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Outline

Combination of electroweak SUSY searches

miss

Search for SUSY with 1 photon, jets, and p

All are NEW CMS results
using the full Run 2 dataset

Search for Stealth SUSY with 2 photons and jets

Low mass dimuons with scouting

Search for inelastic dark matter Delving deep, scouting
wide, and climbing high!

Search for dark matter in W+W- events with p%niss

Search for long-lived heavy neutral leptons decaying to jet + e/p/T
Search for W — tb in final states with electrons or muons

Search for b* — tW with lepton+jets



SUS-21-008

Combination of electroweak SUSY searches

 Targets electroweak production of charginos and neutralinos, as well as sleptons for compressed and
non-compressed mass spectra. Several new interpretations compared to earlier results.

 Combines 6 searches using the full LHC Run 2 data set: : OS/SS = opposite/same sign (charge)
. SF = same flavor

“2/3L soft” e AL « '
2 or 3 e(y), including OS SF pair z 3l 2| on-Z/non-resonant
Leptonic H); J Palr, 2 SS e/u, or =3 leptons (up to 2 Thad) 2 e(u) OS SF,
5(3.5)< lepton pt < 30 GeV . .
. Leading lepton pt > 30 GeV Either on- or off-shell Z
Targeting compressed spectra
(Semi) “11 2b” - WH “4b” - HH “Hadr. WX”
Hadroni 1 e(u), H—bb tag No leptons Fully hadronic final state;
agronic Targeting compressed spectra 2 tagged Higgs bosons (H—bb) >2 jets (AK8), and 2-6 jets (AK4)

CMS Simulation Preliminary

« Hadronic WX analysis is new addition to the combination, RN
. . sy . . £ 014 % — My, =100 GeV,Am=40 GeV
improving the sensitivity in the non-compressed region z i
ey ' My =100 GeV,Am=10 GeV
« 2/3L soft was updated for the combination to include a p %/ w) o
parametric signal extraction which improves the sensitivity N L
to compressed mass spectra ; %5 e % 008}
. . . . ~O ~O . . W:t
e my; binning optimized per Am( Y5, ¥;) signal hypothesis _ . »
to exploit kinematic end point ISR Jet 3" lepton P08 SORTRYSTITTINN NI

m, [GeV]
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https://cds.cern.ch/record/2853345

CMS  Preliminary

Combination of electroweak SUSY searches
Results for wino- Ilke)( & x> (with bino-like y/)
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Addition of the hadronic WX search improves sensitivity
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Most sensitive analysis (expected)

95% CL Upper limit on cross section [fb]
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Most sensitive analysis (expected)

95% CL Upper limit on cross section [fb]

to higher )’ZI—’ and )’Zg masses in the uncompressed region

Results for higgsino-like )ﬁ & Y 5 (with bino-like )’('(1)) In backup

7. H
~0 (/fﬂ
P Xz & %(1)
3
b Xi

Zooming in on the

compressed region

X

A m(mk, m_) [GeV]

CMS Preliminary 137 b’ (13 TeV)
70 ~t+~0 0-0
PP = XX, = WZX X, -+« Expected
— 2/3| soft
60 . 3] — Observed
Combined
50_— :
40
301
20_—
o- (A
_||||||||||--r"""““1“|‘1|||1|1|1|11
100 150 200 250 300 350 400
My, = My, [GeV]

2/3L soft and =3L analyses are complementary

e orthogonal

« Different selections (e.g. 2/3L soft requires pr.

epton py ranges

Combination closes the gap!

mISS)

Mild excess observed around Am = 30 and 40 GeV,

stemming from both analyses




Combination of electroweak SUSY searches
Results for sleptons & quasi-degenerate higgsinos in GMSB

GMSB higgsinos

Sleptons (e/p)

€_ Z H H
CMS Preliminary 137 b (13 TeV)
%‘ * pp—>TT—>II')“(?')Z? \ g p )?(1) (frf/é p )?? .o’-/ ....... G p itl) ¢«
D 7 d 0 2 | z==z0bserved £ 10y, NLO+NLL excl. 2% ¢ g :
,”’ ..... Xl AN ===Expected+1,20 3]
_ - = 35: experiment - J % D 5{(1) ‘\\ké D i’?\\é p 5(,(1) o
~e_ £ s0f - S
p B i(l) € - & 2/3L soft 1 10?2 Z Z H
( R R
\ i 113 Higgsino triplet (72, 7=, 7°) with small Am: results |
. - E 2 iggsino triplet (¥, y1, ¥ ;) with small Am: results in
o N 4 m| 10 . . ~ ~ . . ~ =~
. 10p W | effective )((1) X1 production, with )((1) - G+ H/IZ
Uncompressed region I: I I

covered by the 2-lepton 100 120 140 160 180 200 220 240 260 280 300 4b (HH) analysis most sensitive for large 9( )"('(1) — HG)

. m-[GeV]
non-resonant analysis '
_ _ 600CM&‘.. Preliminary 137 b (13 TeV) . .
NEW 2 /3| SOft anaIyS|s > pp—>TT—>Il‘ij’i‘f }__1103 o) & 1f‘:MS Preliminary 1377 (13TeV) 1CMSPreliminary 137 b (13 TeV)
. ngn . (.2‘ J— = 'E‘ E\ o
provides sensitivity to Soe S0 eREpecmd e o (- T Z-Z;T\' N
. = . - | > 7 o r : :_ .
the compressed region 400 A R S o \\ N
y — . : N‘\‘ .. o P \ 27 ~0_0
r I M L /A o " , N - 0'6:-‘ \ e .":.“ PP = XX,
(mll ep aced by T2) 300:_ p ' ’/,-’.:"_—-" ) ‘ B = 10 2 0_52_,‘ ’-\',—' \ B(i?—’ZG)=1-B(%?—’HG)
- E % 0'45_\_,' \\ E'.' \ ...... Expected
Sleptons excluded Ny N 4 8 oaf- N | T e
D o E LB § = P ) — — 23| (obs)
up to 215 (235) GeV 100 B c:é (;21_ \\ ! — - 2lon-Z (obs) '
o 3 o NN\ bbb |
at Am=5 GeV 100200 300 400 500 600 700 800 200 3(|)o 4(I)o 5cI>o 600 7(I)6 800 9(;0 1oloo 11Ioo 1zloo 13|oo 14( 07200 300 400 500 600 700 800 900 1000
m- [GeV] m_o [GeV] ms [GeV]

