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Searches above threshold  

- Simplified models 



Exited top quark

1711.10949

Baur, Spira, Zerwas



Vector like top partners 

Vector-like quarks - spin 1/2 particles  with the same colour (triplet) and  

electroweak quantum numbers for left  and right components

Masses not from the BEH mechanism

QLQR mass terms are allowed some gauge symmetry

VLQ appear in many BSM extensions      

Example of the simplified model Lagrangian
(after mixing and mass matrix diagonalization ) 

Matsedonskyia, Panicob, Wulzer

¯



Similar limit at 13 TeV with just 2.3 fb-1 integrated luminosity  

T → Zt, T → Wb, T → Ht for QT=2/3

Also some limits are set on couplings 
and masses from single VLQ production



Limits are set on couplings 
and masses from single VLQ production

T’ masses up to 730 GeV
are excluded at 95% confidence level



Leptoquark searches

Production channels

Decays

LQ1 → eu, ed, νeu, νed

LQ2 → μc, μs, νμc, νμs

LQ3 → τt, τb, ντt, ντb

Final states for leptoquarks of three generations

LQs are predicted by composite models, GUT …  

Yang-Mills coupling Minimal coupling

Blumlein, E.B., Kryukov



1st generation LQ mass limit for β=1 RUN1 • CMS: 1010 GeV; ATLAS 1060 GeV
2nd generation LQ mass limit for β=1 RUN1 • CMS: 1080 GeV; ATLAS 1050 GeV

Sensitivity is similar for ~20 fb-1 at √s = 8 TeV and for ~3 fb-1 at √s = 13 TeV

1130 GeV for β=1 1165 GeV for β=1



Limits on 3d generation leptoquarks

Limit: M(LQ3) > ~ 900 GeV





Phys. Rev. D 104, (2021) 112005

LQ-Pair production decaying to third
generation quarks and leptons

Exclusion up to 1.25 TeV for scalar

1.5 / 1.8 TeV for vector LQLQ in minimal / Yang–Mills case





Searches for W' in top+b

E.B., Bunichev, Dudko, Perfilov

Negative interference





FCNC anomalous top couplings





E989 data  from
Brookhaven National Lab(BNL)

g-2 muon anomaly

W-mass CDF anomaly



B-anomalies 



SUSY

(g-2)

2204.04202

Constraints from the new CDF II 

measurementof MW, the combined 

FNAL and BNL muon g -2 results, the B-

physics anomalies, the SM Higgs 

constraints, the upper bound on DM 

relic density at 95% CL and the DM 

direct detection 90% CL limits are 

satisfied 







CMB
Plank collaboration: 1807.06209

Structur
e

LensingGalactic rotation 
curves

Dark Matter from astronomical observations 



Assuming that this DM scenario respects the principle of Minimal Flavor 
Violation, the interactions of a new spin-0 mediator particle follow the same 
Yukawa coupling structure as in the SM.

Therefore, the mediator would couple preferentially 
to heavy third-generation quarks.

Simplified Models 
scalar or pseudoscalar mediator 



The above requirements ensure the NWA 

Results could be simply rescaled for various couplings 

LHCDM:1603.04156

Recommendations form the LHCDM group





ATLAS:1710.11412

Cross sections above the curves are excluded

Spin independent cross section for scalar mediator

Exclusion 95% CL limits for colour-neutral scalar and pseudoscalar models as a function of 
the DM mass 

for a mediator mass of 10 GeV.



1. Theoretical constraints:
The perturbative unitarity of VV -> hh scattering amplitudes

2. Thermal relic abundance: 
DM relic density by numerically solving the Boltzmann equation at each 
parameter point. ΩDMh2 = 0.1188±0.0010 

3. Higgs invisible decays:  
Γinv

h ≤ 0.19 Γtotal
h

4. Indirect  DM detection via gamma rays:
Fermi-LAT data

5. Direct  DM detection:
XENON1T 2018, LUX 2016, PandaX 2016 and 2017, CDMSlite, CRESSTII,
PICO-60 and DarkSide-50 data

6. DM capture and annihilation in the Sun:
likelihoods from the 79-string IceCube searches for high-energy neutrinos
from DM annihilation in the Sun

Implemented in the GAMBIT software.

DM constrains  



Portal (mediator) Gauge invariant interactions





Many limits already in TeV energy range



Many limits already in TeV energy range

"There are more things in 
heaven and earth, Horatio, than 
are dreamt of in your 
philosophy.” -- Hamlet



Concluding remarks

- SM works even better than one may expect

- Many facts telling us the SM can not be the final theory 

- Many extensions of SM (BSM theories and models)

- Importance of null results in searches for BSM manifestations 
allowing to close certain regions of new model parameter spaces

- Intensive searches are continued in all possible ways 
at accelerator, collider, Space and Earth experiments 

- May be New Physics is just around the corner  
but probably new revolutionary (crazy) ideas are needed         





“It doesn't matter how beautiful your theory is,
it doesn't matter how smart you are. 
If it doesn't agree with experiment, it's wrong”.

Richard P. Feynman 



Thank you!



BACKUP SLIDES



Searches for Z’ in dileptons



Majorana neutrinos

Heavy Majorana neutrino (HMN) from
seesaw

Signature: two same sign μμ, VBF jets

Limits:
HMN exclusion up to mN = 23 TeV!
n Also constrain the EFT dim-5
Weinberg operator C5
ll’


