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= Complement the panorama of BSM searches given by Greg Landsberg
showing selected CMS results

= Highlight some recent results sometimes with (mild) excesses
= Show how CMS increase its model coverage
» Trends of reconstruction methods

= |nclude few SUSY-motivated searches

Remarks:

= Do not cover BSM-Higgs
= Do not review current limits

= Due to lack of time, | won’t cover bkg estimation methods which are data-
driven for the main contributions in all analyses presented

More results in (5) — (17) — (8) (new results in 2022)
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
http://cms-results.web.cern.ch/cms-results/public-results/publications/
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=  Search for T3 or B_4/3 in pair production

» Focused on leptonic final states (e,u), combining:

« single lepton

» 2 3 large-radius jets with tagging (DeepAKS8 Puppi) + MET
» NN (MLP with 13 input var.) for discrimination:

» Categorization based on jet-tags

 same-sign dilepton (ee,p,eM)
» Target T>tH (H>WW) and B>tW
« 23 leptons:

» target T>tZ and B>tW
v CMS Preliminary 137 fo' (13 TeV)

t Data [ [eledd)
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Strongest limits to date:
Excluding T quark masses:
[1.48 -1.58 (bW) TeV] depending in BR
Excluded B quark masses:
[1.11-1.56 (tW) TeV] depending in BR
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Search in the context of 4321 model: SU(4)xSU(3)'xSU(2) xU(1)

- UV-complete model motivated by B physics excess Egiasies

Search for a VLL doublet (N,E) -L=N|E : L 1 N
(neutral)
VLL production through EW processes W/Z w+

q E
Coupling to SM via vector leptoquark U (charged)
B-anomalies favor 37 gen coupling, B2G-21-004-PAS

Final states: = 3 b-jets — 0,1,27-2>24 jets- MET
Signal Region per #t and year (2017-2018)

Use of a Graphical NN (10 objects/event) >WVW

* Inputs: n,¢,log(pT), log(m), Q, Deepdet score O
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HLN RH Dracor Majorana (% Iepton number V|olat|on) neutrlnos

Motivations: v mass (seesaw) — DM candidate - (anti-)matter asym.
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= First search for di-jet pairs production

p Jet
Resonant:
Could be interpreted in y Jet
Diquark model
X Jet
uu - S — xx — (ug)(ug)
L’ VLQ p Jet
p Jet

Non-resonant:

Could be interpreted in RPN X Jet
pp — tt — (ds)(ds) / 3 Jet

p Jet

=  Optimal dijet pairing with small Mg,rm, ARP2";, An

= Background-fit in various a bins (=<my=;>/My=4;)

(Data-Fit)

o 138 fb" (13 TeV)
10’ CMS $ Data
102 —LOQCD MC
10 o>01 PowExp-5p fit
1 — ModDijet-5p fit
10" --- Dijet-5p fit
1072
107
10_4 ......
107° |
10°¢ Diquark: S— xy — (ug)(ug)
L E — M(S)=86TeV
107 F ... M(S) = 5.0 TeV
10 f o M(S) = 2.0 TeV
10 M(x)/M(S) = 0.25

2 3 4 5 6 7 8
Four-jet mass [TeV]
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Ex nded gauge séé’rom di=jet pairs
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»  Search for heavy resonances decaying into VV or VH (V=W or 2)

= |[nterpretation in bulk graviton model, spin-2 graviton, spin-0 radion, spin 1 W’ or Z'

q

q q
q vV Qz/w q
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. q q
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»  Search for heavy resonances decaying into VV or VH (V=W or 2)

= |[nterpretation in bulk graviton model, spin-2 graviton, spin-0 radion, spin 1 W’ or Z'
= Local (global) excess of 3.6 0 (2.3 0) for mass 2.1 & 2.9 TeV
 Limitat4.8 TeV on V' through DY

138 fb™ (13 TeV)

