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“Why is the Higgs Boson/weak scale so 
much smaller than the Planck scale?”

“It just is. Now off  you go. Chop, chop!”
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Lenny Susskind gave us something more specific to worry about in 1979:

“The need for fundamental scalar fields in the theory of  the weak and electromagnetic 
forces is a serious flaw. Aside from the subjective esthetic argument, there exists a real 
difficulty connected with the quadratic mass divergences which always accompany 
scalar fields. These divergences violate a concept of  naturalness which requires the 
observable properties of  a theory to be stable against minute variations of  the 
fundamental parameters.”
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Susskind, 1979:

4



“Indeed, it seems that to establish a hierarchy of  mass scales, beginning at 
the Planck mass (1018 GeV) and ending at ordinary particle masses 
requires fundamental unrenormalized masses to be adjusted to 30 decimal 
places! Perhaps in some future theory such adjustments will appear 
natural, but at present divine intervention is the only available 
explanation.”

Dimopoulos, Susskind, 1979:

5

S. Dimopoulos, L. Susskind. “Mass without Scalars.”
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This strong sentiment against fundamental scalars entered key textbooks:

Peskin, Schroeder, 1996
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These works are emphasizing something intrinsic to scalar theory in the 
Wilsonian renormalization group evolution picture.

As one integrates out higher momentum shells the scalar receives quadratic 
divergence contributions due to its self-interactions and its interactions 
within the theory.

~ L2

7



Therefore, the mere existence of  an interacting fundamental 
scalar looks lethal to any such theory that has a large hierarchy 
between the scalar’s mass and the edge of  the cutoff  of  the 
effective theory.

mH (improbably tuned if  mH << L)

L

This, we will call the 
Intrinsic Hierarchy Problem
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The Intrinsic Hierarchy Problem takes very seriously Wilsonian picture.

Even taking literally the physical implication of  tuning L against a bare mass 
within a theory that has scalar masses.

Standard Model with fundamental scalar Higgs boson looks impossible!

Not coincidental that the apotheosis of  Wilsonian EFT thinking led to widespread 
derision of  a naked Higgs boson.

First reaction: NO SCALARS. (Big effort in technicolor, for example)
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No-fundamental-scalar theories ran into much difficulty, theoretically and 
experimentally.

Theoretically: hard to give mass to the fermions
Experimentally: FCNC, strong dynamics, Precision EW deviations, etc., not there. 

Doubt in the soundness of  the suspect physical reasoning behind the Intrinsic 
Hierarchy Problem arose.

For example: “There is no quadratic divergence with dimensional regularization. 
No big cancellations are seen that can be interpreted as physical. The [Intrinsic] 
Hierarchy Problem is a fake problem!”
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Supersymmetry to the rescue!

Instead of  banishing scalars just make them subject to a higher law: supersymmetry!

DmH
2 ~ yt

2 (mt
2 + L2 + msusy

2) – yt
2 (mt

2 + L2) ~ yt
2 msusy

2

where msusy
2 is the scale of  supersymmetry breaking. 

For Wilsonian literalists, it was a relief  to see the cutoff  dependence cancel out.

Maybe the Intrinsic Hierarchy Problem is real and fundamental scalars can still exist.
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Supersymmetry’s appeal grew even more with gauge coupling unification.

Amaldi et al., 1991
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GUTs created new hierarchy challenges, like doublet triplet splitting. 
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The Hierarchy problem again is associated with the scalar bosons. Pesky!

This time the problem is not intrinsic to the Standard Model Higgs boson. 
Rather it was brought on by particles external to it.

Over time it was recognized that many different additions to the SM can cause 
problems. For example, merely adding a heavy real singlet can be disastrous.

did not show up. This is reminiscent of a similar conclusion using a different approach to
assess Naturalness – finite Naturalness [4] – applied specifically to the top quark contribution
to the Higgs mass.

The summary of this section is that the SM has low finetunings across matchings of EFTs
across its mass thresholds and therefore passes its Naturalness test. There are dozens of
non-trivial tests that could have come to a different conclusion. This gives confidence that
our primary theory at the present (the SM) does not register as a failure in the Naturalness
evaluation with which we plan to asses conjectured theories. This is in contrast to illogically
charging the SM with a lethal naturalness problem and then finding new theories that do not.
The SM is Natural. Or differently said, the SM does not suffer from Unnaturalness.

