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 Higgs beyond SM (extra Higgs, non-standard decays)    

 Extended gauge models

 Extra dimensions (incl. microscopic black 

holes)

 Dark Matter (WIMPs) 

 Leptoquarks

 Beyond 3rd Generation

 Compositeness, GUT-inspired scenario etc

CMS Higgs  Public Physics Results

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG/

CMS Exotica Public Physics Results 

http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/

CMS Beyond-two-generations (B2G) Public Physics Results 

http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G/

Outline: Non-SUSY Physics BSM (Exotica)
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Total weight                   12 500 t

Overall diameter            15.00 m

Overall length                21.6 m

Magnetic field                3.8 Tesla

Large general-purpose particle physics detector

Detector subsystems are designed 

to measure: the energy and momentum of 

photons, electrons, muons, jets, missing ET

up to a few TeV

CMS Performance and Data
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pp-collisions

92% of data taking efficiency

~94% of data certification

Lmax ≈ 1.52x1034cm-2s-1



A General Search View!

CMS-EXO-10-021

Rates (exclusive classes) as  

expected for 19.7 fb-1 for CMS

muons, electrons, photons, MET   
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 Heavy Resonances and Non-Resonant Signals

(extended  gauge models,  extra dimensions, 

technicolor) 

 dileptons, dijets, diphotons, ttbar, VV, HH

 Non-Resonant Signals (extra dimensions,

compositeness)  

 dileptons, dijets, diphotons

 Mono-particle + Missing ET (extended gauge

models, extra  dimensions, technicolor) 

mono-jet + MET, mono-photon + MET,  

mono-lepton + MET 

 High-multiplicity events (microscopic black holes, 

leptoquarks, 4th Generation )  all particles, leptons + jet(s) 

Landscape of Signals

5Sergei Shmatov, Highlights of non-SUSY searches for physics beyond the SM from the CMS Detector at the LHC,  2017, Nalchik

Norbert Neumeister - Purdue University PPC 2017

• Search for new resonances in the tails of the SM 

distributions

– These resonances could decay into e.g. vector bosons 

or fermions

– Most SM backgrounds can be modeled in a data driven 

fashion

• Different searches sensitive to narrow resonances

– Wide variety of signatures to be explored

• Also look for modifications in angular and mass 

distributions arising from new contact 

interactions

– New mediating particle with a mass much higher than 

the energy exchange modeled as contact interaction 

with new physics at energy scale Λ

• Resonance searches can also be interpreted in 

terms of Dark Matter models
6
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ICHEP 2016 Exotica Summary (95% C.L.) 
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Properties of Higgs Boson: Legacy of Run1 

Higgs boson was observed in decays

 bosons: γγ (5.7), ZZ (6.8), WW (4.3)

 fermions: bb (2.6) and ττ (3.2)

Higgs is 0+ state (JP)

Higgs width: < 22 MeV

(4.15 MeV in SM)

Couplings fits SM predictions
Signal strength is fully compatible

with SM

No significant signal non-SM Higgs: any additional Higgs will indicate new physics

7Sergei Shmatov, Highlights of non-SUSY searches for physics beyond the SM from the CMS Detector at the LHC,  2017, Nalchik



Higgs Boson: The first look vs Run2 Data 
! → 4(

• Recent	measurements	
include

• Mass
• Width
• Signal	Strength
• Cross	section
• Differential	cross	

sections
• Constraints	on	

anomalous	couplings

• All	done	with	full	2016	
data	set	(~36	pb-1)

8

HIG-16-041

Mass

• Use	mass	constraint	on	
lepton	pair	with	mass	
closest	to	Z

• Not	always	on	Z-pole,	so	
use	line	shape	from	MC

• Do	event	by	event	fit	
using	 ,	and	its	error	
(both	after	constraint)	
and	a	discriminant	to	
evaluate	possibility	the	
event	is	background

9

GeV

HIG-16-041

Cross	Section/Signal	Strength

• Measured	fiducial	cross	section	
at	13	TeV

• Fiducial	region	is	

•

• Also	measure	signal	strength	

•

12

HIG-16-041

Width by CMS
CMS-PAS-HIG-16-041
CMS-PAS-HIG-16-033

• Mass width is measured with two very 
different methods.

