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In the SM, mn is a parameter: not
poredicted, and worse, incalculable.

culable, we see
Nold corrections
new scale /.

Potentially natural theories: Higgs mass is
calculable and plausibly A =z mn.



Conventional symmetries

(compositeness, SUSY, turtles)

| Supersymmetry l Global symmetry

SUSY breaking
Sparticles m

} =411/G

Global symm. breaking
Partner particles m

} <411/G

Higgs mn Higgs mn
\ 4 \ 4
Continuous symmetries — partner states w/ SM quantum #s
2
2 Yt o

mj, ~ S5 m log(A?/m?)  Totally natural: m < 200 GeV
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Supersymmetry Composite/Little Higgs

Simple game for LHC: look for colored partners.



We've had 30 years to grow
comfortable with conventional

theori
NO’

es, butr

aturalness need

- adhere

'O convention.

To truly test naturalness, we
should consider the most radical

theories that still play by the

same rules (calculable Higgs
mass controlled by symmetries).



Unconventional symmetries

SUSY l Global

~Qrbifold ~Qrbifold

} Residual SUSY

Residual global
<4n/G

<411/G

} Residual breaking } Residual breaking

=411/G =41/G
Higgs mn Higgs mn
‘ ‘
v v
Residual symmetries = partner states without SM quantum #s
2 392

Lim?log(A%/m?) Totally natural: m < 200 GeV
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‘Electroweak” naturalness

10 TeV
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Folded SUSY Quirky Little H|ggs

[Burdman, Chacko, Harnik] [Cai, Cheng, Terning]



A model: Folded SUSY

1 Z5 *SUE),x SUE), x SU(R) W),
T oR H., ¥
Hy o
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| Couplings fixed by SUSY
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Charged under SU(3)a

Charged under SU(3)s



‘Neutral” naturalness

10 TeV
W elenetenetetenl W Z
teteteenteels 1L 1R DL = 'l tR DL
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(No known examples...yet) Twin Higgs

[Your name here!] [Chacko, Goh, Harnik]



A model: Twin HIggs

/>
Standard bisbnsie
Model — IsboM

~ 47 f Weak gauge symmetry is SU(2)us X SU(2)twin
But thanks to Zo, radiative corrections to
the Higgs mass are SU(4) symmetric.
~
v

Higgs is a PNGB of ~SU(4), but partner
states not charged under the SM. Q
LD —yHaQ3 uy — y:HpQg uy
J 34 h2

h+ ... f=gpt )

There are many more theories of this kind
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Colored naturalness

....... 3 B .
— —Xperimental handles
;  SUSY: Direct searches (and indirect searches).
* Look for colored partner states (stops, gluinos)

e ook for O(loop™v/m) Higgs coupling deviations.

—&
Q  (Global: Direct and indirect searches.

e Look for colored partner states (vector-like t')

._..< * ook for O(v/f) Higgs coupling deviations.

/ This is our current search
- =X {: program for naturalness.
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Colored naturalness

[Fan, Reece, Wang]
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e SUSY: Direct searches (and indirect searches).
* Look for electroweak resonances and displaced decays.
* ook for O ) Higgs coupling deviations.

e [ ook for the UV completion

e Global: Direct and indirect searches.

e Look for electroweak resonances and displaced decays.
* ook for O(v/f) Higgs coupling deviations.
) 4 * [ ook for the UV completion



Where we are:

~natural

Where we'll be
@ end of LHC:

~10% level

oxBR[M—-yW(lv)]

EVWK naturalness

[Burdman, Chacko, Harnik, de Lima, Verhaaren]
10— 77— 3 600f T
A F—squark production ] N

[Fan, Reece]
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Diboson resonance searches,
displaced decays

Work in progress, [Curtin, Chacko, Verhaaren],
[Cohen, NC, Lou, Pinner]



Where we'll be

@ Higgs factory:

~2% level (global)
~5% level (SUSY)

Where we'll be
@ 100 TeV:

at least ~1% level

EVWK naturalness

[Fan, Reece, Wang]

Bounding v/f with 60,
Folded SUSY at CEPC & HL-LHC
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Neutral naturalness

— —xperimental handles

P  SUSY: Direct searches (and indirect searches).

/ * Look for off-shell Higgs portal.
V e Look for O(loop*v/m) Higgs coupling deviations.

e [ 00k for the UV completion.

O * Global: Direct and indirect searches.
* Look for O(v/f) Higgs coupling deviations.

* Look for displaced decays

* [ ook for the UV completion.



Neutral naturalness

Higgs couplings: accustomed to looking for corrections
.......... to loop-level couplings (h = vy, gg), but even loops of
neutral states can be seen.

— (au‘H‘ ) — 5UZh — —QCH—2
Me Me

P Direct searches: states lighter than mn/2 can easily
be constrained by non-SM Higgs width; if heavier
than mn/2, can still produce via an off-shell Higgs.

Look for associated production + invisible.
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Where we are:

natural (at worst
30% for global)

Where we'll be
@ end of LHC:

natural (at worst
20% for global)

Neutral naturalness

[NC, Katz, Strassler, Sundrum] VBF Invisible. LHC 8 TeV
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Neutral naturalness

Neutral scalar top partner 0oy,

X 4
X 4
X 4
X 4
X 4

Neutral fermionic top partner 6o,

- 20
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