5 Adding a heavy singlet

One of the simplest ways to extend the SM is to add a real singlet scalar σ to the spectrum.
One can call this theory SM+σ for short. The lagrangian is

LSM+σ = LSM +
1

2
(∂µσ)

2 −
1

2
m2

σσ
2 −

ησ
2
H†Hσ2 +

λσ
4
σ4 (12)

Let us suppose that the mass of the σ-particle is higher than the masses of the other particles in
the spectrum, and let’s also call the effective theory that includes the σ particle Lσ+ = LSM+σ.
We shall see that if the mass of the σ particle is too high then the matching encounters a
finetuning problem, matching the discussion of [13].

Given the high mass of the σ particle we can integrate it out and are left with a low
energy lagrangian Lσ− below the σ-mass threshold which is the SM lagrangian plus many
higher dimensional operators, such as O6 = |H|6. After some analysis we can see that no
operator in Lσ− suffers from a finetuning of matching across the mσ threshold except possibly
the coefficient m2 of the operator |H|2. In that case the matching is

m2
(−) = m2

(+) −
ησm2

σ

16π2

[

1− ln

(

m2
σ

µ2

)]

(13)

where for clarity we have defined

m2
(±) = m2 evaluated at q2 = m2

σ(1± ε), where ε" 1. (14)

In other words m2
(−) is the coefficient of |H|2 in the low-energy effective theory just below the

mσ threshold after the σ-particle has been integrated out, and m2
(+) is the coefficient of |H|2

in the high-energy theory above the mσ threshold that includes the σ particle.

The calculation of the finetuning across the threshold yields:
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One can make a general statement, which we call the 

Extrinsic Hierarchy Problem:

The Standard Model EFT, because of  its fundamental scalar boson, is 
unstable to generically expected states that should exist between the weak 
scale and the Planck scale and that should interact with the Higgs boson.
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But the Extrinsic Hierarchy Problem is also controversial.

Who says there cannot be small numbers made from big cancellations? (Even Wilson 
said that in 2004)

What is the rigorous basis to say that a technically correct theory I form to solve a 
problem (baryogenesis, dark matter, etc.) or take hints seriously (grand unified 
theory) is improbable or impossible and should not be pursued any longer?

What exactly are the assumptions and reasonings that tell us that the Standard Model 
has a problem (the Extrinsic Hierarchy Problem) that requires deliberate 
consideration to solve?
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The Extrinsic Hierarchy Problem can be stated in the form of  a paradox.

{Premises}+{Reasoning} à {Absurd Conclusion}

where the absurd conclusion is one that violates observation.

Articulating premises and reasoning allows attacking them.

 For example, Zeno’s paradoxes, Olbers paradox, etc.

 Premises: infinite space, uniform population of  stars, etc.
 Reasoning: Inverse square law, etc.
 Conclusion: The night sky should not be dark!
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There are several ways one might formulate the Paradox’s premises but the one that
perhaps most conforms with the communities wrestling with the issue have these four premises:

P1 Conventional Ur-Theory. Nature is well described by an Ur-Theory just below the
Planck scale with its Ur-Action and Ur-Langrangian density that is comprised of non-
zero coe�cients for all symmetry-allowed operators. The Ur-Theory is 3 + 1 dimen-
sional with standard spacetime symmetries already recognized (di↵eomorphism invari-
ance, Poincaré symmetry,) endowed with internal gauge symmetries characterized by
SU(3)⇥SU(2)⇥U(1) of the SM as well as other possible gauge symmetries and global
symmetries applicable to the Ur-Theory’s collection of conventional quantum fields and
their interactions.

P2 Aleatory Parameters. Coe�cients of the operators of the Ur-Theory are aleatorily
assigned to each of the symmetry-allowed operators. The assigned parameters are given
to the theory in the ultraviolet and have no teleological designs on the properties or
implications of the theory in the deep infrared.

P3 Multitude of States. Nature has many more scalars, fermions (both chiral and vec-
torlike), and vector bosons in its spectrum than just those of the Standard Model. In
addition, many of these states have masses significantly higher than the weak scale,
including masses near the highest mass scale of the Ur-Theory, just below the Planck
mass.

The Hierarchy Paradox says that if each of these premises is true then the Higgs boson
mass should experience a condition where its mass m

2
H

is related to the di↵erence between
two (or many more!) very heavy mass thresholds M2

X
and M

2
Y
that must cancel:

m
2
H
= M

2
X
�M

2
Y
. (3)

If M2
X

and M
2
Y
are aleatory parameters that are very large M

2
X
,M

2
Y
⇠ M

2
Pl it is an extreme

unexpected finetuned coincidence (“divine intervention!” as Dimopoulos and Susskind might
say) that they should cancel and given M

2
X
�M

2
Y
⌧ M

2
Pl. Thus, the paradox is born that the

premises and the reasoning have lead to a conclusion (mH ⇠ MPl) that is absurd because it
is in conflict with observation (mH ' 102 GeV ⌧ MPl).

