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Introduction

Leptons provide exceptionally clean search signatures for new physics at the
LHC, and many BSM physics models predict leptonic final states.

loday, we'll discuss two recent, first-of-their-kind searches w/ leptons at CMS:
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-003/

Missing mass search w/ the CMS-TOTEM
Precision Proton Spectrometer (PPS)

A
S Using up to 37 th-

v of 2017 data

EX0-19-009 P P Public since March 202
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009/

Proton Reconstruction w/ PPS %
CMS

central detector Roman Pots
LHC sector 56 P

TAS | DEBX D1 6xmBxw) A T
Q1/Q2)Q3 —
=S e
'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'_'.'_'_'_'_'.'_'_'_'.'.'.'_'_'_'_'_'_'_'_'_'_'_%91:23:'_'_F'_T_]'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_t' ______________________________________________________________ | PRO-21-001
<= | HC sector 45 217m

PPS allows CMS to measure forward protons using silicon tracking detectors
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/PRO-21-001/

Proton Reconstruction w/ PPS %
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PPS allows CMS to measure forward protons using silicon tracking detectors

e Main measurement: proton momentum loss (§ = Ap/p) of outgoing protons
from pp collisions w/ small scattering angles; sensitive to § € [2%, 20%]

o Calibration relies on precise understanding of LHC's B field and beam optics
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/PRO-21-001/

Proton Reconstruction w/ PPS %
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PPS allows CMS to measure forward protons using silicon tracking detectors

e Main measurement: proton momentum loss (E = Ap/p) of outgoing protons
from pp collisions w/ small scattering angles; sensitive to € € [2%, 20%]

o Calibration relies on precise understanding of LHC's B field and beam optics
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/PRO-21-001/

Search Strategy

@ Select events with Z—=£L€ or a photon; use
outgoing proton momenta to reconstruct the

@ missing mass:
2 B . . 7
s = [(Pi2-+ Pin) = (By + B+ o)
LHC CMS PPS
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Search Strategy

Select events with Z—££ or a photon; use

outgoing proton momenta to reconstruct the
mISSIiNg Mass:

Miiss = | (P + P) — (Py + Ppr* + Bpt*)

| HC CMS PPS

e Search performed at high mass (600-1600 GeV), where PPS
orovides mass resolution of ~2%

* First missing mass-based search at the LHC!
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Background Estimation

37.5fb" (13 TeV)

s | STolem Prelminan ¢ s | Primary background is combinatorial
s gigytgg (coincidence of pileup protons)
~ P (2)>20
s 1L euE\)/(aalzgzltieon - - .
. . Estimated via event mixing:
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- | beam conditions
Lo v v b b b e Py )
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CMS-Totem Preliminary
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Joey Reichert (Cornell)

1500 2000 NO significant excess in the missing mass distributions!

Missing mass [GeV]

Fiducial selection: good quality, high pr Z—=££ or v;

orotons within PPS (detalls in backup).
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Results

CMS-Totem Preliminary
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low as 25 tb

Fiducial selection: good quality, high pr Z—=££ or v;

orotons within PPS (detalls in backup).

2000 No significant excess in the missing mass distributions!
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Search for Majorana neutrinos and the
Welnberg operator in VBF yp* events

d1 q1
W::
[
N Using 138 fb-1 of
T
q2 G5

EXO- 21 -003 Public since March 2022
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-21-003/

Motivation

Aims to explain nonzero mass of neutrinos (v) via either:

« EFT w/ dim-5 Weinberg operator; generates my and leads to lepton-number
violating Ov[33 decay

 Heavy Majorana neutrino (N) in type-l seesaw model

OR

g2 QQ
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.43.1566

Signal vs. Background Discrimination

) @ Suppress background by requiring:
1
> * Forward VBF jet kinematics
W= (large mjj, Anj, etc.)
[
N
l5
W:Z

42 @
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Signal vs. Background Discrimination

) @ Suppress background by requiring:
1
> * Forward VBF jet kinematics
W= (large mjj, Anj, etc.)
13 . (rare in SM)
N
l5
W:Z

42 @
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Signal vs. Background Discrimination

) @ Suppress background by requiring:
1
> * Forward VBF jet kinematics
W= (large mjj, Anj, etc.)
13 . (rare in SM)
N « Small jet activity ( HT = Z jet pT)
¥5 relative to leptonic activity:

search is binned in Hr / p1(u1)

