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Motivation

“ Twin Higgs” 

Higgs is PGB of accidental global 
symmetry from explicit Z2 symmetry 

top partners uncolored

Chacko, Goh, Harnik ’06

is simple realization of 
“Neutral Naturalness”

Z2 breaking introduces some model dependence

Explore parameter space of Twin Higgs 
and its SUSY UV completions
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Twin Higgs Setup

H,Q3, U3 ! HA, Q3A, U3A HB , Q3B , U3B+

Natural Z2 exchange symmetry: HA HB ! . . .

visible sector
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“dark” sector: neutral under SM
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H,Q3, U3 ! HA, Q3A, U3A HB , Q3B , U3B+

Natural Z2 exchange symmetry: HA HB ! . . .

visible sector

} }

“dark” sector: neutral under SM

GSM GA
SM GB

SM⇥!

Double SM gauge fields, Higgs and tops

Here we focus on fine-tuning: just Higgs, gauge and tops doubled

Minimal (“fraternal”) Twin Higgs 1501.05310 Craig, Katz, Strassler & Sundrum

Z2  involves the full SM 0509242 Barbieri, Hall & Gregoire



Higgs Potential

The main goal of this paper is to take a fresh look at the various possibilities to break the
Z2 symmetry in Twin SUSY and to identify new promising directions for model reducing
the fine-tuning of the electroweak scale. Our approach will follow the hierarchy of the
scales involved, see Fig. 1: we begin with ...

v f Ms �

WTSVTSVTVPGB � VSM

Figure 1: A cartoon illustrating the di⇥erent scales in a Twin SUSY construction. At the
electroweak scale v the potential is the one of the Higgs which is a PGB of spontaneously broken
accidental U(4) symmetry. The Twin Higgs potential at the scale f includes the dynamics of the
Twin Higgs that is responsable for the breaking of U(4). At Ms the potential is the one of a 4
Higgs doublets model which includes the SUSY Higgses of the MSSMA ⇥ MSSMB . Above the
cut-o⇥ �, where soft masses are generated, the theory is supersymmetric.

2 A Fresh Approach to Twin Higgs Models

In this section we revisit the

2.1 General Setup

At the scale f the theory is described by the original (non-susy) Twin Higgs model [4]. The
Higgs sector of this theory consists of two copies of the SM Higgs potential, with two Higgs
fields HA and HB transforming under A and B electroweak gauge groups, respectively.
In principle the full matter content of the SM is also doubled in the A and B sector,
however for the purpose of analyzing the fine-tuning we can focus on the top quarks and
top partners that have the largest couplings to the Higgs sector. The color group is also
doubled to SU(3)A ⇥ SU(3)B and there are no states in the low energy e�ective theory
carrying both A and B quantum numbers1.

The most general Twin Higgs potential consistent with gauge invariance under the A
and the B electroweak gauge groups can be described by 5 parameters:

VT = ⇥(|HA|2 + |HB|2 � f 2)2 + �(|HA|4 + |HB|4) + µ̃2|HA|2 + ⌅|HA|4 . (6)

This potential can be divided into three di�erent pieces, according to the global symmetries
left unbroken by the respective terms:

• U(4)-preserving

1States carrying both A and B quantum numbers can be present in some implementation of the Twin
Higgs proposal. For example if SU(3)A ⇥SU(3)B is embedded in SU(6) [4, 9]. See [10] for a discussion of
the phenomenology of these states)
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EWSB

PGB approximation  ⌧ �

V (h) = �f2

2
(2� �)h2 +

1

12
(8+ 3⇢� �)h4

In the next section we discuss di�erent sources for providing the required amount of Z2-
breaking and their implications for the fine-tuning of the electroweak scale. In particular
we will discuss the di�erent features of soft and hard Z2-breaking.

2.3 Soft and Hard Z2-breaking

We now go back to the PGB formulas3 in Eqs. (13), rewriting them in terms of the original
parameters of the Twin Higgs potential in Eq. (6):
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where we introduced ⇧ ⇤ µ̃2/f 2. In order to obtain a large mass hierarchy between the
SM Higgs h and the radial mode H, the soft breaking parameter ⇧ is required to be small,
⇧ ⌅ k ⌃ ⇥, while the hard breaking parameter ⌅ gives a contribution to mh scaling with
v2 and can therefore be much larger than � and ⇧.

From Eqs. (18) we see that there are two basic ways of generating a hierarchy v2 ⌃ f 2:

• Soft Z2-breaking: ⌅ = 0

In this case we can achieve the hierarchy v2 ⌃ f 2 only by fine-tuning ⇧ against
�. Note that this tuning also ensures that the Higgs mass is small and given by
m2

h ⇧ 8�v2. This scenario has been extensively discussed in the literature (see in
particular Ref. [7] for a discussion of the SUSY implementation) and will represent the
benchmark scenario to compare against in terms of fine-tuning. The main advantage
of breaking Z2 only softly is that the Higgs potential remains screened from quadratic
divergences at 1-loop, thus preserving the Twin Higgs mechanism even in the presence
of Z2-breaking.