10 ET | TTTT I TTTT I TTTT I TTTT I TTTT | TTTT I TTTT | TTTT | TTTT3
CMS G, (2TeV — L E
Pre[imjna,y s Gsyst/ _Gstat _________ Bulk ( v 77 100 -8_ CMS Observed
(Data-fit) evV) > 1(>< ) — Preliminary [ Expected + 1 std. deviation
Pulls . 138 fb™' (13 TeV) 1

------------- Expected + 2 std. deviation

e opx BR(V'-VV+VH) HVTB

gg Ly +|__*;{+6569V<mm<105GeV —
o[t | 65GeV<m_,<105GeV

jet2

bt P bt gy |
Ot Tt '++

2t b b i++|-|~1ﬁ:--|i| +4
ol t

[

—
=
N

DY V' — VV+VH
<

(

T IIIIIII] T T TTTIIT T llllllll T 1T IIII T TTTT

Illllll 1 llllllll I llllllll 1 llllllll L1l

I

o x_LB
S
W

VVHPLP VHHPLP VHLPHP VVHPHP VH HPHP
o

2’+; ] 10—4 ?
0 $|+.| JL&IHL 4'_1_L l '+' -
Pt —
_2# ] 10—5llllllllllllllllIllllllllllllllIllllllllllll:
N TR 15 2 25 3 35 4 45 5 55 6
ok ++*++ #%ﬂ f---+-.++++++ + + My [TeV]
2Tyt Limits on Gp, mass ~ 1.4 TeV
52 2s 8 s A ivariant mass [Tev] Limits on Radion mass ~ 2.7 TeV

Kruger 2022 — BSM — Eric.Chabert@cern.ch



. Search for W’ decaylng mto v & LQin t-channel EXO-2
q T q T
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LQ couple to both leptons & quarks: can be scalar or vector bosons

Can be source of Lepton Flavor Universality Violation
- interest is related to anomalies observed in B-physics

Search focused on 3 generation LQ coupling to b and t

Productions modes
.

Pair ~

LQ .
"

Final states depends on production mode

Results depends on LQ spin (scalar or vector), A (LQ,b,t), B3(BR in |q) , K (non-
minimal coupling for vector LQ)
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Event selection rely on = 1 t (ev pyv or hadr) and = 1 b-jet

Categorization in T decays — 0 jet / 0/1 b-jet - 21 jet / my;s

Use of discriminating variables:

Limits on scalar with scalar & vectors LQs with various coupling A and M

~

CMS Preliminary

1

EXO-19-
discriminating variable: . discriminating variable:
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. — ~1
Excess of 3.4 g for 2 TeV LQ with A = 2.5 CMS Prefiminary ISP 15 1e9)
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— Observed —Pair — Total
---- Expected Expected by B anomalies
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SUSY: gluino search

»  Gluino search w or w/o intermediate chargino

= Signature: 1 e or u (+veto) + = 3 jets - heavy object tagging + A¢

= AP(I,W,eeo) cut suppress dominant Wiit+ S RRWgeg . X

—> collimated for SM — 2 sources of MET in signal

= AK8 PUPPI jets with multiclass CNN (V & top-tagging)
« top(W)-tagging: € = 68% (62%) — fake rate = 8% (7%)

CMS simuiation 138 fb' (13 TeV)
2 108 "'_'0"""""""""""""' »» 10 LCMS Simulation 138 b (13 TeV)
o L*> 350 Gev [ Other 7] acD e E Total Background
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% Stat. unc.— T5qqqqWW (1.8, 1.3) TeV £ —— pgombined > 2

0 0.5 1 1.5 2 2.5 3
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A@<0.75 | A@>0.75

N | T
In multi-b ¢ A o (lep,W)
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SR (w charglno) 0 b-jet: n-jets, LT, HT
SR (wo) multi-b-jets: idem + n-bjets, n-top, (n-W)

138 fb' (13 TeV)
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Events/Bin-width

