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Status at CMS
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CMS Integrated Luminosity Delivered, pp

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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Run2 measurements & searches in a huge diversity of physics channels:
e Target most challenging and interesting signatures.
e |nnovative analysis methods, e.g. extensive use of machine learning.

e More refined use of detector capabilities, e.g. searches with long-
lived particles.

Run2 (2016-18):
e pp: 13 TeV, ~140 fb-1,

e PbPb: 5.02 TeV/nucleon
2.206 nb-

Publications:
e >1100 total.
e > 500 on Run2 data.



General
purpose
detector
capable of
detecting
different
particles.

Eligible for a
wide range
of physics
studies.

CMS detector layo
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CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0 m Pixel (100x150 um?) ~1.9 m? ~124M channels
Overall length :28.7 m Microstrips (80-180 um) ~200 m? ~9.6M channels

Magnetic field :3.8T
SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16 m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Phase?2 upgrade for the CMS detector Y
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New endcap calorimeters

Improved muon coverage and trigger hiah aranularit
increased RPC coverage (1.5 <|n| < 2.4) I O y .

. can reconstruct showers in 3D
new electronics

CMS-TDR-016 CMSTDR-OTE

Updates to calorimeter
and trigger

higher granularity
electronics for trigger
CMS-TDR-015

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

CMS-TDR-020

L1: CMS-TDR-021

New inner tracker NpZ DAQ/HLT. CMS-TDR-022

all silicon tracker

4 a;/lers of pixels Upgrade to trigger and DAQ

5 layers of strips Beam Radiation Instrumentation and L1_ rate incre{:lsed to 750 kHz

coverage to |n| < 4 Luminosity Detectors High Level trigger rate to 7.5 kHz
Track information at L1

CMS-TDR-014 CMS-TDR-023



Towards the HL-LHC
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High Luminosity LHC outlook

e Center of mass energy: 14 TeV

T 13- 14 Tev BIAN 14 TeV
e Instantaneous luminosity: 5x1034 cm-2s-1 —_— — e
e Jotal luminosity to be delivered: 3-4ab- eSO inetamation
. [
* Pileup: 140-200 |||||m»
" ) . S to 7.5 x nominal Lumi,

Opportunities: More data, improved detector .
coverage, new detector features. 2 nominel Lus HL upgrade

-

Challenges: High pile-up, high beam-induced
backgrounds, high radiation. EXd iSlﬁ??ISéﬁ?
Dedicated physics studies exploring full potential of the HL-LHC and upgraded detectors:

 |mprove current searches, design new searches exploiting the new detector capabillities. and
develop new analysis strategies.

e access scenarios with lower cross sections, lower acceptance and open new search channels.

Results mainly in CERN Yellow Reports: SM (CERN-LPCC-2018-03), Higgs (CERN-LPCC-2018-04),
BSM (CERN-LPCC-2018-05) (LHC experiments + theorists). Others in Technical Design Reports.
More studies ongoing for the Snowmass 21 effort.



Typical analysis flow
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e Define final state describing the signal:

 Analyses are mostly sighature-based (designed around a given final state, e.g. dileptons,
jets+Ermiss, |..). A final state often probes multiple models/scenarios.

e Apply trigger / online selection.
e Reconstruct, identify and select objects: electrons, muons, jets, boosted tops, ...
 Apply an event selection to enhance signal and eliminate backgrounds.
+ Increased use of ML discriminants in Run2.
e Estimate backgrounds via data control regions and/or simulation.
 Apply systematic uncertainties.

Do a blind analysis: validate analysis strategy before comparing data with background estimate in
search regions.

e Perform statistical analysis.
e [nterpret the results on on relevant physics models.



e CMS SM results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsSMP

e CMS top results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsTOP

e CMS heavy ion results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsHIN
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN
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— 10° =° o 8 TeV CMS measurement (L<19.6 fb™') =
O = Fa @ 13 TeV CMS measurement (L < 137 fb™) =
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All results at: http://cern.ch/go/pNj7

EW, Zyy,Wyy: fiducial with W—slv, Z-ll, I=e,u

Th. Ao, in exp. Ac

Measurements of
total cross

4= sections in various
production
channels.

Also performing
measurements of
differential cross
sections.

Deviations from
SM prediction may
Indicate new
physics.
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CMS Preliminary  36.3 b~ (13 TeV)

First measurement of the Z—vv (Z to invisible) width at a S I R T R
. B ISM _
hadron collider. Based on 2016 data. aLEpEE | . : 3 450+ 48 MeV
Ratio of ' / I'i from a simultaneous fit of Z—vv, Z—ee and : :
Z—up enriched event categories. L3 r —a J 498+ 17 MeV
OPAL | —e—— 539+31MeV
CMS Preliminary 36.3 fb ! (13 TeV) S bbbt Dbt -
| | | | I | | | I | | | | | | | | | | | | | I | __ __
10° pIisS +jets 7| ™ up +jets 7| [ ee+ijets 7| ¢ Data - -
@ L _1 SM prefit SEE e -
= [1 SM postf CMS |- ® — 523 + 16 MeV
<)
Z 102 = | - — Z(— vv) - .
! W(% ll/) _I I | | | | I | | | | u | | | | | | | ] I_
Minor 400 450 500 550 600
R e g QCDmu Fine [MeV]
o 125 Z/v (= 1)+
§ 1.00 = -
0.75 _
PR e — ———— [zinv = 523 + 3 (stat) + 16 (syst) MeV.
© e oo . ° | | | : : :
< _% e, %00 0 T][0® 0o " 0 ® o fealeteee®e o Single most precise direct measurement
&) —3 _|’| L |’| ' e [ T |‘ ' e [ T T A R |°i 1 Of the Z tO inViSibIe Width COmpetitive With
500 1000 500 1000 500 1000 the direct LEP result

PSS (GeV)
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Triple vector boson [ ¢ " Rl \\\\WZ — 4 lepton event o it 15aressois ot [
(VVV, V=W,Z) final m% V2
. - Mey = 128 GeV
state is sensitiveto || ¢ S T6C " S N
. _ : N ectron o 3
new particles Ji S S T ) s
coupling to V or q g Vi SR oot 0198 Frrg,
A Vo ) / /4N W bosor S My, = 64 GeV
mOdIfyIng SM ~% V2 - ‘ / P \ | muu=g3 GeV 3
. q V , ¥l % \
couplings. 47 VVH v, QGC ™" [/l ... - :
Measured o / SM c
CMS 137 b (13 TeV)
E E e BDT total stat
Combined | |  _%— * Sequentialcut 405 1328 0%
www | —— 1.15 %0 030
WwWzZ | e 0.86 4% 33
wzz | ———— YRR/ AR VVVV observed for the first time in 2020 (search in clean
777 | ! R <54 | leptonic final states).
e b 0 1 Compatible with the SM.

