A Supersymmetric Model
with Uncolored Scalar
Top Partners

sin-Chia Cheng
University of California, Davis

W/ Lingteng Li, Ennio Salvioni, and Chris Verhaaren,
arXiv: 1803.03651 + work in progress

“.% U.S. DEPARTMENT OF Office of

Supported by %\/ ENERGY Science
SUSY 2018, Barcelona, Spain




Naturalness of Weak Scale

Naturalness requires top partners to be close to the
weak scale to cancel the top loop contribution to the
Higgs potential.

Extensive searches at LHC have not found (colored)

top partners below ~1 TeV.
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Neutral Naturalness

The naturalness problem can be alleviated If top
partners do not carry color.

Scalar Top Partner Fermion Top Partner
All SM Charges SUSY PNGB Higgs
EW charges Folded SUSY Quirky Little Higgs
9 (Burdman, Chacko, Goh, Harnik) (Cai, HC, Terning)
Tripled Top 5
(HC, Li, Salvioni, Verhaaren) Twin Higgs
No SM Charges /Hyperbolic Higgs (Chacko, Goh, Harnik)
(Cohen,Craig, Giudice,McCollough)
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Tripled Top Model

¥ Extend color gauge group to SU(3) 3, A labels
SM color, B,C hidden colors.

Superpotential for the top sector:

Wz, = yi (QaHU& + QgHUE + QcHUg)+ M (ugug + ucud) + ! (Qs Q5 + QcQf) .
M~ few TeV, !~ few hundred GeV

Leading soft breaking masses:
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Accidental SUSY

¥Inthelimit!, ' I 0, there is an accidental SUSY

In the spectrum and contributions to the Higgs
potential cancel.
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¥ For bnite!, !, the correction to the Higgs

potential is Pnite and controlled by the scales of
L1



Singlet Top Partners

¥ The hypercharge assignment in B,C sectors can be
chosen to make the top partners tg ¢ (sibling
states) SM singlets.

ts,c "C bEgc C "
QB.Cc = N L2y qy2, Qsc = £’ ! 292, Ugc, Ugc ! lo-
,C B,C

¥ However, there are additional EW-charged
supermultiplets, Qz.c, Q% ¢ (cousin states), with
mass given by ~ | (~few hundred GeV).



Naturalness

¥ The model is natural from bottom-up point of view. To
be natural in a UV theory requires two relations.

- Qa, s and &g, &% have opposite-sign, equal-
magnitude soft breaking masses. This can be
achieved from some strong dynamics (see paper
for detalls).

- ! M. Without a physical explanation, this
corresponds to a ! 2/M2 tuning. Compared with
MSSM with heavy stops, It improves by a factor 2-5,
depending on the tuning measure.



Collider Phenomenology

Possible light (< 1 TeV) states:
¥ Hidden glueballs
¥ Scalar top partners (siblings)
¥ Top cousins (fermions and scalars)
¥ MSSM sleptons, charginos, neutralinos

¥ B, Csector gluinos



Hidden Glueballs

¥ Without light states carrying hidden colors to
break the string, the hidden glueballs are the
lightest hidden hadrons.

¥ It decays by mixing with SM Higgs boson.
However, the coupling Is suppressed compared
to the cases In folded SUSY and fraternal twin
Higgs, resulting In a much longer lifetime. Can
have long displaced vertex or escape the
detector.
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Quirkonia

¥If! <! the (EW doublet) cousins are lighter than
the siblings.
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MSSM Hidden

¥ The cousin quirks are pair-produced by DY,
forming an excited quirkonium. It promptly de-
excites (by emitting photons or hidden glueballs)
down to the ground state (! +o0, "+0) before

annihilating.



Quirkonia

¥ The ground state quirkonium can decay to 2 SM

fermions or bosons.
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Squirkonium

¥ If ! < I | the cousin states will likely decay to the
sibling squirks (if chargino/neutralino are light

enough).
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Squirkonium

¥ SlIbling squirkonium dominantly decays to hidden
glueballs. Braching ratios to SM particles are
small <zweak collider constraints.
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¥ Can have EW SUSY signals like W/Z/hOs+MET.
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Variations of the Model
One can switch the roles of Qg,c and Ugc .

W = yiQaHUZ + yiQsHuUg + ytQcHuUg + ! (Ugug + uguc) + M(QeQg + QcQF).

Vs = m%(|Qal® + 651 $ m?(|Ts >+ |Qcl?) .

¥ In this variation, the scalar top partners (siblings)
are EW doublets and the cousins are singlets.

¥ The supersymmetric mass ! can be naturally very
small. The light cousins can break the hidden
color string, resulting in dark showers.

¥ The decay of light hidden sector mesons (made
of cousin quirks) back to SM particles could be
either prompt or displaced, giving different
Interesting collider signatures.

| 4



Conclusions

¥ We discussed a new model where the top loop
contribution to the Higgs potential is cut off by
uncolored scalar top partners. They can even be SM-
neutral, Plling the last entry of neutral naturalness.

¥ There are relatively light EW doublet states, which
provide a window to the collider phenomenology of
this model, including quirkonia/squirkonia and long-
lived hidden glueballs.

¥ There are variations of this model which can give very
different and interesting phenomenologies, such as
dark shower, emerging jets etc.