The reasoning in this paradox included recognizing the implications of the premises, which
includes assuming there are many new states (premise 3) coupling to the Higgs boson in
standard ways (premise 1) with uncorrelated aleatory couplings (premise 2). In addition, our
reasoning included the recognition that no extreme finetunings are allowed, which is sometimes
called Naturalness.

To be more precise about this Naturalness reasoning, we consider the passing through
energy thresholds from the Ur-Theory down to the SM where many e↵ective theories that are
formulated along the way. These EFTs require solving matching conditions that match the
low-energy theory parameters to those of the high-energy theory. Often these matching con-
ditions take a form analogous to Zlow = Xhigh �Yhigh, as we discussed above. It is unexpected

7

Premise 1
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There are several ways one might formulate the Paradox’s premises but the one that
perhaps most conforms with the communities wrestling with the issue have these four premises:

P1 Conventional Ur-Theory. Nature is well described by an Ur-Theory just below the
Planck scale with its Ur-Action and Ur-Langrangian density that is comprised of non-
zero coe�cients for all symmetry-allowed operators. The Ur-Theory is 3 + 1 dimen-
sional with standard spacetime symmetries already recognized (di↵eomorphism invari-
ance, Poincaré symmetry,) endowed with internal gauge symmetries characterized by
SU(3)⇥SU(2)⇥U(1) of the SM as well as other possible gauge symmetries and global
symmetries applicable to the Ur-Theory’s collection of conventional quantum fields and
their interactions.

P2 Aleatory Parameters. Coe�cients of the operators of the Ur-Theory are aleatorily
assigned to each of the symmetry-allowed operators. The assigned parameters are given
to the theory in the ultraviolet and have no teleological designs on the properties or
implications of the theory in the deep infrared.

P3 Multitude of States. Nature has many more scalars, fermions (both chiral and vec-
torlike), and vector bosons in its spectrum than just those of the Standard Model. In
addition, many of these states have masses significantly higher than the weak scale,
including masses near the highest mass scale of the Ur-Theory, just below the Planck
mass.

The Hierarchy Paradox says that if each of these premises is true then the Higgs boson
mass should experience a condition where its mass m

2
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is related to the di↵erence between
two (or many more!) very heavy mass thresholds M2

X
and M
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that must cancel:
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. (3)
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X
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2
Pl it is an extreme

unexpected finetuned coincidence (“divine intervention!” as Dimopoulos and Susskind might
say) that they should cancel and given M

2
X
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Y
⌧ M

2
Pl. Thus, the paradox is born that the

premises and the reasoning have lead to a conclusion (mH ⇠ MPl) that is absurd because it
is in conflict with observation (mH ' 102 GeV ⌧ MPl).

The reasoning in this paradox included recognizing the implications of the premises, which
includes assuming there are many new states (premise 3) coupling to the Higgs boson in
standard ways (premise 1) with uncorrelated aleatory couplings (premise 2). In addition, our
reasoning included the recognition that no extreme finetunings are allowed, which is sometimes
called Naturalness.

To be more precise about this Naturalness reasoning, we consider the passing through
energy thresholds from the Ur-Theory down to the SM where many e↵ective theories that are
formulated along the way. These EFTs require solving matching conditions that match the
low-energy theory parameters to those of the high-energy theory. Often these matching con-
ditions take a form analogous to Zlow = Xhigh �Yhigh, as we discussed above. It is unexpected

7

Premise 2
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There are several ways one might formulate the Paradox’s premises but the one that
perhaps most conforms with the communities wrestling with the issue have these four premises:

P1 Conventional Ur-Theory. Nature is well described by an Ur-Theory just below the
Planck scale with its Ur-Action and Ur-Langrangian density that is comprised of non-
zero coe�cients for all symmetry-allowed operators. The Ur-Theory is 3 + 1 dimen-
sional with standard spacetime symmetries already recognized (di↵eomorphism invari-
ance, Poincaré symmetry,) endowed with internal gauge symmetries characterized by
SU(3)⇥SU(2)⇥U(1) of the SM as well as other possible gauge symmetries and global
symmetries applicable to the Ur-Theory’s collection of conventional quantum fields and
their interactions.

P2 Aleatory Parameters. Coe�cients of the operators of the Ur-Theory are aleatorily
assigned to each of the symmetry-allowed operators. The assigned parameters are given
to the theory in the ultraviolet and have no teleological designs on the properties or
implications of the theory in the deep infrared.

