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Summaries of CMS cross section measurements
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

Summary of Standard Model Tests with EWK Bosons

Aqgree with the Standard

Model predictions!

Overview of CMS5 cross section results
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M N Recent LHCegacy from Higgs Studies
el CMSHIG21-08
The legacy combination of Higgs boson studies using the full LHC Run 2 data, CMS Physics Briefings
recorded between 2016 and 20X&he result is the most precise and
comprehensive measurement of the Higgs boson by CMS to date. CMS Preiminary 138 fb-' (13 TeV)
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By combining Higgs boson measurements based on the LHC Run 2 datawe [, ., . . ., %7
are able to reach an unprecedented level of precision. 107 10° ;‘;‘mde mas;?zieV)
A provide a stringent test of the SM, confirming its robustness across a wide
range of observables p=10147503
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Higgs Portrait after 10 Years

Run 2 and Run 3 Y the detailed studies

A all main production mechanisblnasaradebao"”‘(H“_je“_'Sg,
A mass of Higgs boson m;, is measured Wlth an accuracy of 0.1% () 9.10-9
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expectations (4.1 MeV). We still need to improve an accuracy 2,2-1074
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No break from Standard
Model!

Accuracy of measurements
has to be improved
Y Run 3, HILHC

We still have room for
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CMS Luminosity Information
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LonglLived Particle Searches Highly boosted objects
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CMS,

(/ CMS Preliminary 138 fb' (13 TeV)
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Turning the LHC into a photon collider, the CMS experiment obseorebe first & .. T B spromen g <
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— Energy Lepton Pairs

A powerful framework to parametrize the indirect effects of BSM in a model
independentmanneris providedby the effectivefield theory (EFTjramework

g ,, =Y

T 2 Hidden Signals of New Physics in Events with a High <%

1 Data recorded: 2018-May-29 01:07:01.172032 GMT
Rupy/ Bvept [-LS: 317087 / 406652831 / 333
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The new physics interactions between two heavy quarks and two leptons

CMS Frelimina 138 fb™! (13 TeV)
A predict nonuniversal coupling of the new physics to th 21 —— weEaoTel g 257 LiL L B 38" (18 TeY),
—o— L 3 E BB + BE categor
fermions and could potentially explain the observed Zi Pl — o | +3§ex§eg{7mn |
. . 6 r served flavor ratio | 1
anomalies in some of the-Beson decays observed by ' Ej’g{s""" Higgs % —— DYMC favorraio |
LHCbhBaBarand Belle experiments. 1of e Tenu o :
4 . . .. 3 —— DDb—= I, A ev, ol -
A selecting those with an electron or a muon pair in 12 ; -
association with 0, 1, or 2 bottom quarks. 10 I == o S e S ——
< . . : 1 2 —
A Upper limits on the product of-gection and branching 1o+ — g :
) f_ra_ction of the new physics are set. o %ﬁ %ﬂf TRy % :
A limits on the energy scaleof 8.3 to 9.0TeVdepending &8, ™ o AN g .
. o : ost-fit = Pre-fit \\I \\.\‘ SNANN ‘ ANNNNN L | | L ‘ | | |
on model parameters, and on the ratio of energy scal¢ 5w 7000 1500 2000 2500 3000 3¢ . oV
: Z m(up) [GeV] "
~and coupling & of 2.0 to 2.6TeV CMSEXG23-010

A Lepton flavor universality is also tested 20,09 2025 CMS Physics Briefings 10



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-010/index.html
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(/ Studying Hadronic Decays of Top Quark Pairs

The CMS experiment has conducted a search for heavy begtarmtlardY 2 RSt LJ NI A Of S& o NB TSN
risetoatopquarkk Y Aljdzr N]J] LI ANJ RSOFIéAy3a Ayi2 KIRNRyao ¢KS aslt
below a fewTeV and provides the most stringent constraints to date on its pos,_sible production for masses abte 3

In this analysis,we consider models that predict new
particleswith enhancedcouplingto the top quarkdueto
its large coupling to the Higgsfield, yielding its large
mass