• Γ𝐻 = 0.00−0.00
+ 0.41 GeV with only on-shell

• Tighter limit than Run 1

• Γ𝐻 = 10−10
+ 14 MeV with both on-shell and off-

shell
• With strong theory assumptions 
• With only 12.9 fb-1

JHEP 09 (2016) 051

EPJC 75 (2015) 212 

NEW

22/29
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Non-Standard Higgs Decays

Verena Martinez Outschoorn — March 19th, 2017

BSM Decays and Couplings

4

h
a

a

X

X

Y

Y

Higgs Decays to new particles 

X and Y are SM particles

4b

4μ 

Flavor violating couplings

lepton decays

h
τ 

e,μ 

FV in quark sector also considered

h
e 

μ 

Invisible DecaysLong lived particles (LLP)

h
X

X

X gives ET
miss signature 

h LLP

ℓ +

ℓ - 

ℓ + 

ℓ -

X

LLP

X

Many possible 

signatures that 

are sensitive to 

a broad range 

of lifetimes 2x2ℓ  lepton jets  

Nx2ℓ  (4x2ℓ…) also possible
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LFV Decays: H →μτ, eτ 

CMS-HIG-17-001

2.4 σ

PLB 749 (2015) 337

The 2016 data  does NOT show an excess!
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Higgs Invisible Decays 
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Invisible Decays Summary
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VBF

gg fusion

      

                      

W/Z H

                                       

CMS (7, 8 and 13 TeV): JHEP 02 (2017) 135 

arXiv:1610.09218

similar results from ATLAS 

JHEP 11 (2015) 206 arXiv:1509.00672



Heavy Resonances

Signals: di-leptons/di-jets/di-photons resonance states in high (~TeV) invariant mass 

range  new particles would be observed as a bump, excess in the mass spectrum

Excellent momentum and energy resolutions are required !! 

New Physics (Z/ZKK/GKK) contributions to SM processes:

 llqq  llgg

Well separated mass spectrum

 Extended gauge models (LRMs and 

GUT-inspired  models): extra gauge boson Z’ → 2l, 2jets

 TeV-1 model of flat EDs: KK excit. of SM gauge bosons ZKK → 2l, 2jets

 Randall-Sundrum model of AdS5 EDs: Kaluza-Klein graviton excitations

 Technicolor: ρT → WZ
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750 GeV Excess in Diphotons? 

PLB 767 (2017) 147

3.4 σ (local) and 

1.6 σ (global)

The promising 750GeV diphoton 

resonance was background oscillation.

PRL 117 (2016) 051802

The lower mass limits for Randall-

Sundrum gravitons range from 1.95 to 

4.45 TeV for coupling parameters 

between 0.01 and 0.2. 
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August 2016:

The excess is NOT

seen in the new data 

from 2016!

Dec. 2015



Search for high mass Zγ Resonances 

EXO-17-005

Combining leptonics and hadronic Z decay channels

Spin-0

narrow
Spin-0

broad
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• Two types of searches pursued: 

– Leptonic search Zg →llg   − best at low mass 

– Boosted hadronic search Zg →qqg  − best at high  

masses (> 1.5 TeV) 

35

Zɣ Searches
CMS-PAS-EXO-16-034

ATLAS Phys. Lett. B 764 (2017) 11
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Z → ee/μμ

CMS arXiv:1612.09516

Z → qq

Z → ee/μμ/qq Norbert Neumeister - Purdue University PPC 2017
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X->HH -> 2b2bbar
B2G-16-026

Limits on bulk gravitons and 

radions (RS model)

For a mass scale ΛR of 3 TeV, 

exclude radions 970-1450 at 

95% CL 

Higgs bosons are highly boosted and is reconstructed as one hadronic jet
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Dileptons: Z’ and RS1 Limits