P3 Multitude of States. Nature has many more scalars, fermions (both chiral and vec-
torlike), and vector bosons in its spectrum than just those of the Standard Model. In
addition, many of these states have masses significantly higher than the weak scale,
including masses near the highest mass scale of the Ur-Theory, just below the Planck
mass.

The Hierarchy Paradox says that if each of these premises is true then the Higgs boson
mass should experience a condition where its mass m

2
H

is related to the di↵erence between
two (or many more!) very heavy mass thresholds M2

X
and M

2
Y
that must cancel:

m
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. (3)

If M2
X

and M
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are aleatory parameters that are very large M

2
X
,M

2
Y
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unexpected finetuned coincidence (“divine intervention!” as Dimopoulos and Susskind might
say) that they should cancel and given M

2
X
�M

2
Y
⌧ M

2
Pl. Thus, the paradox is born that the

premises and the reasoning have lead to a conclusion (mH ⇠ MPl) that is absurd because it
is in conflict with observation (mH ' 102 GeV ⌧ MPl).

The reasoning in this paradox included recognizing the implications of the premises, which
includes assuming there are many new states (premise 3) coupling to the Higgs boson in
standard ways (premise 1) with uncorrelated aleatory couplings (premise 2). In addition, our
reasoning included the recognition that no extreme finetunings are allowed, which is sometimes
called Naturalness.

To be more precise about this Naturalness reasoning, we consider the passing through
energy thresholds from the Ur-Theory down to the SM where many e↵ective theories that are
formulated along the way. These EFTs require solving matching conditions that match the
low-energy theory parameters to those of the high-energy theory. Often these matching con-
ditions take a form analogous to Zlow = Xhigh �Yhigh, as we discussed above. It is unexpected

7

Premise 3
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that |Zlow| ⌧ |Xhigh|, |Yhigh|, just as it is unexpected that the di↵erence in the number of stars
of two similarly sized galaxies should be many of orders of magnitude smaller than the total
number of stars in the galaxies. Such statements have meaning because there is at least a
plausible correlation that can be made between high finetuning of this type (Zlow ⌧ |Xhigh|)
and very low probability [14].

Summarizing the reasoning in the paradox it would be

R1 Logical Reasoning. Correct standard reasoning applied to mathematics, language,
logic rules, quantum field theory, etc.

R2 Premises Acceptance. Acceptance and implementation of the implications of each
premise.

R3 Naturalness. No extreme unprincipled coincidence in couplings or finetuning across
energy thresholds when passing from the UV to IR scales.

By unprincipled coincidence or finetuning we mean one where there is no argument revealing
its necessity. For example, the equivalent electromagnetic coupling of the electron and the
muon is not an extreme coincidence since electromagnetic gauge invariance necessitates it (a
principled coincidence). To be concrete, we consider an extreme finetuning to be one part in
106 [13].

Let us now return to the premises and give some more detail and discussion to the meaning
of each of them.

Ur-Theory. The prefix Ur- is borrowed from the Old High German, which means original,
ancient, or primordial. For us the Ur-Theory is the first sensible QFT parametrically lower
than the Planck scale. It is the original theory in four dimensional spacetime, from which all
the e↵ective theories spring as one scales down in energy. The SM has its origin in a tumbling
down of EFTs from the Ur-Theory to itself. We assume that all the EFTs below the Ur-
Theory are formed in the IR from standard QFT techniques of integrating out states across
their mass thresholds. Within the Ur-Theory it is assumed that the principle of totality [] is
at work, in that all operators that are allowed by the symmetries are present. There are no
accidental zeroes for coe�cients of the symmetry-allowed operators in the theory, although
there can be by chance some values that are small (see next premise).

Aleatory parameters. The coe�cients of operators in the Ur-Theory are assumed to be
aleatoric. What that means is that they are randomly selected according to some principles
and setting that is not entirely known to us, but the parameters are nevertheless contingent.
They might arise from Wotan throwing dice or from quantum mechanical fluctuations on the
moduli space of an Ur-Ur-Theory upon the birth of our universe. Perhaps we are a baby
universe spawned in an eternal inflation scenario. The premise is agnostic to the precise
mechanism, but it insists that the parameters of the theory are selected somehow, and that it
has an element of contingent randomness. And that when the parameters are selected there
is no teleological force that tunes them precisely to satisfy some desired outcome in the IR.
There might be an anthropic rationale for why we find ourselves in the particular universe we

