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New Physics Searches at the LHC

O LHC provides excellent opportunities to search
for BSM physics

O A wide range of new physics searches are

conducted at the LHC

B SUSY, leptoquarks, heavy leptons, axions, new
dynamics/couplings

B Many of BSM scenarios considered explain
unresolved mysteries in SM

O Hierarchy problem, dark matter, neutrino
mass, muon g-2, B anomalies, W mass

B Some of these BSM models produce the mass
resonance: see the Sergei’s talk

B Some of them produce long-lived particles: see
Alberto’s talk

B This talk will focus on searches for non-resonant
BSM (or rare SM) signatures

O Only a handful of recent results will be
covered. See parallel talks and links on the
right for more complete information
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

Supersymmetry

[0 New symmetry between fermions
and bosons
O Introduces superpartners with spin

SUSY particles Lsy
/H\ )

| ~0
tigoel® \ X1,23.4

<?
S N2 @ =2

differing by 1 v v lflveiutralinos
[0 SUSY can explain some of SM ol : J X12
. Charginos
shortcomings e
B  Lightest SUSY particle serves as dark ¢ - :
matter candidate i i g ql'es/\:
B Natural solution to hierarchy problem ~  \ J =
with light gluino, stop, sbottom, and t 5 .
higgsino ¥ e T tr tr TeV
B  Explain some of observed anomalies " “‘\ )‘ W TTTTTTTTT br,
(e.g. smuon for g-2 measurement) ~ ~TTTTTTT T -
[0 Program of searches for R-parity H
conserving SUSY ;
m  Strong mZ = (mdo— ——=AA2+ —=AA%+ ...
B Electroweak 161" l6m*
B 3rd generation = (mf])o + e Z(mf2~ — mfz) In(A /m¢) ,
I
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Searches for Gluinos

CMS-PAS-5US-21-007

Main selections:

O

O 00

One lepton (e or )

Njer 2 5 (6) for 0-b (multi-b)
High Hr, Ly=pr(lep)+MET

For multi-b: N, > 1 and N, > 1

B Utilize DNN-based DeepAK8 for
merged top, and resolved top
tagger for lower pt top quarks

=

Increase

% e

‘ Increase
top pr

CMS simulation Preliminary 138 fb' (13 TeV)
/\ 7 T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T
~ 10 5
S g E‘;f;so ey [ Other [Jaco E
o 10° H;>500GeV [ W +jets [ 1 + jets =
E E niel 26 e A 3
g Bl i+ jets T1tttt (2.2, 0.1) TeV E
m 10 Stat. Unc. —— THittt (1.8, 1.3) TeV E
\% ]
10* =
10° o
102
10 -
1 1 I 1 I I I 1 1 1 I 1 I I_
0 0.5 1 1.5 2 2.5 3
Ad
SM events : SUSY events :
Ag between W and lepton Flattish Ag distribution
usually small (two missing particles)

(and max given by M, p,,)

Lepton

S0 N
\“‘O// Reconstructed “W”
MET vector

randomized by
SUSsY LSP conditions
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-007/index.html

Events / bin

Data / Pred

CMS-PAS-5US-21-007

Searches for Gluinos
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No statistically significant excess in data
over the background estimations

CMS rreiiminary 138 fb™ (13 TeV)
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Extend exclusion by about 350 (200) GeV

on gluino (neutralino) masses
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-007/index.html

Events

Significance

SUSY-2018-05

Charginos/neutralinos w/ 2 leptons + jets

h/Z
. gravitino

Higgsinos

, h/Z
Neutralino LSP Gauge-mediated SUSY breaking

Elecroweak search selection

ATLAS ¢ Data =~ Standard Model
Ys=13 TeV, 139 fb™! Diboson Other

Bz +jets [ Top

Main selections:

B 2 leptons, 1or>2
jets, high MET
significance, M,

B Selection optimized
for elecroweak SUSY

signals and colored
SUSY particles

O EWK search regions
defined to target different
SUSY particle masses

B Binned in N, Ny, MET
significance, My, AR;;

No statistically significant
excess in data

May 19, 2022


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/

SUSY-2018-05

Charginos/neutralinos w/ 2 leptons + jets

~0_0

T, > W2 1,1, L 7 hz G
> B < 100p
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500 =R LG L SUSY — 90 TN
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El>< B All limits at 95% CI/'S I ATLAS 8 TeV, 20.3 fb' (observed) Fr 805—
400_— Y v e, 70 __,_ :
N m 60
300} 50F-
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200— . - ATLAS
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B v 20 All limits at 95% CLs
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Significant extension of
limits w.r.t. earlier

searches

gravitino assumed
to be massless
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/

