
Induced EWSB
and SUSY

Naturalness
Markus Luty

UC Davis

A. Azatov, J. Galloway, ML 1106.3346, 1106.4815
J. Galloway, ML, Y. Tsai, Y. Zhao 1306.6354



Introduction



Induced EWSB



Superconformal Technicolor

N. Arkani-Hamed



Superconformal Technicolor

It’s back!



Superconformal Technicolor
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Fig. 3. Electroweak fit for f = 100 GeV, tan � = 5, Bµ = 0. The inner (outer)

ellipse is the 95% (99%) confidence level allowed region for a reference Higgs mass of

120 GeV [27]. The dotted blue (dashed red) line corresponds to a light Higgs mass

of 120 (350) GeV in the model of Section 3. The dot-dashed black line corresponds

to the model of Section 4. As discussed in the text, there are large uncertainties in

these curves; in particular it is plausible that the S parameter is significantly smaller.

The assumptions that go into these curves are described in the text.

the region where the theory is under theoretical control. There is a large theoretical

uncertainty in the predictions for S and T , so the plots cannot be taken too literally,

and our conclusion is that precision electroweak data does not strongly constrain

these models given our present knowledge. In fact, the only scenarios we can envision

that precision electroweak can rule out these models is if either the S parameter is

much larger than expected, or the UV contributions to the T parameter are negative.

Neither of these is expected.

Finally, we consider Z ! b̄b. the strong sector couples weakly to the elementary

Higgs fields, which have the Yukawa couplings to the top and bottom quarks. This

means that any correction to gZb̄b from the strong sector must be suppressed by y2t
as well as �2

u,d. We write the third generation Yukawa couplings as

�L = QT
L✏HyQc

R + h.c., (3.48)
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Fig. 1. Left panel: Masses (in GeV) for the light CP even Higgs h0. Right panel:

Masses for the heavy CP even HiggsH0. The model has f = 100 GeV, tan � = 5, and

Bµ = 0, so all masses are a function of �u,d normalized so that c1 = 1 in Eq. (3.11).

The upper grey shaded region is where the perturbative expansion breaks down, and

the lower pink region is where the charged Higgs contribution to b ! s� comes into

tension with experiment.

Here we have neglected possible destructive interference from Higgsino contributions

that may weaken the bound. We see that this constraint prefers somewhat heavier

h0 masses, but does not rule out much of the parameter space.

The couplings of these fields to standard model states are straightforward to work

out using the formulas above. The qualitative features are that the new heavy states

A0
2 and H±

2 mix with the light Higgs fields at order f/v. These fields will therefore

couple most strongly to the heaviest standard model particles, but with a strength

suppressed by O(f/v) compared to the lighter MSSM Higgs fields with the same

quantum numbers.

3.3 Precision Electroweak Fit

We now discuss the precision fit for the case of induced EWSB. The only couplings

of the strong sector to the MSSM are via electroweak gauge couplings and Higgs

couplings. The most important electroweak corrections are therefore the oblique
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Fig. 2. Left panel: Masses (in GeV) for light CP odd Higgs particles. Solid lines

denote A0
1, dotted lines denote H±

1 . Right panel: Likewise for A0
2 and H±

2 . The

shaded regions are as in Fig. 1.

corrections parameterized by the electroweak parameters S and T , and the corrections

to the Zb̄b vertex.

We begin with the S parameter. The physics above the confinement scale ⇤ in

the strong sector gives rise to a UV contribution to the S parameter that can be

parameterized by the e↵ective Lagrangian coupling

�Le↵ =
gg0

16⇡
SUV tr(⌃†W 3

µ⌫⌃B
µ⌫). (3.39)

The first point to make is that the strong sector need not have either a large number

of technicolors NTC or technidoublets NTD, which would enhance the S parameter.

Traditional technicolor models generally require both NTC and NTD to be large to

be embedded into extended technicolor. Since the quark and lepton masses arise

from elementary Higgs fields, there is no reason for these parameters to be large. For

example, the theory in Section 2 has NTC = 2 and NTD = 1.

The size of the UV contribution to the S parameter is very uncertain. Näıve

dimensional analysis (NDA) [14] tells us that

SUV ⇠ 1

⇡
. (3.40)
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Fig. 2. Higgs mass parameters as a function of the auxiliary Higgs quartic �⌃ for f =

150 GeV. The decoupling limit occurs near �⌃ = 1. m2
⌃ crosses 0 near �⌃ = 2, indicating

a clear transition between induced quartic and induced tadpole regimes.
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Fig. 3. Parameter space of the simplified two Higgs doublet model describing the mech-

anism of induced EWSB. Left: Couplings of light Higgs couplings to weak gauge bosons

and top quarks. Right: Tree-level tuning of the simplified model, as described in text.
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Fig. 7. Fine tuning in the simplified model with non-decoupling D terms. Tree-level

contributions dominate near the decoupling (bold red) contour; two-loop contributions from

the heavy scalar � dominate at increased values of f, gS where u, ũ � v and m2
� � m2

⌃.