• Hard Z2-breaking: ⌅ ⌥ ⇧,�

This scenario allows to achieve the hierarchy v2 ⌃ f 2 naturally, and can be un-
derstood from a PGB potential with a small mass term ⌅ �f 2 and a large quartic
coupling ⌅. A major constraint on having a large hard Z2-breaking comes from the
Higgs mass, which is now given by m2

h ⇧ 4⌅v2. Moreover, since Z2 is explicitly
broken, the Higgs potential is not anymore screened from quadratic divergences and
one-loop corrections to the tree-level potential become crucial. Still, since ⌅ ⇧ 0.13,
these corrections are under control if the cuto� is not too large.

The tree-level potential in Eq. (6) receives one loop corrections from top, higgs and gauge
loops which are encoded in the full Coleman Weinberg potential [14]. To good approxima-
tion we can “freeze” the non-polynomial terms inHA,B to their vevsH2

A = v2, H2
B = f 2�v2,

and absorb the loop corrections into a redefinition of the tree-level parameters. We are

3The same expressions can be obtained directly from minimizing Eq. (6) and expanding for � ⌅ ⇤ ⌃ ⇥.
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Making hard breaking viable

-0.02

-0.01

0
0.01

-0.02

-0.01

0
0.01

0.1

0.25

0.5

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

1.0

1.5

2.0

2.5

3.0

3.5

4.0

fêv

L
t
@TeV

D

Lr
2=1 TeV2, mé0=0

k0
Dhard
Dsoft

k0 < 0

k0 > 0

hard
0 . 0

is crucial!Sign of 0



Making hard breaking viable

-0.02

-0.01

0
0.01

-0.02

-0.01

0
0.01

0.1

0.25

0.5

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

1.0

1.5

2.0

2.5

3.0

3.5

4.0

fêv

L
t
@TeV

D

Lr
2=1 TeV2, mé0=0

k0
Dhard
Dsoft

k0 < 0

k0 > 0

hard
0 . 0

is crucial!Sign of 0

Play with UV threshold ⇤⇢

0 = 0, µ̃0 = 0

is crucial!Sign of ⇤2
⇢

-2

0

2

4

6

-2

0

2

4

6

0.1

0.3

0.5

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

1.0

1.5

2.0

2.5

3.0

3.5

4.0

fêv

L
t
@TeV

D

Lr
Dhard
Dsoft



SUSY  UV 
Completions 



Twin Higgs 

provides 
calculable UVC

ameliorates 
fine-tuning

Supersymmetry

�MSSM =

3y2tM
2
S

2⇡2m2
h

log

⇤

MS
⇠ 100⇤t,⇢ ⇠ MS

Twin SUSY



Twin Higgs 

provides 
calculable UVC

ameliorates 
fine-tuning

Supersymmetry

�MSSM =

3y2tM
2
S

2⇡2m2
h

log

⇤

MS
⇠ 100⇤t,⇢ ⇠ MS

Twin SUSY

Only few existing models (tuning 1-2 %)

 Explore Twin SUSY with Hard Breaking

0604076 Chang, Hall & Weiner
0604066 Falkowski, Pokorski & Schmaltz
1312.1341 Craig & Howe

(tuning 5-10 % !?)



Twin SUSY Matching

The main goal of this paper is to take a fresh look at the various possibilities to break the
Z2 symmetry in Twin SUSY and to identify new promising directions for model reducing
the fine-tuning of the electroweak scale. Our approach will follow the hierarchy of the
scales involved, see Fig. 1: we begin with ...

v f Ms �

WTSVTSVTVPGB � VSM

Figure 1: A cartoon illustrating the di⇥erent scales in a Twin SUSY construction. At the
electroweak scale v the potential is the one of the Higgs which is a PGB of spontaneously broken
accidental U(4) symmetry. The Twin Higgs potential at the scale f includes the dynamics of the
Twin Higgs that is responsable for the breaking of U(4). At Ms the potential is the one of a 4
Higgs doublets model which includes the SUSY Higgses of the MSSMA ⇥ MSSMB . Above the
cut-o⇥ �, where soft masses are generated, the theory is supersymmetric.

2 A Fresh Approach to Twin Higgs Models

In this section we revisit the

2.1 General Setup

At the scale f the theory is described by the original (non-susy) Twin Higgs model [4]. The
Higgs sector of this theory consists of two copies of the SM Higgs potential, with two Higgs
fields HA and HB transforming under A and B electroweak gauge groups, respectively.
In principle the full matter content of the SM is also doubled in the A and B sector,
however for the purpose of analyzing the fine-tuning we can focus on the top quarks and
top partners that have the largest couplings to the Higgs sector. The color group is also
doubled to SU(3)A ⇥ SU(3)B and there are no states in the low energy e�ective theory
carrying both A and B quantum numbers1.