8

Reasoning
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There are several ways one might formulate the Paradox’s premises but the one that
perhaps most conforms with the communities wrestling with the issue have these four premises:

P1 Conventional Ur-Theory. Nature is well described by an Ur-Theory just below the
Planck scale with its Ur-Action and Ur-Langrangian density that is comprised of non-
zero coe�cients for all symmetry-allowed operators. The Ur-Theory is 3 + 1 dimen-
sional with standard spacetime symmetries already recognized (di↵eomorphism invari-
ance, Poincaré symmetry,) endowed with internal gauge symmetries characterized by
SU(3)⇥SU(2)⇥U(1) of the SM as well as other possible gauge symmetries and global
symmetries applicable to the Ur-Theory’s collection of conventional quantum fields and
their interactions.

P2 Aleatory Parameters. Coe�cients of the operators of the Ur-Theory are aleatorily
assigned to each of the symmetry-allowed operators. The assigned parameters are given
to the theory in the ultraviolet and have no teleological designs on the properties or
implications of the theory in the deep infrared.

P3 Multitude of States. Nature has many more scalars, fermions (both chiral and vec-
torlike), and vector bosons in its spectrum than just those of the Standard Model. In
addition, many of these states have masses significantly higher than the weak scale,
including masses near the highest mass scale of the Ur-Theory, just below the Planck
mass.

The Hierarchy Paradox says that if each of these premises is true then the Higgs boson
mass should experience a condition where its mass m

2
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two (or many more!) very heavy mass thresholds M2

X
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2
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that must cancel:
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2
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2
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2
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If M2
X

and M
2
Y
are aleatory parameters that are very large M

2
X
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2
Y
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2
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unexpected finetuned coincidence (“divine intervention!” as Dimopoulos and Susskind might
say) that they should cancel and given M

2
X
�M

2
Y
⌧ M

2
Pl. Thus, the paradox is born that the

premises and the reasoning have lead to a conclusion (mH ⇠ MPl) that is absurd because it
is in conflict with observation (mH ' 102 GeV ⌧ MPl).

The reasoning in this paradox included recognizing the implications of the premises, which
includes assuming there are many new states (premise 3) coupling to the Higgs boson in
standard ways (premise 1) with uncorrelated aleatory couplings (premise 2). In addition, our
reasoning included the recognition that no extreme finetunings are allowed, which is sometimes
called Naturalness.

To be more precise about this Naturalness reasoning, we consider the passing through
energy thresholds from the Ur-Theory down to the SM where many e↵ective theories that are
formulated along the way. These EFTs require solving matching conditions that match the
low-energy theory parameters to those of the high-energy theory. Often these matching con-
ditions take a form analogous to Zlow = Xhigh �Yhigh, as we discussed above. It is unexpected

7

are in – the premise does not address that – but the selection of the parameters was contingent
and without purpose.

Multitude of States. It is inconceivable to many that the only fields in all of nature are
those that we have discovered up to now. Furthermore, it is inconceivable to many that the
only fields that nature has in its spectrum are those that interact with humans. A generalized
Copernican principle that we are not particularly special in the universe would suggest that
nature is filled with many more states in its spectrum than the ones we know about. One can
go beyond this general sensibility and note that in many theories that purport to unify forces
or unify theories (quantum mechanics and general relativity) there are necessarily a large
number of other fields that fill out nature’s roster []. The premise holds that this is true. That
many more states exist beyond just those we have already confirmed through experiment.

Given the discussion above, let us make a precise statement of the Extrinsic Hierarchy
Problem:

The Extrinsic Hierarchy Problem is the unresolved paradox with credible premises

{P1, P2, P3} and sound reasoning {R1, R2, R3} that leads to the absurd conclusion

that the Higgs boson mass should be many orders of magnitude above its measured

value.

We have now formulated the Extrinsic Hierarchy Problem with some clarity that is in-
tended to match the community’s evolving sensibilities of quantum field theory and e↵ective
theories. We have identified the three premises to the Paradox and detailed the reasoning
features in the paradox. Both the premises {P1, P2, P3} and the reasoning R are intended
to be recognized by the community as a plausible careful articulation of the paradox that is
being faced after the discovery of the Higgs boson. Like all paradoxes, resolution must come
because the absurd conclusion cannot stand. Resolutions occur by critical evaluation of both
the premises and the reasoning, which is what we turn to next.

3 Resolutions to the Extrinsic Hierarchy Problem

3.1 Violating premise 1: conventional Ur-theory

When trying to resolve the Hierarchy Problem a key approach was to call into question the
“conventional Ur-theory” premise. It is in attacking this premise that supersymmetry’s status
rose to become by far the most popular approach to resolving the Hierarchy Problem.