Most sensitive analysis (expected)



SUS-21-009

miss

Search for SUSY with 1 photon, jets, and p-;

 Electroweak and strong production of neutralinos and charglnos with fully p ~ g P ~ B
hadronic final states and at least one photon from 7Y — vG decays (GMSB) T T L 985l ’
« Select = 1 photon, > 2 jets, 0 leptons, and p " > 300 GeV g O y ;o y
b
Require S > 300 GeV (scalar pr sum of y + jets) P - P b

« 2 categories with/without tagged W/Z/H boson, binned in pmISS and Njets
 Main backgrounds: y+jets and Wy+jets, tty+jets... (“lost leptons™)

=10
~ 10°
€ 10°
o 10* &

10°

Data
Prediction

0.5

Data-driven estimations; ABCD-method or transfer factors

|
No excess observed N _1 + other models!
CMS Preliminary 137 fb' (13 TeV) CMS Preliminary 137 tb™ (13 TeV)

3 I I | ! I I | | | | | | I | | I | | | I I
= e
{ Data Y + jets Z(W) + v - o | §_ — cxx TR - with unc. _§ 3000 CMS Preliminary 137 b (13 TeV) B
[ Lost lepton X Total uncertainty = - = ... with unc. ] E PP —>090,d—0q0 x X — v/H G NLO+NLL exclusion 3 2
= T5bbbbZg (2200, 200) === T5bbbbZg (2200, 2100) === TChiWG (1000) = 2 95% CL1 ;pper limits - e o500l = Observed + 10y, _§
= - £ =58 Expectedtioc, . - O
N 0 N 0 N 0 N >1 N N =1 V ta H ta 107" - - Observed — experiment o
24 ’L -6 27 ’I‘ 24 P -6 ’|1 27 ’h g J‘ g _§ ........... Expected E : : 3
— = I Expected + 1 s.d. _ 2000— — 5
= Expected + 2 s.d. . - J —1 CC’
= 2 B - . O
: 3 10 =3 = | | — o
h- | o 3 : E 1500 1 1 E
l - - i 1 | &
* = Ak ‘ ‘ 1000~ =
n = | .'ﬂ .—.nnﬂl-l mi 00 “eal L 5 4 3
= = - : e N O
e l SYPTIN (FRRVEY PRSP AR I SO RPN RTT I ..... codeenennns I ........ — - oo . 500+ . &\c;
5—-**{ rlfl i ~~&-ﬁ:—{-—:-l-:--11:--:-1-:-{\-;- o hadeay }l L +¥1;+‘-f-+--:-:-e:-éeoe-{--:«:--l»‘f-ré—e—’: [ PP AL, T, ] - ) - >
2 Fer | 1 I B R0 T 10_4__x—>y/H/ZGx—>y/H/ZG of b by 1, e
spnbEEEEELEREERLEEEEEEEE CEREEREEREEEEEEL RRERE CEREE Eb l ..... N N R ) ehseccsancanannss ¥ ..* .......................... |. . i. ................ E l l l [ l I I l l I l l l I l l : l | l 1 600 1 800 2000 2200 2400 2600 2800
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Bin index
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SUS-19-001

Search for Stealth SUSY with 2 photons and jets

Stealth SUSY: MSSM + light hidden sector containing
singlino § and singlet S, with gravitino LSP
— naturally produces low meSS signatures

Search looks for gluino and squark production with decays
through the neutralino: 7° — 7S, S — SG, S — gg

G g

G © q Y G
SeIeCtlon: . o CMS Preliminary 138 b (13 TeV) o CMS Preliminary 138 b (13 TeV)
[ 2 phOtonS and > 2 JetS E ? N, =5 ===« Predicted Background (post-fit} ¢ Dataﬁg E ? N jers} =6 #os Predicted Background (post-fit) ¢ Dataﬁg
» Norequirement on pmlss Jij 10‘3“”"" ....... N 3 : 1013'*"'* by m.xl).'_'.'(_?.'z_'é'(_)!.'j'.l_(').'o_')G"Y<'ra"r;'>'"<'1'1éo"zaa>avé
+ S1>1300 GeV (scalar py sum of all objects) T e B
Signal extraction based on St and binned in jet multiplicity T i N .
(4, 5, or =6 jets) - PO UR— T T
Maln background mult”et eventS Wlth °l™ 025 1500 2000 2500 000 (Gei,ls)oo °l™ 025 1500 2000 2500 3000 N (Gei,/s)oo
2 photons from the initial scattering 2o S Prelminary 138107 (13 TeV). . CMS Preiminary 138 fo” (13 TeV).
> 2200_ pp—07, §—~-G0, G—%,0. %, =15, §-8G, S—gg .-~ 2 - pp—{d, 4—%,9, %, 1S, 5-8G, S—gg
- - - - go 2000— (NNL(;)O+GNVNLL ;(:cju\;lon o - I (\ngsoo_;\lNLCc))ofNNLL szgusmn:m -
Data-driven background estimation using .+ e a2 I Exclude gluinos & o0l St < o) I
: : A\ squarks with masses | i o e
the S+ shape in events with low V. k% LA - % :
T Shap jets o 1of | upt02.15& 1.85TeV | = <o

St shape is ~invariant at high Sy

800

St shape modeled using Adaptive )
Gaussian Kernel estimation N ——

|

|
3
95% CL upper limit on cross-section (pb)

—
S

1200 1400 1600 1 800 2000 2200

10 ™(GeV)

Strongest limits to date
for these models!
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EXO-21-005