ATLAS-CONF-2022-006

Charginos/neutralinos w/ 2 leptons + no jet

Tk e 1%
0 LRiLR™ VX, X,

l o o
8
p B : &
£ - X1 :
g B X? ATLA: 13 :e"\l: ;r):::LIZGOB
p - ATLAS 8 TeV, arXiv:1403.5294
E - LEP ., excluded
[0 Main selections: 2 leptons, no jet & large MET
. . ) . ATLAS Preliminary
O Focusing on difficult region with slepton- Vs=13TeV, 139 o, Alllimits at 95% L
neutralino and chargino-neutralino mass "0 w0 Te0 0 200 2w
difference of the order of W boson mass g Sl L
B  Challenging signature, very similar to WW 8 ATLAS Preliminary
<3 60 Vs=13 TeV, 139 b
b= All limits at 95% CL

B  LEP limits are still persisting

= = = = Expected Limit (+15,,,)

B The smuon limits are interesting in light of the 50 Bhennved Uik (132D
ATLAS 13 TeV, arXiv:1908.08215
muon g-2 anomaly [ ATLAS 8 TeV, arXiv:1403.5294

40 LEP excluded
[0 Dedicated search strategy for each model -

B  The slepton search uses the data driven
background estimation for the SF symmetric
(e*e’/urp) background from DF (ep) CR.

B  The chargino search deploys the BDT.
O Data compatible with SM background 0150 160 w
m(x,) [Ge
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/

CMS-PAS-5US-21-002

Charginos/neutralinos w/ boosted W/Z/H
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X2
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Data
Prediction

Events / 5 GeV

CMS Preliminary ‘ . . ‘ 137 fb* (13 Tev) > 25 CMS Preliminary ' ‘ 137 b (13 TeV)
90;— { Data [ JRare —; 8 C § Data [ ] Rare 7
80— [ J1res [ O-res —= i 20:_ [ O-res [ ]Top =
70E- Uncertainty —— TChiwz (600,1) 5 5 o Uncertainty —— TChiWH (600, 1) -
60E- —— TChiww (500, 1) I = 5 F —— TChiWZ (400, 1) -

= | o . |
50 - = w = - 4

b-veto SR i E C X WH SR .
40 -~ - = E 10k ; —
30~ TR 1] = & Cos T L‘ ]
20 L heee = 5 - I =
108 = E ' P L] ]

I N et s e . i -

eI s sE [ .

15F } = gz ]

E Q= F R

ey *+} Jsd {4 1 88 25} | | { | E
E = B ohoodoodbe | ROODOOGOGK
i T T A S [T
50 60 70 80 90 100 110 120 130 60 80 100 120 140 160

Main selection: 2 bosons decay hadronically,
giving two AKS8 jets, no lepton, large MET

B  DNN to discriminate W/Z/H to qq decays from QCD jets.

Two search regions:
B b-veto: WW+MET & WZ+MET, W->qq’, Z->qq
B b-tag: WZ+MET & WH+MET, H/Z->bb & W->qq’

Dominant Bkg: ttbar, W/Z+jets, estimated by
data-driven methods

No significant deviations from SM predictions

m, (V tagged) [GeV]

9

m, (bb tagged) [GeV]


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-002/index.html

mz, [GeV]

Charginos/neutralinos w/ boosted W/Z/H

Realistic wino scenarios involve y*; x*; and y*; % production. Two cases 9%

— Z + 9, with 100% BR or y% — H + y9 with 100% BR are considered.
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Search is also sensitive to higgsino models with y%— %+ Z, y%— x%+ H.
Searches started to become sensitive to low x-section higgsino production

NLO + NLL, pp, Vs =13 TeV

—— 771 (higgsino-like)

2
T T

- 5{‘7_‘ (wino-like)

]
T T

—99

ey
(=]
I 11T

Y i
LLLL IRLLLLLLL

NN
S10 events in 140 bt . 1y N
500 1000 1500 2000  __ 2500

SUSY particle mass [GeV]

Similar ATLAS analsysis
SUSY-2018-41/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-41/

