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The Discovery of the Higgs and BSM

• The SM works great in its realm but no answer for questions beyond it. 
  - many issues remains unresolved; need for new physics.

• No signs of new physics at LHC yet; SUSY, technicolor, extra dims.  
- A big disappointment for BSM theories.  

• The last building block of the SM, the Higgs, detected at 126 GeV.  
- a great success for the high energy physics community. 

• Maybe the picture is completely different than what we expect 
 - maybe time for a paradigm change?
• Why is the SM so robust? 
• Could it be a sign for a deeper reason than what we see? Like a geometry? 
• Is it possible to get more out of the SM beyond the EFT approach? 
 - A possible UV/IR mixing (due to a geometry)?  
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Superconnection approach to the SM 
(Summary of the talk)
▪ Embed SU(2)L x U(1)Y gauge and Higgs fields into a single SU(2/1) superconnection.                                                                                    

▪ Gauge-Higgs unification. More aesthetic. Gives Higgs field a geometric meaning.

Ne’eman and Sternberg (1990) 
(uses Quillen’s superconnections) 

▪ The formalism gives the EW part of the SM with some extra constraints:  
  - Modulo the Higgs mass. It should either be added ad-hoc which breaks the 
    SU(2/1) structure explicitly or Coleman-Weinberg type of introducing.  
  - But the kinetic and the potential terms for the Higgs sector come out automatically.                                                                                 

▪ SU(2/1) is not a symmetry of the theory. Gauging it would also be problematic.  
  - Rather, it can be interpreted as an emergent geometric structure.
▪ The formalism selects 4 TeV as the energy scale of its emergence.
▪ Wrong Higgs mass. Can be corrected by SU(2/2) extension— superconnection formalism              
for the left-right symmetric model. The energy scale here is also 4 TeV!   LHC
▪ The formalism is more meaningful if the underlying theory is  
Connes’ Non-commutative Geometry. Discrete extra dimension consisting of two 
points! The even part of superconnection (gauge fields) connects the fermions with 
same chirality in each brane, while its odd part (Higgs field) bridges the gab 
between two branes and hence connects the fermions with different chirality.

▪A possible UV/IR connection which manifests itself as the non-decoupling in the 
Higgs sector of the left-right symmetric model.
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Lie Supergroup (Graded Lie group), SU(N/M)
Z2 grading

•  H (N) – NxN 
!
•  H (M)– MxM 
!
•  θ –NxM matrices 
  

(N+M)

Bosonic

Fermionic  
(Grassmanian numbers)

Here, unlike in SU(N), the supertrace is invariant—not the trace.

Therefore, the supertrace is the vanishing quantity.

Traceless part of H (N) and H (M) generates SU(N) and SU(M) 
Nonvanishing trace part defines U(1)

SU(N/M) ⊇ SU(N)xSU(M)xU(1)
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SU(2/1) SU(2/1) ⊇ SU(2)xU(1)

Generators
Almost same as the SU(3) ones 
except for the 8th one.

Algebra
Even

Odd

Odd generators close in the even  
ones under anticommutation unlike SU(3).



SU(2/1), superconnections and supercurvatures
We write the anti-commutative superconnection in the form

3x3

M is 2x2 and N is 1x1 supermatrices-- SU(2/1) g-even 
(valued ever one-form).

φ and φ are 1x2 and 2x1 supermatrices-– SU(2/1) g-odd 
(valued over zero-form).

Supercurvature:

by using Ne’eman-Sternberg rule for supermatrices.
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SU(2/1) embedding

Compare it to the exp. value 
sin2θW=0.2312 
!

!
▪  
▪ 

!
▪  
▪ 

Interpreting the sin2θW=0.25 is the value at Λs, 
 

Λs≅4 TeV!
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SU(2/1) and the Higgs mass
B.C.s

at Λs 

at Mz

not good!

8

UA, Minic, Takeuchi (2013)



SU(2/2) embedding
SU(2/2)⊃SU(2)xSU(2)xU(1) Pati-Salam

▪ Correct quantum-numbers. 
!
▪ Extra degrees of freedom which could explain the observed Higgs mass 
  (as opposed to 170 GeV in SU(2/1) construction. 
!
▪ Possible Planck scale connection. 
   Pati-Salam group appears in a large number of string vacua  
   (Dienes 2006). 
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UA, Minic, Takeuchi (2013)



Superconnection and supercurvature

same as  in SU(2/1)!
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Constraints
1)

2) 

again, same as in the case of SU(2/1)!

If ΛR=Λs



The scale of emergence of SU(2/2)

▪ We just assumed before ΛR=Λs

With the particle content of SM

Λs≅4 TeV!

▪ As the general case ΛR≤Λs 

then the upper bound for 
the Λs is 4 TeV!. 
However, it remains as ΛR≅Λs 

Indications are not clear.
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SU(2/2) and the Higgs mass
▪ Low energy left-right symmetric model at 4 TeV. 
▪ A simple case—a right handed neutrino and a singlet 

Higgs Portal

problem
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Nondecoupling- UV/IR mixing
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▪ In effective field theory approach, the low energy theory does not have 
much to offer for ‘new physics’.----decoupling.  
!
!
▪ On the other hand in the geometric approach where we look for 
 emergent geometric patterns at low energy, things could change-UV/IR mixing.

▪ Heavy Higgs does not decouple in LR models unlike gauge 
  bosons. λ∝m —> escapes Appelquist — Carazzone. Maybe a deeper reason?

▪ SU(2/2) construction offers a possible explanation. 



LHC and the new physics from SU(2/2)
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Heavy right handed gauge bosons at 4 TeV WR  and ZR 

▪ CMS reported that nothing seen up to 2.9 TeV, 95% CL (April 2013) 
▪ We will see what new data will tell when LHC starts running again. 