Low mass dimuons with scouting

« Use data scouting to extend reach to lower mass dimuon resonances
» Massrange: 1.1-2.6 GeV and 4.2-7.9 GeV, excluding region of J/, ¢’ and Y(1S5)
 Motivated by e.g. dark photons Zp with kinetic mixing € or 2HDM with extra scalar
 Analysis assumes narrow resonance coming from the primary vertex

e Scouting trigger

 Dedicated trigger stream storing reduced event information (4-8 kB/event instead
of 1MB) at higher rate (2kHz instead of 0.45kHz for standard dimuon triggers)

* Trigger selection: 2 muons with pT > 3 GeV, efficieny highest at low DR

e Offline analysis:

« 2 muons with py > 4 GeV, |n|<1.9

e Optimized muon identification for low masses using two BDTs

* Fit to dimuon invariant mass spectrum in discrete mass windows of
5x experimental resolution (1.5%)

CMS Preiiminary 96.6 fb~! (13 TeV)
10 Largest excess at 2.41 GeV,
10°%) . local: 3.240, global: 1.270
102} 4 | side note: 3.10 LHCb
107 | | excess at 2.42 GeV

11

~ CMS Preliminary

Scouting Triggers, 96.6 fb™' (13 TeV)
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EXO-20-010

Search for inelastic dark matter

* First search for inelastic DM at a hadron collider

« =2 DM states y; & y, + dark photon A’ with kinetic mixing with SM hypercharge (g)

« Search targeting small A = m —m, € 0.1 — 0.4]771)(1
 Large production cross section, small selection efficiency

« Signature: p

P ISR jet, °’

pr > 80GeV

 Signal regions defined by number of displaced
muons matched with standard muons

 Backgrounds predicted via ABCD method using
min-d, vs. relative isolation or A (up, py™™)

miss eollimated with 2 displaced muons

longlived

Dedicated displaced muon
reconstruction

* Using only muon system

e Efficient up to large
displacements (few meters)

* Require 2 displaced muons
that form a good vertex

No excess observed

Place constraints on interaction
strength vs DM mass

Sensitivity enhanced at m, = 30 GeV

because of mixing between A’ and Z

(my = 3m)(1)

12
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http://cds.cern.ch/record/2851361?ln=en

Search for dark matter in W+W- events with p"

« Focuses on a Dark Higgs model including Dark Higgs s, Z’, dark matter y;
assuming Z’' production with decays to W*W™ and two DM particles W
(dominant decay for m¢ > 160 GeV)

 Selection: 1 or 2 leptons, no b-tagged jets

miss

» 2-lepton final state: 2D profiled fit to m(Z,, pr ) and m,, Leptons required

to be different

* 1-lepton final state: 1D binned fit to the shape of a BDT

discriminant, trained for signal separation with kinematic DY background

variables related to the leptons and p%mss

e No excess observed

CMS Preliminary 137 b (13 TeV - -1 N — .
| CMSremnay 13787 (13TeV) CMS Preiminary 35.9 f6 (13 TeV) » Strongest limit for mp,; = 200 GeV: exclude up to
5 10 E mmm other background B Drell-Yan R = e mmee | mm e
@ 0o . w\%\?s — mzs;clrtnpt < e M Drell-Yan I Non-prompt mS — 350(160) GeV for mZ/ — 700(2200) GeV
c = = c tW and tt B W+jets
q) — —_ —_ — AN H —
Lﬁ 10° [ m, =160, m, =100, m,, =500 Total uncertalnty_g f 10; [ ] mg=160, m, =100, m, =500 | Total uncertainty o P o p
AR, <1.0 5 @ 10 CMS Preliminary 137 fb™ (13 TeV) CMS Preliminary 137 fb™' (13 TeV)
4 __ c _ -
10 = = o 10° ;400_' b T T Dark Higgs, Z' — DM +s (WW)| - - ;400_' b T Dark Higgs, Z' — DM + s (WW)| - e
e i i 10* O B Majorana DM, m =100 GeV s O - Majorana DM, m =200 GeV 2
0 = 10° ) 350k 6=0.01,g =025g =1 % ) 350 6=0.01,g =0.25g =1 %
n P — = Expected 95% CL ] : — = Expected 95% CL —
102 _E 102 E : — ObZZr\t/id 95% CL - 10 E — Obzzr\t/Zd 95% CL E 10
- 10 = ——— =+ 1std. dev. _ L + 1 std. dev.
10 — — + 2 std. dev. T — + 2 std. dev.
S 1 300~ Q, h?=0.12 | 300 — Q, 2 =0.12
’ = 107 N . .
_2 | | 1 1
- 10 250 = 250~ =
o I T e : 5 : .
o E S DO A SR A AR E - = B IR E - 5
S 48k 2 S i = 3 B O S IS = 1 200 - 200~ -
© e S S SR o Sr [ + 08 7 -1
0O = i ; i e . 3 @© 10
bin number (mII -my T ) BDT discriminator 500 1000 1500 2000 2500 500 1000 1500 2000 2500

13 m; [GeV] m; [GeV]
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Search for long-lived heavy neutral leptons

Events / 5 GeV

Data/Pred.

decaying to jet + e/u/T

HNL with small masses or couplings are longlived:
Coupling not restricted to single generation ‘v V| (mN)5

Search relies on displaced jet tagger

 Deep neural network with convolution and dense layers, using domain
adaptation to reduce effect from differences between data and simulation

* Inputs are both jet-level quantities and jet constituent quantities q

 Multi-class output: jets from g/g, pileup, prompt lepton or photon,
displaced jet with or without displaced lepton

Search categories based on lepton flavor & charge, AR(/,, jet), and displacement

Backgrounds estimated via ABCD method in data using 777, and NN score

imi 138 tb' (13 TeV
10°  (ee,epue,up) +jets, 1381 (13 TeV) 1099".'3.’3.'9.'”’.”’.’3.'}’. — .(. — .)
CMSI Preliminary | | e Data ) - resolved
SR, 05 loptons mi C45GeV,c-100mm M Background No excess observed
. Majorana HNL (x10°) B W+jets - =10 GeV, ¢ty =1 mm Unc. . . .
- =10 GeV, oro= mm D zisiets 0s ss Best limit on the coupling