Supersymmetry

Supersymmetry violates the paradox by not accepting that the only symmetries possible
in the Ur-theory are analogous to the symmetries we already know. Supersymmetry, instead,
can be interpreted as adding extra fermionic-like (anti-commuting) dimensions to spacetime.
Supersymmetry extends spacetime into superspace with coordinates (xµ

, ✓
↵
, ✓̄

↵̇), where xµ are

9
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Violating premise 1: Conventional Ur-Theory

Many of  our solutions violate this premise.

Supersymmetry: Fields live in superspace! Superpoincaré invariance. All 
quadratic sensitivities are cutoff  by susy breaking mass msusy ~ mweak. 

Xdim: Fields/Gravity lives in extra spatial dimensions! The Higgs boson 
cannot experience any high modes due to large or warped extra dimension:

for keeping the quantum correction �m
2
H
in the neighborhood of m2

H
. Short of that concern,

supersymmetry was a leading contender for solving the hierarchy problem for several decades.

However, this particular direction has experimental consequences. The solution suggests
that m̃2 should be near the weak scale. Thus, there was much hope that the LHC would find
evidence for supersymmetry. It did not. It is somewhat controversial to decide whether the
LHC definitively has ruled out supersymmetry [?] as a resolution to the Hierarchy Problem
or if there is still some Natural, non-Finetuned room [?] for a supersymmetric theory to be
the answer.

It is important to stress here that supersymmetry really is/was a resolution to the Hierarchy
Problem as we have defined it here. However, it was never an interesting solution to the
“Standard Model Naturalness Problem”, which was an ill-defined worry that somehow the
Standard Model was fatally flawed due to, for example, quadratic divergences from top quark
loop in the Higgs boson self energy. As we have discussed above, that is a fake problem that
was revealed even more clearly to be fake once dimensional regularization was applied to the
Standard Model. Within the Standard Model, regulated by dimensional regularization, there
are no finetunings anywhere.

Indeed, from merely a low-energy theory perspective with only the immediacy of the theory
right in front of us supersymmetry can only be a probem. It could introduce finetunings that
the Standard Model just did not have. Only upon considerations of more expansive premises
about the nature of physics from the weak scale to the Planck scale do legitimate worries arise,
as captured by the Hierarchy Problem, and supersymmetry is/was an excellent contender for
solving the paradox.

Extra spatial dimensions

One does not have to reach into fermionic extra dimensions to violate the conventional
Ur-theory premise and resolve the hierarchy problem. One can merely introduce extra spatial
dimensions on top of the three that already experience. In order to be consistent with ordinary
observations these extra spatial dimensions need to be compactified, meaning that their extend
is only perceived as one goes to much shorter distances and higher energies.

One approach was have very large extra dimensions compactified with a radius R whose
value is significantly larger than the fundamental length scale of the theory. For example, in
the ADD model [8], if there are n extra dimensions of size R then the relation between R,
MPl, and the true highest fundamental scale of the theory MD is

M
2
Pl ⇠ R

n
M

2+n

D
. (7)

In this scenario the quantum corrections to the Higgs boson mass are all bounded by the
new fundamental scale MD which can be many orders of magnitude below the Planck scale.
The Planck scale is no longer a physical scale, but rather an e↵ective scale for the graviton
interactions, which spread into the extra dimension, thereby lowering their strength compared
to what a 3 + 1-dimensional gravity theory with fundamental scale MD ⇠ Mweak would give.

The ADD theory is probably the simplest and most violent destruction of the conventional
Ur-theory premise in that it eliminates the proximate problem of the large hierarchy altogether.
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It does come with a price, which is how did the extra spatial dimensions get such a large size.
There has been significant research on all of these issues [?].

In a similar spirit one can introduce extra spatial dimension(s) that are warped in factor-
izable metric geometry [9]. If xµ are the ordinary 3 + 1 dimensional spacetime coordinates,
and y is a fifth dimension, one could consider the consequences of a spacetime metric of the
form

ds
2 = e

�2k|y|
⌘µ⌫dx

µ
dx

⌫ + dy
2 (8)

This forms an AdS5 space with curvature scale k. The exponential warp factor, e�2k|y|, whose
absolute value implies S1

/Z2 orbifold symmetry (identify y ! �y), is the key to its relevance
to the Hierarchy Problem.