Data/MC

ezﬂ'

e

SUS-21-00

Target 4 body decay for Am(stop x9) < my

= Selection: one soft e (5<p1<30) or y (3.5<p7<30), ISR jet (pr>120 GeV), MET>20b0 GeV
= Signal regions based on 8 BDT adapted to Am Zf ,
p t1 = f
« 21 input variables: p+(l), pt(j), Hr, MET, ... - XY
-~ 30
. Eff ~ 5% - bkg rejection: 5.103 > ST e ;‘1
1
] , . 59‘.8 fbI (jS'TeV) _
CMS xS b
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" Search forstop palr production W|th one hadronlcally decaylng tau

|
b v -+
=  Highly sensitive to high tan B or higgsino-like scenarios P /// Y
t1 e —_——— . . ... X1
H . . ’/,’ %4— 7~_+
- charginos are mainly couple to 3 generation o
. . . . \:\\‘\ ) %1_ . _51 —e =0
= Study intermediate staus or sneutrino (+mixte) bt \'\\ X1
= Hypotheses on masses and BR(y*) for interpretation b o
Ex: diagram with intermediate stau & sneutrimo
= Selection: t,, (DeepTau), e, u, b-jets (Deepdet), MET, Hror St Wi - Wy
=  Categorization for tyty, ety, Pt , with 15 SR using M, and MET ™ Mg T
CMSereliminary 138 fb™ (13 TeV) N .
101 B wt._category 1000 CMS Preliminary 138167 (13 TeV) _ o
10 % —4— Data it . ., x=05 B 3 e
1011 : Misid. , Single top 900 pp—tt, tl—>bxl, X,=hY (50%) or V t* (50%) 3 ..8_
10 B DYsjets I Other SM ot VoV, g ‘=
" B 7/ Bkg. Uncertainty === x =05, 1(300), 7,(100) BOD| Mrimp=0SGn-Sh My-Gp=sGuNh B0y (10 =
108 """ x=0.5, t(800) X, (300) ------ x = 0.5, 1,(500), X,(350) 200l —— Observed ~ ------ Observed + 16,4, = o
L 4o " x=05, 1,(1000), x(1) 00 Expected ~ ----e- Expected + 10, . iment B @
o 108 [E-0sme.<40 Gev I40<m, <80 GeV |m-.280 Gev ;‘ = ; E N g
|.|>J 105 0< p:'“<200 GeV:p""‘”2200 Ge\|50< p:‘“<200 GeV :p;“”zzoo Ge\150$ p:'“<200 GeV :p:“zzoo GeV [h) 6005 E é g
10% e | T . : O, 500 E o
10° or F E - =
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1 300 g1 &
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SUSY: neutral LLPD) trackless/delayed jet \";

EXO-21-

= Search for LLP decaying in outer regions of tracker or in calorimeters

= Novel technique using trackless and delayed jet information combined in a DNN

delay from slow-moving LLPs and path length increase due to displacement , .Tgl ! \ b
Iming layer | ea
= Interpretation in GMSB fon!
L, '
Z . H ) H /)
~0 / - .~ - 7 L, su! /N
b IREEL EXERRRRS & P SINTEL SEEERRRE @ SNSTEL SLLEERTS G '
b e G b e G b @ e G PhysRevLett.122.131801
L Z L Z .
= DNN uses 21 variables such as energy fractions, number of constituents, jet time, ...
CMS Simulation Preliminary cMS Preliminary 138 1" (13 TeV)
g ¥ ; = me
G - Dbackground § —e E:ﬁgg&gﬁ:g'smm
i Dsignal §
10 -
- Jet timing: energy DNN WP: .
- weighted time of ECAL 82% eff = lOEFTTTTTTTTTTmmm———— 1
0tk ec hits in barrel 4e-4 fake rat
L ~Stable perf on -
10 Signal (m,ct) _*, |
g of
A +
% 0 0tags 1 tag > 2 tags
1 0_4_ (=] Number of TDJ tagged jets
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EXO-21-

= Trigger/offline selection based on MET + jets (QCD remove through A¢ cut,
= Cosmic rays & beam halo are remaining backgrounds suppressed through dedicated
cuts and estimated from data , . _ . -
Cosmic muons tangentially grazing the calorimeter %
= |nterpretation in GMSB
- Sensitivity in “intermediate” ct Fan