5_ Dt 4, f’"dfvg““; A0, dy 3ed<t0 oot strength for pure muon
" - - scenario, excluding values

of [Vun|2 > 5(4) x 10-7 for
Dirac (Majorana) HNLs
with a mass of 10 GeV

Longlived

Displaced jets

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0
fe

CMS Preliminary 138 fb' (13 TeV)
Majorana HNL —
mn = 4.5 GeV 1 0 5 -
102 E
5
E
o
=
9o
-
@)
0
Tp)
(@)
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B2G-20-012

Search for W’ — tb in leptonic final states

High pr b jets
pi(p?) > 300 (150) GeV

PSS > 120 GeV

« W’ reconstruction: q n
« High pr leptonic top quark recontruction using lepton, pmISS and b jet:
« Use myy, to constrain neutrino p, W ;
»  pick jet using combo of my,, AR(?Z, j), subleading b jet
« W’ candidate = top candidate + leading b jet not already used %?336:21__6333/\0’ t
 |fless than 2 bjets, procedure is applied to full jet collection o Chirality: LH, RH, mixed m

 0Ob events used as CR; SRs binned based on which jet is b-tagged

« Simultaneous maximum likelihood fit to the m,,;; distribution, with backgrounds

estimated via data sidebands using m,,, and mgp Aksg (AKS jet closest to W’ jet) 3.8 TeV, for narrow W' (RH chirality)

138 fb (13 TeV) 138 fb (13 TeV)

Observed 2.60 local (2.00 global) excess at

138 fb (1 3 TeV)
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B2G-21-005

Search for b* — tW with lepton+jets

Targeting excited b quark, b*, decaying to top quark + W boson

Wide-radius jet
tagged as W boson
using N-subjettiness

/;%‘ fi W' W and t have
t large pr
/ 1%
b

« Decay becomes dominant for m,.. > 700 GeV at 40% BF

« m,y reconstructed from tagged W boson and reconstructed
miss

top quark (from b, lepton, p+"") and used as search variable

2 signal regions:

miss

« High-mass: p+ > 80 GeV and p%V > 400 GeV

< 80 GeV or p; < 400 GeV

+ Low-mass: p;*°

X

Backgrounds
 tt: constrained via control region
 QCD multijet: estimated via ABCD method

Large angle between
W and bjet

AR > (0.8

CMS Preliminary March 2023 138 b (13 TeV)
P a I tW — blv,qq B2G-21-005 |
5 CMS Preliminary 138 fb" (13TeV) CMS Preliminary 133 fb' (13TeV) -9-'; 1 —— tW — bqq,qq JHEP 12 (2021) 106
c 1N 0 hi =i L L L L L L L L L L - 105 L L L L L LU AL AL = - tW — baa,iv JHEP 04 (2022) 048 =
— channel . = ~ech I _ ’
% 4 EL“- ®Data  —b,(24TeV) Mt - % @ channe ®Data  —b* (2.4 TeV) Mt N O excess Obse rved e — tW — bqq,qq & bqg,lv (comb.)  JHEP 04 (2022) 048
= 10 : high-mass SR [lQCD  [[]Singletop  [Jother bkg= £ 10* chigh-mass SR lQcD [ |Singletop [ ]other bkg X
% ] Total unc. 3 [ 3 Total unc. g 5
D 1 & ol une : Excited b quarks P
2 = c 107'F E
i 1 . excluded up to 2.35, S
: 3 IS
L - o [N
2 . o s T
. : LH, RH, vector-like S 102l U .
1 - ,_I_l = 1 i_ [ = . 1 Observed TN
d) 2 4+ I T } gy || T T S % T || [ { 11111 c) 2 1 } [ { | % - % b % T % [ f 11111 Scenarlos Lz Expected e XN
x 157 { 5 1.5 } % —Theoryb* XN
% 1k RS # $ { { ‘ = . 5‘I $ § { X LH .n
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https://cds.cern.ch/record/2845019

Conclusion

e CMS continues the exploration of the BSM physics landscape:
Delving deep, scouting wide, and climbing high

® Analyses are using sophisticated analysis methods, including machine
learning methods to extract the most from our excellent data

® See also talk by J. Ngadiuba on Machine Learning in CMS

® For more results, please visit our public results web pages!
And stay tuned for Run 3 results in the future!
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Heavy
Fermions

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

String resonance

Zy resonance

Wy resonance

Higgs y resonance

Color Octect Scalar, k2 =1/2

Scalar Diquark

tt+ ¢, pseudoscalar (scalar), g2, x BR(¢—-2f) > = 0.03(0.004)
tt + ¢, pseudoscalar (scalar), gtzop X BR(¢—-2£) > =0.03(0.04)
pp+Zly+X

quark compositeness (££), Nurr =1
quark compositeness (#), Nurr= —1
Excited Lepton Contact Interaction
Excited Lepton Contact Interaction

vector mediator (qq), gq=0.25,gpom =1, my =1 GeV

vector mediator (£f), gq=0.1,gpw =1, =0.01,m, > 1 TeV
(axial-)vector mediator (gq), gq =0.25,gpm =1, m, =1 GeV
(axial-)vector mediator (xx), gq =0.25,gom =1, my =1 GeV
(axial)-vector mediator (£), gq = 0.1, gom =1, g, = 0.1, My > Meq/2
scalar mediator (+t/tt), gq=1,gom=1,my =1 GeV

scalar mediator (tt), gg=1,gom =1, my =1 GeV

scalar mediator (fermion portal), A, =1, my, =1 GeV
pseudoscalar mediator (+j/V), gq=1,gom=1,m; =1 GeV
pseudoscalar mediator (+t/tf), gq =1, gom = 1, my =1 GeV
pseudoscalar mediator (tf), g3 =1, gpm=1,my =1 GeV
complex sc. med. (dark QCD), My, =5 GeV, cTx,, =25 mm
Baryonic Z/, 94 =0.25,gpm =1, my, =1 GeV

Z' mediator (dark QCD), Mgark = 20 GV, Finy = 0.3, Qdark = Ay
7' —2HDM, gz =0.8,gpw =1, tanB =1, m, = 100 GeV

