstructed with higher
efficiency than their electrons counterparts

* This allows us to set stronger limits with muons
compared to electrons

e Jaus allow us to probe couplings to 3rd generation leptons
 Photons are sensitive to spin-0 resonances

* Only by utilising all these final states can we robustly
search for heavy resonances
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Analyses e

* | will briefly present the following results which are
based from different datasets collected by the CMS
experiment including those from 2016 and 2017

n 7'-00 (0=e/y) 36 fb-1 (2016)  EXO-16-047 [ENENENRISNSNERPYST:

E 41 fb-1 (2017) EXO-18-006 BANEWVER(EIESloNIa2ORTs!
W’—»ﬂv (2=e/p) 36 fb-1 (2016) EXO-16-033

36 fb-' (2016) EX0-17-008

~New = released in 2018

~New = released in 2018

36 fb-1 (2016) EXO-16-058 BaNEWAEN(CIERSoNIgi2{0hks

36 fb-1 (2016) SUeRFANA ~New = released in 2018

e Full list of CMS Exotica results are available here
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-047/
https://cds.cern.ch/record/2308270
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-033/
https://cds.cern.ch/record/2621539
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-058/
https://cds.cern.ch/record/2316245
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-047/

1.Z2'—00 (e=e/p)" =

EXO-16-047

* Results are interpreted in the ratio of the signal cross section/Z cross section so we are
iInsensitive to the uncertainty on the luminosity

e The statistical analysis from the electron channel and muon channel are combined in order to
place stronger limits on the lower bounds of the Z” mass

e Limits are set on both spin-1 and spin-2 resonances
* No significant deviations from the SM
* Spin-1: m(Z'y)>3.9 TeV, m(Z’ssm)>4.5 TeV

* Spin-2: k/Mpi=0.01: m>2.10 TeV, k/Mpi=0.05: m>3.65 TeV, k/Mpi=0.1: m>4.25 TeV
35.9 b (13 TeV, ee) + 36.3fb™ (13 TeV, u*w)
T '\ ' ' 1 1T

35.9fb (13 TeV, ee) + 36.3fb™ (13 TeV, u*w)
I L
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-047/
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EXO-18-006
41.4 0™ (13 TeV)
* An inclusive search for a new resonance using g 10k e s
41 fb-1 (all 2017) in the electron channel g vz 22
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4 10
Z’ mass 10518'0'160 200 300 1000 2000
. gO-S:HI | | 'Hlm”ll |
e Spin-1: m(Z’y)>4.1 TeV, m(Z’'ssm)>4.7 TeV B _
] ~'80100 200 300 1000 20‘(()0)[('3 ’

41.4f7 (13 TeV, e
T T T T | T T T T | T T

h —

1074

T
— Obs. 95% CL limit

------ Exp. 95% CL limit, median

77.3fb1 (13 TeV, ee) + 36.3 b (13 TeV, u*w)
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https://cds.cern.ch/record/2308270
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* Searching for a highly energetic electron or muon
along with missing energy using 36 fb-1 (all 2016)

Events/(40 GeV)

e Uses the discriminating variable: transverse

« Dominant and irreducible background is W—£v

3. W/ —=Lv (L=e/u

CMS
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EXO-16-033
35.9fb~! (13TeV)
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7/ Syst. uncertainties
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* Different MC generated at both LO and NLO, ¢
with higher order EW and QCD effects are 8 s

evaluated and a suitable K factor used (FEWZ

3.1) g
e Selection: f

 pt>130 (53) GeV for electron (muon)

* Events with additional leptons with pr>25 GeV
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-033/
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* With no observed excess with respect (o I B s M
to the SM, lower limits can be placedon  $*x ™" - oreneseim
the maSS Of the W/ ° 104?_ ---- Mec;)ianel):;:actedlimit _?I

* m(W'ssm)>5.2 TeV

* Model independent cross section x

branching fraction limits as a function of B .
w(Ge

the lower Mt threshold are also .

\ 35.9fb (13 TeV)

produced S e T i

W e+l —— 95% CL limit E

* Reinterpreted in split-UED and R-parity — <* e
violating (RPV) supersymmetry (SUSY) o | eze

models o

RPV SUSY naturally generates non- :
Zero neutrino masses ok
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-033/

CMS

4. \W =1V

EXO-17-008
S — 35.9fo” (13 TeV)
e Search for W —=1v IO e ey T e
% 10t — - SSM W' 0.6 TeV = Mumje:
' T F.os e SSM W' 1.0 TeV i
* Using 36 fb-! (all 2016) Siok, Tl smwiorw W
. . . 102 i — = SSM W'5.0 TeV D Z(l)+ets
* Hadronic decays of the tau which result in low M otoson
charged hadron multiplicity 0 ¥
e [eptonically decaying taus cannot be distinguished 0 t i, '
from W’—=Lv (£=e/p) and are covered by that 107 EﬁTEL —
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X \jtZS.d. E
e Limits are set on the lower mass for a W’ Cj ol |
o f :
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1=
e Similarly to W —=Lv (£=e/p) limits are produced in a -
model independent way ol -
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* Allowing for further reinterpretations B V ey
T
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https://cds.cern.ch/record/2140976/files/EXO-16-006-pas.pdf
https://cds.cern.ch/record/2621539
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 Model independent search for heavy ) )
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100

leptons as well as Wy is obtained from MC while
W+dets and QCD multijet backgrounds are
calculated using fake rate studies in data
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-058/

