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Motivation

Renewed interest 1n theories of neutral naturalness(NN)

- SM parters carry no SM charge

Twin Higgs Folded SUSY  Quirky Little Higgs
N-Naturalness  Orbifold Higgs

- Hard to detect

Recent work on Orbifold Higgs
- Large class of models

- Pheno hasn’t been thoroughly studied



Twin Higgs
*x Begin with H in the fundamental of a global SU(4)
V = —mQ‘H‘Q + )\]H|4
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Mirror Twin Higgs

* Gauge SU(2)4 x SU(2)p C SU(4) with H = ( Ha )
- 6 NGbs are eaten
- SU(4) is broken by radiative corrections
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Quadratic radiative corrections don’t contribute to the mass of the Goldstone!
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Twin Higgs

*Double the SM and extend Twin Parity: [SMa x SMp| X Zs

A? 9
(1) N 2 <2 10\ H2 H2
|4 316W2<69+49+0>(\ Al +|Hp|?)

x The full one-loop effective potential explicitly breaks the SU(4)
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* Vacuum i1s equally aligned in the A and B sectors

(Ha)|” = [(Hp)| h=—=Hat —= Hp



Field theory Orbifolds

- Begin with parent symmetry, ¢

- Project out fields not invariant under a discrete symmetry, G, to obtain the

symmetries of the daughter theory

- Parent theory 1s said to descend to the daughter theory

As an example consider G = SU(4) and G = Z»
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Parent Symmetry

SU(2) 4

SU(2)s

Daughter Symmetry

* modulo a U(1)



Field theory Orbifolds

The Twin Higgs from an orbifold projection

Vp = —m?|H|? + M H|* + yQHU
SU(6) x SU(4)/Zy — [SU(3) x SU(2)]a x [SU3) x SU(2)|5

Daughter theory is identical to the Twin Higgs!*

Z.5 exchange symmetry emerges as a
consequence of the orbifold procedure

This procedure can be generalized to
other discrete symmetries which
produce theories of NN (Orbifold Higgs)

§ arxiv:1411.7393, 1410.6808



Orbifold Higgs

Comparison of abelian and non-abelian orbifold Higgs

Z.,, orbifold

Abelian orbifold-Higgs models
contain multiple sectors with a
SM-like structure

each of the sectors have the
same couplings

S5 orbifold

Non-abelian orbifold-Higgs models
contain exotic sectors with different
gauge symmetries

gauge and Yukawa couplings get
rescaled



S3-Orbifold Higgs

* Begin with the parent theory

Vp = —m?|H|? + M H|* + yQHU

[(H)|* = f*/2

* Project out fields not invariant under 53

A and B-sectors

C-sector
SM-like gauge fields Doubly large gauge symmetries
No residual flavor symmetries SU(2) flavor symmetry
SIH7] _SIHE) — SU(3)

y/V2 and g/v/2



S3-Orbifold Higgs
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S3-Orbifold Higgs

* Want to identify the 4-sector with the SM-like sector
- Add 1-loop radiative corrections to Vp

- Determine the vacuum alignment

Top-loops are the most important in determining the vacuum alignment
A? A?
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The vevs after top loop radiative corrections are included
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S3-Orbifold Higgs

* Break residual 7, symmetry

1 1 1
Viose = 9 (Ihal? = 3Ihal? = Slhe, P = 5lhc, )

* Introduce approximation

3y4 A2 3y4 A2
1 ~ | =6, a=A,B,C,C
l6m Og(ifhar?) 62\ ) =0 0T AB GG

* Resulting vacuum alignment

B 2 2 2 2 21,2 22
=) = s R =gt G, vh, = vd, = A+ B
Electroweak tuning ~ 6v°/f?

1
hahgcosv/f — ﬁ sinv/f [hB + \/§h01 + ﬂhCQ}
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S3-Orbifold Higgs

1
hahgcosv/f — Esinv/f {hB +V2he, + ﬂh@}

Modified SM Higgs production and decays
o(pp — h) = cos” (v/f) o (pp — hsm)

I'(h — SM;) = cos® (v/f)T(hsy — SM;)

Higgs decays to uncharged sectors

['(h — B-sector) ['(h — C-sector)
rg = and ro =

~ T(hsm)t sin® (v/ f) ~ T(hswm)2sin® (v/f)

Modified Branching Fraction x Production cross-section

o(pp — h)BR(h — SM;) cos? (v/ f)

o(pp — hsy)BR(hsy — SM;) 1+ £(rg + 2r¢) tan? (v/ f)

12



S3-Orbifold Higgs

BSM Decays of the SM like Higgs

B-sector C-sector
Fermions Fermions

h— fBfB h — fofc
Gluons Gluons

h — gBgB h — gcgc

Massive Vector Bosons

h — VEVB
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Massless SU(4) Vector Bosons



S3-Orbifold Higgs
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Thoughts and Conclusions

Hard to strongly disfavor Orbifold Higgs models at LHC

Need to do more work to better understand the Ss;-Orbifold Higgs
- displaced Higgs decays

- effects on cosmology

Thanks!
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