Leptoquark mediator, B=1, B=0.1, Ax py =0.1, 800 < Mo < 1500 GeV

axion-like particle, f-1=1.2 Tev-!

inelastic dark matter model, y =106, ap =0.1

inelastic dark matter model, y=10"7,ap=0.1

dark Higgs model, gq =0.25, gopm = 1,6 =0.01, m, = 200 GeV, mz =

RPV stop to 4 quarks
RPV squark to 4 quarks
RPV gluino to 4 quarks
RPV gluinos to 3 quarks

ADD (jj) HLZ, nepp=3

ADD (yy, £0) HLZ, nep =3
ADD Ggg emission, ngp =2
ADD QBH (jj), nep =6
ADD QBH (eu), nep=4
ADD QBH (eT), ngp=4
ADD QBH (ut), ngp=4
ADD QBH (yj), nep =6

RS Gyk(£t), k/Mp =0.1

RS GKK(VV), k/MH =0.1

RS Gkk(qd, 99), kMg =0.1
RS QBH (JJ), nep=1

RS QBH (vj), nep =1
non-rotating BH, Mp = 4 TeV, ngp = 6

3-brane WED gk(¢ + 9~ 999), dgrav = 6, gge = 3, € =0.5, m(¢)/m(gxx) = 0.1

split-UED, u=2 TeV

excited light quark (qg), A=mq

excited light quark (qy), fs=f=f=1,A=mq
excited b quark, fs=f=f=1,A=m,
excited electron, fs=f=f=1,A=m;
excited muon, fs=f=f=1,A=m;

UMSM, |Ven|2=1.0, |Vw|?=1.0

UMSM, |Ven|2=1.0, |Vw|?2=1.0

UMSM, [VernVinl*/(|Ven!? + |Vn[?) = 1.0

Type-lll seesaw heavy fermions, Flavor-democratic
Vector like taus, Doublet

Vector like taus, Singlet

Zp, Narrow resonance, €2=8x 1076 (90% C.L.)
Zp, nNarrow resonance, €2=4 x 1073 (90% C.L.)
Zp, narrow resonance, €2=7 x 1077 (90% C.L.)
Zp, narrow resonance, e2=3x 1075 (90% C.L.)
SSM Z'(42)

SSM Z/(gd)

Z'(qq)

Superstring Z;,

LFV Z', BR(ep) = 10%

LFV Z’, BR(eT) = 10%

LFV Z', BR(ut) = 10%

SSM W'(Lv)

Leptophobic Z

SSM W/(gd)

LRSM W (Ng), My, = 0.5My,

SSM W'(tv)

LRSM WR(eNR), MNR = O.SMWR

LRSM WR(TNR), MNR = ().."-)MwR

Axigluon, Coloron, cotf =1

Overview of CMS EXO results
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Overview of CMS B2G Results
CMS Preliminary

March 2023
36 -138fb~! (13TeV)

- > R - gGy - Wy (gm =0.1, A=4My) Mg
» W' - qgdy - Wy (gm = 0.1, A=4My) My
>Z' (2016 combination) My » 138fbt
> 7 - ZH - qgTt My 4 96.5 fb~!
» Z' - ZH - (i, w)bb My > 36!
> Z' > ZH - q4qg Mz
» Z' - WW - q4qq Mz
» Z' > WW - fvqq Mg
> W’ (2016 combination) My
>W - WZ - lqq My
» W - WZ - vvqq My
>W - WH - qqtt M
> W - WZ - qdqq Mw
» W - WH - fvqq My
» W - WZ - fvqq My
» R - ZZ - vvqq Mg
>R - HH - ggtt Mg
» R - HH - bbBWW (lep.) merged-jet Mg
» R -» HH - multi-leptons Mg
» R - HH - yybb Mg
» R - HH - bbbb merged-jet Mg
> R - VWV - q4qq Mg
» R = WW - fvqqg Mg
> G (2016 combination) Mg
>G - ZZ - fvv Mg
>G> ZZ - {qq Mg
» G- ZZ - vwuqq Mg
» G —» ZZ - {{qq Mg
» G - HH - bBWW (lep.) merged-jet Mg
» G - HH - multi-leptons Mg
» G - HH - yybb Mg
» G -» WW - fvqq Mg
>t t" - fvbb +jets (R-S model, B=1) M-
»b* > tW - bgqg g (LH+RH) My-
»b* > tW - bgg gg (RH) M+
»b* > tW - bgg qg (LH) My
»b* > tW - bgg v (LH+RH) Mp-
»b* - tW - bgg Iv (RH) My+
»b" = tW - bgg Lv (LH) My+
»b* = tW - biv qg (LH+RH) My
»b" > tW - blv qg (RH) My
»b" - tW - blv gg (LH) My
> LQLQ - bvbv Mg
- >LQLQ - tuty Miq
> LQLQ - tttt Mo
> W - tb, 1/ (RH) M, > My My
- > W th, O, (LH) e
» W - tb, 0£, (RH) My
> Z' - tt (T/Mz=30%) My | JHEP04(2019)031 6.6
- > Z' - tt ([/Mz=10%) My 5.2
> Z' =t ((/Mz=1%) My
D> Stealth § —3%qd (v + 2jets, My = 0.2TeV) Mg
> Z' - tT - tZt/tHt -» Ly +jets (Mr=1.5TeV) My
» W' - Tb/Bt (MyLq = 2/3My) My
> Wi — RW > WWW (0f + 1£) My,
» Wik = RW - WWW (1) M,
» X - aa - bbbb (M, =0.1TeV, MyN/f=8) My
» bZt(Z->w) (f/m=0.3, Singlet) My
» bZt(Z->w) (f/m=0.2, Singlet) My
» bZt(Z->w) (f/m=0.1, Singlet) My
» bZt(Z-vv) (I/m=0.05, Singlet) Mt
» btH (H - yy), (I'/m=0.05, Singlet) My
» btH (H-yy), (F/m=0.04, Singlet) My
» btH (H - vyy), (I/m=0.03, Singlet) M+
» btH(H-yy), (F/m=0.02, Singlet) My
» btH (H-vyy), (I/m=0.01, Singlet) My
> t Ht (H- bb) (r/m=0.3, Doublet) Mt
> t Ht (H- bb) (r/m=0.3, Singlet) M+
> t Ht (H- bb) (r/m=0.1, Singlet) My
> t Ht (H- bb) (r/m=0.05, Singlet) M+
> t Wt - lep. + jets (I/m=0.1, LH) Mg
> bWt -lep. +jets (I/m=0.3, LH) Mg
> b Wt - lep. + jets (f/m=0.2, LH) Mg
> b Wt - lep. + jets (f/m=0.1, LH) Mg
> b Hb (H- bb) (/m=0.3, Doublet) Mg
> b Hb (H- bb) (/m=0.2, Doublet) Mg
> t Wt - lep. + jets (F/m=0.3, LH) My,
> t Wt - lep. + jets (F/m=0.2, LH) My,
- > t Wt - lep. + jets (F/m=0.1, LH) My,
> Y_4/3Y-23 = bW bW - Lvqgdqq My
<{EE - 4b tT1/TV/VV Me
» BB - bgqg bgqg (B(tZ) = 1) Mg
» BB - bgqg bgg (B(tH) = 1) Mg
» BB - bgq bgq (Singlet) Mg
» BB - lep. + jets (Singlet) Mg
» BB - lep. + jets (Doublet) Mg
» TT - lep. + jets (Singlet and Doublet) My
5 6 7

