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Pheno 2016 The spontaneous Z2 breaking Twin Higgs

Motivation I

The hierarchy problem

The mass of the Standard Model (SM) Higgs receives large radiative
corrections that would normally push it to the Planck scale. Having
it close to the electroweak scale means a fine-tuning of roughly a
part in 1032. The Higgs mass is not “natural”.

Many theories attempt to stabilize the electroweak scale, the most
famous being supersymmetry (SUSY). These new theories often in-
troduce partners to many particles from the Standard Model. Nat-
uralness requires these partners to be close to the electroweak scale.
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Pheno 2016 The spontaneous Z2 breaking Twin Higgs

Motivation II

Constraints on Beyond the Standard Model (BSM) physics
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Pheno 2016 The spontaneous Z2 breaking Twin Higgs

Motivation III
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MSUGRA/CMSSM 0-3 e, µ /1-2 τ 2-10 jets/3 b Yes 20.3 m(q̃)=m(g̃) 1507.055251.85 TeVq̃, g̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 3.2 m(χ̃

0
1)=0 GeV, m(1st gen. q̃)=m(2nd gen. q̃) ATLAS-CONF-2015-062980 GeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 3.2 m(q̃)-m(χ̃

0
1 )<5 GeV To appear610 GeVq̃

q̃q̃, q̃→q(ℓℓ/ℓν/νν)χ̃
0
1

2 e, µ (off-Z) 2 jets Yes 20.3 m(χ̃
0
1)=0 GeV 1503.03290820 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 3.2 m(χ̃

0
1)=0 GeV ATLAS-CONF-2015-0621.52 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃01 1 e, µ 2-6 jets Yes 3.3 m(χ̃

0
1)<350 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2015-0761.6 TeVg̃

g̃g̃, g̃→qq(ℓℓ/ℓν/νν)χ̃
0
1

2 e, µ 0-3 jets - 20 m(χ̃
0
1)=0 GeV 1501.035551.38 TeVg̃

g̃g̃, g̃→qqWZχ̃
0
1 0 7-10 jets Yes 3.2 m(χ̃

0
1) =100 GeV 1602.061941.4 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 20.3 tanβ >20 1407.06031.63 TeVg̃

GGM (bino NLSP) 2 γ - Yes 20.3 cτ(NLSP)<0.1 mm 1507.054931.34 TeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 20.3 m(χ̃
0
1)<950 GeV, cτ(NLSP)<0.1 mm, µ<0 1507.054931.37 TeVg̃

GGM (higgsino-bino NLSP) γ 2 jets Yes 20.3 m(χ̃
0
1)<850 GeV, cτ(NLSP)<0.1 mm, µ>0 1507.054931.3 TeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 2 jets Yes 20.3 m(NLSP)>430 GeV 1503.03290900 GeVg̃

Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 × 10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518865 GeVF1/2 scale

g̃g̃, g̃→bb̄χ̃
0
1 0 3 b Yes 3.3 m(χ̃

0
1)<800 GeV ATLAS-CONF-2015-0671.78 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 3.3 m(χ̃
0
1)=0 GeV To appear1.76 TeVg̃

g̃g̃, g̃→bt̄χ̃
+
1 0-1 e, µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV 1407.06001.37 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 3.2 m(χ̃

0
1)<100 GeV ATLAS-CONF-2015-066840 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 0-3 b Yes 3.2 m(χ̃

0
1)=50 GeV, m(χ̃

±
1 )= m(χ̃

0
1)+100 GeV 1602.09058325-540 GeVb̃1

t̃1 t̃1, t̃1→bχ̃
±
1 1-2 e, µ 1-2 b Yes 4.7/20.3 m(χ̃

±
1 ) = 2m(χ̃

0
1), m(χ̃

0
1)=55 GeV 1209.2102, 1407.0583117-170 GeVt̃1 200-500 GeVt̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Yes 20.3 m(χ̃
0
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1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
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0
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0
1

2-3 e, µ 0-2 jets Yes 20.3 m(χ̃
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0
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1
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0
2), m(χ̃

0
1)=0, sleptons decoupled 1501.07110270 GeVχ̃±

1
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0

2

χ̃0
2
χ̃0
3, χ̃

0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃

0
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0
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1)) 1405.5086635 GeVχ̃0
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Direct χ̃
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1

Direct χ̃
+
1
χ̃−
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±
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±
1 )-m(χ̃
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1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃
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Metastable g̃ R-hadron dE/dx trk - - 3.2 m(χ̃
0
1)=100 GeV, τ>10 ns To appear1.54 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795537 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 1<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542440 GeVχ̃0

