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✦Let’s consider the following potential

✤ defining c6 = 1/f2,  we find f ~ 600 GeV, so new physics 
effects from such scale might have escaped detection 
with Λ ~ 4πf 

✤ With this potential the VEV and mass of the Higgs are 
given by,

experimentally

This is just one simple example that shows 
that the form of the Higgs potential is 

completely undetermined
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✦ However, FCC can potentially distinguish between the two 
possibilities just presented.

✦ In particular, via double Higgs production, the triple 
Higgs coupling can be probed: i.e.
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✦ we need future colliders to understand 
the underlying dynamics of the EWSB

see Roberto Contino’s talk!



with  Benjamin Fuks, Jeong Han Kim























Post Higgs quesiton: The Quantum Critical Higgs

✦ Condensed matter systems can produce a light scalar by tuning the 
parameters close to a critical value where a continuous phase 
transition occurs.
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✦ Condensed matter systems can produce a light scalar by tuning the 
parameters close to a critical value where a continuous phase 
transition occurs.

✦It is important to know whether the underlying theory has a QPT

✤phase transitions happening at zero temperature are usually 
referred to as quantum phase transitions (QPT). 

✤at the second order QPT, at the critical point, all masses 
vanish & the theory is scale invariant, characterized by the 
scaling dimensions of the field

✤and at low energies we will see the universal behavior of 
some fixed point that constitutes the low-energy EFT.

✤and if so,  whether it is more interesting than mean-field theory like 
the Standard Model of particle physics.

with B. Bellazzini, C. Csaki, J. Hubisz, J. Serra, J. Terning (arXiv:1511.08218) 
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Critical Ising Model is Scale Invariant



We are here

Quantum Phase Transition



SM:

✦At a QPT the approximate scale invariant theory is characterized by the scaling 
dimension Δ of the gauge invariant operators, where 1  < Δ < 2. In general, the 
two point function of a scalar with scaling dimension Δ in a CFT is

✦In such theories, in addition to the pole (Higgs), there can also be a Higgs 
continuum, representing additional states associated with the dynamics 
underlying the QPT 

✦We propose to present a general class of theories describing a Higgs field near a 
non-mean-field QPT.

✦One result of the presence of the continuum will be the appearance of form 
factors in couplings of the Higgs to the SM particles.

The Quantum Critical Higgs



✦What would be a general low-energy EFT consistent with a QPT and no new 
massless particles?

Form Factors for QCH
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✦We consider a QPT Higgs scenario where Higgs is (partially) imbedded into a 
strongly coupled sector (approximately conformal at scale well above the EW 
scale) 

✦The effects of Higgs emerging from the quantum critical point can be 
parametrized in terms of form factors in a model independent way.

=> Higgs pick up a significant anomalous dimension, 
and there is a large mixing with the continuum

✦What would be a general low-energy EFT consistent with a QPT and no new 
massless particles?

On-shell behavior: 
constant form factors

Off-shell behavior: nontrivial 
momentum dependent form 
factors

need build a general low-energy EFT !

Form Factors for QCH



In NDA, loop corrections ~ original n-point function. e.g. n = 6:

loop contribution with two insertions of this operator (that contributes to the same 
n-point) would be one in which each vertex has n/2 external lines, and 
n/2 propagators exchanged in n/2 -1 loops.

quantum corrections:

 (NDA) Expectations of the size of the form factors



In NDA, loop corrections ~ original n-point function. e.g. n = 6:

loop contribution with two insertions of this operator (that contributes to the same 
n-point) would be one in which each vertex has n/2 external lines, and 
n/2 propagators exchanged in n/2 -1 loops.

quantum corrections:

e.g. with this, we can see that the n-point 
contribution to the gluon fusion process is 

suppressed by insertions of the perturbative 
coupling of the top-quark to the strongly 

coupled sector, along with a loop factor that is 
only partially cancelled by the large coefficient 

 (NDA) Expectations of the size of the form factors



If the shaded region corresponds to the n-point function, there are n - 1 insertions of the top
Yukawa, and n - 2 loops. There are n - 1 scalar propagators and n - 2 fermionic propagators
running in these loops.

Off-shell Form Factors for the Quantum Critical HiggsOff-shell Form Factors for the Quantum Critical Higgs



If the shaded region corresponds to the n-point function, there are n - 1 insertions of the top
Yukawa, and n - 2 loops. There are n - 1 scalar propagators and n - 2 fermionic propagators
running in these loops.

e.g. double Higgs production through 
gluon fusion would be dominated by

Off-shell Form Factors for the Quantum Critical HiggsOff-shell Form Factors for the Quantum Critical Higgs



If the shaded region corresponds to the n-point function, there are n - 1 insertions of the top
Yukawa, and n - 2 loops. There are n - 1 scalar propagators and n - 2 fermionic propagators
running in these loops.

e.g. double Higgs production through 
gluon fusion would be dominated by

Off-shell Form Factors for the Quantum Critical HiggsOff-shell Form Factors for the Quantum Critical Higgs

dominant contribution comes

from tree diagram



✦ Form factors for trilinear Higgs self coupling

Direct Signal (e.g. Holographic Generalized Free Fields)

✤ SO(4) global symmetry is gauged in the 5D bulk 



✦ Form factors for trilinear Higgs self coupling

Direct Signal (e.g. Holographic Generalized Free Fields)

✤ SO(4) global symmetry is gauged in the 5D bulk 

probe the higher n-point correlators of the CFT.



✦ Double Higgs production dashed lines correspond to the case where only the Higgs two-point function has 
non-trivial  behavior inherited from a sector with strong dynamics.

Direct Signal (e.g. Holographic Generalized Free Fields)
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