Lower mass limit at 95% CL [TeV]




Overview of CMS long-lived particle searches
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UDD, g-tbs, mz =2500 GeV g 2104.13474 (Jets with displaced vertices) _ 140 fb~!
UDD, g-tbs, mz =2500 GeV g 2012.01581 (Displaced jets) [ 0l003=1"m" 132 fb~!
UDD, t-dd, m;= 1600 GeV £ 2104.13474 (Jets with displaced vertices) [ N0100035=0108 ! 140 fb~?
UDD, f-»dd, m; = 1600 GeV £ 2012.01581 (Displaced jets) [ 0l002=1:32'm" 132 fb~!
LQD, E-bl, mi = 600 GeV f | 1808.05082(2u+2jets)  <003m 36 b
LQD, E-bl, i 460 GeV : 211004809 (Displaced feptons)  00001-10m 116 -
LQD, t-bl, m; = 1600 GeV f 2012.01581 (Displaced jets) _ 132 fb~!
GMSB, §—gG, mg = 2450 GeV g 2012.01581 (Displaced jets) " 0,006-0.55 m 132 fo~
GMSB, §—gG, mg = 2100 GeV g 1906.06441 (Delayed jet+MET) = 0.32-34m 137 bt
Split SUSY, g-qgx?, mg = 2500 GeV g 2012.01581 (Displaced jets)  0.007-0.36 m_ 132 fb!
Splt SUSY, G-t} my = 1300 GeV j | wseeangessmen  dam 36 "
Split SUSY (HSCP), f54 = 0.1, mg = 1600 GeV g 13 b2
mGMSB (HSCP) tanf =10, u>0, m; =247 GeV F 13 fb~!
Stopped £, t-ty?, m; =700 GeV £ 1801.00359 (Delayed jet) 39 fb~?
Stopped g, §~qqgx?, fzo=0.1, mz = 1300 GeV g 1801.00359 (Delayed jet) 39 fb~!
Stopped g, §-qgx>(uux?), f;5=0.1, mz = 940 GeV g 1801.00359 (Delayed pp) 39 fp!
AMSB, x *-xn*, m,= =700 GeV x* 2004.05153 (Disappearing track) |~ 07-30m 140 fb~!
g~qadx; or q,,d,,X7Xi =Xin*, mg=1600GeV,mys = 1575GeV y.* 1909.03460 (Disappearing tracks +jets withM;) = 0.11-10m_ 137 fb~!
g-qx3 or g'x:=, it =»xin*, mg=2000 GeV, myo = 1000 GeV X 1909.03460 (Disappearing tracks + jets with M) _ 137 fb!
t-tx) or byit, xi »x3n*, mi=1100 GeV, mye =1000 GeV ~ y=* 1909.03460 (Disappearing tracks +jets with M;) = 025-9m 137 fb~!
GMSB, x?~HG(50%)/2G(50%), mys = 600 GeV X 2212.06695 (Trackless jets + MET) [0 04=12m| 138 b~
GMSB, x?-HG(50%)/ZG(50%), mys = 300 GeV X° 2212.06695 (Trackless jets + MET) [ 10,0524 m- 138 fb~
GMSB SPS8, x)-yG, mys =400 GeV X° 1909.06166 (Delayed y(y)) | 02-6m 77 fo~?
GMSB, co-NLSP, F=iG, = 270 GeV ,~ 211004800 (Displaced leptons) ~ 5e05-265m 118 o
HoZoZ(0.1%), Zoo i, my =125 GeV, my =20 GeV  x 20050856 Displaced dimuon)  se05-5m 08 o
H-ZpZp(0.1%), Zp-up(15.7%), my =125 GeV, mx=5GeV ~ x [2112.13769 (Displaced dimuon using scouting) .~ 0,0001-025m 101 fb!
HoXK(10%), X-see, my =125 GeV, my =20 GeV X 14116077 (Displaced diefectron)  000012-25m 20671 (6 TeV)
H-XX(0.03%), X-Il, my =125 GeV, my = 30 GeV X 2110.04809 (Displaced leptons)  0.001-0.12m 118 fb~?
H-XX(10%), X=bb, my = 125 GeV, my = 40 GeV X 2012.01581 (Displaced jets) _ 132 fp~!
H-XX(10%), X~bb, my =125 GeV, my = 40 GeV X 2110.13218 (Displaced jets+2) | 0.004-0.248 m_ 117 fb~!
H-XX(10%), X~»bb, my = 125 GeV, my = 40 GeV X 2107.04838 (Hadronic decays in CSCs) _ 137 fb!
H-XX(10%), X~1T, my =125 GeV, mx =7 GeV X 2107.04838 (LLP decaysinCscs)| = 0.02-23m 137 fb~*
dark QCD, my,, =5 GeV, my,, = 1200 GeV Xpk 1810.10069 (Emerging jet+jet) | 0.0022-0.3m 16 fb~?
1 1 1 1 1
1077 107> 1073 1071 101 103

ct [m]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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LQ(eq)