Ll ARALL
L

107! =

10-2 —3—11132::::::._

Preliminary 138fb™ (13 TeV)
- = CMS Preliminary 138fb” (13 TeV)
x 31 ] IIIIIIII 1 1 I|Illl| ~I Illlllll LIIIIII
%ﬁ = B(x — H G) = 50%; By — Z G) = 50%
@ e R 95% CL limits, m, =400 GeV
o e F e Theory
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10 Q ——— Observed
$o TQP = =e="Wreremeessemecaccemaacesae s ranermanesamanaanaa e n e ana s
o
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1 1
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4

« KK excitations | Dark Dark

+ Quantum black holes Matter S5 Sector
e i pg; = m% | (;y ~’O Extended Higgs sector:
. g - 2 HDM
- Vector-Like Quark v (e - NMSSM
- Excited quarks -@ | §¢ Q# 3

down strange | bottom photon

compositeness

. ® . . & @ g l?xb?,pd;d gauge sector:
electron muon [ tau Zboson g )
- Excited lepton w [ Y= \F 8
. 9 9.® || @ | Leptoquarks
Heavy Neutral Lepton IRl Sl g I Y k-

* v

i R
Beyond standard freconstruction
- / ; R
[ !To()‘!‘( e’ b i i Lifetime paradigm
T top- | Bosons Displaced || Delayed
tagging | fl| tagging

Third generation paradigm j
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M. Lisanti

Dark QCD: assume a SU(n) in the dark sector

Visible Sector

\.

u & » @ H

charm gluon Higgs
9:©:0 O
| ) | prion
e D @
tau n

SUL(3) x SUL(2) x Uy (1)

S

= SM QUARKS

Portal

DARK QUARKS

mediator

Dark Sector

\

Multiparticle Spectrum

(2)(2)(2)
(2)(2)()

New Gauge Symmetries

® Detectable particles

BR (Z' = xj)

Undetectable particles

BS0D 8p 'Y

Coupling through a heavy leptophobic Z' which decay in 2 ”semivisible” jets contain
SM matter (from decay of unstable dark hadrons) and DM (stable dark hadrons)

Assumptions in benchmark model used: n=2, 2 flavors, mass degenerated, ...

4 parameters: Mz ,Mgark, Agark linv

Rin is fraction of invisible (stable) dark-hadron: [0-1]

dijet-like

) >

N—r

Finv

this search
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arbitrary units

= Signature based on 2 high pr AK8 PUPPI - dijet transverse mass (My) -
MET aligned with the jets (A¢)

= Split data into 2 bins in Ry=MET/M¢

moderate

= 2 versions of the analysis: cut-based & BDT-based

= SV-jet BDT with 15 variables using jet substructure variables such as mgp(J4 ) or
D,r(J1,2) used to distinguish semivisible jet to SM jets as well as pf energy fractions

CMS Slmulatlon (13 TeV)
UL DL L L
10¢ .QCD signal (m,,, = 20 GeV, E
W(lv)+jets 1, =0.3, 0, = 08 :
| WZ(vv)+jets - -m,, = 2100 GeV
TE - -m, = 3100 GeV E
i --m, = 4100 GeV
o Reject!84-88% bkg Jeti
for 87% signal eff.
1072 L
10°°
—4 L PR [ P !
10 0 0.2 0.4 0.6 0.8 1
BDT discriminator (J; ,)

= 09

138 fo' (13 TeV)

g
o : _9~':::'-".;~.... 1 10 m
0.7p e o e ' i (I B
e i _-.':——I_H_I"‘I“_' i s
0'6 Y ) -]_ ______ 1 2
0.5 BE i £
0.4 JQS% CL upper limits B — 107" 8-
BDT-based [E——— o)
0.3 - —Observed =
0.2 [ - -68% expected | e 102 4
@)
0.1 . |_‘|'—1I _l
s e STTRERY i 1090
0 — 52
2 3 4 5 i

m.. [TeV]

