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missing top 
partner 
problem

but, what 
about the 
twin higgs?

“the 
orbifold 

higgs”
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hierarchy problem!

• Elementary scalars 
quadratically sensitive to 
physics @ higher scales.

• Implies tuning (ideally for a 
reason), UV surprises, or new 
physics.

• If NP, two options available: 
symmetry or lowering the 
cutoff.

• Pure cutoff solutions pushed 
to ~5 TeV, disfavored.
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Top partner “theorem”
• Symmetry protecting Higgs acts on Higgs 

itself.

• large Higgs coupling: λtHQ3tR, so symmetry 
acts on top quark. Implies top partners.

• Top partners light, avatars of symmetry.

• All 4D options (SUSY, global) commute with 
gauge symmetries, so top partners 
charged under QCD.

• SUSY: scalar top partners. Global 
symmetry: fermions.

• Decay modes vary but guaranteed large 
QCD cross section.



The top partner 
theorem

λtHQ3tR

SUSY
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σ[8TeV] ~ 100 fb
(m ~ 500 GeV)

σ[8TeV] ~ 1 pb
(m ~ 500 GeV)
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The top partner 
problem

global symmetry supersymmetry

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12015
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G12015


Naturalness?
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Irreducible tuning: ~5%. Complete model: ≲0.1-1%



but what about...

the twin higgs

[Z. Chacko, H.-S. 
Goh, R. Harnik ’05]
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The Twin Higgs: Natural Electroweak Breaking from Mirror Symmetry

Z. Chacko,1 Hock-Seng Goh,1 and Roni Harnik2

1Department of Physics, University of Arizona, Tucson, AZ 85721
2 Department of Physics, University of California, Berkeley, CA 94720

Theoretical Physics Group, Lawrence Berkeley National Laboratory, Berkeley, CA 94720

We present ‘twin Higgs models’, simple realizations of the Higgs as a pseudo-Goldstone boson
that protect the weak scale from radiative corrections up to scales of order 5 - 10 TeV. In the ultra-
violet these theories have a discrete symmetry which interchanges each Standard Model particle
with a corresponding particle which transforms under a twin or mirror Standard Model gauge
group. In addition, the Higgs sector respects an approximate global SU(4) symmetry. When this
global symmetry is broken, the discrete symmetry tightly constrains the form of corrections to
the pseudo-Goldstone Higgs potential, allowing natural electroweak symmetry breaking. Precision
electroweak constraints are satisfied by construction. These models demonstrate that, contrary to
the conventional wisdom, stabilizing the weak scale does not require new light particles charged
under the Standard Model gauge groups.

I. INTRODUCTION

In the Standard Model (SM) the weak scale is unstable
under quantum corrections. This suggests the existence
of new physics at or close to a TeV that protects the Higgs
mass parameter of the SM against radiative corrections.
While the exact form that such new physics takes is
unknown there are several interesting alternatives. One
possibility, first proposed in [1, 2] is that the Higgs is
naturally light because it is the pseudo-Goldstone boson
of an approximate global symmetry. This idea has
recently experienced a revival in the form of little Higgs
theories [3, 4] (for a clear review and more references
see [5]) that protect the Higgs mass from radiative
corrections up to scales of order 5 - 10 TeV.

In this paper we propose a class of simple alterna-
tive realizations of the Higgs as a pseudo-Goldstone
boson that also protect the weak scale from radiative
corrections up to scales of order 5 - 10 TeV. In the
ultra-violet these theories have a discrete Z2 symmetry
which interchanges each Standard Model particle with
a corresponding particle which transforms under a twin
or mirror Standard Model gauge group. In addition,
the Higgs sector of the theory respects an approximate
global SU(4) symmetry. Although the weak and elec-
tromagnetic interactions, as well as the top Yukawa
coupling, violate the global symmetry they all respect the
discrete interchange symmetry. When SU(4) is broken to
SU(3), the discrete symmetry tightly constrains the form
of corrections to the pseudo-Goldstone Higgs potential,
allowing natural electroweak symmetry breaking.