LQ(7q) LQ(pq)

. LQ(vq)

LQ(g)LQle)), BR(LQ—ej)=1,j=u.d
LQ(g)LQ(ef) + LO(ejLQ(ve)), LQ, j=u.d
eLQ(ej), BR(LQ—ej)=1,A=1, j=u.d

LQ(et)LQlet), BR(LQ—=et) =1

LQ(uc)LQ(uc), BRILQ = puc) =1

LO(uc)LQ(uc) + LO(uc)LQ(v,s), BR(LQ - uc,v,s) =0.5,0.5
uLQ(uj), BRILQ= ) =1, j=u.d

LQ(ut)LQ(ut), BRILQ—»put)=1,A=1

LO(utILQ(ut), BRILQ — pt) = 1

LQ(TbXLQ(Th), BRILQ—=Tb) =1

LQ(tbLQ(th), BRILOQ—Tb) =1

TLQ(Tb), BRILQ=Tb)=1,A=1

TLQ(Tb), BR(LQ—=Tb)=1,A=1

LQ(TtLQ(v:b) + v.LQ(Tt), Equal LQ coupling to tt, v;b, A=2.5
LQ(TbLQ(v,t) + TLQ(v,t), Equal LQ coupling to Tb, vt, A=2.5

LQ(TtLQ(Tt), BRILQ—=Tt) =1

LO (Ve ufILO(veruyf). BRILQ 2 vepyj) =1, j=u.d,s, C
LQ(v:bX.Q(v:b), BRILQ—=v.b) =1
LQ(v tLQ(v:t), BRILQ = vit) =1

LO(vaul Q(vau) +valQ(vau), BRILQ=vu)=1,A=1

Overv
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Combination of electroweak SUSY searches
Results for higgsino-like 7 & 7, , (with bino-like 77)
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Search for SUSY with 1 photon, jets, and prmiss
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Figure 1: Diagrams of simplified models of gluino pair production: T5qqqqHG (top left),
T5bbbbZG (top right), T5ttttZG (lower left), and top squark pair production: T6ttZG (lower
right). The models are defined in the text.
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Figure 2: Diagrams of simplified models of electroweakino pair production: TChiWG (top),
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TChiNG (bottom left), and TChiNGnn (bottom right). Only the X’f X3 and X7 Xit cases are
shown for the TChiWG and TChiNG models, respectively. The models are defined in the text.
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SUS-21-009
Search for SUSY with 1 photon, jets, and prmiss

piss > 300 GeV for SRs and € [200,300] GeV for CRs
Niets (pr > 30GeV, 7| <24) >2
v (pr > 100 GeV, |7]| < 2.4) > 1 Table 2: The systematic uncertainties in the predicted background and signal event yields (in
St = Ejets pr + p']{ > 300GeV %). A dash (—) indicates that the source of uncertainty is not applicable or negligible.
A(P (jetﬁT p ﬁr}n 155 ) > 0.3 for 2 highest pr jets Source Lost lepton Misidentified e Z(vv)y Multijet+9 Signal
Number of leptons (e, %) 0 Luminosity — — — — 1.6
N b fisolated track 0 Limited number of CR events 3-100 5-20 8-28 2-100 —
umber of 15olated tracks Limited number of simulated events ~ 2-10 2-20 2-70 10-50  0.7-38
b tagging 0-1 0-1 — — 0-10
PDF 3 — — — 1-2
ugr and pug scales 2 — — — 0.3-5
JEC 0-6 0-3 — — 1-2
. JER 0-6 04 — — 1-2
g0 N7 | 29 30 31 32 33 Pileup — — — — 0.1-0.3
z Trigger efficiency — — — — 3-10
N-% | 24 25 26 27 28 Collinear 7 4 L L . .
NS |19 20 21 22 23 & _ 20 _ _ _
. 2 - ” - " Modeling of 7y pr — — 1840 — —
N7 Htag | 40 41 42 43 | 44 | 45 x modeling — — — 10-36 —
Ng_e 8 9 10 1 12 13 IOW-p%uSS C / A data stat. — S S 10-50 S
Isolated track veto — — — — 2
AD 1 2 3 4 5 6 7 V-tag 34 35 36 37 38 39 Jet ID o o o o 1
200 300 370 450 600 750 900 200 300 370 450 600 750
PSS (GeV) PSS (GeV)
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Search for SUSY with 1 photon, jets, and prmiss
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Search for Stealth SUSY with 2 photons and jets
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EXO-21-005

Low mass dimuons with scouting
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Figure 1: The 2017 (left) and 2018 (right) measured efficiencies of the dimuon scouting trigger
and logical OR of all L1 triggers using 2017 data. The value of each cell shows the probability
that a valid pair of muons which satisfy the trigger requirements will cause the dimuon scout-
ing trigger to fire. The x-axis shows the dimuon mass and includes the entire relevant range

for this analysis. The y-axis shows the angular separation, AR, between the two muons.
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Figure 3: The signal acceptance and reconstruction efficiency are extracted from DY (purple)
and pseudoscalar (cyan) simulations. The occluded region at 3.5-4.5 GeV indicates the transi-
tion between the J/ip-trained and Y (1S)-trained muon MVA identifications.

96.6 fb~' (13 TeV)

Figure 4: Left: Expected and observed model independent upper limits at 95% CL on the prod-
uct of the signal cross section () times branching fraction to a pair of muons for the inclusive
dimuon selection. Right: The model independent limits for the high-p; selection. The mass
region dominated by the J/¢ and ¢’ resonances is not considered in the fit.
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EXO-20-010

Search for inelastic dark matter

Table 1: Definition of ABCD bins and yields in data, per match category. The total signal
systematic uncertainty averaged over all years is approximately 20%, 30%, and 40% for the
0-, 1-, and 2-match categories respectively (see supplemental material for a breakdown). The

predicted yield in bin D is based on the assumption of zero signal.