PLB 768 (2017) 57

CMS-PAS-EXO-16-031 
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JHEP 04 (2015) 025 

Dileptons: Extra Gauge Bosons

4

B . Z ′ pr oduct ion and decay in t he nar r ow widt h appr ox im at ion

The Z ′ contribut ion to the Drell-Yan product ion cross-sect ion of fermion-ant ifermion pairs in a symmetric mass
window around the Z ′ mass (|M − M Z ′ | ≤ ∆ ) may be writ ten as:

σf f =
(M Z ′ + ∆ )2

(M Z ′ − ∆ )2

dσ

dM 2
(pp → Z ′ → f f X )dM 2. (I I.2)

In the narrow width approximat ion (NWA), it becomes

σf f ≈

⎛

⎝ 1

3
q= u,d

dL qq

dM 2
Z ′

σ̂(qq → Z ′ )

⎞

⎠ × Br(Z ′ → f f ) (I I.3)

where the parton luminosit ies are writ ten as
dL qq

dM 2
Z ′

and σ̂(qq → Z ′ ) is the peak cross-sect ion given by:

σ̂(qq → Z ′ ) =
π

12
g′ 2[(g

q
V )2 + (g

q
A )2]. (I I.4)

The branching rat io of the Z ′ boson into fermion-ant ifermion pairs is

Br (f f̄ ) ≡ Br(Z ′ → f f̄ ) =
Γ(Z ′ → f f̄ )

ΓZ ′

(I I.5)

whereΓZ ′ is the total Z ′ width and the part ial widths into a part icular fermion-ant ifermion pair of Nc colours is given
by

Γ(Z ′ → f f ) = Nc

g′ 2

48π
M Z ′ [(g

f
V )2 + (g

f
A )2]. (I I.6)

Assuming only SM fermions in the final state and neglect ing in first approximat ion their mass, one finds the total
width:

ΓZ ′ =
g′ 2

48π
M Z ′ 9(gu

V
2

+ gu
A

2
) + 9(gd

V

2
+ gd

A

2
) + 3(ge

V
2

+ ge
A

2
) + 3(gν

V
2

+ gν
A

2
) . (I I.7)

Specializing to the charged lepton pair product ion cross-sect ion relevant for the first runs at the LHC, Eq.I I.3 may
be writ ten at the leading order (LO) as [4]:

σL O
ℓ + ℓ − =

π

48s
cu wu (s, M 2

Z ′ ) + cdwd(s, M 2
Z ′ ) (I I.8)

where the coefficients cu and cd are given by:

cu =
g′ 2

2
(gu

V
2

+ gu
A

2
)Br (ℓ+ ℓ− ), cd =

g′ 2

2
(gd

V

2
+ gd

A

2
)Br (ℓ+ ℓ− ), (I I.9)

and wu (s, M 2
Z ′ ) and wd(s, M 2

Z ′ ) are related to the parton luminosit ies dL u u

dM 2
Z ′

and
dL d d

dM 2
Z ′

and thereforeonly depend

on the collider energy and the Z ′ mass. All the model dependence of the cross-sect ion is therefore contained in the

two coefficients, cu and cd. These parameters can be calculated from g
f
V , g

f
A and g′ , assuming only SM decays of the

Z ′ boson. The corresponding values for all models which predict a single Z ′ boson purely decaying into SM fermions
are given in Table I I.

A slight complicat ion arises in Higgsless theories, which in the present paper are represented by the four-site model.
Here in fact the two neutral extra gauge bosons, Z1,2, decay preferebly into di-boson intermediate states. Their total
width gets therefore two contribut ions:

ΓZ i
= Γ

f ¯f
Z i

+ ΓV V
Z i

(i = 1, 2) (I I.10)

where the two terms on the right-hand side represent the fermionic and bosonic decay, respect ively. More in detail,

Γ
f f̄
Z i

=
1

48π
M Z i

9(gu
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Dijets

CMS-PAS-EXO-16-056 
Select events with dijets

with mass > 1.25 TeV or

with mass > 500 GeV   

No signal observed/Testing many models
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ttbar resonances
arXiv:1704.03366

lepton+jets

fully hadronic

Sergei Shmatov, Highlights of non-SUSY searches for physics beyond the SM from the CMS Detector at the LHC,  2017, Nalchik 19