▪ Recall that these predictions are of the simplest version of the model. 
  Could be improved.
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Other signals

▪ Neutrinoless double β decay      (ββ)0ν

▪ Doubly Charged Higgs boson Δ++

(e- e-, μ- μ-, μ- e-)

Lower bound set ∽ 450 GeV  with 95% CL.

▪ Right handed neutrino

MWR≅3 TeV and MN≅10 GeV compatible with Mν=1eV 

lljjlNW RR )(→→
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Connes’ Non-commutative geometry and  
the Spectral Standard Model 
• Spacetime is extended to a product of a continuous four dimensional 
manifold by a finite discrete space with non-commutative geometry.
• Spectral Triple: {A, H, D}
A: non-commutative C* algebra 
H: Hilbert Space of fermions 
D: Generalised Dirac operator on M

Connes and Chamseddine

Two points: Fermions on branes  
at each point. 
Gauge transformations: unitary inner  
automorphisms of the algebra. 

S= Spectral Standard Model (SSM)

Cut-off function
Spectrum of the Dirac operator

• Gravity and the symmetries of the SM emerge. 
• SO(10) boundary conditions from the action—RG running from GUT scale. 
• Higgs mass of 170 GeV— same as in superconnection approach! 
• Same cure here as well:  Taking into account extra dofs (singlet and neutrino)  
                         to accommodate the right Higgs mass.  

• Claimed that SU(2)L x SU(2)R x U(1)B-L emerges from SSM!

Another sign for a possible 
SU(2/2) connection.
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Superconnections Non-commutative geometry
?

Generalized exterior derivative in superconnection——Matrix derivative

Non commutative geometry

Chang-Yeong Lee (1997),	


Coquereaux and collaborators.  	

!

Superconnections make more sense if the underlying theory is NCG.

Brane 1 Brane 2

fL fR

L R

Jeven Jeven

Jodd= Higgs
• Requires another new scale Λ!  
• Offers a new approach for Hierarchy problem. 
• Modification of RG running due to UV\IR mixing,  
-not only ingrate from UV down but IR up to get  
the self dual fixed point. SM with LRSM could provide 
such a fixed point. 

• Similar examples in non-commutative field theory.

Extra discrete dimension—Higgs bridges the gap!

UA, Minic, Sun, Takeuchi; work in progress..



Outlook:
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▪ We discussed the superconnection approach to EW part of the SM involving the 
supergroup SU(2/1).
▪ We related the observed Higgs mass with the emergent new physics as  
the left right symmetric model associated with a SU(2/2) superconnection.
▪ Prediction of the formalism is basically the left-right symmetric model at TeV 
scale (around 4 TeV) with some extra constraints (which makes it different than 
the usual LRSM).
▪ This (geometrical approach) may offer a road towards understanding the 
possible implications of Plank scale physics via decoupling in the Higgs sector.

▪ We discussed the possibility that non-commutative geometry is the underlying 
theory of the emergent low energy SU(2/1)—SU(2/2) superconnection structure.
▪ In this discrete extra dimension scenario consisting of two points, the even part 
of superconnection (gauge fields) connects the fermions with same chirality in each 
brane, while its odd part (Higgs field) bridges the gab between two branes and 
hence connects the fermions with different chirality.
▪ Requirement of an extra scale associated with the extra dimension, with the  
possibility of UV/IR mixing, can bring in a new insight to hierarchy problem.
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Additional slides



Left-right symmetric model
Pati-Salam, 
Mohapatra-Senjanovic

G=SU(2)L x SU(2)R x U(1)BL

heavy RH gauge bosons

quark terms…
20
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Superconnection and supercurvature
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SU(2/1), superconnections and supercurvatures
We write the anti-commutative superconnection in the form

3x3

M is 2x2 and N is 1x1 supermatrices-- SU(2/1) g-even 
(valued ever one-form).

φ and φ are 1x2 and 2x1 supermatrices-– SU(2/1) g-odd 
(valued over zero-form).

Supercurvature:

by using Ne’eman-Sternberg rule for supermatrices
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SU(2/1) and the SM
Internal supersymmetry with the graded gauged group  
SU(2/1)⊃SU(2)xU(1) 

SU(2/1)
SU(2)xU(1) Higgs fields

Even Lie subgroup Odd Lie subgroup

4 even generators (gauge) 4 odd generators (ghosts)

Leptons –3 representation 
Quarks-4 

eL 
νL 
eR 
!

uL 
dL 
uR 
dL 
!
!

(With right handed neutrino it is 4)

Ne’eman (1979)
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Constraints: sin2θW

Comparing to the SM Lagrangian

Compare it to the exp. value 
sin2θW=0.2312 
!
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Fermions in SU(2/2):Yukawa coupling 
universality
Use the isomorphism btw the Clifford algebra and the exterior algebra. 
Define the Dirac operator

a problem and must be resolved .
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Bidoublets and Triplets

Acquires VEVs

(2,2*,0)

We also need a Higgs multiplet with t2R, tBL≠0 to break the  SU(2)R x U(1)BL to 
U(1)
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Symmetry breaking in SU(2/2) and triplets

▪ Emergent SU(2/2) is broken explicitly by the Higgs mass term. 
!
!
▪ There is no room in the structure  for extra particles such as  
   the Higgs triplets to break the SU(2)LxU(1)B-L to U(1)Y . We introduce them 
by hand. 
!
!
▪ If the low energy predictions of SU(2/2) turn out to be true, this brings in the 
  possibility that these triplets may be remnant of a larger geometrical 
  structure. 
!
!
▪ This may predict new scales below Planck energies. 
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