3

42 @
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Signal vs. Background Discrimination

) @ Suppress background by requiring:
1
> * Forward VBF jet kinematics
W= (large mjj, Anj, etc.)
13 . (rare in SM)
N « Small jet activity ( HT = Z jet pT)
¥5 relative to leptonic activity:
Tt search is binned in Hr / pr(p1)
0 @ e Large Ay,

e Small ptmiss (no final state neutrinos!)
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Background Estimation

CMS Preliminar 138 fb~! (13 TeV)
-
Q 120 ¢ Data
.."E) Bkg. unc.
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LIJ . . WiWi
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+ TVX
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® 5 1.0}
Ofo
20.5
o

<+<— Bin edges

Use data control regions to estimate backgrounds in VBF-enriched regions,
orimarily due to fake/non-prompt leptons and dibosons.
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Results

CMS Preliminar 138 fb~! (13 TeV)
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Bkg. unc.
Signal region Signal region b-tagged CR WZ CR WZb CR Non-prompt
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my =5.0TeV (x0.3)

Weinberg op.
ctt =1,A=200TeV (x6000)

Data
Prediction

<+<— Bin edges

Signal tends to have small Hi/pt(p1), small MET, and large Ay, relative to backgrounds.
Data agrees well with SM prediction = set limits on these models.
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‘VpN‘Z

Results

138 fb~' (13 TeV)

CMS Preliminary

CMS 95% CL upper limit ¢!
13 TeV, 35.9 b1, trilepton chann?l// . .
PRL 120(2018)221801 /,/l OutperfOrmS Previous heavy neutrino
0.1 searches for mny > 650 GeV, and excludes
masses up to 23 TeV for [Vun|2 = 1.
0.01
//’ ’CI\/IS 95% CL upper limit | |
o HEPOEOIa For the Weinberg operator EFT, the search
sets limits on the effective Majorana mass
95% CL upper limit up to myy| = 10.84 GeV.
10~ — QObserved |
-= E ted ' ' '
B e = first constraints on this process!
95% Expected
10°°

100 103 104
Heavy Neutrino Mass my (GeV)
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Summary

No evidence for new physics in these leptonic / photonic searches yet, but
CMS has set strong constraints across many final states.

However, many new Ideas are still being explored!

 Maybe new physics is hiding in some exotic area of phase space that has
not yet been probea

 Or perhaps we haven't collected enough data yet! Run 3 and the HL-LHC
data will change that

 Run 2 was less than 5% of the total expected LHC dataset!
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Other

Contact
RPV Dark Matter Interactions

Extra Dimensions

Excited
Fermions

Heavy
Fermions

Leptoquarks

Heavy Gauge Bosons

CMS EXO Summary Plot

Overview of CMS EXO results

CMS preliminary

16-140 fb™1 (13 TeV)