CMS

EXO-16-058
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* Results are interpreted in models with Lepton Flavour Violation
* Aheavy Z" with LFV: m(Z")>4.4 TeV where #(/'—ep)=10%
e T sneutrino in RPV SUSY: m(X) > 1.7, 3.8 TeV for RPV couplings A_=A,=A", =0.01, O.1
* Non-resonant QBH (not shown here)

* |n narrow width approximation the oxBR scales with the RPV coupling

e Using this information and observed bounds, limit contours in the (M(V1),A”,) plane
can be produced as a function of a fixed value of A_=A,

35.9 b1 (13 TeV) 35.9 fb ™! (13 TeV) 35.9 fb ™! (13 TeV)
[ x x x x x ] x x x
| CMS 95% CL upper limits | 10° ¢ CMs 95% CL upper limits ; I CMs
= Observed = —— Observed ] =
= - - - Median expected | £ - - - Median expected 1 ><m10-1 L
’;3): Bl 68% expected ;32 Bl 68% expected
T 100 95% expected 110° 95% expected
N o RPV Signal:
S M — A=XN=01
5 X, A=X=0.01
A
o 10!
1072 r
10° F 95% CL observed upper limits |
; A=0.07 ‘
A=0.05
] A=0.01
107
A=0.007
10" ¢ 1
w0t x x x x x x x L x x x x x x \ [ 1 x x x x x x
1000 1500 2000 2500 3000 3500 4000 4500 5000 500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
my, (GeV) m; (GeV) m; (GeV)
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https://cds.cern.ch/record/2149046/files/EXO-16-001-pas.pdf
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-058/

CMS

0. X—Vy

EXO-17-017
. . . CMS Prefminary 3891 (13 TeV)
« Search for resonant production of photon pairs using 36 3 + Data
_ O10°% L EBEB —— Fit model
fb-* (all 2016) 810 <1sd
» A very clean final state without additional activity in the &

direction of the two photons

e Three values of the relative width [ x/mx are used as

benchmarks: 1.4x10-4, 1.4x10-2, and 5.6x10-2 E |
* Selection: ::@2;
* Photons are required to have pr>75 GeV m,, (GeV)
CMS Prelimnary 359 1" (13 TeV)
« At least one photon in the barrel S0\ e D@
& +1s.d.
e Events are categorised depending on the location of the 21 =2sd
two photons @ oL
e Afitis performed to the invariant mass spectra to 1— |
determine the compatibility of the data with the ol |
background-only and the signal+background hypotheses £ o lsiit]
E 0 — s
« Results are interpreted in terms of a spin-2 RS graviton i:‘;i-zful e
and spin-0 heavy Higgs resonance 500 1000 1500 2000 250(06 3800
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http://www.sciencedirect.com/science/article/pii/S0370269317300345
https://cds.cern.ch/record/2316245

XYY

* Lower limits on the mass of the RS graviton are set as:
« m(RSg)>2.1, 4.1, 4.6 TeV for k=0.01, 0.1, 0.2
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Limits are also set for spin-0 resonances which differ due to detector acceptance
and production mechanism
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http://www.sciencedirect.com/science/article/pii/S0370269317300345
https://cds.cern.ch/record/2316245
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Reinterpretations

* Many of the results from these
analyses are performed in a

,CMS 35.9 fb' (13 TeV, ee) + 36.3 b (13 TeV, u*w)

manner to allow P10 [ ooy

reinterpretation se00 Gy
-+ e.g. 1.2/~ (E=elh) o) e

* The limits are produced
using only the Z’ peak 10°
allowing for easy

EMixing angle:

: (-t/2,-7t/4) 6 GSM: Q,T, ,SM
. . *__-(-rc/4,0) H LR :VY,R,LR,B-L
reinterpretation —een (0.1/4) I E inwNSi
ol w2 |\ sl L
e | imits are recast on the 10 0 0 c,

coupling parameters
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CMS

Reinterpretations

e e.g. 1. 2’8 (L=e/p):

* Easy reinterpretation is then possible such as within a simplified
Dark Matter (DM) model

 Here we assume the DM particle is a Dirac fermion and its
associated mediator is either vector or axial vector

35.9fb ' (13 TeV, ee) + 36.3fb ' (13 TeV, u*w)
T — 1 T | T T T T | T =L 1 | :| T — T

CMS

~ Vector

- Dirac DM 1L

- g, =10

35.9fb (13 TeV, ee) + 36.3fb ' (13 TeV, u*w)
IE:Egllllll|IIII|IIII|IIIIlllllllllllllllii
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CMS

summary

A summary of several analysis from CMS searching for
new resonances with leptonic/photonic final states was
presented using data collected from 2016 and 2017

+ No excesses above the LA eI
SM have been observed 2'—»cc TR ssM (W) 45 (3.9)
and lower limits have be H SSMW) 47 (4.1)
placed on the mass of
resonances from various ﬂ —0v (f=e/u) Rl 5.2
theoretical models n SSM 4.0

BT ey susy 17
 Many results were

broduced in way to allow H REE ZoLTee

for easy reinterpretation
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