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General ACCIDENTAL SYMMETRIES ©=<—> COLORED TOP-PARTNERS
Lesson:

| T\./Vin. Higgs | easier= 4d description /accidental symmetry enforced by a Zo
IS the easier implementation exchanging two copies of the SM

0506256 Chacko, Goh and Harnik (less easy ways have been explored 0609152 Burdman, Chacko, Goh and Harnik

1411.7393 Craig, Knapen, Longhi
1601.07181 Craig, Knapen, Longhi,Strassler
1601.07181 Cohen, Craig, Lou, Pinner
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paradigm to circumvent the null results at LHC
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(Laeneral ACCIDENTAL SYMMETRIES ©=S<—> COLORED TOP-PARTNERS
esson:

2 Chal |eﬂgeS (in the original Twin already)

Y Breaking ZQ introduces some degree of model dependence:

:> EXPLORING THE PARAMETER SPACE of the Twin Higgs

Y UV COMPLETIONS of Twin Higgs constructions:

:> FINE TUNING vs LHC searches: How long to exclude 10% FT @ LHC?



A fresh look to the
Twin Higgs



‘Twin Higgs: Setup

Double SM gauge fields, Higgs and tops

Gsm — Gév « GB,
H,Q3, U3 — Hp,Q34,Us34 + Hp,Q3p,Usp

—— ——
visible sector “dark” sector: neutral under SM!
Natural Z, exchange symmetry: Hjp «— Hp
4 )
he rest of m 7/, involves the full SM 0509242 Barbieri, Hall & Gregoire
the spectrum B Minimal (“fraternal”) Twin Higgs 1501.05310 Craig, Katz, Strassler & Sundrum
\_ Y,

Affect a lot of phenomenology both cosmological and at collider but
we leave it unspecified in our discussion...
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Linear sigma model

AN|Hal® + [Hp|? — f2)? 4+ &(|Hal* + |Hp|*) + | Hal® + p|Hal*

W_J
v
respects U (4)

A>0 f*>0
[/ (4) spontaneously broken

7 GB - 6 eaten =
SM Higgs is a GB

w_/
VU4,ZQ

evenunder Ha <+ Hp

Kk >0 ZQ unbroken

(see 1510.06069 Beauchesne, Earl, Grégoire
for spontaneously broken)

SM Higgs 1s a PGB

mp, < my aslongas k << A

h = hacyg + hpsg

maximal
ZQ preserved —» mixing
so = 1/v2 > 0.45

excluded!

W_/
VwéLaZQ

~ 2
% [L  soft breaking

/0 hard breaking
Sp ~ U/f > 0.45
£ > 2.30 ~ 400 CeV

viapblel
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"o my =06V e TWIN HIGGS on a plane...
j — — mh:125 GeV .
0.10 L= - my=120 GeV - ¥
: mp, V] 4 parameters: {,u% Ii, /0, f}
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- 2 constraints: EWSB+ HIGGS

0.00 : soft.Z, —breaking

i 0.15
—0.05 0.2 2 dimensional par. space
0.25 \ with the constraint f/v > 2.3
~P20.107005 000 005 010 0.15 0.20
L

Hard breaking oftfer new possibilities:
% soft-breaking: p < i’/ f” tuning i’ ~ 2kf° toget f/v>2.3

hard-breaking: p°/f* < p tuning K << P toget My
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soft

m; =~ 8Kkv?
2
soft f
A= o

low fine-tuning favours small f

Extra positive K to get mjy = 125 GeV

hard

9 N 8V K
f2
Akt ~ (1= 15 ) Fas )

the gain in fine-tuning is larger at large f

the gain in fine-tuning correspond to an
enhancement of the Higgs mass

e

AP
parametrize the cut-oft of the

Z2- breaking Higgs loops

e ==l
the sign of the threshold

f/v
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“"Twin Higgs ”

®®@ \@@ Higgs is PGB of accidental global @@ ) 5 é)
symm et ry v ©
ameliorates
. to artners .
fine-tuning PP provides
calculable UVC
decouples

colored states

Supersymmetry

0604076 Chang, Hall & Weiner

Only fCW CXiSting m()dels (tuning 12 %) 0604066 Falkowski, Pokorski & Schmaltz
1312.1341 Craig & Howe

Explore general structure and identify new promising directions
(tuning 5-10 % !)
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hf :HASA

to the Twin Higgs linear sigma model: ;B _ py o

MIHA® + [Hp|" = £7)° -

u
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he = HLCA

hg — HLCB

| Hal> + p|Hal*
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matching the SUSY potential
to the Twin Higgs linear sigma model:

M Hal” + [Hp|” = f*)° -
W_/
v

% quartic from non-dec. F-terms

W = AgSH, Hy
mg > Mg

2
NAS2

)\N 4826

% f fixed by Higgses soft masses

4}

f tuning calculable..

% top-stop contributions

% tree-level D-terms

% extra contributions
from

ta # 1B

v

K large & positive

strong constraints from

the Higgs mass

% large P from non dec.
(extra singlet sector)

the nature
of the singlet
sector determines
the nature of
the cut-off A,



Neutral Naturalness I::> Colored states decoupled BUT
Extended Higg Sector

Twin SUSY > 4 Higgs doublet model

2 CP-odd 4 CP-even 2 charged
higgses neutral higgses  higgses

hg ~ \/X f The radial mode (Twin Higgs) decays

mostly into gauge bosons

CAN WE OBSERVE 1505.05488 Buttazzo, Sala & Tesi
THESE EXTRA HIGGSES
@ LHC?
{Asp, Hsy, Hyy ) ~ \/m,%x — Af?
 1504.04630
Spectrum controlled by 2 parameters: Craig, D’Eramo, Draper, Thomas, Zhang
1605.08744

Craig, Hajer, Li, Liu, Zhang

ma f



measures how much
the state is Twin

1.

~0.6

04

“large f” region

“low f”’ region

the radial mode is light . .
MSSM-like Higgses light

diboson searches MSSM Higgs searches

VS VS
Neutral naturalness (neutral) naturalness

REMARK: Soft Twin SUSY prefers low f

Hard Twin SUSY gets lower fine tuning
with higher f
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PROSPECTS for TWIN SUSY
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1.0 13 TeV (100 fb!)

Twin Higgs searches in SUSY:

for a perturbative quartic the
decay of the radial mode to dark
gauge bosons are kinematically closed
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The width is fully dominated by

decay
into gauge bosons and SM higgs
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non-negligible
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END of 2018: f/v>4

PROSPECTS for TWIN SUSY

pp — hy » SM-SM

1.4 for a perturbative quartic the
decay of the radial mode to dark

gauge bosons are kinematically closed

Twin Higgs searches in SUSY:

1.2
i 1
The width is fully dominated by
— decay
E 1.0 13 TeV (100 fb') into gauge bosons and SM higgs
s )
S LT is subleading but

non-negligible

4
searches have the
best reach/constraint
1504.00936
CMS collaboration
6 7
b — S7Y Improvement in theory uncertainty
to close fiv>4 H™ — tb upto 700 GeV but at HL
we need more time ttH , A associated production

can be better but at least 300 fb~*



Summary

® Explicit breaking Z9 with marginal (hard) operators enlarge the
parameter space of the Twin

® Hard breaking has a different parametric of fine-tuning because
it allows for large f/v but overshoots the Higgs mass

® SUSY UV completions can be constructed for both soft and hard
breaking.

® Neutral Naturalness can be explored within LHC lifetime via
extra Higgs searches.