Excluded regions correspond to those described in Fig. 3.

3.4 Naturalness

We now discuss the question of naturalness in this model. We have seen above that the

SU(2)S breaking scale is required to be in the TeV range, while the auxiliary Higgs

fields (which are also charged under SU(2)S) must have VEVs near the 100 GeV

scale. Loop corrections can potentially destabilize this little hierarchy and give rise

to fine-tuning. From Eq. (3.5) we know that the mass-squared of � must be large, of

order g2Su
2, in order to have an unsuppressed quartic coupling for the ⌃ fields. The

only large coupling between the � and ⌃ fields is the SU(2)S gauge coupling, and so

the leading correction to the ⌃ mass arises at 2 loops. We have [52]

�m2
⌃ =

3g4S
(16⇡2)2

m2
� log

✓
⇤2

m2
�

◆
, (3.30)

with ⇤ the mediation scale. We illustrate the size of the resulting tuning within the

context of the simplified model (i.e. treating SM quartics as negligible) in Fig. 7. We

set ⇤ = 50 TeV and choose m2
� = g2Su

2/4 so as to consider only parameters where the

auxiliary Higgs quartic is unsuppressed. We also enforce the precision electroweak

constraints as described above. This puts a lower bound on u and therefore drives

the fine-tuning. We see that the tuning becomes large in the decoupling limit, as well

as the limit of large gS, where the 2-loop e↵ect Eq. (3.30) is enhanced. The tuning

is less than 10% over most of the allowed parameter space. This is a significant
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Higgs Phenomenology

boundary corresponds to the decoupling limit for the auxiliary Higgs bosons, and near

this limit the light Higgs is SM-like. The grey region is excluded by Higgs coupling

constraints, determined as in [44]. This is the region of small sin �, which suppresses

cV and enhances ct. Fig. 4 also shows the allowed points where �h is smaller than

half of its SM value. In such theories, the Higgs cubic and quartic self-couplings are

highly suppressed compared the SM, which can be measurable in future experiments

or with large integrated luminosity via enhanced di-Higgs production at the high-

energy LHC [45–47]. This also has conceptual importance, since it corresponds to

the regime where an induced tadpole is important, as discussed in §2. The tree-level

MSSM gives a quartic that is about half of the SM value (for large tan �), so these

points are also very far from the usual SUSY solutions, all of which strive to obtain

a Higgs quartic close to SM value.
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Fig. 4. Scan of the parameter space for a model where auxiliary Higgs quartics arise from

non-decoupling D terms. All points have mh ' 125 GeV. A blue cross is added if the Higgs

couplings are compatible with experimental values, and a red circle is added to surviving

points if the physical Higgs has a quartic of order half its SM value, indicating regions where

the induced tadpole is important.

3.3 Electroweak Precision Tests

We turn now to the issue of corrections to electroweak precision tests. The strongest

constraints are oblique radiative corrections, which we treat using the formalism of

[48, 49].

There are two main e↵ects. The first comes from the SU(2)S breaking threshold

at the scale gSu. The VEVs of the auxiliary Higgs fields break both SU(2)S and the
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Fig. 8. Landau poles in the parameter space of the D-term model. The unshaded area is

the allowed region, as in Fig. 3.

di↵erence between this mechanism and other proposed solutions to the Higgs tuning

problem, which have locally small tuning only in a very specific range of parameters.

In this model, the only requirement is that the SU(2)S breaking scale be close to the

smallest phenomenologically allowed value. There are no other large mass hierarchies

required in this model, and we conclude that there is no significant tuning in this

model subject to only very mild restrictions of the parameters.

3.5 Unification and Landau Poles

The fact that the strong and electroweak guage couplings unify at high scales in the

MSSM is a possible hint for the existence of SUSY in nature, and it is important

to know to what extent unification is naturally incorporated into extensions of the

MSSM such as the one we are considering. The extra fields in our model come in

complete SU(5) multiplets, but this by itself is not su�cient to ensure unification.