Although the smaller Yukawa couplings need not re-
spect the discrete symmetry, naturalness constrains the
masses of most of the twin/mirror partners not to exceed
a few hundred GeV. Precision electroweak constraints
are satisfied by construction, since although these new
particles may be very light, they do not transform under
the SM gauge groups. This is in contrast to little
Higgs theories where these constraints are often a severe
problem [6].

We illustrate the basic idea by way of a simple
example where the global symmetry is realized linearly.
Consider a complex scalar field, H , that transforms as
a fundamental under a global SU(4) symmetry. The
potential for this field is given by

V (H) = !m2H†H + !(H†H)2 . (1)

Since the mass squared of H is negative it will develop a
VEV, "|H |# = m/

$
2! % f , that breaks SU(4) & SU(3)

yielding 7 massless Nambu-Goldstone bosons. We now
break the SU(4) explicitly by gauging an SU(2)A '
SU(2)B subgroup. The field H transfoms as (HA, HB)
where HA is a doublet under SU(2)A and HB is a doublet
under SU(2)B. At the end of the day we will identify
SU(2)A with SU(2)L of the SM. Since SU(4) is now
broken explicitly, the would-be Goldstones pick up a mass
that is proportional to the explicit breaking. Specifically,
gauge loops contribute a quadratically divergent mass to
the components of H as

!V =
9g2

A"2

64"2
H†

AHA +
9g2

B"2

64"2
H†

BHB + . . . , (2)

a loop factor below the cuto# " of the theory. The
mechanism in our model hinges on the following simple
observation. Suppose we now impose an additional Z2

symmetry, which we label ‘twin parity’, which inter-
changes HA and HB and also interchanges the gauge
bosons of SU(2)A with those of SU(2)B. This symmetry
forces the two gauge couplings to be equal, gA = gB % g.
The gauge contribution to the mass of H is now

!V =
9g2"2

64"2
(H†

AHA + H†
BHB) =

9g2"2

64"2
H†H (3)

which is invariant under SU(4) and therefore does not
contribute a mass to the Goldstones. In other words,
imposing twin parity constrains the quadratically di-
vergent mass terms to have an SU(4) invariant form.
The Goldstones are therefore completely insensitive to
quadratic divergences from gauge loops.

symmetry is smA x SMB x Z2

*See also chacko’s talk on thursday



The Twin Higgs
Consider a scalar H transforming as a 

fundamental under a global SU(4):

V (H) = −m
2|H|2 + λ|H|4

SU(4)→ SU(3)
yields seven 

goldstone bosons.

|�H�|2 =
m

2

2λ
≡ f

2

Potential leads to spontaneous 
symmetry breaking,

UV: λ≫1 NLSM;  λ≲1 LSM



The Twin Higgs

V (H) ⊃ 9
64π2

�
g
2
AΛ2|HA|2 + g

2
BΛ2|HB |2

�
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corrections.
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The Twin Higgs

Then 6 goldstones are eaten, leaving one behind.

But these become SU(4) symmetric if gA=gB from a Z2 

Now gauge SU(2)A x SU(2)B ⊂ SU(4), w/ H =
�

HA

HB

�

Us Twins

Explicitly breaks the SU(4); expect radiative 
corrections.

V (H) ⊃ 9
64π2

g
2Λ2

�
|HA|2 + |HB |2

�

Quadratic potential has accidental SU(4) symmetry.



twin higgs slogan

“higgs is pseudo-goldstone of 
the accidental global 

symmetry of quadratic action 
obeying discrete symmetry”*

*plus symmetric quartic.
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The Twin Higgs
Achieve this protection for the entire 

SM by SMA x SMB x Z2 

SMA = us, SMB = twin sector

L ⊃ −ytHAQ
A
3 ū

A
3 − ytHBQ

B
3 ū

B
3Crucially: 

V ⊃ κ
�
|HA|4 + |HB |4

�

Explicit breaking generates one-loop 
quartic:

κ ∼ y4
t

16π2
log(Λ/f)

(only quadratic potential enjoys SU(4))



The Twin Higgs
Naive vacuum:

f is not far from v, and the cutoff is 
~TeV. Not much of a protection, and 
O(50%) deviations in Higgs couplings.