Dibosons: WW, WZ, ZZ, WH, and ZH

95% confidence level lower limits in

the HVT on the masses of W' and Z'

singlets at 2.3 TeV, and on a heavy

vector triplet at 2.4 TeV

The benchmark models considered are a heavy vector triplet (HVT) model and 

the Gbulk graviton in the Randall–Sundrum (RS) WED model: HV and Gbulk  decaying into 

pairs of boosted bosons arXiv:1705.09171

WW and ZH

WW and ZHWW and ZH

The limits on the X-sections
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WR and heavy neutrino from LR models

(Lepton-Lepton) + (Jet-Jet) Resonance

EXO-16-045
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Non-Resonant Signals

 ADD-graviton contribution in the SM processes (Drell-Yan,  

diphotons productions)

 Compositeness

Signals: 

excess in di-particle 

spectrum

 llqq  llgg

d=2

d=4

SM
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Nonresonant Dijets: CI and ED

arXiv:1703.09986

The 95% confidence level lower limits for the contact interaction scale Λ are

in the range 8.4-18.6 TeV.

Excluded are quantum black holes with masses up to 7.8 TeV in the ADD

model for n = 6, and up to 5.3 TeV in the Randall-Sundrum model for n = 1.

The lower limits for the scales of ADD models, ΛT (GRW) and MS (HLZ), are in

the range 7.9-11.2 TeV, and are the most stringent set of limits available.
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CMS-PAS-EXO-16-009

Compositeness: excited leptons 
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Mono-Particle + MET
 Extra gauge bosons (W) predicted by extended gauge 

models (left-right symmetric models and GUT-inspired     

models) 

 Kaluza-Klein graviton emission in large

flat extra-dimensions (ADD model)

 Dark Matter

 Technicolor 

Signals: lepton + MET, photon +MET, jet +MET
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Jet/photon + MET: ADD

Jet + MET

photon + MET

CMS-EXO-16-048

CMS-PAS-EXO-16-039 

Monojets searches are typically

the among the most sensitive 

ones 

Limits on MD between  6 and 

10 TeV

pT jet > 100/250 GeV

MET > 250 GeV
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DM Production at LHC
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Dark Matter: Summary of ICHEP2016
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DM: Exclusion Limits on Mediators 
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DM: Exclusion Limits on DM-N scattering

JHEP 02 (2017) 135
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Leptons + MET: W’/TeV-1/DM/Split-UED

The lower bound on 

compactification

scale Mc of TeV-1 is 

3.4 TeV

The lower mass limit 

in sUED:

1.74 TeV for μ = 0.05 TeV

3.71 TeV for μ = 10 TeV

μ is bulk mass 

parameter of sUED

R is radius of ED

arXiv:1612.09274

PRD 91 (2015) 092005
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Multiparticle Events

 Black Holes

 Leptoquarks

 etc 

Signals: jets + leptons +

photons + MET
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Semiclassical black holes and string balls with masses as high as 9.5 TeV, and quantum

black holes with masses as high as 9.0 TeV are excluded, thus significantly extending

limits set at a center-of-mass energy of 8 TeV with the LHC Run 1 data.

Microscopic Black Holes

arXiv:1705.01403
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ST is the sum of the magnitudes of the pT 

of the two leading electrons and two 

leading jets.

