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Motivation

® Weak scale unstable under quantum corrections,
can be stabilized with new physics at TeV scale

® Negative LHC searches leave existing models tuned
at sub-percent level: “Little Hierarchy Problem”

® (Can be addressed by taking Higgs as PGB

cancel largest one-loop
corrections with new top/
gauge partners ~500 GeV

weak scale stable
up to multi-TeV




Solving the Little Hierarchy problem
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symmetry that is collectively broken: symmetry from explicit Z2 symmetry

top partners colored top partners
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calculability, gauge coupling unification...




Twin SUSY

ameliorates
fine-tuning

“"Twin Higgs ”

Higgs is PGB of accidental global

symmetry from explicit Z2 symmetry

top partners

Supersymmetry
calculability;

gauge coupling unification

provides

calculable UVC

Only few existing models (tuning 1-2 %), still much room
for model-building. Explore general structure and
identify new promising directions (tuning 10 - 20 % !?)




Twin Higgs: Setup

Double SM gauge fields, Higgs and tops

Gsm  — Gé « GB,

H,Qs3, U3 — Hp,Q34,Us34 + Hp,Q3p,Usp
— —

visible sector “dark” sector: neutral under SM!

Natural Z, exchange symmetry: Hs <— Hp

Minimal (“fraternal”) Twin Higgs; double only fields most relevant for
naturalness + add what is needed for anomaly cancellation




‘ITwin Higgs: Potential

Classify Higgs potential according to symmetry

Vig(Ha, Hg) = Vit 4 vio2 4y e

— —— ——
depends 1y (H A) respects respects only

only on Hp) Hjp <+ Hp  gauge symmetry

U, part dominant,

, Vit = X (HLHa+ HEHp — f2)
negative mass term

Dark Higgs gets large

, HLHg = f2— H' Hy
U, breaking vev ° .

7 GB - 3 eaten by dark gauge bosons = SM Higgs ~ H 4




‘Twin Higgs: Stability

Radiative corrections mainly from top sector
Vwuk = Y1aQaUaHA + y1pQBUpHpB

A2, A2
— Hzl*1o
m%A YiB ‘ B ‘ g m?B

3
AViop = — 1672 Z/?A\HA\ZAZ + ytzB’HB’QAQ - yfA|HA|410g




‘Twin Higgs: Stability

Radiative corrections mainly from top sector

Vvuk = Y4 AQAUAH A +y:pQBUpHp

3 A? A?
A‘/;fop — —ny‘HB‘LLlog 5 ]

- 2 2
167 m; 4 m; g

Impose Z, invariance H,—J W—/

YtA — YtB — Yt
yi [|Hal® + |Hp|*] A? yi [[Hal* + |Hp|*]| log A

[yEA\HAPA? g2 HuPA2 — b [ Hal log




‘Twin Higgs: Stability

Radiative corrections mainly from top sector

Vvuk = Y4 AQAUAH A +y:pQBUpHp
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Impose Z, invariance H—J W—/

YtA — YtB — Yt
yi [|Hal® + |Hp|*] A? yi [[Hal* + [Hp|*| log A?

[yEA\HAW g2 HuPA2 — b [ Hal log

U, invariant! Just large induce SM quartic and
correction to f 6f ~ A/4mr  mass term Omy ~ f/4m

UV cutoff enlarged by loop factor dmy, ~ f/4m ~ A/(4m)°

N.B.: On bilinear level Z2 invariance automatically implies U4 invariance




Twin Higgs: EWSB

Vir(Ha, Hg) = VY4 + vio 72 L yJe?s

—— —— ——
MN(Hal? + |Hp|?> — f3)  ©w[|Hal* +|Hp|"]  plHa|* + o f?|Hal’

— |Hg|? = f2 — |H4|? tree+loops I mainly tree

hard Z2 breaking:

must be small

Match to SM Higgs potential and get electroweak scale

02 (1 o ) £2 » need explicit Z2 breaking,
ki + loop tuned to get v/f hierarchy




Twin SUSY: Setup

Double MSSM gauge superfields, Higgs and tops

H, Hy,Q3,Us — Hua,Hya,Q34,Usa + Hy,p,Hip,Qsp,Usp
H—J H—J

visible sector “dark” sector: neutral under SM!