One issue is that the VEVs of the auxiliary Higgs fields break both SU(2)S and

SU(2)W , and therefore mix the gauge bosons from these groups and change the value

of the measured weak gauge coupling. However, the correction is suppressed because

of the large SU(2)S breaking from the VEVs of the fields � and �̄. The correction to

the measured low-energy gauge coupling is of order f 4/u4, which is negligibly small

once we impose the T paramter constraint.

Another issue is that this model requires that the couplings gS and �� be order

unity at the TeV scale. Neither coupling is asymptotically free, so there is a danger
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Fig. 8. Landau poles in the parameter space of the D-term model. The unshaded area is

the allowed region, as in Fig. 3.

di↵erence between this mechanism and other proposed solutions to the Higgs tuning

problem, which have locally small tuning only in a very specific range of parameters.

In this model, the only requirement is that the SU(2)S breaking scale be close to the

smallest phenomenologically allowed value. There are no other large mass hierarchies

required in this model, and we conclude that there is no significant tuning in this

model subject to only very mild restrictions of the parameters.

3.5 Unification and Landau Poles

The fact that the strong and electroweak guage couplings unify at high scales in the

MSSM is a possible hint for the existence of SUSY in nature, and it is important

to know to what extent unification is naturally incorporated into extensions of the

MSSM such as the one we are considering. The extra fields in our model come in

complete SU(5) multiplets, but this by itself is not su�cient to ensure unification.

One issue is that the VEVs of the auxiliary Higgs fields break both SU(2)S and

SU(2)W , and therefore mix the gauge bosons from these groups and change the value

of the measured weak gauge coupling. However, the correction is suppressed because

of the large SU(2)S breaking from the VEVs of the fields � and �̄. The correction to

the measured low-energy gauge coupling is of order f 4/u4, which is negligibly small

once we impose the T paramter constraint.

Another issue is that this model requires that the couplings gS and �� be order

unity at the TeV scale. Neither coupling is asymptotically free, so there is a danger
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Fig. 10. Parameter space of the model with non-decoupling F -terms. Left: Numerical

scan of parameter space; the points are labeled as in Fig. 4. Right: Position of Landau

poles (compare Fig. 8).

model we consider, we choose an intermediate ratio of auxiliary VEVs, tan �⌃ = 2.5,

which allows the singlet coupling �S to contribute significantly to the auxiliary quartic.

The weak scale value of �S can be larger than in the pure F -term model because gS
gives a negative contribution to the �S beta function. The resulting picture is shown

in Fig. 11. We see that we get a model that is perturbative up to the GUT scale only

if the model is close to the decoupling limit. This may be regarded as a kind of tuning,

but see the discussion below. Models with additional structure below the GUT scale

may be a more attractive possibility to combine naturalness with unification. As

in the D-term models, the auxiliary Higgs fields naturally come in complete SU(5)

multiplets, so UV completing these models in a manner that preserves gauge coupling

unification should be possible, but we will not attempt to address that here.

We conclude by commenting on the naturalness of the F -term models discussed

above. Models with D-terms have a tree-level violation of custodial symmetry from

the ⌃ VEVs. This is absent in the pure F -term model, and so this model requires

no little hierarchy among the masses, and therefore there is no danger of fine-tuning.

This is certainly a very attractive feature of this model. In the hybrid model, we

must have a little hierarchy to avoid large T -parameter corrections, but the value of

gS is smaller, so the tuning is reduced compared to the pure D-term model.
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Fig. 6. Bounds on the SU(2)S breaking scale u from precision electroweak constraints.

to f 2, and hence the T -parameter is given by

�T ' � 3

16⇡c2W
ln

m2
�

m2
h

⇥ f 2

v2
. (3.28)

This gives a small contribution to the T -parameter unless f ' v.

The other limit that is easy to understand is the decoupling limit, which cor-

responds to taking gS as small as possible. In this limit the auxiliary Higgs fields

are again heavy, but their masses are nearly electroweak-preserving. Therefore there

is a contribution to the S and T parameter that vanish as we approach this limit.

Explicitly for the S parameter, we have

�S =
g2S

96m2
�

f 2v2h
v2

(3.29)

The corrections are therefore negligible in the decoupling limit.

To include these e↵ects, we include the full perturbative contribution from the

Higgs sector using the results of [50]. We impose the 95% confidence level S-T

constraint from [51] with U = 0. We find that the S parameter contribution from

the auxiliary Higgs bosons is never so large that it cannot be o↵set by a positive

T contribution. The result can therefore be given as a constraint on the SU(2)S
breaking scale u, and is shown in Fig. 6. We see that this scale must be at least

2–3 TeV in most of the parameter space.
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