A LeptophobicZ gaugebosons

A andRandalSundrumKaluzaKleingluons(gkKK

CMSB2G24-003

138 fb' (13 TeV) 138 fb' (13 TeV)
7 T | T T T T ] T T T T

I T T T T I T T T
95% CL upper limits

— Observed CMS Preliminary

CMS Physics Briefings

mg< 5TeV _ _
m, (DM) < 3.9eV An analysisemploysmachine

m, (SSM)< 4.49, 5.52, and€arningbasedtechniquesfor

6.85TeVfor 1% 10%. angtop quarkidentificationin the
30% relative Wi’dthS. ’ fully hadronic decay channel

and achieves improved
sensitivity compared to
previoussearches

95% CL upper limits
—— Observed

= = = Median expected
I 68% expected
95% expected

=== Median expected
I 682% expected
95% expected

—— Theory Z' 1% width Th
_— eory g
KK

b i Stringent limits in this
m [TeV] oo % P e Channel to date!
gKK
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T R On the Hunt for a Ruldreaking Heavy Boson
— B CMSSMP23-003

CMS Physics Briefings

Leptonflavor-violating (LFV) processes are not expected to occur according to the
standard model (SM) of particle physics o5

Y Could the Z boson decay to charged lepton pairs of mixed flavor,

i.e, Yo ThS+, Y% MhS+, orvap+?2

Y In some models, LFV decays of the extra gauge bosons Z' are allowed and, t
mixing with the SM Z boson, LFV decays of the Z boson could occur as well.

The CMS Collaboration probes decays of the Z boson which /
would defy our expectations of lepton behavior ~

><120530M$‘ e 138107 (13 TeV) x10°CMS 138 o' (13 TeV) « - -
> ¢ Data o) | Eetea) ] 3 eoE 4 omm | aeeen | et | <A NO excess of events above the SM predictions is
Eg 2=z eul(mis) Bl H - T WW Top quark 7 Q) E_ SRZour (10 ElH- ttWwW Top quark
o 20 W, multi-V izl mzow o 70E W, multi-V mzoi — Observed
~ Nonprompt e E j 60 ;_ u’j -1, . . .
5 R A the observed (expected) 95% CL upper limit on tr
N BRI S branching fraction are
E E 1.9 (2.08 107 for %2IHS >

3 oF 13.8 (11.4% 10%for %S _
o 12 S T B0 00 120 a0 160 12.0 (5.3f 10° for %2> _
&1l . 1O ESR | | | | B A 2 X 305 E
% 1 R /'/)/ Z ////y/ % j./ z //‘/ )(/f‘ ” w 1-] ”ﬁ(/; L PRSI TN 0 V0T P 10 S e P A A0 2 P9 A -F 2 N‘J ]/2 O 2 a 2 y. Y | @@OSBHV! 7\ y
K09 _ —~ ot T s 77 T VI T . . . .
808 e e e e meab 7 upper limits are set on the cross section times the

me, [GeV] 40 60 80 100 120 140

= Gev] branching fraction to ep that extend from 0.3t0 7
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i == Hunting Exotic Higgs Bosons Decaying to Lightweight! 2
o Scalar Particles |

What does the Higgs boson have to do with dark matter?

Y here we consideti KS  YAYAYlIt | A33a LRNIFE a0SyThbK3x ¢ Ajgs

Y pair of prompt or longived scalars with proper decay lengths up to 100 mm and masses
within the range of 0.2 GeV

In a first search of its kind at the LHC, the
CMS experiment looks for light beyorite- /

h SUS
standard-model particles with a mass in the %<

GeV range that decay into charged hadrons ’ | I
and muons. e 13817(18TeV)

The main strategy is Umg - CMS
a NBlj dzA NA y 3 _ ] & ZTaop Preliminary
mass of each pair to be SR b
similar within a very narrow 74 : 0 S10° f BR(S T - 0,603
window is one of the crucial s I | s f:
elements inreducing the | 1§ g 2107
61 Ol ANBdzy R 02,y NITEEENE £ 3104;.5 o medn exects
©SoumyaDansana 740NN W 7 A P R D550 oxpecto

It establishes that if NPs exist, they would be produced in less than 0.01% of all CMSEX@24-034 ot [mm]

Higgs boson decays CMS Physics Briefings
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T T One photon short: Recovering Lost Photons Using Al t¢ ¥
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e, Hunt for Exotic Higgs Boson Decays

Thesimplestextensionsof the Higgssectorincludeexoticdecaysof the form h;,:h !, éxtrapseudoscalaboson A coming

anadditionalSM-neutral singletor can arises in twdliggsdoublet model (2HDM)
Y A search for an exotic decay of the Higgs boson EnX Iy ‘n

oq: What if a new exotic particle from a
o non-standard Higgs boson decay »

0
sz escaped detection?