Searches for Top Squarks

=
3 4
O Central to the naturalness s Am = m;, — mgo
prob[em S ',:/'\\ ',;'\\\\» "o:\\-\.
. < -0 '0'\\\ 'o'\\_\'; 'o'\
O Comprehensive top squark search g} ™ =" -7 & o« P
— o8 o ‘QF\ '0\'\\\ A ','
program at the LHC P D5 & -
B Different signatures depending ',",\f ,&j"/ ,w/‘ ,w/‘
on SUSY particle mass spectra
and SUSY breaking mechanism <% = = o

o 0f: SUSY-2018-12 (ATLAS), SUS-19-010 (CMS)
o 1¢£: SUSY-2018-07 (ATLAS), SUS-19-009 (CMS)
o 2¢: SUSY-2018-08 (ATLAS), SUS-19-011 (CMS) b
« Combination (w/ corridor): SUS-20-002 (CMS)
« Stop with Zh: SUSY-2018-21 (ATLAS)

b
q
« Stop with taus: SUSY-2019-18 (ATLAS), SUS-19-003 D N / 7 p, " q
(CMS) o : P - g oo

bf ' t
. . . P t Z r D T ,/ 0
Run2 results targeting at stop pair production: R I Xt
p —

« RPV/Stealth: SUSY-2019-04, SUSY-2018-38
(ATLAS), SUS-19-004 (CMS) T eg-L - :
p ! <T %l LR,
14
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-12/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-07
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-009/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-08
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-011/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-20-002
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-18/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-38/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-004/

Searches for Top Squarks
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ISR jet tag, soft-b tag A t1( )
oof- CMS — ;-(275":72(’3"*’V-1°°Gf£(3 ,1  Dedicated search with
""""" >ty (m; = eV, m, = e . .. .
" £ [ [ tm-ewseev.m,-s0eeyy | DNN to discriminate signal
= 02‘ --------- (& tx (m; - 225 GeV, mw=50GeV) 7 from ttbar
z 02— 7
S [ 5U5-20-002 1 background to tackle the
. 8 ol - 1  challenging phase space:
Yo ] Inputs: dilepton p, lepton py,
0: 1, A(p) A’T, mjj) MET) MTZ’ HT
DNN-based top tagging = >
= 10F
5 s :
@ 0V1 2 3 45 6 7 8 9 10 1112 13 14 15 16 17 18 19 20<
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95% CL upper limit on cross section (pb)


http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-010/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-20-002

tt+DM

CMS-5US-20-002,
ATLAS-CONF-2022-007

CMS 137 fb" (13 TeV
[T T T I T T T T | T T T T I T T T T | T T T T 4
[ Pseudoscalar mediator, Dirac DM, m, =1GeV a1
B gq=1,gDM=1,pp—>tfx)_( LO

| = Observed Median expected 2l
----- Median expected v Median expected 1|
10 [ 68% expected —— Median expected Ol |
F [ 95% expected 7

95% CL upper limit 6/,

0 . e
. 100 200 300 00 00
[0 Top squark searches are used to constrain r‘fn (Ge\%
other BSM models o . -
. . . i =0 L "y
[0 ATLAS recent combination includes both £ === L g’fgfez“j'g;“:biw
o o o | — tt2L ™ , -
tt+DM and tt+H(->invisible) results == combination Allimits at95% CL 1
4 ===-- expected limits Pseudoscalar a, a—yY /
3+ observed limits 9,= 9= 1
2+ DM+t and DM+t Dirac DM, m, = 1 GeV
1? ................................................... =
Reinterpretations of dedicated searches help us s ..ot
extract more interesting physics ey L . ‘
8 910 20 30 40 50 102 2x10?
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-20-002
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-007/