String resonance M 0.5-7.9  1911.03947 (2j) 137 fb!
Zy resonance M 0.35-4 1712.03143 (2p + 1y; 2e + 1y; 2j + 1y) 36 fb~!
Wy resonance M 1.5-8 2106.10509 (1j + 1y) 137 fb!
Higgs y resonance M 0.72-325 1808.01257 (1j+ 1y) 36 fb1!
Color Octect Scalar, k2 =1/2 M 0.5-3.7 1911.03947 (2j) 137 fb~1
Scalar Diquark M 05-7.5 1911.03947 (2j) 137 fo~?
tt+ ¢, pseudoscalar (scalar), g2, X BR(¢-21) > =0.03(0.004) M 0.015-0.075 1911.04968 (3¢, = 41) 137 fb~1
tt+ ¢, pseudoscalar (scalar), g%, x BR(¢—2£) > = 0.03(0.04) M 0.108-0.34 1911.04968 (3¢, = 41) 137 fb~ !
quark compositeness (££), Nus = 1 - <24°2103.02708 (21) 140 fb~1
quark compositeness (£f), Nure = — 1 Nimw <36 2103.02708 (2£) 140 b1
Excited Lepton Contact Interaction M 02=56"2001.04521 (2e + 2j) 77 fb~1
Excited Lepton Contact Interaction M 02=5.7 2001.04521 (2p + 2j) 77 fb1
vector mediator (qq), gq=0.25,gom=1,m, =1 GeV M 0.35-0.7 1911.03761 (= 3j) 18 fb!
vector mediator (££), gg=0.1, gom =1, g, =0.01, m, > 1 TeV M 0.2-1.92 2103.02708 (2e, 2) 140 fb~?!
(axial-)vector mediator (4), gq = 0.25, gpm =1, my =1 GeV M 0.5-2.8  1911.03947 (2j) 137 b1
(axial-)vector mediator (xx), gq=0.25,gom=1,m, =1 GeV M <1.95 2107.13021 (= 1j+ pyss) 101 fb~?
(axial)-vector mediator (££), g =0.1,gpw =1, g = 0.1, My > Mpeq/2 M 02-4.64 2103.02708 (2e, 2p) 140 fb~!
scalar mediator (+t/tf), gq=1,gom =1, my =1 GeV M <0.29 1901.01553 (0, 1L + = 2j + pi'ss) 36 fb1
scalar mediator (fermion portal), A, =1, my =1 GeV M <15 2107.13021 (= 1j+ py's) 101 fb~1
pseudoscalar mediator (+j/V), gq=1,gpm =1, m, =1 GeV M <0.47 2107.13021 (= 1j + py's*) 101 fb~?
pseudoscalar mediator (+t/tf), gg=1,gom=1,my=1 GeV M <0.3 1901.01553 (0, 1£ + = 2j + py'ss) 36 fb1
complex sc. med. (dark QCD), My, =5 GeV, CTx, =25 mm M <1.54 1810.10069 (4j) 16 fb?
7' mediator (dark QCD), Myark = 20 GeV, finy = 0.3, Qgark = Q55 M 15-51 2112.11125 (2j + py™) 138 fb!
Baryonic Z/, gq=0.25, gom=1,my =1 GeV M <1.6  1908.01713 (h + p}'ss) 36 fb1
Z' - 2HDM, gz =0.8, gow =1, tanB = 1, m, = 100 GeV M 0.5-3.1 1908.01713 (h + p}'ss) 36 fb1
Leptoquark mediator, B=1, B=0.1, Ax,py =0.1, 800 < M, < 1500 GeV M 0.3-0.6 1811.10151 (1p + 1j + py'ss) 77 fb~1
RPV stop to 4 quarks M 0.08-0.52 1808.03124 (2j; 4j) 36 fb?
RPV squark to 4 quarks M 0:11=0:72" 1806.01058 (2j) 38 fb~?
RPV gluino to 4 quarks M 0.1-1.41  1806.01058 (2j) 38 fb?
RPV gluinos to 3 quarks M <1.5  1810.10092 (6j) 36 fb!
ADD (jj) HLZ, ngp =3 M <12°1/1803.08030 (2j) 36 fb~!
ADD (yy, £) HLZ, nep =3 M <9.1 1812.10443 (2y, 20) 36 fb?
ADD Gk emission, ngp =2 M <10.8 2107.13021 (= 1j+ py's) 101 fb~1
ADD QBH (jj), nep =6 M <82 1803.08030 (2j) 36 fb!
ADD QBH (ey), negp = 4 M <5.6 | CMS-PAS-EX0-19-014 (ep) 137 fb!
ADD QBH (eT), nep =4 M <5.2 | CMS-PAS-EX0-19-014 (eT) 137 fb~1
ADD QBH (ut), nep =4 M <577 CMS-PAS-EX0-19-014 (p) 137 fb~1
RS Gy(Ll), kiMp = 0.1 M <4.78 " 2103.02708 (21) 140 fb!
RS Gi(yy), kiMp = 0.1 M <4.1 1809.00327 (2y) 36 fb!