1

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 TeV 1504.051621.0 TeVχ̃0

1

GGM g̃g̃, χ̃
0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃

0
1)< 480 mm, m(g̃)=1.1 TeV 1504.051621.0 TeVχ̃0

1

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 20.3 λ′
311

=0.11, λ132/133/233=0.07 1503.044301.7 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.25001.45 TeVq̃, g̃

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→eeν̃µ, eµν̃e 4 e, µ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ121,0 1405.5086760 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→ττν̃e, eτν̃τ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133,0 1405.5086450 GeVχ̃±

1

g̃g̃, g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% 1502.05686917 GeVg̃

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 0 6-7 jets - 20.3 m(χ̃

0
1)=600 GeV 1502.05686980 GeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.3 1404.2500880 GeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 20.3 1601.07453320 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 20.3 BR(t̃1→be/µ)>20% ATLAS-CONF-2015-0150.4-1.0 TeVt̃1

Scalar charm, c̃→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
1)<200 GeV 1501.01325510 GeVc̃

Mass scale [TeV]10−1 1

√
s = 7, 8 TeV

√
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: March 2016

ATLAS Preliminary√
s = 7, 8, 13 TeV

*Only a selection of the available mass limits on new
states or phenomena is shown.
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Motivation IV

Mass scales [GeV]
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Neutral Naturalness I

Most partners have strong constraints on them because they can
easily be produced at particle colliders, i.e. they have a large cross-
section. If partners were not charged under the SM groups, less
would be produced and they would be less constrained.

Neutral naturalness

The partners that stabilize the Higgs mass are (at least partially)
not charged under the SM groups.
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Neutral Naturalness II

I Most famous examples
I Folded SUSY
I Twin-Higgs

I Generally, neutral naturalness does not attempt to solve com-
pletely the hierarchy problem.

I Neutral naturalness only tries to find models that are natural
considering our current experimental limits.
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The Twin Higgs I

Twin-Higgs is based on an approximate global SU(4) broken spon-
taneously to SU(3). The 125 GeV Higgs is one of the resulting
(pseudo-)Goldstone bosons.

The Higgs doublet is embedded in a fundamental of SU(4) as

H =

(
HA

HB

)
,

with a potential of

VSU(4)(H) = −µ2H†H + λ(H†H)2.

The potential is minimized by

〈H〉 ≡ f = µ/
√

2λ.
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The Twin Higgs II

The SU(4) symmetry is explicitly broken by gauging an SU(2)A ×
SU(2)B subgroup. The leading radiative correction is

∆V (H) =
9g 2

AΛ2

64π2
H†AHA +

9g 2
BΛ2

64π2
H†BHB ,

where gA and gB are the gauge coupling constants of SU(2)A and
SU(2)B respectively and Λ is the cutoff of the theory. If a Z2 symme-
try is imposed between the two sectors, gA = gB and this correction
preserves SU(4). It therefore does not provide any mass to the Higgs
boson. The same can be done for the Yukawa couplings.
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The Twin Higgs III

Subleading terms give an additional contribution to the potential

V���SU(4)(H) = αH†AHAH†BHB .

The end result is that, of the original 7 Golstone bosons, 6 will
remain massless and be eaten by massive gauge bosons and the
one left over will be a light pseudo-Goldstone boson that can be
associated to the 125 GeV Higgs.
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The Twin Higgs IV

Symmetry breaking depends on the sign of α.

α < 0 α > 0
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The Twin Higgs V

If α < 0, Z2 is conserved. This is problematic for two reasons

I Incompatible with Higgs signal strengths

I The scale 4πf , at which the UV completion must come into
account to avoid fine-tuning, is not much higher than in the
Standard Model.

In general, you want f to be much bigger than the Standard Model
Higgs vev v , i.e. f /v large.

An explicit Z2 breaking potential must be introduced

V��Z2
(H) = ∆m2H†AHA.
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The Twin Higgs VI

The Higgs fundamental can be parametrized as

H = f


0

sin θ
0

cos θ

 .

Minimizing with respect to f and θ leads to

f 2 =
2µ2 −∆m2

4λ+ α

and
αf 4 sin 4θ + 4∆m2f 2 sin θ cos θ = 0.
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The Twin Higgs VII

The last expression can be rewritten as

F1(θ) ≡ 1

4

sin 4θ

sin θ cos θ
=

∆m2

(−αf 2)
≈ ∆m2

∆m2
max

,

where the last relation holds in the limit of small α. The parameter
∆m2

max is defined as the largest value ∆m2 can take while preserving
electroweak symmetry breaking in the A sector and is given by

∆m2
max = −αµ

2

2λ
.
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The Twin Higgs VIII

It is then possible to solve for θ

sin2 θ =
v 2

f 2
=

1

2

(
1− ∆m2

(−αf 2)

)
≈ 1

2

(
1− ∆m2

∆m2
max

)
.