PRL 125 (2020) 151802 Signal strength p



Observatlon of trlple J/L|) meson prod

v—-—f——
_— —_———— e e e — —_

e o = =

First observation of triple J/Y meson production

uchon
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CMS-BPH-21-004
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3 J/W—=pup candidates per event, ordered by pr:

Contributions from single (SPS), double (DPS) and 3T peiaainnes B 3 Snnnnnan seatatas BE Y. axananne s
triple (TPS) parton scattering final states: . S B S B syt
SPS OPS s
o | %w E——ELE i \\\;\J. B AUULANTE g LN
3P 3P 3P > 2.9 3 2 3.3 2.6 2.8 3 3.2 2.6 2. 3 3.2
Ugpg 400000000 J 1 Upps . J /1 0rps mmwa; O J /Y i [GEV] m,.» [GeV] m,, s [GeV]
. T t U ! %%29 I L B
D D D o CMS, \s=13 TeV, JAy+Jhy+Jhy
——t CMS, \s=8 TeV, Jiy+Jhy Phys. Rept. 889 (2020) 1
: 3?@2 ‘gg ig\i\/‘]/ﬂ;\ﬂ/ﬁw EE;::}:.J[.) 207(72;21041)71) 1716101
. B . . . DO, \s=1.96 TeV, J/y+Y Phys. Rev. Lett. 117 (2016) 062001
Significance > 50. Measured the fiducial cross section: NN ATLAS, 1528 TeV, Zub-nliy N . 8916 G017 101
o=t ATLAS, \s=8 TeV, Z+J/y Phys. Rept. 889 (2020) 1
o(pp — J/Y J/P J/P X) = 272+141_qp4(stat) = 17 (syst) fb. . D0, ot 8 1OV 10t P o 1 ot a2
i CDF, \s=1.8 TeV, y+3-jet Phys. Rev. D 56 (1997) 3811
Measured process dominated by DPS and TPS contributions. S COF, (o1.8ToV, 410t Phye Pon. o4 3 (1020 405
R ATLAS, \s=7 TeV, 4-jet JHEP 11 (2016) 110
Extracted oefipps: DPS-associated effective cross section - S\ Ten et BT Toore e
parameter. Consistent with measurements in other processes. = S e T O s
R CMS, \s=13 TeV, WW Eur. Phys. J. C 80 (2020) 41
Candidate channel for first observation of TPS. T T
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Flrst observatlon of Bc+ meson |n Pbe CO||ISIOnS SRS HIN-50-004

P - == = =
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PbPb (1.61 nb™, 5.02 TeV)

PbPb (1.61 nb™, 5.02 TeV)

PbPb (1.61 nb™, 5.02 TeV)

] i 3 400 gM? ' low BDT Mg;t:al 3 50- gM? ' dium BDT Mgzt:al 3 Ssng? ' high BDT %g;t:al
Obse rvatIOn In BC+ _’ J/ L|) (_} lJ lJ) lJV (05350_ relminary o 4 Rotated J/w + X g relminary mecHm ++++ Rotated J/y + X S)-, 30— renminary ? Ht++ Rotated Jiy + X
) 290~ e HiH B — iy X g 401 B ma—w/wx ; I e MB—N/\I’X
decay channel in pp and PbPb N e B | e
collisions with >50: Sas02 N ez 5 % L e S ,
4] Fsacegrouna = 0-942 Foackgrouna = 0-052 fonscrong = 0008
) ) 200: gt —3— S/ =07 20 S/VSB =40 15 S/V5+B =6.1
e 3 displaced muons final state. 1 P : il + T
[ i :
e B¢t Is the only meson containing both  «j _ gy Uil o
b and c quark: bridge between B = — — - 3 ———m——— i pmem——— l
) ) 35 4 45 5 55 6 65 ;7 - [éféV] 35 4 45 5 55 6 65 7 [é5ev1 35 4 45 5 55 6 65 7 [égv]
charmonia, bottomonia and open
heavy MeSons. _ . PbPb (1.61 nb™) + pp (302 pb™), 5.02 TeV PbPb (1.61 b + pp (302 pb™). 5.02 TeV
: : : : : o [ CMS B: — (J/y = u)utv S _F CMS B* — (J/ s
® PrOVIdeS Unlque IhSIght |nt0 the gé : Preliminary C Centrality 0-90% " - 3:_Pre/imjnary ° %éntrzzt:)-tO: )u Vi
: ! — 1.3< |y <23 |y <23 -
interplay between suppression and ra N plp v : 251 o 13 <™ <23
recombination (at low pr). SE o B e [ Poro b o Y <23
* Measured cross section and nuclear L : :
. . . . = = PP _ 0.68 1.5 — 042
modification factor in two bins of - . : "
, : 5 prore = 0.
trimuon pTt and in two ranges of A
collision Centra”ty_ T o0 e o ‘}
g 0 B |
\;—/ IIlllIIII|IIIIlIIII'IIIIlIIIIlIIIIl :IIII|IIII|IIII|IIII|IIII|IIII|IIII|
e 02 0 s 9;8”“ o 25] % 5 10 15 20 25 30 35

i [GeV]
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Top quark measurements
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Top rare decays at Run2: Observed upper limits
above the SM predictions. A good probe for

new physics. 3
CM S Pre /,m ,'n a fy Most stringent 95%CL upper limits <
[1] CMS-PAS-TOP-20-007 (7) [2] JHEP 04 (2016) 035
July 2021 [3] JHEP 02 (2017) 028 [4] CMS-PAS-TOP-17-017 (7)
[5] JHEP 07 (2017) 003 * Preliminary
Each limit assumes that :;2;02:)2?:?5:?;228 —SM - 2rDM(FV) 2rBM(EC)
all other processes are zero MSSM | |RPV I]]] RS

t—Hc
t—Hu
t—>ycC
t—yu
t—gc
t—gu
t—Zc

t—Zu

L
P 5
T
¥
1/
1
d

I

0 I IS R S

ESHH «—9 4]

. (3]

«—® (3]

«—@ (5]

N R T R A

107'°

107"° 107" 1077

107% 107
Branching ratio

— w - —y — =1 e — e — e -
_— . — \ e — — — .

4-tops production at HL-LHC: Expect 10-30%
uncertainty.

Currently only projections done for PhaseZ2.
Expect dedicated analyses with sophisticated
methods for Phase?2. "

CMS Projection 14 TeV
tttt production at HL-LHC

14

12 Stat. Uncert. only
Run 2 Syst. Uncert.
10 ——— YR18 Syst. Uncert.

---------- YR18+ Syst. Uncerti.

Expected Significance (s.d.)