ATL-PHYS-PUB-2022-013
CMS Summary plots

SUSY Search Summary

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

March 2022 Vs=13TeV
Model Signature  [Ld:[b"] Mass limit Reference
3, ¥y Oep 26jets  Ept 139 |ENRNSKIDEGE 1.0 1.85 m(F))<400 GeV 2010.14293 . . .
2 mono-jet  1-3jets  EpPi 139 G [8x Degen.] 0.9 m(@)m()=5 GeV 10210874 lu] n O l] I I I] t
S 2 2-eh Oeu  26jets EMS 139 |z 73 mEEY)=0 GeV 2010.14293 g
S z Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
& F—qg Wil Teu — 26jets 139 |& 2.2 m(E)<600 GeV 2101.01629 ~ 2 Tev
- Ed F-qq(COY] e, it 2jets  EP™ 139 |2 2.2 m(¥})<700 GeV CERN-EP-2022-014
S 3 g-agWZh Qe 7-A1jets EPS 139 |2 1.97 m(¥}) <600 GeV 2008.06032
2 SSe.u 6 jets 139 |z 1.15 m(z)-m(i})=200 GeV 1909.08457
S ot O-1e.p 3b EMS 798 |2 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe.pu 6 jets 139 |z 1.25 m(g)-m(¥})=300 GeV 1909.08457
biby Oepu 2b ERss 139 by 1.255 m(t))<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; ¥1)<20 GeV 2101.12527
ey 0 0 miss 7 = / 0 =0 0.
o = biby, bi—b¥ — bht" 0eu 66 E 139 | b Forbidden 0.23-1.35 A, T)=130 GeV, m(F))=100 GeV 190803122 t / b tt m
E S 27 2b Eﬁ"“ 139 | b 0.13-0.85 Am(E3,¥))=130 GeV, m(¥})=0 GeV 2103.08189 S o S O o
Q
%§ hi, i) O-1e.pu >ljet  EP™ 139 |7 1.25 m(¥})=1GeV 2004.14060,2012.03799 o .
': S an, a-wbl} Teu 3jetsAb EMS 139 |7 Forbidden  0.65 m(E})=500 GeV 201203799 l] mi t ~ 1 I ev
S A, Aofiby, 716 127 2jetstb EPS 139 | Forbidden 14 m(#)=800 GeV 2108.07665
= L iy, fioct) /&, ik Oe,u 2c  Epv o361 |z 0.85 m(r)=0 GeV 1805.01649
T Oe,u mono-jet  EF™* 139 i 0.55 m(f .E)-m1A7,S)=5GeV 2102.10874
Ay, fi—iXs, Fa—Z/ YY) 1-2eu 14 EPS 139 |7 0.067-1.18 m(¥)=500 GeV 2006.05880
hiy, h—oh +Z Ben 1b EPS 139 | & Forbidden 0.86 m(¥})=360 GeV, m(i,)-m(¥!)= 40 GeV 2006.05880
X viawz Multiple ¢/jets ERSS 139 ):(I/)gg 0.96 . F”m()z“’):o, wino-bino 2106.01676, 2108.07586
e, iy >ljet  Ep™ 139 | X /X, 0.205 m(¥)-m(])=5 GeV, wino-bino 1911.12606 .
Electroweakino/
Multiple £/jets EPSS 139 | ¥;/¥)  Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
] 2eu EMs 139 | 1.0 m(Z,7)=0.5(m(¥})+m(¥}) 1908.08215
O i 1 ) 1 1
zs 27 R E I R 0I6%013] 0.12-0.39 =0 191106660 S le p ton
& 2eu Ojets B 139 |7 0.7 m(¥})=0 1908.08215
ee, >ljet EMS 139 |7 0.256 m()-m(¥})=10 GeV 1911.12606 l . -t T V
Oep >3b  EPC 361 |0 0.13-0.23 0.29-0.88 BR(Y) — hG)=1 1806.04030 ] | | I ] < e
dep 0jets EE“f 139 i 0.5! BR(Y} — ZG)=1 2103.11684
Oeu >2largejets E™ 139 | fr 0.45-0.93 BR(Y — ZG)=1 2108.07586
Direct ¥7.X] prod., long-lived 7 Disapp. trk  1jet  EM™ 139 )?; 0.66 Pure Wino 2201.02472
.8 P 0.21 Pure higgsino 2201.02472
1%
= O Stable g R-hadron pixel dE/dx Ep 139 z 2.05 CERN-EP-2022-029
S § Metastable g R-hadron, g—qq¥! pixel dE/dx EF 139 | g [r(®) =10ns] 2.2 m(E})=100 GeV CERN-EP-2022-029
§ 8 i~ Displ. lep EPs 139 |&q 0.7 D) =0.1ns 2011.07812
= 7 0.34 w6 =0.1ns 2011.07812
pixel dE/dx Ep®® 139 T 0.36 7(f)=10ns CERN-EP-2022-029
TR IR X —ze—tee Sen 139 | ¥/8)  BR(z0)-1,BR(Ze)=1] 0.625 1.05 Pure Wino 2011.10543
TiXT RS — wwzeectvy dep Ojets  EX 139 | A 0N 0] 0.95 1.55 m(7)=200 GeV 210311684
28, 8—qa¥), X} — qqq 4-5 large jets 36.1 |z [m@)=200GeV, 1100 GeV] 15 19 Large 4/, 1804.03568
S i ik 8 o s Multiple 361 |7 [A,=2e4,1e:2] 0.55 1.05 m(#2)=200 GeV, bino-like ATLAS-CONF-2018-003
& 7T, iob¥T, XT > bbs >4b 139 |7 Forbidden 0.95 m(¥})=500 GeV 2010.01015
iy, fi—bs 2jets +2b 36.7  |WENGGNES] 0.42 0.61 1710.07171
fih, fi—ql 2ep 2b 36.1 i 0.4-1.45 BR(7,—be/bu)>20% 1710.05544
Tu DV 136 i [e-10< ), <1e-8 3e-10< 4, <3e-9] 1.6 BR(f1—qu)=100%, cos6;=1 2003.11956
XGRS0, 10, —tbs, X} —bbs 12eu  26jets 139 8 0.2-0.32 Pure higgsino 2106.09609
“Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Leptoquarks (LQs)