This relation means that requesting θ small implies a tuning of the
Z2 breaking potential against the SU(4) breaking potential.

15 / 37



Pheno 2016 The spontaneous Z2 breaking Twin Higgs

The Twin Higgs IX

If α > 0

I The systems falls in one sector.

I No soft term can remove the minimum from there.

I The minimum must be taken in the SM sector.

I Incompatible with Higgs signal strenghts and cosmology
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Problems

We encountered two problems

I If α < 0, there is some tuning.

I If α > 0, one vev is always zero.

Both problems are associated to a shortcoming of

V��Z2
(H) = ∆m2H†AHA.
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Solution?

If this term would have been linear in HA or HB , would...

I ... the tuning have been better for α < 0?

I ... we have been able to give a vev to the B sector for α > 0?

The answer to the last question is certainly ”yes”, as the term would
be a tadpole. The answer to the first question is less trivial.

But gauge invariance forbids such a term.

Introducing a second Higgs can solve this problem.
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The spontaneous Z2 breaking Twin Higgs I

Introduce two Higgses similar to the one from Twin Higgs. The
potential of the first one by itself is

VH1(H1) = −µ2
1H†1H1 + λ1(H†1H1)2 + α1H1A

†H1AH1B
†H1B

with α1 < 0, i.e. that it preserves Z2. The potential of the second
one by itself is

VH2(H2) = −µ2
2H†2H2 + λ2(H†2H2)2 + α2H2A

†H2AH2B
†H2B

with α2 > 0, i.e. that it breaks Z2 spontaneously. The two Higgses
interact via

VH1H2(H1,H2) = −BµH†1H2 + h.c..
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The spontaneous Z2 breaking Twin Higgs II

I The sector in which the vev of H2 falls is labeled the B sector.

I The potential VH1H2(H1,H2) transmits the Z2 breaking from
the broken to the unbroken sector.

I Bµ can naturally be small as it breaks a Peccei-Quinn symmetry.

I The term H†1BH2B serves as an effective tadpole for H1B and
pushes the vev of H1 toward the B sector.

I The term H†1AH2A serves as an effective tadpole for H2A and
provides a small positive A component to the vev of H2.
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Vacuum expectation values
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Minimization I

To obtain more enlightening analytical results, the limit of small αi ’s
is assumed. This will in turn imply Bµ small.

The Higgses are decomposed as

H1 = f1


0

sin θ1

0
cos θ1

 H2 = f2


0

sin θ2

0
cos θ2

 ,

where f1 ≈ µ1/
√

2λ1 and f2 ≈ µ2/
√

2λ2.
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Minimization II

Minimizing with respect to the angles leads to

α1f 4
1 sin 4θ1 + 4Bµf1f2 sin(θ1 − θ2) = 0

α2f 4
2 sin 4θ2 − 4Bµf1f2 sin(θ1 − θ2) = 0.

When Bµ = 0, the minimum is located at θ1 = π/4 and θ2 = 0. In
the general case, adding both equations leads to

sin 4θ2 = Ω sin 4θ1,

where Ω is a constant in the small α approximation and is defined
by

Ω ≡ −α1

α2

(
f1

f2

)4

.
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Minimization III

Symmetry breaking depends on the sign of Ω.

Ω < 1 Ω > 1
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We want Ω < 1.
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Minimization IV

For Ω < 1, the minimization equations can be rewritten

F2(θ1,Ω) ≡ (1− Ω)

4

sin 4θ1

sin(θ1 − θ2)
=

Bµ(
− α1f 3

1
f2(1−Ω)

) ≈ Bµ
Bmax
µ

,

where Bmax
µ is as the largest value of Bµ for which there is still

electroweak symmetry breaking in the A sector and is given by

Bmax
µ ≈ − α1f 3

1

f2(1− Ω)
.

Two improvements

I Effective tadpole: No cos term

I Feedback: Presence of θ2 and 1− Ω
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Minimization V

F2(θ,Ω) can be compared to its Twin Higgs equivalent F1(θ).