L
3

10
Integrated Luminosity (fb™)

107

CMS-PAS-FTR-18-031
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Higgs physic
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e CMS Higgs results
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
HiggsPublicResults

e CMS exotic Higgs results:

https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsHIG

14


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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prOductlon and decay

 Higgs boson can be produced via several
processes and decay into several final states.

g g fusion : t\'/ > HO WW, ZZ fusion :
t
e e Observed mass 125 GeV presents a particular
it diversity of decay channels.
——— —> multiple probes for studying the Higgs!
i 9 ~0 o i W,z
ttfusion : Vt W,Z <
9 55055053
| i 5
AT 4 W, Z bremsstrahlung cc, 2.9 T e 4 SM Higgs
branching
4 ratios
SM Higgs process 13 TeV 7Z,2.6
production ggF  gluon-gluon fusion 49 pb gg, 8.6 \ZY 0.2
channels VBF vector-boson fusion 3.8 pb bb, 57.7
and cross =p 0.2
sections: VH associated production 2.3 pb Tl B
ttH associated production 0.51 pb
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Run2 Higgs mass measurements:

v

CMS

and couplings

Run 1:5.1 fo' (7 TeV) + 19.7 fb" (8 TeV)
2016: 35.9 fb' (13 TeV)

- Total Stat. Only

Total (Stat. Only)

Run 1 H—yy o — 124.70 £ 0.34 (£ 0.31) GeV
Run 1 H— ZZ— 4l et 125.59 + 0.46 ( = 0.42) GeV
Run 1 Combined ——t 125.07 £ 0.28 ( + 0.26) GeV
2016 H—yy —— 125.78 £ 0.26 ( = 0.18) GeV
2016 H— ZZ— 4l — 125.26 £ 0.21 (£ 0.19) GeV
2016 Combined l—- 125.46 £ 0.16 ( £ 0.13) GeV
Run 1 + 2016 -!—- 125.38 £ 0.14 (£ 0.11) GeV

o v v b e v v b e P e b g
122 123 124 125 126 127 128 129

m, (GeV)

== D = - = = = == P = —— e =
= —= = = _ el e =~ —

. o f Y
Run2 Higgs
. H l’:\ Af:mflv H N gV:Zm‘;/v
coupling strength . .
measurements:

v: Vacuum expectation value

v

35.9-137 fo' (13 TeV)

E>‘> 1 III | | | I I I B | | 1 IIII| | | | IIIII t [ ‘
N o
2 | Ccms w2,
O - my=125.38 GeV e
LL 10_1 = o '¢¢' |
c]>"" £ p-value = 44%
MLL B b ”"¢
1072 ¢ to- T _
3 _ x’x ¢ Vector bosons
R g,x" ¢ 3™ generation fermions :
- ¢ Muons ]
104 Tt SM Higgs boson
E||| ] ] || IIII| ] | |- IIII| ] ] | IIII| ] .
C% 1.5:II| | | IIIIIII | | | IIIII| | | | IIIII| [
o 5
o 1;"% ----------- H ----------------- -2
§ 0.5:"| L] L1l Lol !
107 1 10 102

Particle mass (GeV)

16
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SM nggs Ewdence for nggs to HH CMS-HIG-19-006
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First evidence for H —> pp:

30 7

- CMS ¢ Data B H-up
o _ — -4 ' ' - Post-fit Czi-ew DY ;
SM BR(H —> pp) = 2.18x10-4. Challenging signature. o o oy BTopcuark HDicsor
m,, = 125.38 GeV — VBF —ggH E

e Analysis done for all 4 Higgs production channels.

20

e Backgrounds suppressed due to forward jets, leading to highest
sensitivity in the vector boson fusion channels.

S/(S+B) Weighted Events / GeV

CMS 137 o (13 TeV) 137 fo™' (13 TeV)
q) 1 = = | | | | | ] ] | ] | | | | | | | ] | | | |
‘_3 s CMS Combined [i = 1.19*%
o = —— Combined best fit © = —
§ - _ VBE-cat. 0= 1-36+O.6619 - = SM expectation -
— : > [ 68% CL 110 115 120 125 130 135 140 145 150
— . = m,, (GeV)
H-cat = 0.6370% 2o oL :
ggr-cat. | n="0.09,,, m,, = 125.38 GeV
107% — -
: _ oy e 30 excess.
ttH-cat. W=c.oc
' - - ® The most recent discovery.
10° . = VH-cat. | p=5.48"3° n | :
I _COI_Tbmed _YﬁF-Cat_ : 283 e Run1+Run?2 results combined to
- — ggH-cat. ttH-cat. - B N : Cie
' — VH-cat ' obtain the best sensitivity.
10—4||||||||||||||||||||||||||||||||||||||||||||||||| T T | C |
120 121 122 123 124 125 126 127 128 129 130 _4 o 0 4 6 3
my, (GeV)

Best-fit



H -> invisible: SM BR ~0.1%.
e Measure in conjunction with a taggable object: Z, forward jets, high pr jet, etc.

—_ = ——y

= == — = —

SM nggs nggs to |nV|S|bIe

—_ e e = _*ﬂ__, T
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Powerful probe for BSM, e.qg. light DM coupling to nggs

e Most sensitive channel is vector boson fusion: 2 forward jets + Etmiss, Challenging due to soft Exmiss,

Run2 analyses exclusion limits summary:
Current limit: ~20-25%

v

ttH (2016)

CMS-PAS-HIG-18-008

Z(INH

EPJC 81, 13 (2021)

gg — Hj + V(jj)H

arXiv:2107.13021

VBF-H

CMS-PAS-HIG-20-003

35.9- 138 fo™ (13 TeV)

llllllllllllll'llllllllll llllllllllllllllllll

CMS Preliminary

| Observed

' Median expected
- 68% expected

95% CL upper limit on ¢ x B(H—

02 03 04 05 06 07 08 09 1

95% CL upper limit on B(H— inv.)

12
10

O N A OO

3000 fb™' (14 TeV)

_I|IIII|IIII|IIIIIIII|III
-~ CMS Phase-2

— Simulation Preliminary

m  Median exp. vs E'“"°‘$

] 68% exp.
95% exp.

Median exp. smeared E

miss

| 2

_I.IIIIIIIIIII

|III
150 200 250 300 350

Minimum threshold on ET*** (GeV)

400

< HL-LHC: Optimized

VBFH analysis.
m; > 2500 GeV.

Exclusion limits on BH(H
—> Inv) vs. minimum
Ermiss threshold.

CMS-PAS-F

R-18-016

Can be interpreted in
various DM models.
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SM nggs lelggs and nggs self coupllng CMS-PAS-FTR-18-019

N — —_———r = #\ e —

e el — — e

HH allows to measure trilinear H self coupling Ayun = mu2/2v —> constrain 9 700007 _-h
H potential shape, nature of EWSB. Also sensitive to BSM physics. LY AR

Combinations with Run2 2016 measurements reach o/osy = 10.
Full Run2 measurements in progress.

Observation requires HL-LHC and combining all channels. Expect 40 from
ATLAS+CMS for ggH. Most sensitive decay channels: bbyy and bbtr. Coupling modifier:

V(P) = m?®'d + \(P'P)?

Kx = Chh = A= Aggn/ AR E

I | I I I LI | 1 1 1 1 LI II
CMS —e— Observed ---- Median expected

Preliminary B 68% expected A TLAS and CMIS 3000 fb (1 4 TeV) |
13 TeV -~ 95% expected bbyy '*' HL LHC prospects
| _ —— ATLAS
‘ —— CMS
Run Il 2016, 35.9 fb™ « Run2 201 6 K — Combination
Expected 12.8 4 Phys. Rev. Lett. 122 (2019) 121803 . . bBTT F — Stat uncertainty
Observed 22.2 combination — -
bbzz, 138 fb™ _ »—h |
Expected 39.8 CMS-PAS-HIG-20-004 bbbb ||—_ : . 4
Observed 32.5 J '
bbbb. 138 fb"" B N OBVV(Iv] i LA A A A
’ Viv H : —
Expected 7.84 CMS-PAS-HIG-20-005 H L— L H C ( ) - S
Observed 3.88 . . *
B o p rOJ eCt 10NS ;//////////////////”///////////////I

bbyy, 138 fb” bbZZ(4l)

Expected 5.55 JHEP 03 (2021) 257
Observed 8.40
I 1 | | 1 | 1 | I I I I | I | | 1 | I I I | .