CMS S!mulanon Prelim/nary 2017 (13 TeV) 600

photon signatures using
machine learning, opening new

= 16g 1 : @
(ORI - - fa Y o o
CMS breaks new ground by S. el tLIg 800 > e
reconstructing challenging £ TSR 4 B+ e+ o . S B, S
< 7 s "
= s . .

paths in the search for physics 3%

beyond the standard model. il
<

CMSEXQ24-025 Y i R e %‘
CMS Physics Briefings 0 2 4 6 8 10 12 14 16 © %10'

. [GeV
No excess above the SM is observed, but this analysls sets %he most strlngelgtm

limits to date in the majority of the explored mass range between 1 GeV and 15 |

1003

GeV iInX mass
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CMS Preliminary

+pooling

EdgeCon Clustering Output — Mass

Analysis uses a more advanced graph neural

network (GNN)

A trained on energy deposits in the ECAL, the networ
learns to identify patterns consistent with
overlapping or incompletely reconstructed photons

+pooling " natwork prediction

13 TeV

3

i«—This analysis —

95% CL uppei limits
— Obs :
s Exped | d( i 20) .

—_ CMS eml merged
||||||||||

___ CMS fully =resolv
(JHEP O (d ) )

ATLAS . 1

(Eur. Phys. U. C 84 (2024) 742) 1

full range from 0.1 GeV to 60 GeV

H
]

I
5

15 610
ma [GeV]
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Axiontlike particles (ALPs) are hypothetical ligigight neutral
bosons that could solve deep mysteries in physics

Using Pairs of Electrons

A the strong CP problem (why is-8fmmetry conserved in strong @"" “~~@
) interactions?) -“6}7 \. .
A nature of dark matter M} 105> My 0 ~ 5:'.' ‘-
- - . . o ‘
Y in Higgs portal scenarioH ALP- e-e+ = - "
The CMS experiment sets limits for BSM particles down totens ~ CMSEXG24-031 ’71— &
of-MeV aided by machine learning techniques CMS Physics Briefings

CMS Preliminary 138 fb~" (13 TeV)
T T T T

cMs Pre!rmmary 138 b (13 TeV)

_.
<

Chasing Lightveight Particles in Higgs Boson Decays|<

H—>aa—>4e m,, 125GeV

Events / GeV

¢ Data
— Bfit

= S model
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No significant excess above the standard model prediction is observed

= H5OII‘ ‘160HI
m,, [GeV]

I =
170 180

|Ceel / A [GEV™']

10°

101}

50 100

ma [MeV]

Values of the mediator mass of up to 2455 TeVare

excluded

A depending on them,;and

A couplings ofy, = 0.25 between the mediator and quarks, ar
g. =1.0 between the mediator and the DM particles

Observed 95% CL upper limits on B(H - aa — 4e)

firy
S
o
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-24-031/index.html
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OBbLEAMHEHHLIA - = u . oy
N & Exploring new frontiers: Searching for a heavy Higgs |25
C/ boson decaying to four leptons . <
h125 X
We focus on the scenario where heavier Higgs boson (X) decays into four leptons CMS reiminary 138 fb” (13 TeV)
via two Z bosons, with leptons being electrons or muons. This is known as the &°F g XED) —VBr K00 2
golden channel in Higgs boson searches. S el oy OO (2000,
g I+ i+ The searches are performed - — o M
z - ~over arange of resonance ¢ i, T E
. " mass from 130 GeV to 3 B
g B A 1+ TeV considering both
I- narrow and wide width 10" 3
R ——— l scenarios 0 300 400 1000 : 2000 3065
| Data recorded: 2018-0ct.20 08:43:46.921344 GMT ME® (GeV)

Run/ Event / LS: 324980 / 138958662 / 109

CMSHIG24-002

CMS Physics Briefings -"gsyphysics Brie ATLAS experiments is not observed.

A No significant excess with respect to

CMS Preliminary

138 b (13 TeV)

the standard model predictions is

observed in the examined phase spac

107!

