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Production and decay of 1− bound state at
√
s = 13 TeV

The hidden force carrier φ/γd couples strongly to the fermion
mediators χ

[Y. Tsai, L.T. Wang and Y. Zhao, arXiv:1511.07433]
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Why this channel?

• Direct production of hidden force carrier can be challenged

• Can probe dark matter at colliders without missing energy
signature

• Extend the existing dibosn searches
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Bound State Production
The interaction
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The cross section of production:

σud̄→V+ = 4π3 |ψ(0)|2
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Wavefunction assuming Coulomb potential:

|ψ(0)|2 =
C 3α̂3m3

χ

8π

Also,
mV ≈ 2mχ

refer to [arXiv:1204.1119]
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Searching Strategies

• V± →W± + φ with a prompt φ→ bb̄

• V± →W± + γd with a prompt γd → l+l−

• Displaced decay of φ/γd

• *Monolepton
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V± → W± + φ with a prompt φ→ bb̄

Looking for:

• Two b-tagged jets with pb1
T > 100,

pb2
T > 30

• One lepton (e±/µ±) with
pTl > 30 GeV

• MET > 30 GeV

Reconstruct two invariant masses
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V± → W± + φ with a prompt φ→ bb̄
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V± → W± + γd with a prompt γd → ll

Based on [ATLAS-CONF-2013-015]: resonant W ′ →WZ → lvll

Signal:

(Fig. 4 from the ref.)
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V± → W± + γd with a prompt γd → ll
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Displaced Vertex for φ/γd

• Hidden force carrier couples weakly to SM sector

• Assume background free

• Reconstruct DV in ID or HCAL+MS. Follow [1512.02647]
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Results in λ-SUSY
Superpotential

W ⊃ λSHuHd

λ is big in λ-SUSY, s mediates a strong attractive force between

higgsinos.
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• χ=higgsinos h̃0,±,
φ=singlet scalar s

• The mass reach for pure higgsino
dark matter is ∼ 200 GeV in monojet
search at 14 TeV [1511.06495]

Motivated by [Y. Tsai, L.T. Wang and Y. Zhao, arXiv:1511.07433]
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Results in Twin-Higgs Model

• χ=exotic fermions (K0,±) charged under SU(3)Twin × SU(2)SM
φ=twin glueball Ĝ0++

• (χ±χ0)→ (ĝ ĝ)W± → Ĝ0++W±

• Main decay channels: V →W ∗ → lv(mono-lepton) and V →WĜ0++

Exo-fermion decay

or >10% Tuning
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Conclusion

Takeaway message:
With simple extension of SM di-boson search, we can look for
electroweakly charged resonance and set constraint on the strength
of hidden force
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V± → W± + φ with a prompt φ→ bb̄

Looking for:

• two b-tagged jets with pT > 100(30) GeV for (sub-)leading
candidate

• one lepton (e± or µ±) with pTl > 30 GeV

• MET > 30 GeV

Cuts:
Nj ≤ 3
10 < mW

T < 100 GeV
pWT > 200 GeV
mbb̄ ∈ (mφ − 15,mφ + 10)
mWφ ∈ (mV − 50,mV + 100)
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Details on DV search

• plT > 100, |ηl | < 2.5, lepton identification rate 90%

• decay in 1 < r < 28 cm (ID) or 200 < r < 750 cm (HCAL
and MS), 10% reconstruction efficiency

• pbT > 30, |ηb| < 2.0
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Mono-lepton
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Twin-Higgs Model

The gauge group:

SU(3)SM × SU(3)Twin × SU(2)SM × SU(2)Twin

• χ=exotic quarks (K0,±) charged under SU(3)Twin × SU(2)SM
φ=twin glueball Ĝ0++ see [arXiv:1512.02647]

• The twin glueball mass is essential in that

m(Ĝ0++)⇒ Λ̂⇒ ĝs(µ, Λ̂)

• Main decay channels: V →W ∗ → lv(mono-lepton) and
V →WĜ0++

• cτ ' 1cm
(

5 GeV
m0++

)7(
f

1 TeV

)
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Twin Strong Coupling

Twin-confinement scale is estimated by

Λ̂

µ
= exp
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− 1

2b0ĝ2
3 (µ)
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)−b1/2b2
0
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3 (µ)

)b1/2b2
0

where b0,1 are the one- and two-loop twin QCD beta functions
respectively, and ĝ3(µ) is the twin QCD coupling at the cutoff
scale, which is taken to be 5 TeV in this work.
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