1 2 3456 10 50 100 500 combined e

95°/OCLImton —>HHnCI/ T T T L I — L1 | L1 | I I L1 1
miton o(pp —> HH {incl)}/ og, 2 0 2 4 6 8 10 12 14
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BSM nggses Heavy nggses |n 2HDM

— _—_—— e = —— = = —~— —

== —  — _————= — —_

Extend SM W|th 2 nggs doublets Doublets couple to SM fermlons in 4 dn‘ferent ways.
—> Results in 5 Higgs bosons: CP-even h (~h12s), neutral H, charged H+, CP-odd A.

MSSM is a Type || 2HDM: One doublet couples to up-type, other couples to down-type fermions.
—> Higgs sector determined at tree level by 2 parameters: ma and tanf3 = vi/vo.

tang

Look for excess in
invariant mass (for
H/A/H= — visible)
or transverse
mass (H/A/H= —
visible + neutrino).

50 CMS Preliminary 35.9 fb' (13 TeV)
50| / Run2 direct
40 < searches
30 for heavy
20 H/A.
///////
o f HL-LHC
Observed exclusion 95% CL
7 % Expected exclusion 95% CL SearC h fo r
6\ E(;.ng)?Q (2019) 421 H/ A —> 1T
Sr éll\lzeﬁ;\s“-ﬁle-w-mo
4 U (TlepThad +
3 g 1800 (2018) 007 Thad Thad
H— WW (lv v and Iv qq)
JHEP 03,0020) 034 channels).
o EILB 378 (2018) 101
S PAS-1-17.027 Increased
/,,/,,%/;, arxiv:1910.1r1634 I
M | HMSSM sensitivity
1 ; | | | |
130 200 300 400 1000 2000 wrt RU n2 )

m, [GeV]

=5

e 60—

50

30

10

CMS-PAS-FTR-18-017

40}

20}

CMS Projection
95% CL expected exclusion: YR18 syst. uncert.
"1 JHEP 09(2018)007  mw t1o +26
----- 300 fb™ -----3000fb1 -----6000fb1
T 1 |
. hMSSM
{;I. --—-—‘-‘T‘-—--’-—- } 1 | 1 1 1
500 1000 1500
m, (GeV)

2000

20
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> @& BSM Higgses: 2HDM+S

MSSM Higgs sector + singlet field <— Motivated by next-to-MSSM Higgs sector.

/ Higgs bosons: hi, h2, Hz, A2, a1, H%. hi25 = aa possible in NMSSM, where a is pseudoscalar or scalar.
Many final states analyzed by varying ma up to mn125/2. Low ma —> boosted a decay products.

CMS Preliminary 35.9 fb™! (13 TeV)

g 3= | B =2 "
g O g Search for excess in
1 e 2MoMsStypell | €= 4 object invariant h— aa— 2b2t (13 TeV)
a_ E EpS i mass (aa — visible) S Lloms 0 ®™ :
n T | N i I
bib 10§ = or transverse mass % - Projection 300 fb™", with YR18 syst. unc. -
3 1 s (aa — VIS + invis). % 10F —e— 3000 fb™, with YR18 syst. unc. 7
O Mg R 7= L
b F E SERN
10" = ol I
§|| I E o 6
2L i ] HL-LHC search for E
10°E || | = —
— | [ Observed exclusion 95% CL = — - (_3 4
3 | I‘,,.."l l'l__ﬂ cssee Expected exclusion 95% CL B H aa. bbTT’ IJIJTT § : :
el n - aa s a8 o = (hadronic and leptonic Q\HL,/
L ~— PLB 796 (2019) 131 PLB 800 (2019) 135087 — e I i
104 | maemos - U decays). Sensitivity -
- 25?3&53;;398 PLB 705 (2010) 462 of the order of SM = 05 20 25 30 35 40 45 50 55 60
10—'5 | | | | | | 1 | | | | | . m (GeV)
1 2 3 4 5 6780910 20 30 40 50 60 N125 cross section. 2

m, (GeV) CMS-PAS-FTR-18-035
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VBF production of charged and doubly-charged Higgses
H==, H*. decaying to vector bosons. H**, H* mass degenerate

e 2 same charge leptons or 3 leptons + 2 VBF jets.

Events / bin

Data/SM

10"

108

N

137 fb' (13 TeV
—_— =

H- I | T T T —
— CMS ¢ Data N\ Bkg. unc. —
| = H"(500)->W "W~, s, =1 wWiw? |
B — H'(500)>W*Z,s =1 B WZ N
— H 77 ]
— - Nonprompt —
| o tVx |
i 0 Other bkg. |
- 5 —]
i W'W" SR WZSR 5 .. "
- o O | 6—
;; ‘e f ] N
B L R

A
pVag

CMS-HIG-20-017

4 Extract signal via
maximum likelihood
fit to m & mtVV,

No excess.
Interpreted in Georgi-

Machacek (GM) model.

Exclude
mH* < ~2.4 TeV =P
mH=* < ~1.6 TeV.

BSM Higgses: Charged Higgs in Higgs triplet models

22

137 fb' (13 TeV)
| | | | |

— Observed
¥ 68% expected

---- 95% expected

IIIIGH

GMW’ SH =1




Dark Long lived
sectors particles

BSM physics \
e CMS SUSY results: N v
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ Others N e v it
ExoticsPublicResults ector-like
quarks

e CMS Exotica results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/

PhysicsResultsEXO Heavy
resonances

SUSY

e CMS Beyond 2 Generations results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsB2G



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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/PhysicsResultsB2G
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Su ipersym metry (SUSY) Overwew

= S s = -
R e — = ——————— ——— == e E— — -
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pp, VS =13 TeV, NLO+NLL - NNLOgpprox+NNLL

SUSY is a symmetry between bosons and fermions. — —— %X (higgsino)
—— 4q —— X1 X1 (wino)
e Every SM particle has a superpartner with a different spin. 102 - — 45 — ¥£73 (wino)

— tt*, bb" —— T RTLR

e SUSY is a broken symmetry: SUSY particles are heavier
than SM particles.

100_

o SUSY offers solutions to deficiencies of the SM.

cross section [pb]

10—2_

O(100) free parameters — > different sparticle masses, cross =
sections, branching ratios —> rich phenomenology and a iy
broad set of signhatures.

10°°

LHC searches: 250 500 7éopartid1:'(r):ass [éi?/? 1500 1750 2000
e |arge diversity of searches targeting many
t
flavors of SUSY and mass spectra. Z

®
o
oa?
o
- &3
3

Interpreted using simplified models: Effective

4

: C : : =) ;‘z,’i“ Xi
Lagrangian descriptions defined by sparticle ..*;‘;‘ e
....... 1 0

masses, production and decay processes. P

ool (F
‘)
)
G
ﬁ
T
S
3

e Set upper limits on cross sections.

