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THM and Cosmic Problem

• Discrete Z2 symmetry: SM ↔ Twin

• Applying to Higgs sector, Z2 turns out to be approximately
global SU(4) : H = (HA,HB)T

〈H〉 =


0
0
0
f

, f ∼ 1 TeV.

One of the pNGB is identified as phyiscal Higgs boson.

Naturalness w/. ∆Neff ≈ 5.6

Cosmic observation: ∆Neff < 0.3 (95% C.L. Planck 2018)



Strategy

Might be resolved if,

• Lift twin mass spectrum.

• Return twin entropy to us via portal.



Lift Twin Fermions

To be specific:
[U(1)Y ]A: φ and [U(1)Y ]B : Φ

V = −m2
φ(|φ|2 + |Φ|2) + λφ(|φ|4 + |Φ|4) + κφ|φ|2|Φ|2

• 〈φ〉 = 0 and 〈Φ〉 = vφ ∼ few TeV ⇒ massive twin photon (Γ)

• YφΦL1 ◦L2 and YE Φ†E c
Ri
Ni , i = 1, 2, 3 lift twin lepton masses.

• Ni ↔ Ni under Z2

Yφ is restrained form the SM counterpart φ`1 ◦ `2, e.g. muon
deccay requires Yφ < 0.1mφ/TeV.



Neutrino Portal

N1,2,3 : RH neutrinos (portalino) , i.e. (`iHA + LiHB)YνiNi

• Integrate out heavy fermions: ER3 and N3. EL3 and ν̂L3 are
seesawed and shares Dirac mass Mν̂τ ∼ mτYν3f /vφ ≈ 0.1 GeV
(lighest twin state)

• Sizable tau-neutrino mixing, Uντ ν̂τ ≡ sin(α3) ∼ vh/f ≈ 0.17

Γ(ν̂τ → 3νSM) ' sin2(2α3)

9× 10−6sec

Entropy returned!



Mass Spectrum (Schematical)
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Figure: mass spectrum of the weak solution



ντ Mixing Angle
Uντn = vh/f ≈ 0.17, Mν̂τ ≈ 0.1 GeV
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Figure: Experimental limit on Uτn
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ντ Mixing Angle

Extend the model by introducing another pair of HD (σ,Σ), and
couple to leptons. In the twin sector, Σ†L3E

c
R3

and ΣL3N3 extra

mass terms are provided if Σ =

(
γ
θ

)
f and will reduce the

tau-neutrino mixing angle with an additional factor,

Uντn =
µ2
σ

mσvφ

vh

f

New HD get VEVs from potential:
M2

Σ|Σ|2 − µ2
σH
†
BΣ + mσΦ†HBΣ + Z2.



Alternative Approach

The strong solution: twin SU(3)c is fully broken via QCD charged
scalars, i.e. twin X̃ ∈ (3̄, 1, 1/3), X ∈ (3, 1,−1/3) and Z2 partners
x̃ and x

〈X̃ 〉 =

 0
0
vX̃

 , 〈X 〉 =

 0
vX2

vX3

 , 〈x̃〉 = 〈x〉 = ~0



The colored scalars are regarded as leptoquark and diquarks.

• LQ: X̃ L ◦ Q , X̃Uc
RE

c
R and X̃ †Dc

RN, (λ1,2,3)

• DQ: XQ ◦ Q and X †Uc
RD

c
R , (λ4,5)

Twin color breaks at 10 TeV and Yukawa couplings λi ∼ 0.01.

Twin sector decouples around 100 GeV.

limited contrb. to ∆Neff & satisfies SM counterparts constraints.



To obtain deisred VEVs of LQ and DQ,

• [U(1)bn]B broken by S ; while [U(1)bn]A is reserved by s.

V ⊃ λs

(
|s|2 + |S |2 − v2

s

)2
+ ηs |s|2|S |2

Baryon number Z2 SSB:

〈S〉 ' vs , 〈s〉 = 0

• Twin QCD vacuum alignment, e.g.(
|X̃ |2 − ξs |S |2

)2
+
(
|X |2 − ξs |S |2

)2
+ κb

∣∣∣XX̃ − µbS
∣∣∣2 + Z2

Resulting VEVs

vX̃ '
√
ξsvs , vX3 '

√
1/ξsµb , vX2 =

√
v2

X̃
− v2

X3
, 〈x̃〉 = 〈x〉 = 0

SM proton is stable for unbroken baryon number.



Schematical Mass Spectrum
Notice that twin top gets mass mainly from twin Higggs.
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Figure: mass spectrum of the strong solution



Names Σ Φ Ni

[SU(2)L × U(1)Y ]B
(
2,+ 1

2

)
(1, 1) (1, 0)

QL 0 −2 −1

Table: Fields in the weak solution (sector B)

Names X̃ X S

[SU(3)c × U(1)Y ]B
(
3̄, 1

3

)
(3,−1

3 ) (1, 0)

Qbn,B −1
3 −2

3 −1

Qbn,B − QL
2
3 −2

3 0

Table: new scalar fields for strong solution (sector B)



Thank you!



Backup

• dijet leptoquark (insensitive toλi ; MLQ > 1.5 TeV)

• dijet diquark narrow-width (large Yukawa, MDQ > 7.2 TeV)

• 4-jet diquark (small Yukawa, MDQ > 400 GeV)


	Twin Higgs Physics
	Portalino Solves Neff
	A Weak Solution

	A Strong Solution
	Summary