More interpretations provided in the paper

Kruger 2022 — BSM — Eric.Chabert@cern.ch



Ratio

Other' RE)

. Generlc search of CMS and CMS-TOTEM precision proton spectrometer

= Search for an additional unspecified masswe particle in proton tagged events

= Reconstruct the missing mass spectrum mgn oo = [ (P4 i) = (B + PE +P;;;t)]2

P2

LHC CMS PPS

- Use 2017 data: 37 pb_1 V=Z,Y ..................... p _________________
= Selection: Z->eeor yu || yin CMS — 1 p in each PPS arm

=  Bump search in multiple possible final states

p

= Validation of shape in CR 3721 1 (13TeV)
3 : T T T T
. . . Q_ - —— —
= No excess — generic interpretations S016; CMS-Totem Pre/fmmary Sbije" ;
vt P : 27.5 o' (13 TeV) CMS-Totem Preliminary f 0.14 [ ppZ( MM )X 9 ;:ACL N
- ata % lpp— ppZupX multi-multi i i
500 :_ 2{;{11.);16". [ background T i . ’2 - 680/°CL
F Pr(1030 4000~ » = 0.121 -
[ p,(2)>20 =
4001 i
_ gﬁ{\b 5 0.10[ i
300[- 2000 f b l?f\: {
i f \\ S0 0.08F T ]
100l A : JﬂL !\‘ 0.08] - RS m
§1.2 1 -
%ﬁ = § 1 rdtyt it m*‘M‘Hj 0.04[- -
MWM 0.8 -
¢
0556460800800 1000 120014001600 1800 2000 0 500 1000 1500 2ooo 0.02 st | B USSP U S OR OR S W
Missing mass [GeV] Missing mass [GeV] 600 800 1000 1200 1400 1600
my [GeV
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| Prospects for run.3

Energy: 13 > 13.6 TeV Luminosity: ~ 260 fb-"
- ~ in between run |l and HL-LHC (run 2 analyses ~ 140 fb1)
- ex: +20-40% for SUSY strong production of o

14 TeV / 13 TeV inclusive pp cross-section ratio

Minimum bias

W

Z

ZZ

t (s-channel)

t (t-channel)

Wit

WH

H (ggF)

H (VBF)

HH

it

ttZ

ttH

stop pair (0.9 TeV)
gluino pair (2.0 TeV)
Z'SSM (4 TeV)

q* (6 Tev)

QBH (9 TeV, n=6)

1.37

J1.73

J1.40

J2.0

~.J5.3

1 2 3 4 5 6
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Prospects for run.3

Detector upgrade: Improvements can be expected in

Maintain performance trigger / reconstruction / machine-learning
Prepare HL-LHC conditions

Detector improvements - object reconstruction

BEAM PIPE

Replaced with an entirely new one
compatible with the future tracker
upgrade for HL-LHC, improving the
vacuum and reducing activation.

PIXEL TRACKER

All-new innermost barrel pixel layer,
in ».4dition to maintenance and repair
work and other upgrades.

P “~  BRIL
\ New generation of detectors
\ I g for monitoring LHC beam
\ / conditions and luminosity.
A A
\‘. A pr
R N—
—
\\ - \ J/
. ,
g s i e——e— %1 CATHODE STRIP
il / \ CHAMBERS (CSC)
/ \ Read-out electronics upgraded
7 \ on all the 180 CSC muon
=2 Ae chambers allowing performance
/ \ to be maintained in HL-LHC
conditions.

HADRON { SOLENOID MAGNET GAS ELECTRON
CALORIMETER 8 New powering system to b, MULTIPLIER (GEM)
New on-detector electronics prevent full power cycles MBS, DETECTORS

installed to reduce noise in the event of powering
and improve energy
measurement in the

calorimeter.