F1HΘL
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Minimization VI

Using the small angles approximation, the angles can be found

θ2
1 ≈

3

8

(Bmax
µ − Bµ)

(Bmax
µ + g(Ω)Bµ)

Bµ→Bmax
µ∼ 3

8(1 + g(Ω))

(
1− Bµ

Bmax
µ

)
,

where

g(Ω) ≡ 1

16
(15Ω2 + 18Ω− 1).

The ratio of vevs is given by

v 2

f 2
1

∼ 3

8(1 + g(Ω))

(
1 +

(
−α2

α1

)−1/2

Ω3/2

)(
1− Bµ

Bmax
µ

)
≡ C (−α2/α1,Ω)

(
1− Bµ

Bmax
µ

)
.
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Minimization VII

For Twin Higgs, C (−α2/α1,Ω) is 1/2.

Twin Higgs
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Other properties I

Pseudo-Golstone bosons when Bµ = 0
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Other properties II

We decompose the lightest pseudo-Golstone as

h = ah1A + bh2A + ch1B + dh2B ,

where h1A is defined via H0
1A = (v1A + (h1A + iA1A)/

√
2) and iden-

tically for the other hi ’s. The parameter

ΘB ≡ c2 + d2

represents a measure of how much the Higgs is B-like.
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Other properties III

Twin Higgs
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Other properties IV

As seen before, there is no guarantee of the existence of Bmax
µ . A

sufficient condition for its existence is

α1

λ1
+
α2

λ2
+

α1α2

2λ1λ2
> 0.

This is exact.

32 / 37



Pheno 2016 The spontaneous Z2 breaking Twin Higgs

Tuning I

For the Twin Higgs, the tuning is evaluated by defining

∆TH =

∣∣∣∣∂ ln(v 2/f 2)

∂ ln ∆m2

∣∣∣∣ .
The tuning is then ∆−1

TH. The vev v and the mass of the lightest
Higgs must be adjusted to their correct values. The parameter λ
is set to 1 for convenience. Setting the ratio of vevs fixes the last
parameter.

Benchmark : Setting f /v = 3 leads to a tuning of 27.7%.
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Tuning II

For the spontaneous Z2 breaking Twin Higgs, the tuning is defined
via

∆Spontaneous = Max

{∣∣∣∣∂ ln(v 2/f 2
1 )

∂ lnBµ

∣∣∣∣ , ∣∣∣∣∂ ln(v 2/f 2
1 )

∂ lnµ2
2

∣∣∣∣ , ∣∣∣∣∂ ln(v 2/f 2
1 )

∂ lnλ2

∣∣∣∣ , ∣∣∣∣∂ ln(v 2/f 2
1 )

∂ lnα2

∣∣∣∣} .
The tuning is then ∆−1

Spontaneous. The number of parameters in the

model is 7 (µ2
1, µ2

2, λ1, λ2, α1, α2 and Bµ). Three of them can be
used to obtain the correct value of v and the Higgs mass, as well as
specifying f1/v or requesting a given tuning. A convenient choice is
to use µ2

1, α1 and Bµ for this. The free parameters are then λ1 and
the parameters related to H2 only. For convenience, we show all of
the following plots for λ1 = λ2 = 1. There are then two parameters
left: µ2

2 and α2. We present all contour plots in terms of µ2
2/µ

2
1 and

−α2/α1.
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Tuning III

Tuning for f /v = 3
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Tuning IV

Tuning for f /v = 3 versus Twin Higgs
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Conclusion

The spontaneous Z2 breaking Twin Higgs consists of two Higgses
that are fundamentals of a global SU(4). When they are decoupled,
the vacuum of one of them preserves a Z2 symmetry, while the
other breaks it spontaneously. A Bµ-like term that is bilinear in
the two Higgses is then introduced. It acts as an effective tadpole
and communicates the Z2 breaking from one sector to the other,
resulting in a hierarchy of vevs.

Advantages

I Less tuning than in the Twin Higgs

I The Higgs is very SM-like

I No need for an explicit Z2 breaking

I Easy to make many mirror particles heavy
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Back-up slides
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Tuning Bonus I

f /v for tuning of 20%
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Tuning Bonus II

f /v for tuning of 20% versus Twin Higgs
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Yukawa coupling

To compute the radiative corrections, it is necessary to specify how
the top couples to the different Higgses. In the Twin Higgs, this is
encoded in the Lagrangian

Ltop = −yt(qAH̃AtcA + qBH̃BtcB) + h.c., (1)

where the B sector quarks qB and tcB do not carry Standard Model
color and the tilde notation stands for H̃ = iσ2H∗.