=
H.
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natures CMS-SUS-19-009
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M@ SUSY: Characteristic sig

—— _ - = — —— — S —_ _———e | e = e ———— e » = — -
—— —— S = — — = —

R parity conserving SUSY: Sparticle pair production, lightest SUSY particle is stable (dark matter candidate.)

e High missing transverse energy EtMiss (or momentum ptmiss), high object multiplicities, high visible
transverse momentum...

‘ CMS Experiment at LHC, CERN ) ) r

CMS,/: Dt TR o R ™ 'CMS Simulation 137 fo' (13 TeV).
‘ N\ § Bﬂgbsé?ggg?r;gm%?smﬂ / 396 E 105 __ Lost |epton f:f:f:f:f:f:f :
— o F [ uromt  ----T513(1050,100)x20 3
PR il (not from t) = =+ t5b¥, (950,100) x 20
c 10°E ~ 0, * 3
¢ F Lz WwW === 1>t /oY, (750,400) x 20

Lu L

NNA Emiss = 662.5GeV

3NN

—_ 300 400 500 600 700 800

e RPV, compressed SUSY: multiple particles; small mass differences between sparticles —> low Ermiss,
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Gluino, top squark and chargino/neutralino vs. neutralino mass limits: Decay BRs = 1 unless stated.
e Searches in diverse final states with jets, leptons, photons, giving complementary sensitivity.
 Multiple disjoint search regions defined by object multiplicities and kinematic variables.

Gluino vs NTT: Top squark vs NT1: CH1/NT2 vs NT1:

pp = 99, 9 = ttX°  Moriond 2021 pp = tt, t =1 X° Moriond 2021 pp — X2 Xz August 2021
; 2000 : | I L | I I [ I L | L I L l | | | | | : ;‘ ] | | | | | | | | | I | | | | | | | l | | | | | | | I | ] S‘ | | | L | I | L | | | | | | | | I | | | I | L | I I |
8 1800 CMS 18707 (13Tev) & @ - - CMS Preiiminary 18707 (13 TeV) | @ 1600 ‘CMS Preliminary 137 fo (13 TeV) ~
—_ [ —1908.04722, 0-lep (HT"™) i —_ —SUS-20-002, 0-, 1- and 2-lep combination — —_— - —SUS-21-002, 0l (WH -
8< 1600~ —1909.03460, 0-lep (Mr) +Expected - 8 - 1711.00752, 0-, 1- and 2-lep (stop), 36 fb" +Expected - 1400~ _»107.12553. 1|+(bb (\)NH) *+Expected
S 210301290, 0lep (stop) —Observed 1 £ T Sy, ep (oD —Observed 7 & - 2106.14246, 21 SS +2 31 (XT—TvrT, X=0.5) —Observed .
1400 —2001.10086. =2-lep (same- -sign) — 800|— —2008.05936. 2-lep (stop) — 1200 —2106.14246, 21 SS += 3| (x>, BF(1)=0.5, x=0.5) —
[ 1710.11188, 0-lep (stop), 36 fb - . - [ —SUS-21-002, 0l (WZ) )
B - I ] ~ —2012.08600, 2| OS (W2) -
12001 ] I | 1000 - 2106.14246, 2| SS + 23| (W2) e ]
w000k A" - 600!— B [ —SUS-18-004, soft 2/3-lep (W2Z) - )
- : i } 800 ST -
8001 - i ] - e ) -
- - 400 — 600|- —
600 - - - _ :
400} : ! ] 400| -
- - 200~ - i )
200|— - I ] 200 ]
0_ | | | I | | 1 1 | I | | I | | | | EI | 1 | | | | | ] 0_‘ I | | | I | | | | | | | | | -':I I L1 .: :- E | O "'::"’ * 2l 2! 2 | s i

800 1000 1200 1400 1600 1800 2000 2200 2400 200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
my [GeV] m; [GeV] my=m. [GeV]

At HL-LHC, exclusion limits are expected to increase by ~O(few 100 GeV) - 1TeV.
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Compositeness models: Leptons and quarks are composite
objects made of more fundamental constituents.

e Postulate excited states of quarks and leptons.
e New interactions occur above compositeness scale A.

Excited b* search via dijet
resonances with at least one
jet coming from a b quark.

 Energetic b quarks in jets
identified by a deep neural
network.

| ook for excess in dijet
inv. mass over fit to BG.

Exclude mp- < 4 TeV.

(Also interpreted for Z’ in
sequential standard model.)

-—— - ——

=

—
— — =

dcx/dmjj [pb/TeV]

pulls(o)

— #m——
—_—— _— e e = e —— e — =

2018 60 fb (13 TeV)
10°= CMS Preliminary
~  >=1 btag —#- Data
107 — Fit -> fit(5 par.)
10%-
10_ Only 2018 data shown
10
105
35 v2/ndf =19.7/32=0.6
1075~ Wide PF-jets
— m, >1.53 TeV
10-4§— ml < 2.5, Iyl < 1.1

Dijet mass [TeV]

107°

CMS-PAS-EXO-20-008

137 fb” (13 TeV)

b

N
N,
N
<

CMS Preliminary 95% CL limits

—e— Observed

=== Expected= 1 s.d.
Expected+ 2 s.d.
— - — bg—=b*, A=m,,

{o
a1

|IIIIIIII|IIIIIIII|IIII|II\II|IIII

3 4 5 6
Resonance mass [TeV]

2
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e | V)
Search for heavy resonances X deoaying to ZW. ZZ pairs: %’,185 CMS ¢ o Elwmesnaniig 3
I . r 522 Post-fit unc — ggFG 1 TeV (10 fb)3
e / — vv, boosted Z/W — jj : Merged jets + Etmiss + forward jets. 5ok
e Extract signal in a fit to transverse mass of merged jet + Etmiss, No
exXCesSsS. q q’ g 1% 1
i 107"
W » Radion 7 ; L
W’ < W’ < < 3.0 TeV 8150
3.0 TeV x ,  4.0TeV Graviton X . %O_ :
<1.2TeV O oF
q v q" g q 8 2
S e T3 TeY CMS-B2G-20-008 s
8 ; CMS W, LP, nobb, LDy ; CMS'BQG'1 9'002 2 - 1000 2000 3000
= E . . . m. [GeV]
s & * \[,’Vafjaets é Search for heavy resonances X decaying to WW, WZ, WH pairs:
Z s e W — Iv, boosted W/Z/H — jj : Lepton + merged jet final state.
Dedicated VBF selection via forward jets.
11 1 1 <= e Extract signal in 2D fit to mj vS Maiboson. NO excess.
‘LI_‘_I_'—I_L: _g g 14 q’ q’
Dl L T Spln—2 bulk €
% T ﬂ' I+II-IIII T T ] graviton < 1.8 TeV W 7 7 W < . W .
o OQWM W Radion < 3.1TeV < 39TV 7% q
1000 1500 2000 2500 3000 3500 '4'0'0'0' 7500 5000 7' <« 3.9 TeV W : q
(GeV) . o q/ q,, Cl///




Some BSM models predict
long-lived particles decaying

away from the interaction point.

e | eads to unique and
challenging signatures.

e Measure timing or
displacement information for
an object.

