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TeV New Physics Models  
Beyond the Standard Model
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GO Beyond the Standard Model  
with DATA
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Theory Problems and Pheno Puzzles

• Quantum gravity 
• Cosmological constant hierarchy problems

• Unification of forces

• Higgs mass hierarchy problems

• Vacuum stability

• Origin of electroweak symmetry breaking

• Origin of parity violation

• CP-violation

• QCD vacuum

• Fermion mass hierarchy

• FCNC

• Matter-antimatter asymmetry, baryogenesis 
• Dark energy 
• Dark matter 
• Neutrino mass and oscillation 
• Muon g-2 anomaly

• …
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Theory Oriented vs Pheno Oriented

• Superstring


• Grand Unification Theory


‣ SU(5), SO(10), …


• SUSY Models


‣ MSSM, NMSSM, nMSSM, …


• Extra Dimensions


‣ UED, ADD, RS, …


• Composite Higgs Model


• Little Higgs Model


• Left-right Symmetry Model


• Twin Higgs Model


• …

• Seesaw Models


‣ Type-I,II,III


‣ Tree level, one-loop, two-loop, …


• Multi-Higgs Models


‣ Singlet: real, complex


‣ Doublet: 2HDM, Type-I,II,III,VI


‣ …


• Dark Force


• Flavor Symmetry Models


• Axion


• Effective XXX Models


• …



Hierarchy Problem, mH<<mcutoff 

Is it a problem??

Examples of Theory Oriented Models

Add Cutoff closed to  mEW. Is mcutoff MPlanck?

stabilize mcutoff, Protect mH Large Extra Dimensions

Tier0

Tier1

MSSM, 
NMSSM, 
nMSSM, 
𝛍𝛎SSM, 

RPV, 
……

Composite 
Higgs Model, 
Little Higgs 
Model, Twin 
Higgs Model, 

……

Tier2 TeV Super-
symmetry

Goldstone 
theorem …

Tier3 Arkani-hamed-
Dimoupolos-
Dvali Model, 

……

Randall-
Sundrum 

Model: RS1, 
RS2 ……

Flat Extra 
Dimension

Warped 
Extra 

Dimension

…

…



Dark Matter(s) 

Is it (Are they) particles??

Examples of Pheno Oriented Models

New particles as DM. Are they thermal Relic?

WIMPs non-WIMP

Tier0

Tier1

Neutralino, Gravitino, 
LKP, LTP, Right-handed 
neutrino, Dark force, 
Higgs portal, SIDM, 

IDM, 
……

SuperWIMPs
, Neutralino 

in GMSB, 
RPV, 
……

Tier2
With 

Baryogenes
is

QCD or 
non-QCD 

Axion
…

Tier3 Asymmetric 
Dark Matter,  

……

Axion 
dark 

matter,  
……

Annihilation DM Decay 
DM

…

…



A Lot of Exotic Particles



New Physics before and in the LHC Era
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Where is the New Physics? 
Which model is better? 

Any suggestion?



New Physics Models:  
Which one is better?

Mi Generator — Theorists

P (Mi)
prior

— Theoretical motivations, experiences,  
      taste, BIAS, …

P (Mi)
posterior

= P (Mi|D) =
p (D|Mi)P (Mi)

prior

p (D)

/ p (D|Mi)P (Mi)
prior

p (D|Mi) Calculator — Phenomenologists  
                              (and experimentalists)

Measurer — Experimentalistsp (D)



What is our mission?

P (Mi)
posterior

= P (Mi|D) =
p (D|Mi)P (Mi)

prior

p (D)

/ p (D|Mi)P (Mi)
prior

Look for Mi and Dj s.t.

p (Dj |Mi)

p (Dj)
� p (Dj |MSM )

p (Dj)

Increase P(Mi)posterior and decrease P(MSM)posterior



How to find it?p (Dj |Mi)

p (Dj)
� p (Dj |MSM )

p (Dj)
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Explorer: propose an Mi with large P(Mi)prior and 

search it with Dj which maximizes p(Dj |Mi)/p(Dj |MSM)



How to find it?p (Dj |Mi)

p (Dj)
� p (Dj |MSM )

p (Dj)

Model-independent: simulate p(Dj ) and find out 

the Dj which minimizes p(Dj |MSM)/p(Dj)
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How to sample? 

Use ∑i p(Dj |Mi)p(Mi)prior 
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Some examples

• The Yukawa couplings 
‣ Absolute values

‣ (relative) Arguments


• The gauge group 
‣ TGC


• The unitarity 
‣ Gauge boson scatterings at high energy scale


• The EWSB 
‣ VV, hVV and hhVV, are they consistent?

‣ mW, mZ, mt


• The Higgs 
‣ Its CP property (any tiny non-zero CP-odd component? )

‣ di-Higgs, tri-Higgs, …


• …



• The Yukawa couplings 
‣ Absolute values

‣ (relative) Arguments


• The gauge group 
‣ TGC


• The unitarity 
‣ Gauge boson scatterings at high energy scale


• The EWSB 
‣ VV, hVV and hhVV, are they consistent?

‣ mW, mZ, mt


• The Higgs 
‣ Its CP property (any tiny non-zero CP-odd component? )

‣ di-Higgs, tri-Higgs, …


• …

Some examples

These works are not 
“just” (boring?) precisely 
measurements! They are 
new physics searching! 

If you are frequentist, you 
are rejecting the bkgd-
only model. 

If you are Bayesian, you 
are sampling with the 
weight according to the 
prior probability.
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Choosing observables with prior prob



M1 M2 MSM

…

… …

…
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D1 D2 D3 Dm

Updating our posterior knowledge  
with DATA



… …

…

MTOE

D1 D2 D3 Dm

Remain true to our original aspiration 
and keep our mission firmly in mind



Standard  
Model

Thank you!
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