RS Gkk(qd, 9g), kiMp =0.1 M 0.5-2.6  1911.03947 (2j) 137 fb~1
RS QBH (jj), nep = 1 M <519'/1803.08030 (2j) 36 fb?
non-rotating BH, Mp = 4 TeV, ngp = 6 M <9.7 11805.06013 (= 7j(£,Y)) 36 fb1
split-UED, =2 TeV 1R 0:4=218"" 2202.06075 (£ + p'ss) 137 fb~1
3-brane WED gy(¢ + g - 999), Ggrav = 6, Ugec =3, £=0.5, m($)/M(gk) =0.1  m(gy) 2=432201.02140 (2j) 137 fb!
excited light quark (qy), fs=f=f=1,A=mq M 1=5.5"71711.04652 (y +]) 36 fb~!
excited b quark, fs=f=f=1,A=mq M 1-1.8  1711.04652 (y +j) 36 fb!
excited light quark (qg), A=mg M 0:5=6:3" 1911.03947 (2j) 137 fb!
excited electron, fs=f=f=1,A=m; M 025-3.9  1811.03052 (y + 2e) 36 fb!
excited muon, fs=f=f=1,A=m; M 0:25-3.8 |1811.03052 (y + 2p) 36 fb!
UMSM, [Ven|2= 1.0, [V|2=1.0 M 0.001-1.43  1802.02965; 1806.10905 (3£(y, e); = 1j + 2I(p, ) 36 fb!
UMSM, [VenViy[2/(|Venl? + Vunl?) = 1.0 M 0.02-1.6  1806.10905 (= 1j+p +e) 36 fb!
Type-lll seesaw heavy fermions, Flavor-democratic M 0.1-0.98  2202.08676 (3¢, = 4{) 137 fb!
Vector like taus, Doublet M 0.1-1.045  2202.08676 (3£, = 4{) 137 fb~1
Vector like taus, Singlet M 0.125-0.15 2202.08676 (3£, = 44) 137 fb!
scalar LQ (pair prod.), coupling to 1%t gen. fermions, =1 M <1.44 1811.01197 (2e + 2j) 36 fb1
scalar LQ (pair prod.), coupling to 15t gen. fermions, 8 =0.5 M <127 1811.01197 (2e + 2j; e + 2j + py's 36 fb!
scalar LQ (pair prod.), coupling to 2" gen. fermions, 8 =1 M <1.53 1808.05082 (2 + 2j) 36 fb1
scalar LQ (pair prod.), coupling to 2" gen. fermions, § =1 M 0.8-15 1811.10151 (1p + 1j + py'ss) 77 fb~1
scalar LQ (pair prod.), coupling to 2" gen. fermions, 8 = 0.5 M <129 1808.05082 (2u + 2j; p + 2j + p§'ss) 36 fb1
scalar LQ (pair prod.), coupling to 3" gen. fermions, f =1 M <1.02  1811.00806 (2T +2j) 36 fb1
scalar LQ (single prod.), coupling to 1t gen. fermions, B=0,A =1 M 1-1.6  2107.13021 (= 1j + p}'ss) 101 fb~1
scalar LQ (single prod.), coupling to 39 gen. fermions, B=1,A=1 M <0.74  1806.03472 (2T +b) 36 fb1
Zp, Narrow resonance M 0.0115-0.075 1912.04776 (2p) 137 fb 1L
Zp, narrow resonance M 0.11-0.2 1912.04776 (2p) 137 fb~1
SSM Z/(10) M 02515 2103.02708 (2e, 2p) 140 fbo~?
SSM Z/(qd) M 0:5-2.9" | 1911.03947 (2j) 137 fb!
Z'(qq) M 0.01-0.125 1905.10331 (1j, 1y) 36 fb~!
Superstring Z;, M 02-4.6 2103.02708 (2e, 2p) 140 b1
LFV Z', BR(ep) = 10% M 0.2=5 " CMS-PAS-EX0-19-014 (ep) 137 fb7!
LFV Z/, BR(eT) = 10% M 02-4.3 CMS-PAS-EX0-19-014 (eT) 137 fb!
LFV Z', BR(ut) = 10% M 02=4.1 | CMS-PAS-EX0-19-014 (ut) 137 fb?
Leptophobic Z/ M 0.05-0.45 1909.04114 (2j) 78 fb1
SSM W/(Tv) M 0:4=4"1807.11421 (T + p§'ss) 36 fb!
SSM W'(£v) M 0.4=57  2202.06075 (£ + p}'ss) 137 fb~1
SSM W(gd) M 0:5=3.6 | 1911.03947 (2j) 137 fb~?
LRSM WR(LNR), My, = 0.5Myy, M <5 2112.03949 (2u + 2j) 36 fb!
LRSM Wr(eNg), My, = 0.5My, M <47 2112.03949 (2e +2j) 36 fb~!
LRSM WR(TNR), My, = 0.5My;, M <3.5 1811.00806 (2T + 2j) 36 fb!
Axigluon, Coloron, cot8 =1 M 0.5-6.6 1911.03947 (2j) 137 fb1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.1 1.0 10.0