Many searches at Runs 1&2.

At HL-LHC, new Phase?
tracking and timing detectors,
along with extended detector
coverage and sensitivity will
allow a wider diversity and
reach.

g Ilved partlcles (LLPs) Overwew

29
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Metastable

heavy charged
particle

Direct LLP Detection

Stable heavy
charged particle

LLP Decay Detection

ID Displaced
Vertex + X

Monopole/HIP

Disappearing

track : Emerging jets

Displaced leptons ™=

-
—
-
-
-
-
-
-
-
-
-
-
» -
-~
-
-
-
-
-

Non-prompt
photons/jets

Stopped @

particles

Dilepton displaced
vertex

Displaced jets

(Calo-ratio) ; Displaced

Lepton 5 ts ' -
P J? \ vertex in MS
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LLPs SI\/I nggs decays to Iong Ilved BSI\/I partlcles

= _ —_———— e = e
e = = -_— —_——,e | e e ————

Vas
Complementarity of different LLP searches for L
SM Higgs decays to LL BSM particles. ' P
——————— «
Different searches sensitive to different LLP b g ™ -
proper lifetime ranges. T
)t
August 2021
CMS Prellmlnary AUQUSt 2021 —_ 1 J_I?Ml§l lﬁrgll,mflnﬁerInl T T T T T 1T Igl T T T TR
- LES T = 7 =5 . © /3 Z+displaced jets
> = — —Dimuon scouting T - ."\. I'. " ," . 11E7ng-12?£?r3\,
T B N B(X—>uu)=0.13, mx=40 GeV 5 — W\ ,-{ "' .." ! N ’ ©
% 10 & ={  EX0-20-014 Q0 - R E . P 4 ms = lg gex
— - N\ _, ': ! ',' —=-Mg = e
s {-pmotiepens 5 gt \NH AN/ o S ] s
_E- 1072 & | EXO-18-003 I= - v/ , N 7| Displaced jets
1— - 0 —Z+ displaced jets f — ~ _J ‘- :" : ." | 13220f:)?‘.011?:5 E'3r:av
5  .f | Xobb,m,=55 Gov s L RNNY i 1 o 15 Gov
o -3 L. | EX0-20-003 Q v P ms =15 Ge
o 107°E = g 2l S | ---mg=40GeV
> — —-| —Displaced jets ] 10 = A , -4 ——mg="55GeV
o - 1 X—dd, m =55 GeV O C A\, K A, 1 hdronic MS
— ' \ ’ g roni
o\o 10 4 = h—= XX — = 201201581 O\o B NN ! y h_)SS—)4d i 2a1 0?.04(:838
o - different channels —)l'(liilzorr:]iczg/éSGev 8 -\ e AN 1 13716 13 Tev
1075 B ~ 2107.048383 1073 - | o o lg gez
= IR ERTTI AR AR B R ENRTI AT AR = = - :$S:55 sz
1 0_1 1 1 0 102 1 03 1 04 105 1 06 1 07 Tllll | | lIIIII| | | IIIIII| 2I | IIIlII| 3I | IIIIII| 4.I | IIIIII| 5[ | IIIIII| 6I | Illllll—7 S
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¥ e LLPs Phase2 t|m|ng detectcrs CMS-TDR-020

J
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106 CMS Phase-2 Simulation 14 TeV
CI\/IS MIP Tlmlrg Detector: MIP tlmlng W|th 30ps precision. e VF B A
Acceptance of |n| < 3 for pr, p < 0.7 GeV in barrel/endcap. = 10°= GMSBy? > v +G NN o MTD gg,gagg“ -
@) _ == ]
Displaced photons from GMSB (gauge-mediated SUSY = 1O4E E
breaking models): xo — G +7 L
Use time of arrival of photons to MTD to discriminate signal NN E
—> determine neutralino time of flight. \ -
Increased sensitivity with MTD to short ct and high masses. .
CMS Phase-2 Simulation 1 4 TeV CMS Phase-2 Simulation 14 TeV —;
g |||||||||||||||||||SI|VI|(|I\;I-II-I|:);|I|I|I|I|||I|I_ % LUNL IR L L L L L L L L LD L B L B L DL E
S i - | o 10 % (M= = C 1 ol N B
= —— SM (no MTD) | = F | e o300 200 600 800 1000
%) HSCP T (M =432 GeV) E - ‘ —— MTD 60 ps i A [TeV]
§ 10—15_ _§ ‘g 10_2 - : —— no MTD =
e [ | - 1 4= Heavy charged stable particles:
s | | el - Long-lived GMSB stau:
= = = : :
£ 102 . : - Measure particle velocity p.
E 1 10t MTD improves time resolution.
: A - i - Discriminate signals, extract mass.
N U 5 S NSt 1 T | I TR T _:
o9 1 11 12 13 14 15 16 1.7 = SR S =

300 350 400 450 500 550 600 650 700
1/p Mass [GeV]



32

Summary and outlook

o _ = —_ —— - — — —_—— | e ————— — — — P — = e = — - = - _— -
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e ~1000 SM measurements and new
physics searches available with
Run1/Run2 CMS data covering a large
diversity of models and signatures.

o m;uummu l'

.a‘!“ R :3& f}

e Many precision measurements; no
significant BSM signal observed.

* Preparations for Run3 ongoing.

e HL-LHC will offer unprecedented
physics opportunities:

e All technical design reports for ¥ Wi
Phase?2 are ready.

* Physics projections are ongoing.

l”

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

String resonance

Zy resonance

Higgs y resonance

Color Octect Scalar, k¥ = 1/2

Scalar Digquark

t§+¢, pseudoscalar (scalar), g7 _x BR(¢—2)> =0.03(0.004)
tt+ ¢, pseudoscalar (scalar), g7 _x BRIg—21)> =0.03(0.04)

quark compositeness (9§), Nuss=1
quark compositeness (), Nug==1
quark compositenass (9g), Nuss= —1
quark compositeness (), Nugs= -1
Excited Lepton Contact Interaction
Excited Lepton Contact Interaction

(axial)vector mediator (xx), 9. =025,9cmu=1,m, =1 GeV
(axial-)vector mediator (9g), 9, =025, gom =1,m, =1 GeV
scalar mediator (+tf), 9. =1,gcw=1.m, =1 GeV
pseudoscalar mediator (+t/tt), g, =1, 8.4 =1 m, =1 GeV
scalar mediator (fermion portal), A.=1,m, =1 GeV
complex sc. med. (dark QCD), m,, =5 GeV, ¢y, =25 mm
Baryonic Z', go=0.25,gcm=1,m, =1 GeV

Z'- 2HDM, g =0.8,gcm =1, tanf=1,m, = 100 GeV
vector mediator (9§). 9o =025, o =1, m, =1 GeV