Bin 0-match 1-match 2-match
Acp%ET min-d w lcm]  Events Ilﬂ%l min-d w lcm]  Events Ilrj%l min-d w lcm]  Events
Obs. A | 0-0.1 3-15 68 > 0.25 0.02-0.75 716 > 0.25 0.02-0.15 424
Obs. B | 0.1-0.5 3-15 9 < 0.25 0.02-0.75 33 < 0.25 0.02-0.15 22
Obs. C | 0-0.1 > 15 9 > 0.25 > 0.75 12 > 0.25 > 0.15 10
I;le)(sit[)) 0.1-0.5 > 15 12 :zt 0.6 < 0.25 > 0.75 0-5£0.3 < 0.25 > 0.15 05=0.3
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Search for dark matter in W+W- events with p%mss

Quantity Selection

Number of leptons 2

Lepton flavors €K, pe Quantity Selection
Lepton charges Opposite Number of leptons 1
Additional leptons 0 Additional leptons 0
pf}max > 25GeV Number of jets > 2
pmn > 20 GeV Non W-candidate b-tagged jets 0

My, > 12 GeV my; > 65GeV, < 105 GeV
plt > 30 GeV e > 60GeV
pr > 20 GeV - > 60GeV
min (pfrmss,PF pro], p?lss,track pro]) > 20 GeV m:{} PSS > 80 GeV
mrgrg’p T > 50 GeV ARy <3
ARy <25 Ay <18
Number of b-tagged jets 0 A g ymiss >2

Table 2: Summary of the event preselection criteria in the di-leptonic channel. Table 4: Summary of the event preselection criteria for the semi-leptonic channel.
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EXO-21-012

Search for dark matter in W+W- events with p-
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Figure 3: Unrolled m, g-mémm’p P post-fit distributions in the di-leptonic channel for three
signal regions SR1 (top left), SR2 (top right), and SR3 (bottom), for the full data set. The his-
togram bins are spaced uniformly. Each group of five bins (from left to right) corresponds to

the mémin’p ™ distribution in a m ¢¢ Tegion, placed in ascending order. The black line indicates
the signal prediction for m; = 160 GeV, m, = 100 GeV, m = 500 GeV.
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Figure 4: Post-fit BDT distributions in the semi-leptonic channel for the full data set in the
top CR (top left) and W + jets CR (top right). The signal region has different binning in 2016
(bottom left) and 2017-2018 (bottom right) to ensure good statistical precision in all bins. The
red line indicates the signal prediction when m; = 160 GeV, m, = 100GeV, mz, = 500 GeV.
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EXO-21-012

Search for dark matter in W+W- events with p-
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Figure 5: Observed (expected) exclusion regions at 95% CL for the dark Higgs model in the
(mg, m,1) plane, marked by the solid red (black) line. The expected + 1o and + 20 bands are
shown as the thinner black lines. Upper left: m, = 100GeV, upper right: m, = 150GeV,

lower left: m, = 200 GeV, lower right: m, = 300GeV. The gray line indicates were the model

parameters produce exactly the observed relic density Q.h? = 0.12 [7].
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miss

In this analysis only the decay of the dark Higgs boson to a pair of visible W bosons is consid-
ered; this decay mode is dominant in the phase space analyzed. In the case where m; > 2m,,
however, the dark Higgs boson decays predominantly to a pair of DM particles. The conse-
quence of this change of decay mode can be seen in Fig. 5: there is a boundary reflecting a
sharp drop of sensitivity in the upper-left (upper-right) plot corresponding to m, equal to twice
the DM particle mass of 100 GeV (150 GeV).
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Search for long-lived heavy neutral leptons
decaying to jet + e/p/T

%10° (ee,eu,ue,up) +jets, 138fb' (13 TeV) x10° (ee,eu,ue,un) +jets, 138fb1 (13 TeV)
BT rr T [T Tt rrr rrr ]
%J | CMS Preliminary e Data %J - CMS Preliminary e Data ]
S 4 SR OSleptons DI/t O 2I'SR, SS leptons Ot 1
g - - -+ Majorana HNL (x10°) EW+ets - g - - -+ Majorana HNL (x10% [ W+jets |
® - mny=10 GeV, cro=1mm ) Ziy*+jets 1 12 150 mn=10 GeV, cto=1mm Ll Ziy*+jets 1
S 3 B Vy*Hets o W Vy*+ets
1l i Ll [ Multijet 1 1l _ SN ._ [JMultijet |
1 e [JUnc. ] 1 A JUnc. A
= ; - [ ) ) -
0.5F
0 B e Of
B 1.5} - B 1.5/ -
& =it N N N N N Tl =1 & j |
3 |[eetTeegsssesesse L *egee® 3 hd
© 0.5F . © 0.5f .
()] [ e Loy L0 ) ()] o Lo o0 a 0 Lo Lo
50 100 150 200 50 100 150 200
m,;- (GeV) m,;- (GeV)

Figure 2: Distributions of my;» for events with (left) opposite-sign (OS) and (right) same-sign
(SS) leptons in the signal region. A representative signal scenario for Majorana HNL production
with equal coupling to all lepton generations is overlaid with its expected cross section scaled
up as indicated. The hatched band shows the total experimental systematic uncertainty on the
simulated samples.
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Figure 4: Observed number of events and predicted number of background events per cate-
gory for (left) resolved and (right) boosted categories. Two representative signal scenarios for
Majorana HNL production with equal coupling to all lepton generations are overlaid. The bot-
tom panel shows the ratio of the data over the predicted background. The hatched band shows
the total systematic uncertainty on the predicted background.
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EXO-21-013
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Search for long-lived heavy neutral leptons
decaying to jet + e/p/T
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B2G-20-012 ,
Search for W’ — tb in leptonic final states
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B2G-20-012 ,
Search for W’ — tb in leptonic final states
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B2G-21-005

Search for b* — tW with lepton+jets
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