�HA�2 = �HB�2 =
f

2

2

Vsoft(H) = δm2
H

|HA|2Option 1: softly break Z2

Allows v≪f, at the price of a tuning ~O(f2/2v2)

Option 2: hard 
breaking of Z2

Vhard(H) = δA,B |HA,B |4



The Twin Higgs

hA

tA VA

hB?

tB VB

O(v/f)
Λ � 4πf

√
λf

f

v



The Twin Top

Twin top

top

h + . . . f − h2

2f
+ . . .

 No direct limit on top 
partner.

The top partner acts as 
expected from global 

symmetry protection, but 
not charged under QCD. 

L ⊃ −ytHAQ
A
3 ū

A
3 − ytHBQ

B
3 ū

B
3



where are the 
bodies buried?

• demanding exact z2 means twin light 
generations; useless for naturalness 
but trouble for cosmology (Neff).

• symmetry structure slightly awkward; 
really asking for z2 plus 
approximate SU(4) of Higgs potential.

bigger question: Just a pathology, or 
example of deeper/general structure?

evades “top partner theorem”, but... 
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Orbifold field theory
• Start with a parent symmetry, identify a discrete 

global symmetry.  

• Obtain a daughter symmetry by eliminating all fields 
not invariant under discrete symmetry (i.e. the 
untwisted sector of orbifold compactification).

• In the large N limit, correlation functions (two-point 
functions!) of the parent and daughter theory are 
identical. given a continuous symmetry soln. to 
hierarchy prob, orbifold probably solves it too.

• E.g. parent SU(2N), discrete Z2, daughter SU(N)xSU(N)xS2, 
matter transforming only in irreps of the daughter.

• If the parent symmetry protects the Higgs, often the 
daughter does as well, but without the full 
representations required by the parent.

[Kachru & Silverstein ’98; bershadsky & Johansen ’98, Schmaltz ’99]

Sound familiar?
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twin higgs is an orbifold

parent: SU(6)xSU(4)/Z2

daughter: [SU(3)xSU(2)]2xS2

various U(1) choices; U(2)/Z2, U(1)2/Z2, U(1); canonical choice U(1)2/Z2 

canonical U(1) choice: [SU(3)xSU(2)xU(1)]2xS2 

H

HA HB

Q

QA QB

U

uA uB

HQU
HAQAUA

HBQBUB
|H|4 (|HA|2+|HB|2)2

gives you all the couplings required by twin higgs.
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uv completions

su(6)xSU(4) [su(3)xSU(2)]2

H,Q3,U3 (D3?) q1,2,u1,2,d1,2 (D3?)

we know how to think of orbifolds 
geometrically...

su(6)
xSU(4)

[su(3)
xSU(2)]2

H,Q3,U3 (D3?) q1,2,u1,2,d1,2(D3?)

...or by deconstructing the geometry:
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the generalization

• recipe seems to be SU(#3)xSU(#2)/Γ. we 
Expect from the orbifold 
correspondence that all such 
theories give orbifold higgs models.

• the obvious abelian generalization: 
Γ=Zn instead of z2. straightforward but 
boring; N-higgs.