Leptoquarks (LQs) can couple to Bt
both leptons and quarks
B Both scalar and vector

bosons are possible u
Processes can violate lepton
flavor universality

B Strongly couple to 3rd
generation SM fermions

Overview of CMS leptoquark searches

. LQS that Couples to 3rd gen CMS Preliminary 20-137 b (8, 13 TeV)
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— -
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3 ] W A
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f B l o LOWENLO(O), BRILO ) =1 1808.05082 == 36 ol (13 Tev)
0 r rece n t a n O I I l a ] e S ’; LQ(pEILQ(pic) + LQ(UALQ(V,S), BRILQ = pcv,s) = 0.5,0.5 1808.05082 — 36 o' (13 Tev)
= 03-066
~— HLQWj). BRILQ~ ) =1, j=u.d 1509.03750 20 fb~! (8 Tev)
. .
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~
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nnnnnn
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. .
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05217
02112
LO(TLQ(Tt). BRILQ = Tt) =1 2202.08676 137 fb~! (13 Tev)
LOWe L QWei). BRULQ +veia) = 1. j=u.d,5, ¢ 1909.03460 — as-assl 13757 (13 Tev)
— 05-108
05-12
S LO(v:bLQ(W:b), LQ= vib) =1 1909.03460 05-155 137 o1 (13 Tev)
= 05-118 e
Q LomtLowd, Lo =1 1909.03460 s P T 0s-1a7 137671 (13 Tev)
| o os-1e
LOWLULQ(Veu) +VelQ(veu), BRILQ = veu) =1, A =1 2107.13021 i 137 o~ (13 Tev)
0.00 0.25 050 075 1.00 125 150 175 2.00
Scalar Vector(k=0) Vector(k=1) Mass [TeV] Moriond 2022

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

ATLAS-CONF-2022-009

Search for scalar and vector leptoquarks

t,b
O Considers the LQ scenarios where the | g
LQ decays into 1st & 2nd generation VL Qumix v, 0
charged & neutral leptons e t,b
. . u _\ v, 12
B motivated by B anomalies ) \ig S p LQ
. / mix nnx e, v
O Selections t,b
B 1 lepton, high MET, >=4 jets LQHHX‘T v
. p
B Dedicated NN, separately for both
scalar and vector LQs bb
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EXO-2020-02
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o(pp — ety + X) paf

P = t e 2 1+ £
o(pp = e ut+X) gWH—{Eve gfmm—<—<Eve
b b.

very generally in broad regions of data

O Some BSM models predicts >1 4 ¢ <#
It

m  SUSY (slepton), LQ, ... s ¢

O Event selection & y

B 2 leptons (e/u), high ZMT

pp — e pc, via scalar leptoquark S,

3 1 T TT TTTT TTTT UL TTTT LU T T 1T (T T I_

B Search bins based on My,, MET N " T Y-
significance, Hy=pr(e)+pr(w)+pr(j1) % °*% E

, , Y= -

0 The measurement consistent with 1 % ¢ &3
m  Place constraints on LQ and smuon 0.6F E
0.50 =

E Vs=13TeV,139f0" 7

0.4 = All limits at 95% CL =

0.32— e Oomes Limi ((i Zmp)y) _i
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Events / bin