If the Higgs boson lives on the y = ⇡rc brane, then any mass scales on that brane are
suppressed by e

�k⇡rc , where rc is the orbifold compactification radius. One only needs a factor
of krc ⇠ 12 or so to suppress a mass from m0 down to mphys ⇠ TeV. There are no finetunings
in numbers like ⇠ 12 and given that all the physical masses on the SM brane are ⇠ TeV and
cannot be higher, there are no quantum corrections to the Higgs boson mass touching ⇠ M

2
Pl.

The exponential suppression of scale is reminiscent of the exponentially derived QCD
scale ⇤QCD. If the Ur-Theory has QCD with SM particles at a mass scale near ⇠ MPl

renormalization group flow of this asymptotically free QCD gauge coupling implies that the
gauge coupling will increase slowly as one goes to the infrared. Ultimately it gets strong at

⇤QCD ⇠ Me
�8⇡2

/�̄gs(M)2 (9)

where gs(Q) is the running QCD gauge coupling and �̄ is the negative of the �-function of
QCD (�̄ = 11 � 2nf/3, where nf is number of active flavors). No one is worried about the
“hierarchy problem of MPl/⇤QCD” due to the smooth and natural renormalization group flow
from the UV to the IR. In an analogous way, warped extra dimensions resolves the hierarchy
problem from non-finetuned exponential suppression of the weak scale compared to the Planck
scale.

Lack of LHC discovery

One must recognized that the lack of evidence of these alternatives to conventional Ur-
Theories at the LHC has reduced interest in them over recent years. The hope was that the
necessity of no large finetunings within these new theories in order to create the low-energy
Standard Model would force some of their visible states to be in the discovery reach of the
LHC. That has not happened, and it is interesting to ask why.

The most obvious answer would be to say that they are just not what nature has chosen,
and we must be clever and think of new ideas. Another approach is to suggest that the
LHC was not terribly high energy anyway. The limits on the masses of the superpartners of
supersymmetry are only about one order of magnitude heavier than the Higgs boson mass,
and certainly not two orders of magnitude higher. Given such low mass reach, our expectation
of supersymmetry showing up at the LHC was a hope rather than a rigorous theorem.

To rephrase the point made above, one could reasonable say that the hope for finding
supersymmetry at the LHC was based on answering the subconscious question, “What is the
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Lack of  discovery at the LHC has put these ideas under pressure.
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Violating premise 2: aleatory parameters (contingency)

Premise is necessary. Without it there can be no sense of  probability at all. 

Contingency in our universe is a necessary assumption for us to judge 
anything as unlikely, which is what the Hierarchy Problem is all about.
Otherwise, we commit a fallacy of  illicit probabilistic inference.

But how did the universe become teeming with contingency?
- Wotan throwing dice
- Baby universes born in eternal inflation (multiverse on the landscape)
- ?

Merely assuming non-contingent universe would mean we are done.
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Violating premise 3: multitude of  states

There are several ways to violate this premise and solve the Extrinsic Hierarchy 
Problem. Violating a “Copernican principle” of  nature though – we are not special.

- There are no new states beyond the Standard Model, period.

- There are no states derivable from the Ur-Theory that couple to the Standard 
Model Higgs boson.

- The only states that couple to the Standard Model Higgs are those that 
participate in a conspiracy of  symmetries and/or interactions to keep the Higgs 
boson parametrically light.
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Violating the reasoning: Naturalness

It is fashionable to say “Naturalness is dead” and “Woe is Naturalness!” and 
“It’s not scientific!” etc., but perhaps too flippant and imprecise.

My view: Naturalness should not be controversial.

What is controversial is the aleatory premise. However, if  the aleatory premise is 
correct then Naturalness is merely an attempt to turn uneasy feelings of  
finetuning into statistical probability propositions.

Attacking Naturalness reasoning is not a fruitful direction in my view.
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Non-solutions

By articulating the Extrinsic Hierarchy Problem with some care we can see that some 
solutions proposed for the “Hierarchy Problem” are not solutions to EHP.

One example is Little Higgs Theories.

Little Higgs enthusiasts take seriously Wilsonian EFT, aleatory premise, and Ur-
Theory premise even. But they have a restricted ad hoc approach to the multitude 
of  states premise.

They believe that “business as usual” type of  states and symmetries will do. There 
is nothing particularly special, except for being restricted by a single goal, which 
only solves partially the Intrinsic Hierarchy Problem.
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“To understand the requirements on this new physics better we must look at 
the source of  the Higgs mass instability. The three most dangerous radiative 
corrections to the Higgs mass in the Standard Model come from one-loop 
diagrams with top quarks, SU(2) gauge bosons, and the Higgs itself  
running in the loop.” (Schmaltz, Tucker-Smith, ‘05)

In other words, this is their key worry (Intrinsic Hierarchy Problem):



New states and new symmetries have seemingly only one raison d’être: 
Make sure humans only see a Higgs boson and nothing else that conspires to 
keep it light.