] at 98 CL

Upper limits at 95% CL on the

LTTTIA

T T T ]
fyge floating, NWA

------------- Median expected —
68% expected
95% expected
] —s— Observed

production cross section of the §
resonance multiplied by the branching %

ai
ratio of decaying to two Z bosonsare ® - - N :
computed. £ ]
Furthermore, the light excess at around &0
. 130 200 300 400 500 1000 2000 3000
650 GeV previously seen by the CMS and My (GeV)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-24-002/index.html
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M) e Search for Boosted Higgs Advances our Understandin@s:

II I I I II ALEPHBIX
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-~ of Dark Matter
The CMS Collaporatlon hunts for nggs bosons recoailing We tested two simplified benchmark models, 2HDM+a
against dark matter particles and BaryonieZ' .
In the CMS experiment, we use the fundamental law of | X
momentum conservation to infehe possible presence of dark ~ Mhi2s=<Mx P
matter in the detector CMSSUS4-007 A <
Y the momentum in the transverse plane should be conserveq;s physics Briefing
before and after the protosproton collision o x
Boosted Resolved s CMS Proliminary 1003 f5-1 (13 TeV)
h CMS preliminary 101.310 (13 Tev) [Fwopez 0% Exnecte )

T T T T ‘: Dirac DM, g¢=0.25, gy = - 68% Expected

« 95% Expected

| 2HDM+a, h - bb

8in8=0.35, tanp=1.0, my=10 GeV

102j Ma =My =my:=1000 GeV ]

=—+— Observed

—— 50% Expected
68% Expected

10 95% Expected

In the 2HDM+a model,
m, = 96@ 1300 GeV are
excluded for mof 350 GeV.5

5% CL limit on 0/Cheory

Dark Matter y mass [GeV]
i

95% C.L. asymptotic limit on o/owmecry
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Other parametersa A y 109} ,
L - = . 500 1000 1500 2000 2500 3000 3500
;.—//__ﬁj . Mediator 2 mass [GeV]

values between 0.16 and ~ F—____""_--
0.93 are excluded, while the M,< up to 2.1TeVare excluded

LI N} YSGSNI aLIOS  gAlGK G vi for M- < 1 GeV
) 150 200 250 300 350 400 450 500 DM
values less than 4.0 is m, [GeV] mpy < 500GeV are excluded for
excluded 1.25TeVZ'.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-007/index.html
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N &= ¢ KS 1A33a o02a2yQa
— o Dark Higgs

{ A Y LImbddISoRDM

A pairproductionof DM particles

A a spin0 or spin-1 bosonicmediator producedin the s-channel

A amediatorcouldbe accompaniedy someother visibleSMparticle,
often emitted asinitial-stateradiation (ISR)

givesdmono-- &xperimentalsignaturesvhere the mediatordecaysnto
weaklyinter actingDM particles(X=/ W/Z)

s

>\

cMSIEre(iminary ‘ I .13.8f‘b_1 (13 TeV) 000
1400f — Observed Ho mase - 130 GV - Found no excess above standanddel Remember the media buzz when
P I | |P="§ expectations. we finally pinned down the Higgs
| 20 Expected Joss boson in 20127 Turns out it might
- £ . .
_ z Theresult excludes at 95% CL (the first have a shadowy cousiqthe dark
1 W™ ; CMS limits on this!) Higgs¢ and CMS is chasing it down.
1 Boseg A mypbelow 160 GeV
| 3 A mediator masses up to 28.5TeV
—0.66753 SCG N arl O i\rlll(i;sli:li,’n:;z:nsverse
_® 7] _5 -1.000

Visible particles

CMS uses a machihearning tagggr to |dent|_fy a jet likely CMSSUS3.013
originating from a bottom quarantiquark pair, plus large MET CMS Physics Briefings
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-013/index.html
https://cms.cern/news/higgs-bosons-shadowy-cousin-cms-search-dark-higgs

~N ’7 OBBbEAWMHEHHBIA
MHCTUTYT

I & . Beyond Light: Probing Dark Matter and Extra Dimensions

(G

Monophoton events could be a signature that indicates fascinating

phenomena, such as
A dark matter particles escaping detection

A the existence of extra dimensions, as predicted by models like ADR

7CMS 41 5fb (13 TeV)
: B e e e o
105 N CMS_ Preliminary 137.2 10" (13 TeV)
10 B T T T T TT1TT T T T T T T1TT T T T T TT1TT
105 I:l Wy—hvy - e—y MislD 0%
10° [ jet-> misio I other sm 107
3 - - -~ DM, Vector (m,, = 1 Gev, M,  =1TeV, xs=0.02 pb} —
10 ADD (n-3 M, -3 TeV.xs —ompb) E 107
107 = 1o
10 ]
1 S 10739
1 g
B - 40— PICASSO
0 E 10 — Super-K(bb)
02 = — PICO-60 —
g o™ IceGube(tt) —= %
0 © N B
107 — - - =
) ,_...--—"""'-' Axial vector, Dirac, gq =0.25, Gom = 1 f -
1H- 107 Observed 90% GL - g
0 ‘ ) T U Median expected ‘90% cL f‘ E
0 02 04 06 08 1 12 1.4 1.6 1.8 2 e T T
Photon p_/p™* g
mDM [GeV] |

For the simplified DM production models considered, the observed
lower limit on the mediator mass is 1085 GeV for 1 GeV DM mass.