The most general Twin Higgs potential consistent with gauge invariance under the A
and the B electroweak gauge groups can be described by 5 parameters:

VT = ⇥(|HA|2 + |HB|2 � f 2)2 + �(|HA|4 + |HB|4) + µ̃2|HA|2 + ⌅|HA|4 . (6)

This potential can be divided into three di�erent pieces, according to the global symmetries
left unbroken by the respective terms:

• U(4)-preserving

1States carrying both A and B quantum numbers can be present in some implementation of the Twin
Higgs proposal. For example if SU(3)A ⇥SU(3)B is embedded in SU(6) [4, 9]. See [10] for a discussion of
the phenomenology of these states)

4
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Total Fine-Tuning

f/MS v/f}

U4 , similar NMSSM tuning v → f
}

U4 breaking, model-dependent
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Numerical Results
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Can we do better?
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Can we do better?

other/better solutions 
are in progress…

Can get positive quartic and positive correction 
to mass term from Z2 breaking threshold?
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Higgs Spectrum

4 Higgs doublet model
2 CP-odd  

neutral
4 CP-even 

neutral 2 charged 

Twin SUSY

Spectrum controlled by 2 parameters: mA, f

{H,A,H±}⇠
q
m2

A � �2
Sf
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⇠ �SfhTLightest new state is Twin Higgs:

or MSSM-like: 

1505.05488 Buttazzo, Sala & Tesi

1504.04630 Craig, D’Eramo, Draper, Thomas, Zhang 

1605.08744  Craig, Hajer, Li, Liu, Zhang 
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Figure 5. Mass contours in the (m2
A � �2f2) = m2

A(SM) vs f/v plane. The four plots correspond
to (�S , tan�) = {(0.9, 1.2), (0.9, 2), (1.4, 1.2), (1.4, 2)}. The black and green contours are the sec-
ond and third lightest CP-even mass state respectively. The density colors denote the B-sector
composition of the second lightest CP-even mass eigenstate as explained in the text.

for representative values of the parameters of the SUSY Twin model in the mA(SM)

vs f/v

plane. The black contours indicates the masses of the second lightest CP-even eigenstate,

while the green contours the third lightest CP-even ones. Besides the mass contours, we

also show the dark composition of the second lightest eigenstate, in terms of mixing angles.

Denoting the second lightest eigenstate as H
2

and its decomposition in gauge eigenstates

as

H
2

=
X

i

V
2ihi hi = {hAu , hAd , hBu , hBd }, (4.1)

we plot the combination of the mixing matrices
p
V 2

23

+ V 2

24

which characterizes the sector

B component of the mass eigenstate. As expected, the second lightest CP-even state is

mainly composed of dark sector states (hBu and hBd ) in the region �2f2 ⌧ mA, while it is

mainly aligned in the A sector in the bottom right corner of the plot. 10

In order to analyze the collider signatures associated with the CP-even eigenstates,

we have computed analytically the rates of the allowed decay modes, and we report the

10In the plot the mixing angles and the mass eigenvalues are computed numerically from the analytic

expression of the mass matrix to keep into account all orders in the �2f2/m2

A expansion.

– 22 –

The Next-To-Lightest Higgs 

the twin is light 
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Higgs Searches

Figure 7. Phenomenology of the SUSY Twin Higgs model in the mA(SM) vs f/v plane. The
dark grey region denotes the 8TeV exclusion from di-boson searches (numerical issue to be solved
with it). The light grey, light red and light yellow region denotes the LHC prospects for di-boson
signatures associated with the Twin-Higgs state, respectively with 100, 300 and 3000 fb�1. b ! s�

existing bounds and prospects are denoted in light blue and green respectively. Prospects for LHC
reach on the charged Higgs state with 3000 fb�1 are depicted in purple.

the MSSM-like regime is not equivalent in the two plots since the mass eigenvalues and

mixing angle depends on tan�. In the two bottom plot of Figure 7 the signal into di-boson

is partially further depleted by the invisible decay of the Twin Higgs (see Figure 6), making

the limits less stringent. In the bottom right plots the prospects are slightly stronger since

the larger value of tan� reduces the mass eigenvalue and closes the invisible decay into dark

gauge bosons, exactly at the location of the small bump in the exclusion curves (compare

with Figure 6).
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Summary

• Twin Higgs models with hard Z2 breaking 
are rarely explored, but can reduce v/f tuning 
at the cost of increased Higgs mass

• SUSY models provide calculable UV 
completions, there are many options to get 
Higgs mass right and keep tuning low

• Large f phenomenology resembles MSSM at low t�


