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Outline

The Hierarchy Problem (again?!) and supergroups

Super-scalars are super-finite

What to do with the dangerous modes?
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The Hierarchy Problem

The masses of fundamental scalars appear to be UV sensi)ve, contradic)ng 
naturalness principles: this is the electroweak hierarchy problem

For the Higgs:

with cutoff regulariza)on

in dim-reg a\er matching
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A plethora of solu)ons
The problem has been approached from many angles

Supersymmetry

Higgs as a pNG

…

Relaxion

Anthropics

N-Naturalness
…

Symmetry

Cosmology

extra dimensions

UV/IR mixing
…
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Symmetry:  
everyone likes a comeback story

Our idea walks on two legs: 

1) the first comes from SUSY: loops of fermions and bosons 
have opposite signs and can be used to cancel each other

2) the second comes from Lee-Wick theories: fields with the 
wrong-sign kine)c term can be used to tame UV-
divergences

Can we get both at the same )me using symmetry?
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Lee-Wick theory
Lee-Wick theories are an unorthodox solu)on  
(Lee, Wick 1969-70; Grinstein, O'Connell, Wise [0704.1845])

add higher deriva)ve term to 
tame UV divergences

equivalent to adding a field with 
nega)ve kine)c term

faster propagator fall-off
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Lee-Wick theory

Wrong-sign kine)c terms are associated with apparent classical and quantum 
instabili)es that could bring to viola)on of unitarity and/or causality

At worst we have to deal with microscopic viola)ons of unitarity

From S. Coleman, 
“Acausality”

 s ago!10−30

But if wrong-sign par)cles decay fast 
enough and with modifica)on to the 
Feynman  prescrip)oniϵ

macroscopic causality viola)ons 
avoided at every order in 
perturba)on theory
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Supergroups: SU(N|M)

SU(N|M) has an algebra of the form N x M complex Grassmann 
matrix

N x N complex Hermi)an 
matrix

M x M complex Hermi)an 
matrixInvariants are built with super-trace

See e.g. [I. Bars, 
“Supergroups and Their 
Representa)ons”, 1984]
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Fermionic part

Contains a bosonic subgroup
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Super-scalar
Introduce a scalar in the fundamental of SU(N|M)

N-dimensional complex scalar
M-dimensional complex scalar with 
fermionic sta)s)cs 

<latexit sha1_base64="MZpcyst20i8oSrDnzTGlALxtmag="></latexit>

f( a) = 1

How to make sense of this wrong-sta)s)cs field? Push the ques)on to later and compute

Cancella)on for M=N+1!
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Super-vectors
Let’s add gauge interac)ons by gauging SU(N|M)

Wrong-sign kine)c term 
(Lee-Wick)

Wrong sta)s)cs

Again, cancella)on for M=N+1!

Compute scalar one-loop mass correc)on
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The same happens if coupling to a spinor in the fundamental  and one in the adjoint  of SU(N|M)ξi ΘI
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Recap
Let us pause to recap:

A scalar  in the fundamental of SU(N|M) coupled to: 

• Itself, via a quar)c coupling  

• Gauge bosons, with minimal coupling 

• Fermions, one in the adjoint and one in the fundamental of SU(N|M), with coupling 

does not receive correc)on to its mass at one loop, provided M=N+1

Φi
<latexit sha1_base64="yQei81iJSV78F2kHrrbqb/9LuSw="></latexit>

�(�†i�i)
2

<latexit sha1_base64="7UaG/jv4GfJS34BJc9Fy8rFnpfE="></latexit>

ig@µ�
†i(Aµ)ji�j � ig�†i(Aµ)ji@µ�j + g2�†i(AµAµ)ji�j

<latexit sha1_base64="oe+qTza9c7b+Db3IlJfw5NYqcV0="></latexit>

�y�i⇠̄j(�I)ji⇥
I + h.c.

This is nice enough to keep going!
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Breaking SU(N|M)
Can we spontaneously break SU(N|N+1) and give a mass to all (or at least some) of the unwanted d.o.f.s?

Add a scalar transforming as a direct product of fundamental  an)fundamental, with poten)al×
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Stable local minimum  that breaks  and realizes a Higgs-
like mechanism

⟨Σ⟩ = ρσ3 SU(N |M) → SU(N) × SU(M) × U(1)

They get a mass mB = gρ

They stay massless
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Breaking SU(N|M): Higgs mechanism

We could be tempted to take the limit : this way the wrong-sta)s)cs d.o.f.s in  and  are li\edρ → ∞ 𝒜μ Σ

It would also decouple the wrong-sign d.o.f.s in  since the first coupling between  and  is irrelevant𝒜μ A1
μ A2

μ
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However, we cannot choose  to be too large, since it gives a mass correc)on to  (similar to a so\-mass 
term)

ρ Φ

Cannot solve naturalness and have decoupling at the same )me, but can be a good start!
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Conclusions

Adding fermionic generators to gauge groups could be a way to address the EW hierarchy problem, crea)ng a 
frameworks that takes ideas from Lee-Wick-like theories and SUSY, in a way completely described by 
symmetry

Why don’t we just keep SUSY?  While SUSY is either there or not, supergroups are more flexible: you can e.g. 
add supergroup structure to just a subgroup of the SM gauge-group

Dangers and issues are to be taken seriously, but the advantages can be worth the effort!