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).

Joey Reichert (Cornell)

Moriond 2022

mass scale [TeV]

Searches for new physics with leptons at CMS

Other new lepton- or photon-
based CMS searches since

Pheno 2021:

LFV resonance search In

ey, eT, and Ut events
EXO-19-014

Inclusive nonresonant
multilepton search
EXO-21-002
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https://twiki.cern.ch/twiki/pub/CMSPublic/SummaryPlotsEXO13TeV/CurrentBarChartVersion_v9.svg
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-014/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-21-002/

Backup
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The CMS Detector
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http://cms-results.web.cern.ch/cms-results/public-results/publications/PRF-14-001/

EXO-19-009

Fiducial requirements:

Selection / Analysis Z—ete /Z — utu- Y

Leptons/Photons > 2 same flavour leptons (e or ) | =1y within |7(y)| < 1.4442
opposite electric charge

PT(€1,€2) > 30, 20 GeV

nf)| < 2.4

M(flgz) — mz\ < 10 GeV
Boson p pr(Z) > 40 GeV pr(v) > 95 GeV
Protons 002 <& <016 A 0.03 <" <0.18
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EXO-19-009

) 25CMS-Totem Preliminary 2017 (13 TeV) ) 25CMS-Totem Preliminary 2017 (13 TeV)
> V. B L L > V. B L L
% Final state | % PP = PPLHUX Category
O — pp - PPLHUX - O . e  multi-multi
5 - — ZeeX ] 5 - » multi-single
° 0.20|- PP R - ° 0.20|- = =S
o i — pp - ppyX ] S i e single-multi
o : B ingle-single -
E _ _ E single-single
8 - | 3,
< 0.15| / - < 0.15|- =
() i | () i
O . - O
- -
S i | S
Q. - g Q.
8 0.10 ﬁ - 8 0.10f -
(@) N i (@) ..oooooooo......
2 _ _ < .....o oo o,
0.05} - 0.05} -
::::::::00o:0::::::::::::::::::::::::0000000:..:.08;
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | “I“T |
0-007500 800 1000 1200 1400 1600 0-007550 800 1000 1200 1400 1600
my [GeV] my [GeV]

Joey Reichert (Cornell) Searches for new physics with leptons at CMS May 9, 2022 26



EXO-19-009

The tracking stations provide a measurement of the proton trajectories with respect to the beam
position. Knowledge of the magnetic fields traversed by the proton from the IP to the RPs al-
lows for the reconstruction of its fractional momentum loss & = Ap/p ~ D;! - x (with respect
to the momentum of incident proton), where x represents the horizontal displacement of the
scattered proton at the RP location, and D, the horizontal dispersion, a property of the acceler-
ator optics. The techniques used for the alighment and calibration of the apparatus and proton
reconstruction are detailed in Refs. [13-16].
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EXO-19-009
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Joey Reichert (Cornell)

EXO-19-009

CMS-Totem Preliminary

37.2fb7" (Vs =13 TeV)

I F > . - C — N . . . .
S pp— ppZeeX multi-multi multi-single i single-multi i single-single
> L [ L L
I-“3000 - s000 i t Data
i 1000 i 2000 [ ] background
L # - { L ot | . [ ] nondiducial
2000/ Ly I I m . — fiducial
i Iff K i 2000 f .
L . C
i 500 ¢ - Ch 1000 *l
1000 K ’+ 10001 HL
> N . N e I L e, L e
Sl L | * H
B + + + + llnnll lIL * + 1 I ‘I! 1L llll+ 'y 'y 4 + + ‘HII alinat L + s b HIA+X lMAXHlX
g 1 v‘/M{Hi\h«ﬁ#ﬂhﬂﬂ"m"’qﬁwwr!ﬁﬁmﬂﬁl\d Tr}'f'w'ﬂ ’§+r+ } HT”I” i l*“” '”A’A,‘O,'O” + 4 {+,*.,.*,-H‘ . [1 bt o y gk
08 )i I ¢ Data g Postfit unc.
0 500 1000 1500 2000 0 500 1000 1500 0 500 1000 1500 2000 0 500 1000 1500
Missing mass [GeV] Missing mass [GeV] Missing mass [GeV] Missing mass [GeV]
CMS-Totem Preliminary 37.2f7" (Vs =13 TeV)
% pp— ppZupX multi-multi i multi-single i single-multi | 4000" single-single
> L = |-
YT 1500 i i f Pata
4000 i 4000 3000 [ ] background
B i } | \ Y, [ ] nonfiducial
L . [ — fiducial
1000 - - .
i y“'{ lﬂ | 'LLH 2000 L
2000

