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Recognizing the Twin

rng
(Non)-elephant in the pmﬁ: Naturalness and the absence
of partner particles.

An Escape Clause: Neutral naturalness, challenging
signatures at the LHC.

If we discover a new particle at the LHC, how can we
probe its connection to the naturalness puzzle?

Broad question, even in the context of neutral
naturalness. Use Twin Higgs as a simple benchmark

case.



Twin Higgs Mechanism

" HA$

To Oth order, start with: H = )
B

If the there is Z> symmetry Al B, then scalar sector has

accidental SU(4) symmetry at quadratic order, broken
spontaneously. Ha protected from quadratic divergences.

Exact Z2> symmetry is ruled out experimentally.
Divergences still under control with soft breaking.
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Portals

Hg includes the "Twin Higgs'.

The mixing of Ha and Hg allows fermions to interact
with the twin sector.

Another (optional) portal is mixing between the A and
B-sector hypercharge gauge bosons.

If one of these two states is discovered, can we
extract enough information about the underlying
model to test the Twin Higgs mechanism?



Case 1: Discovery of Heavy Higgs

Probe Iinto scalar sector.

Potential has four
parameters. |

Two fixed by mn, V.

h couplings to SM fermions
suppressed by cos("), can

be determined by precision

Higgs measurements at a "
lepton collider.



Parameters VS. Observables
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If Z2 symmetry is softly broken, the same mixing angle also
appears in h couplings to twin states.

Once H mass measured, potential is fully determined, rate is
predicted.

In the SU(4) limit, H—VswmVswm (and hh) is not suppressed, good
discovery channel.



H Discovery Prospects at the LHC
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Large part of LHC discovery region for H in tension
with existing Higgs coupling constraints.



Future Lepton Colliders

ILC (1 TeV) and CLIC (1.5 TeV) as benchmarks
Higgs couplings can be probed to 1%

W-fusion dominates production

H—hh—4b decay mode has smallest background




M, (GeV)

H—hh—4b Search

Demand 3 b-tagged jets with pt>20 GeV, [#<2.5

Reconstruct two pairs with 75 GeV< mj; < 135 GeV
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Checking the Prediction

Assume that dominant uncertainty arises from Higgs
coupling measurements.
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Hypercharge Portal

I
Only other renormalizable “portal” operator: -QBL! B K

For this to be phenomenologically viable, B’ must be massive:

Mg 1o
2 BB

Two new neutral spin-1 bosons in the spectrum, A"’ and Z,
with O($) coupling to SM matter.

Z’ has mass ~ g f ~ (mt/m¢) mz, decouples at large mB'.

A has mass ~ mg', coupling asymptotes at large mB'.



Constraints and Discovery Prospects
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Parameters vs. Observables

Model has three variables, mB’, $and f.

Two resonances can be observed, with their masses and
production rates.

One testable prediction.
Dilepton channel is most promising.

Work In progress.



Conclusions

As we near the end of run Il at the LHC, neutral naturalness is an
increasingly appealing paradigm.

If we discover new physics, it will be a priority to assess what role it
plays in the naturalness puzzle.

The Twin Higgs mechanism has sufficiently many symmetries that
reduce the number of free parameters that there are consistency
relations between observables.

In the case of discovery of a heavy scalar, mass and rate
measurements at future lepton colliders will allow us to test the
underlying model.

In the case of discovery of a heavy neutral spin-1 particle, resonance
searches at the HL-LHC and future colliders can be used for the same
purpose.
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Hard Breaking of the Z>
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For my>mT, MTH predictions are accurate.



Quantifying the Fine Tuning

The sensitivity of v to the cutoff is given by:

2 n 2 2
3Y, ms
4! 2 m2 2m?

In comparison to the SM case
3Yt2 n 2
41 2 m¢

At fixed m, heavier twin sector Higgs reduces the fine tuning.
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