A 95% C.L. lower limit is set on the mass 

of a second-generation scalar leptoquark 

at 1130 (920) GeV for  = 1 (0.5)

Leptoquarks

CMS-PAS-EXO-16-043

Sergei Shmatov, Highlights of non-SUSY searches for physics beyond the SM from the CMS Detector at the LHC,  2017, Nalchik 34



Beyond 3rd Generation: Vector-like Quarks
B2G-17-008

Extra generation of fermions

- SM group extension (+2/3, -1/3) is strongly limited by EW tests and Higgs itself

- vector-like fermions (+2/3, -1/3, +5/3, -4/3): SU(2)LxSU(2)R symmetry (V-structure of 

charged currents) 

q̄ q′

g

g

T̄5/ 3

q′

q̄

g

W−

W+ b

b̄

t̄

l+ ν
l+ ν

t

T5/ 3

W −

W +

Mass Limits of 1.30 (1.32) TeV excluded 

at 95% for left (right)-handed couplings 
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CMS B2G Summary (95% C.L.) 
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Many More Searches…

Heavy fermions EXO-16-001 LFV Resonances HIG-16-001

Stopped Long Lived Particles: 

EXO-16-004 

Di-jets / data scouting 

EXO-14-005 Mono-top EXO-16-017

Seesaw type III  EXO-17-006 
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Attobarn BSM Physics
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LHC is the machine for discoveries
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… some expectations
arXiv:1307.7135 

Dark Matter

Extra gauge bosons

Mass limits

EFT scale 

DM x-sections
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… some expectations

Projected performance of selected BSM searches with an upgraded 

CMS detector at the LHC and HL-LHC:

 expected limits for masses of new particle will be increased up to 

2-3 times

recent limits

 High Luminosity allows to separate spin hypothesis of new states if it will be 

discovered: spin-1 Z’ and spin-2 graviton separation significances reach 5σ for  3000 

fb-1 only
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 CMS performed a wide program for search of particles and phenomena

 Run1 data (2010-2012) demonstrate triumph of Standard Model

(many Exotica and SUSY Model were tested and new limits are derived)

 Run2 at 13 TeV was started in 3rd June 2015

 no significant signal of new physics was found so far 
 previous excesses have not been confirmed

 Now LHC re-started 

 expected ~ 90 fb-1 in 2017-2018 

 in total around 130 fb-1 in Run2
 Run1 searches is being fully repeated

 new final states and new analysis 

techniques

Conclusions

Collisions recorded by the CMS 

detector on 23 May 2017 at the 

start of the year's physics run
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Thank you for your 

attention
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Dibosons: EGM/Technicolor

44

Fully leptonic decays

PLB 740 (2015) 83

Sergei Shmatov, New Physics with the CMS Experiment @ LHC, The Actual Problems of Microworld Physics,  2015, Gomel

V’ → HV

arXiv:1506.01443 PLB 748 (2015) 255
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DM: Exclusion Limits on spin-1 med.
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Dileptons: Mass Spectrum

M(μ+μ-) = 1871 GeV and  Track pT > 3 GeV 

Sergei Shmatov, New Physics with the CMS Experiment @ LHC, The Actual Problems of Microworld Physics,  2015, Gomel

PLB 768 (2017) 57



Heavy Resonances
 Extra gauge bosons predicted by extended gauge models (left-right 

symmetric models and GUT-inspired  models)

 Kaluza-Klein graviton excitations arising in extra dimensions models with 

curved bulk space (Randall-Sundrum model)

 Small extra spatial dimensions, Curved 

bulk space (AdS5 - slice)

 Well separated  graviton mass spectrum

 Kaluza-Klein excitations of SM gauge 

bosons in large flat extra-dimensions (TeV-1 Models) 

 Bosons could also propagate in the bulk

 Fermions are localized at the same (opposite) orbifold point: destructive 

(constructive) interference between SM gauge bosons and KK excitations 

 Technicolor

Signals: di-leptons/di-jets/di-photons resonance states in high (~TeV) invariant mass 

range  new particles would be observed as a bump, excess in the mass spectrum

Excellent momentum and energy resolutions are required !! 
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JHEP 04 (2015) 025 

ADD Limits

The effective Planck scale less than 2.3-

2.8 TeV is excluded

Sergei Shmatov, New Physics with the CMS Experiment @ LHC, The Actual Problems of Microworld Physics,  2015, Gomel

Two conventions for the ultraviolet

cutoff scale of the divergent sum of the 

KK graviton excitations

PRL 108 (2012) 111801



Summary of Leptons + MET
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