. . H
Get large U, preserving quartic for  Hua= ( H2>u )

from non-decoupling F-term of singlet W D ASH,H4
l mg > Mg

VU = m2 | Hou|? + m2|Hal? — b (HoHa +hec) + N[ HoHal?

2 2 2 m2
' : 2 My — iy, — My °B=—4
Induce dark higgs vevs: 2 = ~ tan® 6= 4




Twin SUSY: Potential

Classify Higgs potential according to symmetry

VH(HUAaHdAvHquHdB) — V[S[LL + Vg4722 -+ Vg47z2

—— W—/

generates f generates \'%

Huge freedom, need systematic approach:

List U4 breaking operators, divide in Z2 even/odd
Use PGB approximation: keep only lightest CP-even Higgs

Match to SM Higgs potential: just 2 parameters

Check numerically




Twin SUSY: EWSB

Match all operators on 2 eff. parameters in PGB approx

V¥ — f4 [(6084 + sin4) :4:1 + (0032 — sinQ)é} sin = sin (%f)
/2 even: quartic /2 odd

2 2

2 Ay f?

receive irreducible contributions from top/stop
loops & tree-level D-term + model-dependent

Ay = APTY (tg) + Ay O (M, f) + Af

A = AtTeor(parg £y 4+ AY = —0.11
——

small




Twin SUSY: EWSB

Contours of AO

11| oos

15202530354045 50 10 15 20
f/v tan

Upper bound on A4 from Higgs mass: grows
with MS (stop contribution) and tanb (D-term)

Prefers negative A4, but difficult to generate




‘Twin SUSY: Parameter Space

'Two examples for Z2 breaking terms

VU47Z2 _ Am%{u ‘HuA‘Q

soft

15 2 25 3 35 4 45 5
f/v




‘Twin SUSY: Fine-tuning

'Two sources of tuning

f/Ms v/ f

e~/ e~/
Uy , similar NMSSM tuning v — f U4 breaking, model-dependent

5m%i soft f2 hard
Ap~ 2)\2]1’20% A’U ~ L / A, ~ 1

Hard breaking gets naturally v/f hierarchy:
total tuning better by factor 5-10 (PGB),
but restricted parameter space

» Soft breaking needs tuning to get v/t
hierarchy: total tuning like NMSSM




Twin SUSY: Numerics

1N Progress...

found points with
tan 8 ~ 1.3
f ~4v
MS ~ 1000 GeV
myp ~ 125 GeV

tuning ~ (10 —20)%

preliminary!

Soft Z2 breaking Hard Z2 breaking




Summary

Twin Higgs models can stabilize weak scale up to
5-10 TeV without colored top partners

SUSY provides UV completion with calculable
observables: Twin SUSY

Many possibilities for Z2 breaking, only few
have been explored: systematic approach

Particularly interesting are hard Z2 breaking
models, allow for natural v/f hierarchy
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‘Twin SUSY: Stability

Radiative corrections from stop/top sector

Wyuk = y4AaQaUaHA 4+ y.pQpUpHp

Impose Z, invariance YtA = YtB = Yt
v

3
i ([Hal* + [Hp|*) A* + log .. ]

1672
3

1672

A‘/top —

AViiop = y; (|[Hal® + |Hpl?) A% +log.. ]

«—>
twin

AV _ 3 _2y2M2‘H ‘Zlog A72n€88 _l_y4 ‘H A|410g Mg
1672 LIS Mz t “ m?,

—

. 2 .
usual stop correction to My generates PGB quartic and mass term

5fNMS/47T 5thf/47T




Twin Higgs Phenomenology

® Dark sector couples only through Higgs portal
mixing angle v/f
® Primary signal from SM Higgs couplings

f/v =2 2.2

® Many DM candidates in Dark Sector

TB,WB,...