O

CMS-EXO-21-002

Inclusive non-resonant multilepton search

0

138 fo™! (13 TeV)

e e . . = L L L L B B L AL B
Sensitive to various new physics Heavy fermion ,© & ‘cms ]
models: type-lll seesaw heavy ‘ g T
fermion, vector-like lepton (VLL), ok o5 CLupperimis

E —e— Observed 3
scalar leptoquark (LQ) g BN, e edancipeced ]
E I 68% expected
O Signatures & main selections v ey
102 & E
B 3 or >=4 leptons P ]
107
B Model independent search regions ¢ LQ v ek 5
, 7+ s E L e Iﬁ
based on LT+MET: ST) Nb, HT etc o %/ ¢ N : 200400 600 800 1000 1200 1400
B [n addition, model-dependent BDTs St b m, (GeV)
. S "W . 138 fb™ (13 TeV)
trained for type-Ill seesaw lepton, o o T
g Vo 10t =
VLL, LQs & different masses v B o Leptoquark : B, = 1, B = 1
138 fb” (13 TeV) 10°F -
L B \ ‘ \ I B B B BN T o[ ity N

. CMs } Data Rare Conv. — X[B.=1, 850 GeV] x 10 °F 95% CL upper limits
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ATL-PHYS-PUB-2022-012

LQ Search Summary

LQ = 3 gen

LQ - mixed gen

N 1 pﬁ‘l T L‘Q‘;L‘Qg" a!l c‘on‘to‘ur‘s a‘t 95 T/" ‘co‘nfide‘nc‘e I‘EVEI‘ _— = T Marf:h 2922 1 p - LO,WLQ,W aII contours at 95 % confidence Ievel March 2022
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CMS-PAS-EXO-21-003

Majorana neutrinos

7 ¢ 0 @
i o
\’Vl
N ©
+ AV2 +
[ NN
G2 @G ¢

[0 Address neutrino mass

B Heavy Majorana neutrino (HMN) from
seesaw -> neutrinoless VBF t-channel
(high mass sensitivity)

B Analogous to neutrinoless double
decay, but with p (instead of e)

[0 Signature: two same sign py, VBF jets

First constraints for this process!

Data compatible with SM Bkg

Li

lele

mits:
HMN exclusion up to my = 23 TeV!

Also constrain the EFT dim-5
Weinberg operator Cs'!

CMS

Preliminary
CMS 95% CL upper

0.1 E

0.01 |k

102 E

95% CL upper limit ]|

—— Observed E
== Expected
I 68% Expected ]

95% Expected A

107 E

10_5—_||||| | | NI | | | Ly a0l
100 10° 10*
Heavy Neutrino Mass my (GeV)
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Non-Resonant H(bb)H(bb)

CMS-B2G-22-003

9 00000 =gt H g
tA Y t
R el

Gluon Fusion (ggF)
Motivations

H
Kt ///
_____ <« K,
H
H

O Probe the Higgs trilinear coupling
[0 VBF HH also sensitive to k,, (HHVV)
O Probe also potential BSM terms

Analysis feature & main selection

O Two AKS8 jets, utilize
DNN “ParticleNet”
X->bb tagger

May 19, 2022

Background efficiency

Vector boson fusion (VBF)

(13 TeV)

onyLolfb]

| Simulation Preliminary
H—bb vs. QCD multijet
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HH production at 14 TeV LHC at (N)LO in QCD

M=125 GeV, MSTW2008 (N)LO pdf (68%cl)
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Events / 10 GeV
_ a2 g a N
O N A OO 0 O
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Data / pred.
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[«]6) e, I \V) o N A OO

bb 2z
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Observed: 32

Multilepton
Expected: 19
Observed: 21

bb bb, resolved

Expected: 7.8

bb yy
Expected: 5.5
Observed: 8.4

bb tt
Expected: 5.2
Observed: 3.3

bb bb, merged
Expected: 5.1
Observed: 9.9

Non-Resonant H(bb)H(bb)

138 b (13 TeV)

CMS Preliminary
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Submitted to PRL (arXiv:2202.09617)

Median expected
68% expected
95% expected

95% CL limit on o(pp — HH)B(bbbb) [fb]

CMS-PAS-HIG-20-004

CMS-PAS-HIG-21-002

JHEP 03 (2021) 257

CMS-PAS-HIG-20-010

CMS-PAS-B2G-22-003
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Data and SM predictions are in

agreement

Competitive sensitivity on the HH
signal strength

The first indirect evidence for HHVV
coupling in the SM!
(excluding k,, =0 for the first time)
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Other non-resonant HH searches

