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✦  Twin Higgs model is the first example of “Neutral Naturalness”, 
where the Hierarchy Problem is solved by SM neutral ‘top partner’. 

✦ Twin Higgs model extends the SM by its “twin/mirror” copy.

✦ Mirror SM is related to the SM by a discrete     symmetry.
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TWIN HIGGS MODEL
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✦ The SM Higgs doublet     and the twin Higgs doublet      have an  
           global symmetry.
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✦ Spontaneous symmetry breaking:
SU(4) ! SU(3) = 7Goldstone bosons

Chacko, Goh, Harnik: hep-ph/0506256 

Aqeel Ahmed                                              Exploring the Scalar Sector of the Twin Higgs Models                                                   2/14

Z2

|H|2| bH|2SM 
sector

Twin  
sector
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TWIN HIGGS MODEL

✦ Cancellation of quadratic divergences in the Twin Higgs models
Chacko, Goh, Harnik: hep-ph/0506256 
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✦ Note, since the ‘top partners’    are SM colorless, therefore, they are elusive at the LHC.t̂

http://arxiv.org/abs/hep-ph/0506256


TWIN HIGGS MODEL

✦ Cancellation of quadratic divergences in the Twin Higgs models

★ The SM Higgs mass is induced by the           and      explicit 
symmetry breaking terms.
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✦ Note, since the ‘top partners’    are SM colorless, therefore, they are elusive at the LHC.t̂

http://arxiv.org/abs/hep-ph/0506256


✦ Twin Higgs effective potential
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TWIN HIGGS MODEL
see e.g. Craig, Katz, Strassler, Sundrum:1501.05310 

Katz, Mariotti, Pokorski, Redigolo, Ziegler :1611.08615
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TWIN HIGGS MODEL
✦ Twin Higgs effective potential
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TWIN HIGGS MODEL
✦ Twin Higgs effective potential
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TWIN HIGGS MODEL
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TWIN HIGGS MODEL
✦ Twin Higgs effective potential
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TWIN HIGGS PHYSICAL BASIS
✦ Twin Higgs effective potential has 5 parameters
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✦ Twin Higgs mass        and twin vev                         are free 
parameter, along with hard breaking term
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MIRROR TWIN HIGGS
SM sector MTH sector
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Chacko, Goh, Harnik: hep-ph/0506256 
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TWIN HIGGS PHENOMENOLOGY
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ŴŴŴŴ

ẐẐẐẐ
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✦ Twin Higgs (radial mode) 
decays dominantly into SM 
and twin sector gauge 
bosons, and to the SM Higgs.

✦ Prediction for the twin Higgs 
branching fractions  
(due to Goldstone boson 
equivalence theorem)

B(ĥ ! hh)' B(ĥ ! ZZ) ' 1
2B(ĥ ! WW )

' B(ĥ ! ẐẐ) ' 1
2B(ĥ ! ŴŴ )

B(ĥ ! SM) ' 4

7
, B(ĥ ! inv.) ' 3

7
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★ In the presence of      hard 
breaking term
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★ For ⇢̃>0

B(ĥ ! V V ) > B(ĥ ! V̂ V̂ )

TWIN HIGGS PHENOMENOLOGY
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B(ĥ ! V V ) ⇡ B(ĥ ! hh)
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★Contours of twin Higgs cross-
sections to SM gauge bosons 
at the LHC with 
�ggf
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★Contours of Higgs signal 
strength 
µggf
h!ZZ ⌘ �(gg ! h)·B(h ! ZZ)

�SM(gg ! h)·BSM(h ! ZZ)

TWIN HIGGS PHENOMENOLOGY
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Excluded by ATLAS @ 95% C.L.
HL-LHC projected reach @ 95% C.L.

see also Z. Chacko and S. Najjari’s talks  
Buttazzo, Sala, Tesi:1505.05488

Chacko, Kilic, Najjari, Verhaaren:1711.05300

HL-LHC will reach sensitivity of 
Higgs signal strength 

measurements up to 4~8 %.

ILC can reach sensitivity of 
Higgs signal strength 

measurements up to 1~2 %.

TWIN HIGGS PHENOMENOLOGY
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Heavy Higgs searches
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★ For explicit      hard breaking parameter        , the twin Higgs 
rates to the SM states increase, hence larger parameter space 
can be probed at the LHC.

⇢̃>0Z2

TWIN HIGGS PHENOMENOLOGY
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Craig, Katz, Strassler, Sundrum:1501.05310 

FRATERNAL TWIN HIGGS
SM sector FTH sector
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FTH require minimal twin sector 
particles to cancel radiative corrections.

★No light twin quarks, implies large 
twin QCD confinement scale.

★Light twin hadrons are twin 
glueball/bottomonium states.
★        twin hadrons mix with the 
SM Higgs, implies exotic decays!
0̂++

0̂++ h

b, · · ·

b̄, · · ·
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✦ Twin hadrons (glueball) are produced via SM Higgs and twin Higgs
TWIN HADRON PHENOMENOLOGY

✦ Twin hadron production via 
heavy Higgs 

★Large hadronic multiplicities 
★heavy twin hadron states accessible 
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✦          twin glueball mix with the Higgs and decays to SM light 
fermions with displaced vertices.

TWIN HADRON PHENOMENOLOGY
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★decay-length                     is 
accessible at the LHC.

c⌧0̂ < 10m⇠

★glueball cross-sections via 
twin Higgs are comparable 
to that of SM gauge bosons
�ggf

ĥ!Ĝ0+
⇡ �ggf

ĥ!ZZ

This makes a strong case to 
discover Twin Higgs at the LHC 
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CONCLUSIONS
✦ Twin Higgs Models are the prime illustration of “Neutral Naturalness”.

✦ Scalar sector of the Twin Higgs model provides a portal between the 
visible (SM) and dark (Twin) sectors.

✦  Twin Higgs mechanism can be discovered by measuring the mass and 
VEV of the heavy twin Higgs, along with its predicted rates to SM. 

✦ Fraternal Twin Higgs model gives novel discovery potential via the 
exotic decays of twin hadrons to the SM light fermions.  

✦ HL-LHC and the future colliders have the potential to discover (or 
refute) the twin Higgs mechanism.
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