Figure 7 gives a quartic-term contribution

3λ4
t

16π2
log(

m2
T

m2
t

) (h†h)2, (54)

which is too small by itself but does give successful electroweak symmetry break-
ing when combined with a small tree-level contribution. Since the tree-level
term also contributes to the Higgs mass-squared, a moderate amount of tuning
(→10%) is required. While this is not completely satisfactory, it is better than
most other models of electroweak symmetry breaking and certainly better than
the MSSM with gauge coupling unification, which requires tuning at the few %
level or worse.

3.7 The simplest little Higgs

To emphasize the simplicity of the model, we summarize the field content and
Lagrangian of the “simplest little Higgs” [30], the SU(3) model in which the
Higgs quartic coupling is predominantly generated from the top loop.

The model has an SU(3)color × SU(3)weak × U(1)X gauge group with three
generations transforming as

ΨQ = (3, 3) 1

3

ΨL = (1, 3)− 1

3

dc = (3̄, 1) 1

3

ec = (1, 1)1

2 × uc = (3̄, 1)− 2

3

nc = (1, 1)0 (55)

The triplets ΨQ and ΨL contain the Standard Model quark and lepton doublets,
the singlets are uc, dc, ec, nc.3 The SU(3)weak × U(1)X symmetry is broken by
expectation values for scalar fields φ1 = φ2 = (1, 3)−1/3.

The Lagrangian of the model contains the usual kinetic terms, Yukawa cou-
plings and a tree level Higgs potential

Lkin → Ψ†
Q /DΨQ + · · · + |Dµφ1|2 + · · · (56)

Lyuk → λu
1φ†

1ΨQuc
1 + λu

2φ†
2ΨQuc

2 +
λd

f
φ1φ2ΨQ dc

+λnφ†
1ΨLnc +

λe

f
φ1φ2ΨL ec (57)

Lpot → µ2φ†
1φ2 . (58)

Substituting the parametrization for the NGBs

φ1 = eiΘ
f2

f1





0
0
f1



 , φ2 = e−iΘ
f1

f2





0
0
f2



 , Θ =
η√
2f

+
1

f





0 0
0 0

h

h† 0



 (59)

3This fermion content is anomalous under the extended electroweak gauge group. Anoma-
lies may be canceled by additional fermions which can be as heavy as Λ. There are also
charge assignments for which anomalies cancel among the fields ΨQ,ΨL, uc, dc, ec, nc alone
[30, 36, 37].
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In the “Simplest Little Higgs” model 
there is little contemplation of  a 
multitude of  other states F that can 
destabilize the theory by, e.g., |fi|2|F|2.

The theory is good, however, as a partial 
solution to the Intrinsic Hierarchy Problem, 
which takes Wilsonian cutoff  issues very 
seriously.

Twin Higgs theories are similarly non-
solutions to the Extrinsic Hierarchy 
Problem. Schmaltz, Tucker-Smith, ‘05
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Conclusions 1/2

The Hierarchy Problem of  the SM may best be thought of  as two Hierarchy Problems.

Intrinsic Hierarchy Problem: Wilsonian quadratic divergence taken seriously. If  applicable, it is an 
intrinsic problem to the SM that it cannot avoid.

Extrinsic Hierarchy Problem: Reasonably expected new states and interactions in nature disallow the 
Higgs boson being so light.

The first might be a fake problem (dim reg, experimental results, etc.). If  real, then the Wilsonian 
paradigm must be attacked (UV/IR connection important).

The second persists! It is a conceptual paradox, because we do not know which premises are wrong. 
And whatever resolves the paradox will change/augment radically our currently conceived view of  
nature. 
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Conclusions 2/2  (only if  “in principle” solutions – may have empirical/finetuning pressures)

Theory Intrinsic Hierarchy
Problem Solution?

Extrinsic Hierarchy 
Problem Solution?

SM is everything No Yes

Wilsonian cutoff  problems are fake (e.g. dim reg) Yes No

Supersymmetry Yes Yes

Extra Dimensions Yes Yes

No fundamental scalars Yes Yes

Little Higgs/Twin Higgs Yes (partial) No

Relaxion Yes (partial) No (exotic f issue)

Non-Wilsonian UV/IR Yes (by assumption) ?

Anthropics ? ?

Non-contingent universe (Wotan’s design) Yes (by N/A) Yes (by N/A)