For our model, we must also specify how the top sector couples to
the various Higgses. We choose the top to couple to H1 only and
to follow the structure of equation 1. The radiative corrections also
depend on how the down-type quarks and the charged lepton couple
to the Higgses, but the size of their Yukawa couplings makes these
contributions irrelevant.

41 / 37



Pheno 2016 The spontaneous Z2 breaking Twin Higgs

Radiative corrections II

The radiative corrections for the Twin Higgs are

δµ2 =
1

16π2

(
6y 2

t − 9

4
g 2 − 3

4
g ′2 − 10λ− 2α

)
Λ2,

δλ =
1

16π2

(
6y 4

t − 9

8
g 4 − 3

4
g 2g ′2 − 3

8
g ′4 − 32λ2 − 8λα− 2α2

)
ln

Λ

f
,

δα =
1

16π2

(
−12y 4

t +
9

4
g 4 +

3

2
g 2g ′2

+
3

4
g ′4 − 24λα

)
ln

Λ

f
,

δ∆m2 =
1

16π2
(−4λ+ 4α) ∆m2 ln

Λ

f
,
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Radiative corrections III
In our case, the radiative corrections are

δµ2
1 =

1

16π2

(
6y 2

t − 9

4
g 2 − 3

4
g ′2 − 10λ1 − 2α1

)
Λ2,

δλ1 =
1

16π2

(
6y 4

t − 9

8
g 4 − 3

4
g 2g ′2 − 3

8
g ′4 − 32λ2

1 − 8λ1α1 − 2α2
1

)
ln

Λ

f1
,

δα1 =
1

16π2

(
−12y 4

t +
9

4
g 4 +

3

2
g 2g ′2

+
3

4
g ′4 − 24λ1α1

)
ln

Λ

f1
,

δµ2
2 =

1

16π2

(
−9

4
g 2 − 3

4
g ′2 − 10λ2 − 2α2

)
Λ2,

δλ2 =
1

16π2

(
−9

8
g 4 − 3

4
g 2g ′2 − 3

8
g ′4 − 32λ2

2 − 8λ2α2 − 2α2
2

)
ln

Λ

f2
,

δα2 =
1

16π2

(
9

4
g 4 +

3

2
g 2g ′2

+
3

4
g ′4 − 24λ2α2

)
ln

Λ

f2
,

δBµ = 0,

δκ =
1

16π2

(
−9

4
g 4 − 3

2
g 2g ′2 − 3

4
g ′4

)
ln

Λ

f1
.
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Radiative corrections IV

The parameter κ is the coefficient of the operator

−κ(H†1AH1AH†2AH2A + H†1BH1BH†2BH2B).
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UV completion I

One possibility would be to introduce a superpotential term of the
form

λHdAUHdB ,

where U is a fundamental of both SU(2)A and SU(2)B and has the
appropriate weak hypercharges. Assuming a very large soft mass for
U and integrating it out would lead to a positive contribution to αd

and can lead to the correct Z2 breaking structure.
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UV completion II

One other possibility would be to have both Hu and Hd preserve Z2,
but include a NMSSM-like scalar sector that spontaneously breaks
Z2. For example, consider the superpotential

W = λ′S ′(S2
A + S2

B) + λ′′S ′′SASB

and assume that both S ′ and S ′′ have large soft masses and that
S = (SA, SB) has a negative soft mass squared. The first term
preserves a global O(2) symmetry that the second term breaks. Both
terms preserve the Z2 symmetry. However, this symmetry will be
broken spontaneously. If SA couples to the A-type Higges and SB

to the B-type Higgses, the symmetry breaking is transmitted to the
Higgs sector as well.
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Cutoff
Also of interest is the scale at which new physics is expected to
become relevant, i.e. the cutoff. New physics is expected where
the radiative corrections to the different parameters become large
compared to their actual values. The bare parameters must then be
tuned against their radiative corrections. The relevant parameters
in both Twin Higgs and our model are those that receive quadratic
corrections, i.e. the different µ2’s. An estimate of the cutoff for
a fixed tuning can be obtained by taking the value of Λ for which
the ratio of one of the µ2’s and its radiative correction drops below
said tuning. These corrections are only expected to give an order of
magnitude and are roughly given by |δµ2| ∼ 10λ2Λ2/(16π2). Using
previous relations, the results of f /v can be used to estimate the
cutoff. Requesting a tuning of 20% gives a cutoff of 7.5 TeV for
the Twin Higgs. In our model, the cutoff follows a similar pattern
to the previous figures with an optimal value of 9.2 TeV and a value
of 8.4 TeV in the limit of Ω going to 0.
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