@ An entire new station of detectors
installed in the endcap-muon
system to provide precise muon
tracking desyV’e higher particle
rates of HL-LRC.

problems, saving valuable
y time for physics during
collisions and extending
the magnet lifetime.
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Prospects for HE-LHC

LHC HL-LHC

LS2 136Tev AL LsS3 13.6 - 14 TeV

13 TeV Diodes Consolid energy
iodes Consolidation
splice consolidation cryolimit LIU Installation gy
7 TeV 8 TeV button collimators interaction . inner triplet B HL LH(_:
— R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation

o L Lo Lo o Lo L Lo ] o 2

5 to 7.5 x nominal Lumi

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS

beam pipes 2 x nominal Lumi ALICE - LHCb . 2 x nominal Lumi , HELEGIate
k 1

nominal Lumi
75% nominal Lumi upgrade

luminosity ORI
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Prospects for HE-LHC

New endcap calorimeters
high granularity
can reconstruct showers in 3D

Improved muon coverage and trigger
increased RPC coverage (1.5 < |n| < 2.4)
new electronics

Updates to calorimeter
and trigger

higher granularity
electronics for trigger

New precision timing detector
Timing resolution of 30-40 ps for MIPs
full coverage of |n| < 3.0

New inner tracker
all silicon tracker
4 layers of pixels
5 layers of strips
coverage to |n| < 4

Upgrade to trigger and DAQ

L1 rate increased to 750 kHz

High Level trigger rate to 7.5 kHz
6 Track information at L1
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CMS-PAS-FTR-21-005

rospect for HI-LHC: dilepton mass

(22/03): new phenomena at high dilepton mass

= Example or interpretation with Z'sg 95%CL mass limit:
» Current mass limit: 5.15 TeV - HL-LHC projection: 6.83 TeV
» Forward acceptance increased: |n,|< 2.4->2.8 - [ne|< 2.5->3.0 (+5-10% in
signal acceptance for ee)

Test Lepton Flavor Universality through flavor ratio measurement

CMS phase-2 Projection 3000 tb™ (14 TeV, ee + u*w)
' T T T
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Prospect for HL-LHC: SUSY:(gluinos/stops

CMS-PAS-FTR-18-037 (2019): searches for new physics in hadronic final states
with boosted W bosons or top quarks using razor variables

=  Study done in 2019 based on 2016 analysis
= Give an idea of sensitivity in term of significance & exclusion

G .~ 95%CLexclusion
T "~ 30uptomy~2.3 TeV 7t uptome~ 1.5 TeV
;~~~‘<«~»«xﬁ / T (now: ~1.3 TeV)

5 CMS Phase-2 Projection 3ab™ (14 TeV)
CMS Phase-2 Projection 3 ab™ (14 TeV)

< 1 T : Té_ % pp— tt,t - t)“(? %9 c
8 2000 ---R.un 2 I|m|t @ 359 fb' pp = gg- g - 1?1 E E‘ (\D_, 800 —Wlth Run 2 Syst. uncert. - - _@ 300 fb1 = ;g
~ | =—with Run 2 syst. uncert. =--@ 300 fb o o ith YR1 8 =
T —with YR18 syst. uncert. S N rmi gsystieert: =
= . 10 § —with stat. uncert. only ®
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Prospect for HL-LHC: leptophobic Z

CMS-PAS-FTR-21-011 (22/03): ): leptophobic Z' decaying into charginos in the

dilepton + MET final state
=  Study ee,uy,ep channels — Use of a DNN

-1
CMS Phase-2 Simulation Preliminary 3ab (14 TeV
L] T T T T T I | Ll T T I T L)

2200 T ed ehannel
2000 pp—Z—% 7, XWX, Wl
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& i Conclusions: (-
CMS continues to increase its model coverage

Beyond prompt/high-mass searches, it covers broader
range of lifetime, low mass/momenta, ...

Use of ML-based objects and event reconstruction
technics allow to reach sensitivity beyond initial
projections

Few mild excess are reported which need to be
confirmed (complementary searches - run Il data)

Thanks to higher sqrt(s) & higher luminosity & and few
detector upgrades, improvements are expected for run lll

A bigger jump will arrive at HL-LHC !
Meanwhile some run 2 analyses have not yet fully
released and should appear soon
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