For the model with extra spatial dimensions, values of the effective

extra dimensions.

.5'

2_ state to date
Planck scale MD up to 3:8017 TeVare excluded for between 3 and 6"

qa

CMSSU&3-016
CMS Physics Briefings

I —— Expected 13 TeV, 101.3 fb’ ]
[~ --- Observed 13 TeV, 101.3 fo' —
—— Expected 13 TeV, 137.2 fb"

-- Observed 13 TeV, 137.2 fo'

CMS Preliminary 137.2 " (13 TeV
B I I ]

- the most sensitive I|m|ts
from the monaogfinal

4 5 6 7

vy M

By studying events with only a
single energetic photon, the
CMS experiment places some
the most stringent constraints
to date on dark matter models
and theories predicting extra
dimensions of space

Sergei Shmatov, BSM Physics Briefings from CMS@LHC
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-016/index.html
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i == Dark Matter and Pencil Jets: The Search for a bow a a =

— Boson Using Machine Learning
CMSSU&S23-017 xt

CMS Physics Briefing f} T The CMS experiment conducts the first search for dark matter particles producec
;\ association with an energetic narrow jetthe pencil jet.

A simplifiedDM modelis considered
A aDM candidateparticlemy,,=0.1to 1 TeV
”?T A amediatormassrangefrom 2 to 5 TeV
A anadditionallight Zbosonwith massin the range0.3to 3 GeV ThishypotheticalZQ
bosoncouplesto both the darksectorandthe SMparticles

rSiun UGSt

138 fb~! (13 TeV)

— 8CMS Preliminary 36.3 b (13 TeV) 300 10°
g 107 ¢ data B Z(vv)+jets
€ 107 Emm wiv)+jets ] QCD multijet W Preliminary _ .
3 3 10° | I WwWwzzZ 10
~—105 -zn +jets 600 _.’g
$ 1 03 %\ 500 10—2 \g
J
10° S 4 3
10 s 1073 2
! 300 o
10” 10~
Upper limits on the DM-gection are set at the 95% CLg 14 L e
excludlng :g 8. npmswsmen el o 100 e, 105
A m,qup tof 4250 GeV for a DM massfol00 GeV ° 200020005000 300000 45005000
07 02 03 04 05 06 07 08 09 10 Mea (GEV)
A and up toF 3500 GeV for a DM massfo550 GeV ML score

for both the vector and axial vector mediator scenarios 59 09 2025 20


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-23-017/index.html
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) Dheanr
ninn == An allround Boosted Chase for Supersymmetry
So far, the SUSY patrticles have not been found experimentally The CMS collaboration expands the search fo
Y to thoroughly explore this theory, we search across a broad spectgm Supersymmetry by exploring a wide variety of
of final states, aiming to uncover any possible signs of SUSY final states with boosted particles, in a new

] _ _ I yI feaAaAa OFff SR «a
A previous SUSY searches have explored boosted objects, but
typically focused on very specific final states

A this search takes a much broader approach and explores
SUSY containing all kinds of boosted particles: boosted W, Z,
and Higgs bosons;quarks

A we explored SUSY final states containing both quarks and
leptons that become spatially mergedoosted leptonic jets
(25 unique and statistically disjoint final states)

) ) ] ] 250 0(';MS Preliminary 138.0 b (13 TeV) ] .

Razor kinematic variables have been used for analysis > PP — §6.§ — . T 5% 1, &

S =Observed £ 16,,.,, NLO+NLL excl. S

I T St zz:Expected & 1 G, My=m.+20 GeV 5

with global estimator g 2ooo] TIORRETT o T 1.8

1500 %

e —=107* ,2

1000 %

Y for the Rparity conservingscenariosgluinoand topsquark o0 “ﬁ;f

massesre excludedipto 2.252.35 TeVandupto 1.45TeV B
Y for the Rparity violatingscenariosbottom squarkandgluino {00 1500 2000 2500
. (GeV
massesire excludedupto 0.97 TeVandupto 1.82TeV CMSSUS3-014 M (GeV)
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