Leptoquark mediator, 8=1,8=0.1, Ax sm=0.1, 800 < M., < 1500 GeV

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

ADD (jj) HLZ, nee=3

ADD (yy, #) HLZ, nen =3
ADD Gy emission, n =2
ADD QBH (jj), nen=6
ADD QBH (ep), nen =6

RS Gl yy), ki =0.1

RS QBH (jj). ne =1

RS QBH (ep), nen =1
non-rotating BH, Mo, = 4 TeV, neo, = 6
split-UED, p=4 TeV

RS Gux(qq. 99), kit = 0.1

excited light quark (gy), fe=f=Ff=1,A=m_
excited bquark, fo=f=Ff=1,A=m;

excited light quark (gg), A= m,

excited electron, fo=f=Ff=1,A=m_
excited muon, fo=f=Ff=1LA=m]

WISM, |Veu|* =10, |V® =10

wISM, |V.~V',,,|’I(IV«|’ +|Vil*) =10

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

scalar LQ (pair prod.), coupling to 1** gen. fermions, B =1
scalar LQ (pair prod.), coupling to 1** gen. fermions, 8 =0.5
scalar LQ (pair prod.), coupling to 2 gen. fermions, 8 =1
scalar LQ (pair prod.), coupling to 2™ gen. fermions, 8 =1
scalar LQ (pair prod.), coupling to 2 gen. fermions, 8 =05
scalar LQ (pair prod.), coupling to 3 gen. fermions, 8= 1
scalar LQ (single prod.), coup. to 3™ gen. fem., B =1,A=1

Zy, NArrow resonance

Z5, Narrow resonance

SSM Z'(9g)

Z'(qq9)

Superstring Z,,

LFVZ', BR(ey) = 10%
Leptophobic Z°

SSMW'(fv)

SSMW'(tv)

SSMW'(gg)

LRSM Wz(INz), My, = 0.5My,,
LRSM Wal(tNz), My, = 0.5My,
Axigluon, Coloron, cotd =1

xx???? ZExzzzzzx

= == == — — M - — —— = = = = = = —— - — — e e —

— —_—— — = = T ———— e — — _ == .

Overview of CMS EXO results

CMS preliminary

36-140 fb~1 (13 TeV)

1911.03947 (2j) 137 fb~!
1712.03143 (2 + 1y; 2e + 1y; 2j + 1y) 36 fb-1
O 072-325 1808.01257 (1 +1y) 36 fb-!
05 =3 191103047 (2)) 137 fb-1
1911.03947 (2j) 137 fb~!
| oows-oors 191104968 (31, =4t) 137 fb!
O OA08=0/34T  1911.04968 (31, = 41) 137 fb~!
1803.0803 (2j) 36 fb~!
1812.10443 (21) 36 fb-!
1803.0803 (2j) 36 fb~!
1812.10443 (21) 36 fb-!
I 02=5161 2001 04521 (2e+ 2j) 77 fb-!
I z=5 200104521 2 + 25 77 fb-1
" <181 1712.02345 (= 1j + E7™) 36 fb!
" 528 1911.03947 (2) 137 fb-1
M 1901.01553 (0, 1£ + =3j + E7™) 36 fb-!
M 1901.01553 (0, 1 + =3j + E5*™) 36 fb~!
M 147 1712.02345 (= 1j + E7™) 36 fb~!
M <1547 1810.10069 (4j) 36 fb~!
M £19° 1908.01713 (h + EZ™) 36 fb-!
o 1908.01713 (h + E7"™) 36 fb-1
M U 035-07 @ 1911.03761 (= 3j) 18 fb~!
M [ 03=06 1811.10151 (1p+1j+ EP™) 77 fb~1
M o 0e=0,52  1808.03124 (2j; 4j) 36 fb-!
M OO 1806.01056 (2)) 38 fb-1
M oy 1806.01058 (2j) 38 fb-!
M — 1810.10092 (6j) 36 fb-1
" 1803.0803 (2j) 36 fb~!
N 1812.10443 (2y, 21) 36 fb~!
" 1712.02345 (= 1j + ™) 36 fb~!
u 1803.0803 (2j) 36 fb~!
x 1802.01122 (ep) 36 fb-!
e 1809.00327 (2y) 36 fb-!
o 1803.0803 (2j) 36 fb-1
M 1802.01122 (ep) 36 fb~!
u 1805.06013 (= 7j(L, y)) 36 fb-!
IR =200 1803.11133 (f + EF) 36 fb-1
M s =26 1911.03947 (2j) 137 fb!
M s 1711.04652 (v + ) 36 fb~!
N E=TEY 1711.04652 (y + ) 36 fb!
M s =6 1911.03947 (2)) 137 fb~!
M 252390 1811.03052 (v + 2e) 36 fb~!
M 025 =38 181103052 [y + 2 36 fb-1
" : 0.001-1.43 1802.02965; 1806.10905 (3f(p, e); = 1j + 2(p, e)) 36 fb-1
M ; ; 002-16 1806.10905 (= 1j+p+e) 36 fb~!
M : <0.88  1011.04968 (3£, =4f) 137 fb-!
M 012-079  1905.10853 (31, =4f, =17 +21) 77 fb-1
M i | <144 1811.01197 (2e+2j) 36 fb~!
M : (<127 1811.01197 2e+ 2j;e + 2j + E™) 36 fb~!
M : : <153 1808.05082 (2p+2j) 36 fb~!
N © 08-15 1811.10151 (1p+1j+ E7™) 77 fb!
M ; <129 1808.05082 (2 +2j; p + 2j + E7) 36 fb~!
M ] <102 = 1811.00806 (27 +2j) 36 fb-!
M g <074 1806.03472 (2T+b) 36 fb~!
w|  ooms-oo7s 1912.04776 (2p) 137 fb~!
M . o11-02 1912.04776 (2p) 137 fb~!
M DO b5=28 0 1911.03947 (2)) 137 fb~!
sl 001-0125 1905.10331 (1j, 1y) 36 fb~!
M 0246 2103.02708 (2e,2p) 140 fb-!
M 2= 1802.011 22 (ep) 36 fb~1
M 0 005=045  1909.04114 (2]) 78 fb-1
M O 052 1803.11133 (1 + ETTY) 36 fb~!
M o basa 1807.11421 (T + EFT) 36 fb-!
" B 05=36 ) 1911.03947 (2)) 137 fb-1
M 1803.11116 (2£ +2j) 36 fb~!
e e o
M o506 1911.03947 (2j) 137 fb~!
i i i 1 i 1 i i i i i i i i 1 i i i i i 1 i i 1 i i
0.1 10 10.0
mass scale [TeV] Moriond 2021
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Model spin  95% CL Limit (solid), 5 o Discovery (dash) HIL/HE-LHC
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Iong Ilved partlcles reach summary
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n ® CMS Run2

RPV UDD, §-tbs, mz = 2500 GeV
RPV UDD, g-tbs, mz = 2500 GeV
RPV UDD, t-dd, m; = 1600 GeV
RPV UDD, t-dd, m;= 1600 GeV
RPV LQD, t-bl, m; = 600 GeV
RPV LQD, t-bl, mi = 600 GeV
RPV LQD, t-bl, mi = 1600 GeV