500

2000

| I
i

5
©12
% |+Ll++x++§ " boob g
g 1 |1Hf+'m“¢‘““ “W"’“"W’s’ww
0.8 I
0 500 1000 1500 2000

Missing mass [GeV]

CMS-Totem Preliminary

Ipp— ppyYX multi-multi

Events

2000

1500 b

1000
J \;\‘a\
500

0 st |%‘.|”--
o
912
3 I|*|Ht++ et
8 Lo Ay bty
] s
0.8
0 500 1000 1500 2000

Missing mass [GeV]

1000

thos bbb + { lWVJ
¢ T '* i

i
e

vobbbdedbond b ETR Y Y AT AA{‘* 4 4 b bR
L S Eih S A M ot 4 (i | i LA B i g 4k 4 ¥E h b *"H\ “"0"0“""”"‘.""‘"‘.““
1k i ! A
| | + Data m Postfit unc. :
0 500 1000 1500 0 500 1000 1500 2000 0 500 1000 1500
Missing mass [GeV] Missing mass [GeV] Missing mass [GeV]
2317 (Vs=13TeV)
800* multi-single | 2000 single-multi = single-single
i i : { Data
L 1 500- 1000 !_\ background
6007 L 4 L ; [ ] nonfiducial
L t L ' - — fiducial
400 + t 1000/ '
00 ) f /
i % i 500 i
200 500/~
- TLrgHm i *
L +
07 e e 07 el 0 RV R Lone s
| : ! i
by .1'{ ] j'. ++ l+ +l + — b |{-+ N ++¢ ¢ 4 i ‘..I”..*. + 44 4 "+"J|"x
[ H Tt 1* ”H‘ it T 1 +'r (XX t ¥ ¥ ++*q + g
| | ¢ Data gy Postfit unc. !
0 500 1000 1500 0 500 1000 1500 2000 0 500 1000 1500

Missing mass [GeV]

Missing mass [GeV]

Searches for new physics with leptons at CMS

Missing mass [GeV]

May 9, 2022



EXO-19-009
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EXO-21-003

SR and CR require two jets w/ pt > 30 GeV, |An;l > 2.5, mj > 750 GeV

Variable SR WZ CR

lepton pr > 30/30GeV > 10/25/25GeV
dilepton mass my, > 20GeV —

Mgy — my| — < 15 GeV (for one u™ u~ pair)
trilepton mass myy — > 100 GeV

max Z (/) < 0.75 < 1.0

pniss — > 30 GeV
Ni1 T Y2

with Zeppenfeld variable: Z(() —

Events w/ additional e, u, or T leptons, or b-tagged jets, are vetoed.
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EXO-21-003

The simplest formalism in which neutrino masses can arise is through a dimension-5 opera-
tor as shown by Weinberg [2]: L5 = C&'/A[®-L,] [L,-®], where A is the scale at which the

particles responsible for neutrino masses become relevant degrees of freedom; C& is a flavor-
dependent Wilson coefficient; L} = (v,,£) is the left-handed lepton doublet; and ® is the SM

Higgs doublet with a vacuum expectation value v = v/2(®) ~ 246 GeV. The Weinberg oper-
ator generates the Majorana neutrino masses as m,, = Ct v?/A. It leads to an experimental
signature involving lepton number violation (LNV), as the Majorana neutrino is its own an-
tiparticle. The LNV process has been tested extensively in searches for neutrinoless double
beta decay in the decays of heavy nuclei. These experiments search for a signature consisting
of two same-charge electrons and the absence of neutrinos in the final state. These searches set
stringent upper limits, in the range 79-180 meV, on |m,,| at the 90% confidence level (CL) [3].
Since muons and tau leptons are much heavier than electrons, same-charge lepton final states
involving muons and tau leptons are kinematically forbidden in low-energy nuclear experi-
ments and have to be studied at colliders [4].
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