HH—bbyy (HDBS-2018-34)

VBF HH—bbbb (HDBS-2018-18)
HH—bbWW (HDBS-2018-33)

HH—bbzz (ATLAS-CONF-2021-030)
ggF+VBF HH—bbbb resolved (CMS-PAS-
HIG-20-005)

HH—multiLepton (CMS-PAS-HIG-21-002)
HH—bbzz (CMS-PAS-HIG-20-010)

See also parallel session talks [ ATLAS | CMS ]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-34
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-18
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-33
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-030/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-010/index.html
https://indico.cern.ch/event/1109611/timetable/?view=standard
https://indico.cern.ch/event/1109611/timetable/?view=standard

Summary

O Large number of BSM (and rare SM) non-resonant signatures have been
explored with LHC Run2 data.

B Sensitivity significantly improved with new analysis techniques.
B Several new models/signatures explored for the first time.

[0 No clear evidence for BSM yet, but significantly extended range of model
phase-space excluded.

[0 Stay tuned for upcoming LHC Run-3 and also for HL-LHC eras!
ATL-PHYS-PUB-2022-018
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CMS-B2G-20-013

Axion-like particles (ALP/a

[0 ALPs are well motivated as neutral
pseudo-scalar pseudo-Goldstone
bosons of a new spontaneously
broken global symmetry

O First search of ALPs in diboson %, .
final states! ¢ @LL\

[0 Basic selection: 9 Z
B 2 leptons from Z->ll

B Boosted Z/H->J tagging or
resolved Z/H->jj selection

B SR1: m;ormy = [65-105] GeV,
SR2: m; or my; = [95-135] GeV,
SB: [30-65], [135-180] GeV.

B Sideband (SB) used for modeling
of main background: Z(ll)+jets

Entries / 50 GeV

Data/Bkg

More comprehensive talk coveribng ALP by Yusheng Wu

May 19, 2022
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CMS —e— Observed 95% CL upper limit
= ----- Expected limit —
E [ Expected + 16 7
] Expected + 2

ALP linear ZZ production
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CMS-PAS-5US-21-007

Searches for Gluinos
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Charginos/neutralinos in Jets+MET

[0 Realistic wino scenarios involve y*; ¥*; and y*; % production. Two cases y%

— Z + 9, with 100% BR or y% — H + y9 with 100% BR are considered.

[0 Search is also sensitive to higgsino models with y%— y%+ Z, y%— x9%+ H.
O Searches started to become sensitive to low x-section higgsino production
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Leptoquarks (LQs)

Leptoquarks (LQs) can couple to
both leptons and quarks

B Both scalar and vector
bosons are possible

Carry fractional electric charge
Processes can violate lepton
flavor universality (LFU)

B Strongly couple to 3rd
generation SM fermions

Possible explanation for recent
B anomalies

Predicted in GUTs and
composite Higgs models

May 19, 2022

LQ(7q) LQ(pq) LQ(eq)

LQ(vq)

B+

Overview of CMS leptoquark searches

CMS Preliminary
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EXO-2020-02
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very generally in broad regions of data

O Some BSM models predicts >1
m  SUSY (slepton), LQ, ...
[0 Event selection
B 2 leptons (e/u), high ZMT
B Search bins based on M, MET
significance, Hy=pr(e)+pr(pu)+pr(i1)
O The measured ratio ETETr

<

Jet multiplicity
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CMS-B2G-22-003

Non-Resonant H(bb)H(bb)

Gluon Fusion (ggF)

Motivations

OO0 Probe the Higgs trilinear coupling [
O VBF HH also sensitive to x;, (HHVV) -
O Probe also potential BSM terms

oyLolfbl

Analysis feature & selections
O Two AKS8 jets and utilize
DNN “ParticleNet” X->bb tagger

T T T T T T E
HH production at 14 TeV LHC at (N)LO in QCD 1
T M=125 GeV, MSTW2008 (N)LO pdif (682%cl) |

ph5_ aMCE@NLO

P
MadGra

O ggF channel e e m;,M
B BDT to separate HH from main Bkgs (QCD, tt)
B 2nd jet tagger score
O  VBF channel
B DNN ParticleNet bb-tag score, two VBF (AK4) jets with large An(jj) & my;
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