GMSB, §—gG, ms = 2450 GeV

GMSB, §—»gG, mg = 2100 GeV

Split SUSY, g-qgqx?, mg = 1300 GeV

Split SUSY (HSCP), f5, = 0.1, mz = 1600 GeV
MGMSB (HSCP) tanB =10, u>0, my= 247 GeV
Stopped &, t-tx?, mi= 700 GeV
Stopped g, g~qgx?, fig=0.1, mg =
Stopped g, §-qax3 (Lux?), fg = 0.1, mg =
AMSB, x *-»xIn*, my= =700 GeV

GMSB SPS8, x?-YG, mys = 400 GeV

1300 GeV
940 GeV

H-XX(10%), X—=ee, my =125 GeV, my =20 GeV
H-XX(10%), X-uu, my =125 GeV, my =20 GeV
H-XX(10%), X-=bb, my =125 GeV, my = 40 GeV
dark QCD, my,, =5 GeV, my,, = 1200 GeV

= R — e e m— —— =
P e ——
_— e e — — ————

Overview of CMS long-lived particle searches

CMS Preliminary

3-140fb~! (8, 13 TeV)

g CMS-PAS-EX0-19-013 (Disp. vertices) [[I0.0006=0.09'm|
g 2012.01581 (Displaced jets) [ 0:003=1"m|
t CMS-PAS-EX0-19-013 (Disp. vertices) [ 0.00035=0.08'm|
t 2012.01581 (Displaced jets) [ 0002=132'm|
{ | 180805082 (2u+2jets)  <003m
t CMS-PAS-EX0-16-022 (Disp. e +disp. p) [ 0:0005=04m|
t 2012.01581 (Displaced jets) N0I005=0:24"m|
g 2012.01581 (Displaced jets)|  0.006-0.55 m
g 1906.06441 (Delayed jet+MET). 0.32-34m
g | 1802.02110(ets+MET) <lm
g |
# 1S-PAS-E)
t 1801.00359 (Delayed jet)
g 1801.00359 (Delayed jet)
g 1801.00359 (Delayed pp)
x* 2004.05153 (Disappearing track) . 07-30m
x? 1909.06166 (Delayed y(y)) | 02-6m
X 1411.6977 (Displaced dielectron) ~ ~ 0.00012-25m
X 1411.6977 (Displaced dimuon) =~ 0.00012-100 m
X 2012.01581 (Displaced jets)  0.001-0.53 m
XpK 1810.10069 (Emerging jet+jet). 0.0022-0.3 m
1 1 1 1 |
1077 107> 1073 101 10t 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.

140 fb~! (13 TeV)
132 fb~! (13 TeV)
140 fb~ (13 TeV)
132 fb~1 (13 TeV)
36 fb~! (13 TeV)
3 fb~1 (13 TeV)
132 fb~1 (13 TeV)

132 fb~! (13 TeV)
137 fb~! (13 TeV)
36 fb~! (13 TeV)
13 fb~1 (13 TeV)
13 fb~! (13 TeV)
39 fb~1 (13 TeV)
39 fb~1 (13 TeV)
39 fb~1 (13 TeV)
140 fb~! (13 TeV)
77 fb~1 (13 TeV)

20 fb~! (8 TeV)
20 fb~! (8 TeV)
132 fb~! (13 TeV)
16 fb~1 (13 TeV)

Moriond 2021



HL-LHC SUSY reach summary

CERN-LPCC-2018-005
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HL/HE-LHC SUSY Searches PHLLKO, [t = a5 disovery | 195% O exclusion)

Simulation Preliminary

R ~ _ e — S — -_— —_————r e e ——— e — — » - - = _

Mass scale [TeV]

HE-LHC, [Ldt = 15ab™": 50 discovery (95% CL exclusion) \/E =14,27 TeV
Model e U, T,y Jets Mass limit Section

%3, 5—qgi" 0 4 jets 2.9 (3.2) TeV m(¥})=0 2.1.1

22, 2—qa¥) 4 jets z 5.2 (5.7) TeV m(E3)=0 2.1.1
o
S g8 g 0 Multiple 2.3 (2.5) TeV| m(t})=0 21.3
R 0 Multiple 2.4 (2.6) TeV m(¥1)=500 GeV 2.1.3

NUHM2, gt 0 Multiple/2b 5.5(5.9) TeV 242

hiy, X1 Multiple/2b 1.4 (1.7) TeV mi)=0  21.2,2.1.3
S iy, o Multiple/2b 0.6 (0.85) TeV] Am(f;, 1)~ m(t) 2.1.2
%

fify, Bi— b 111,33 0 Multiple/2b | 7 3.16 (3.65) TeV 040

Ut Eows 2e 0-1 jets 0.66 (0.84) TeV m(¥1)=0 2.21
-~ O . ~

S S VS viawz 3e,pu 0-1 jets 0.92 (1.15) TeV m(t})=0 2.2.2
£3

S5 Wi via Wh, Who0vbb feu 2-3 jets/2b 1-08 (1.28) TeV m(¥1)=0 223
Qc .. - - h = _

W W= 2e.u - X5 X, 0.9 TeV m(¥})=150, 250 GeV 2.2.4
O Bz T Wi 2 e 1 jet - 0.25 (0.36) TeV] m(¥})=15 GeV 2.2.5.1
c bl 00 -~ 0 ~ - . o _

§ T+ 0. Bz Wi 2 e 1 jet A 0.42 (0.55) TeV| m(¥})=15GeV 2.2.5.1
s _ 0 -

T 00 O 2 4 1 jet 0.21 (0.35) TeV| Am(¥3, ¥)=5GeV 2252
§ X>X4 via same-sign WW 2ep 0 0.86 (1.08) TeV 242

G o7, (e, 1) - = 0.47 (0.65) TeV|  m(¥%)=0, m(.)=m(x) 2.3.2

%) }

- o1, (e, 11) - 7 0.81 (1.15) TeV m(¥1)=0, m(7.)=m(ig) 2.3.4

XiXT, XiX1, long-lived X§ Disapp. trk. 1 jet 0.8 (1.1) TeV Wino-like X7 4.11

YEXT, VXY, long-lived i Disapp. trk. 1 jet 0.6 (0.75) TeV Higgsino-like X7 4.1.1

MSSM, Electroweak DM Disapp. trk. 1 jet 0.88 (0.9) TeV| Wino-like DM 413

3 MSSM, Electroweak DM Disapp. trk. 1 jet DM mass 2.0 (2.1) TeV Wino-like DM 413
(2]

= 8 MSSM, Electroweak DM Disapp. trk. 1 jet 0.28 (0.3) TeV, Higgsino-like DM 413

c’ ,—

§ § MSSM, Electroweak DM Disapp. trk. 1 jet DM mass 0.55 (0.6) TeV] Higgsino-like DM 413

% R-hadron, 3—qgi" 0 Multiple g [7(3) =0.1-3ns] 3.4 TeV] m(¥})=100 GeV 4.2.1

2 R-hadron, g—qq¥} 0 Multiple 28 TeV 491

GMSB ji—uG displ. u - 0.2 TeV, ¢t =1000 mm 422

L el PR arXiv:1812.07831