• so what about non-abelian discrete 
symmetries? e.g. SN, An, etc. expect 
something qualitatively new.
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parent: SU(18)xSU(12)/S3

daughter: [SU(3)xSU(2)]2x[SU(6)xSU(4)]
SU(3) SU(3) SU(6)

uA
uB
uC
uD

3x2 3x2 6x4
QA
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QC

SU(2) SU(2) SU(4)
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HB
HC
HD

L = HQU



The s3 Higgs
parent: SU(18)xSU(12)/S3

daughter: [SU(3)xSU(2)]2x[SU(6)xSU(4)]

“higgs is pseudo-goldstone of the orbifolded 
SU(12) symmetry”

SU(3) SU(3) SU(6)
uA
uB
uC
uD

3x2 3x2 6x4
QA
QB
QC

SU(2) SU(2) SU(4)
HA
HB
HC
HD

L = HQU
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how to normalize 
your orbifold higgs

not at all obvious that radiative 
corrections preserve the SU(12)! But 

orbifold correspondence demands it...

g → g√
dα

Y → Y√
dα

λ→ λ

given parent couplings g,y,λ,

field theory orbifold + canonical 
normalization of daughter states → 

dα daughter sector inherits couplings 
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quadratic sensitivity
cw potential for scalar transforming as a 

fundamental under SU(2dα) with appropriate yukawa:

δm2
Hα

=
Λ2

16π2

�
−6dαy2

α + 3
�

dα −
1

4dα

�
g2

α + . . .

�

→ Λ2

16π2

�
−6Y 2 + 3

�
1− 1

4d2
α

�
g2 + . . .

�

total one-loop cw potential for s3 higgs scalars:

∝ Λ2

16π2

�
−6Y

2 + 3g
2 + . . .

� �
|HA|2 + |HB |2 + |HC |2 + |HD|2

�

− 3Λ2

256π2
g
2
�
|HC |2 + |HD|2

�
~1/N orbifold corrections →

SU(12) invariant↗
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qualitative 
phenomenology

SU(12)→SU(11): 23 (pseudo)goldstones.
3+3+15=21 eaten, 2 pseudos remain 

δv

δf

gf
λf radial mode, m~λf

most higgses eaten, m~gf

one generic pseudo, m~δf

one sm-like pseudo, m~δv

 

in typical vacuum v~f & pseudos only partially 
aligned w/sm vev. As in twin higgs, need to tilt 

potential to get v≪f & one SM-like pseudo. 
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H Q U H1 H2

H3
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u2 u3
Q



The A4 Higgs
parent: SU(36)xSU(24)/A4

daughter: [SU(3)xSU(2)]3x[SU(9)xSU(6)]

3x +

SU(3)xSU(2) SU(9)xSU(6)

H Q U H1 H2

H3

u1

u2 u3
Q

“higgs is pseudo-goldstone of the orbifolded 
SU(24) symmetry”

SU(24)→SU(23): 47 (pseudo)goldstones.
3+3+3+35=44 eaten, 3 pseudos remain 



realistic models

• need to make choices for br; either 
part of parent symmetry (need 2hdM) or 
not (lives at defect).

• need to make choices for first/second 
generations; simplest choice is to live at 
defect.

• need to deal with anomalies of parent 
and daughter symmetries.

I’ve just sketched toy models focusing 
on the higgs potential; For realistic 
models (e.g. higher-dim theories), we...

none of these are deal-breakers, but it 
helps to dress the field theory orbifold.
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the takehome

• the twin higgs is the simplest example of 
an orbifold higgs.

• explains all the properties of the twin 
higgs, and geometric intuition for 
orbifolds points to solutions to classic 
problems of twin higgs.

• phenomenology of geometric twin higgs 
can change radically!

• there are many more theories of this 
type, with hidden sectors not simply 
related to the standard model!



the big picture
• intense debate about naturalness post-

higgs, many conclusions being drawn.

• But we’re far from writing down all 
natural theories using symmetries. major 
loopholes in “Top partner theorem.” 

• we should try reductions of all symmetry 
solutions to the hierarchy problem. 
orbifolds of global symmetry only one 
avenue -- orbifolds also of R-symmetry? 
orientifolds? other stringy singularities? 

Lots to explore before we pass 
judgment on naturalness!


