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Little About the Main Question.

Is SUSY alive and doing well??

What kind of SUSY are we talking about?
Onginal wdea of 807 and 90s?

!
'\

The LHC 1s finally here. What do we know
about the F'1' in garden-variety SUSY

HP: Theory
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Bounds and Fine Tunings
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Comparable result from gluino bounds
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Ways Out?
.

o heep naturalness and Unification — RPV
(also cornered , but in better shape). Gioe up
on the DM.

o (hoose a mechanism to bridge over the little
fuerarchy (NN ?). Usually screws

unification.

o Mumi-split — perfectly addresses
unification + DM. OR w. 125 Gel huggs.
fust gre up on the lttle (?) erarchy

Or one can keep believing y -
miracles




Logic: we can neither confirm nor rule out perturbative unification at the LHC.

Outline

DM 1s also a long shot.
Let us see 1if we can bridge over the little hierarchy problem.

Twin Higgs: Basic Idea and Fine Tuning

Why marrying the 1win Higgs with SUSY?

SUSY Iwin Higgs: Natural, Non-Minimal

Comments on Phenomenology — there 1s still a (weak)

hope for the LHC

Conclusions and Outlook



Twin Higgs (Still Alive and Well!!)

EW scale

Little hierarchy problem

Planck

- Ofio TeV) scale - physics above
this scale is not constrained by EWPT;
limited constrains from Havor physics

Energy scale

Why neutral?

Expect to get a
natural model
without light
colored particles
— mild
constraints from

the LHC



T'he 'Iwin Higgs

Clacks, Goty Hamiks 2005

In the 'Iwin Higgs the lightness of the EW scale 1s explained by
the fact, that the SM like higgs 1s a pGB of an approximate SU(4)
| [enhanced to SO(8)] symmetry of the Lagrangian. This
symmetry 1S not exact, but holds up to good approximation due to
a mirror symmetry of the Lagrangian

Cancellation of the leading
divergencies:

At the leading order only o1s needed




T'he Iwin Higgs Potential

Break SU(4) at a scalef » v

o (4] F Bl + A4 + |BF)Y
Standard SU(4) conserving and marror

+r(|AI* +|B|%) symmetric term — massless higgs
+o f2|A]R + p|Al* Murror Wmmem'c{ but breaks SU(4). We
expect the SV higgs mass to come from
this term

Need to break the murror symmetry, otherwise the SM higgs would be
an equal mixture of our higgs and the twin higgs. ‘I he correct
alignment can be achieved via o or p
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M1rror Symmetry Breaking by the nggs ?
Potential

,02

f2

12k — O

2 2%

1 he experimental bound 1s ~0.4, we have to
fine tune o against to make 1t small ’

leads to inevitable FT = v2/f?

In fact, in the soft-broken mirror symmetry scenario 1s not

mj,

~ 8K’

a free parameter:

It is simply a SM quartic!



On the F'I; More Caretully
M%é talls é Riceards Ribrues, 00 0

What 1s our real gain in the F'1' due to the hittle Higgs?

Af
Sources: N 3272
I IR eflective theory — v/ FT
Up o the La o
2. Is the scale f 1s stable?? . 100G cancelled by
enonunator it 1s the =
SOt B] LHC bounds

Let us now be very nawe, assume that these two sources perfectly factorize and
neglect other caveats:

T'his coupling 1s measured to
= ~O 06, the eftect cannot be
moderate at best

FTtwin—l—S USY \\

Flsysy



What is the Full Parameter Space?

k<0 affv>23

0.20
pure hard breaking -
ure soft breakin

b 5 0.10

. : Q 0.05

Wath the giwen measurement of

the higgs mass we are always 0.00-
constramned to a narrow strip '
—0.05

—{) l(())

- N K - my=130 GV
T XN — my,=125 GeV -
X - m=120 GeV |
0.2
] 0 25 =
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10-0.05 0.00 005 0.10 0.15 020
e

Always need small .
Radiative corrections?



On the 'l Hard Breaking
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Simple answer: YES A2 (2/-@ = 0‘)
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There 1s a-priori no need to fine-tune o against x But...

+o f|A° + plAl*

p 15 a hard breaking term, we expect g to be quadratically sensitwe to 1t

5 30 A And w/o UV completion we even do
16r= [ not know the sign of this term




F'l, Hard Breaking

Let us assume for simplicity that we have only hard mirror

symmetry breaking at the “cutoft ” scale. Ot course 1n the real
theory we will have soft + hard.

In the IR:

ar f2 = 27}2
Af}Ul/fd = 90)2 X F(’U, I A,O)

Limits:

. ® A goes to infinity m the function F
' reduces to 1, no gain

¢ A < 4nf m the function F ~ v?/f?

There 1s a true gain if the
‘“cutoff” 1s low enough

e A, [TeV]

/0.1

f/v



Caveats

=rstty P~ (Gains in the FT

Ko
-0 Ahard/Asoft

wook> | Desired values of quartic at the
= “cutell scile

The desired values of the
,,,,,,, | quartic are of order 10 but

a——— 2 2 2
017 =N 135: log ﬁt 332A7rp2 (log nf = T/:Lh>
o0 |y * Should we FT the higgs mass?
25303540455055 60 .
i yes, but the extra F'T 1s of order 1

Typically full models with hard breaking will slightly overshoot for
the Higgs mass, and will lack perfect factorization, but these caveats
turn to be minor.



UV CGompletion. Why Do We Preter
SUSY?

The scale f 1s unstable by itselt and requires a natural UV completion.
Known options: strong coupling, SUSY or “turtles all the way down”.

Examples of the latest version are not know 1n the 'Iwin Higgs context.

Strongly coupled Twin Higgs has its own problems, e.g. precisions EW. In
the strongly coupled models all the mass scales should come out similar.

We would like to have some moderate separation between the top
partners mass scale and the higgs partners mass scale — hard 1n a
strongly coupled theory

SUSY can naturally explain why various mass scales that we have
introduced are shghtly different from one another — technically natural,
moderately small couplings.



SUSY Meets Its Twin

Fllioaske, Bokarshe, Scmalley 2006, C@m/ L, 0

How do we get
the necessary
couplings?

Supersymmetric “shadow” particles

Getting SU(4) conserving quartic: NMSSM (well, almost)

W = ASH, Hi - full multiplets of the approximate SU(4)

\\b assume to b€ Order'l

The singlet should be integrated out non-

supersymmetrically (soft mass > SUSY mass)



TV

'The Sott SUSY Model

Straightforward, but do not expect big gains 1n the F'1'

¢ x — comes out from the D-terms. Given that the SM higgs

mass ~ X, 1t very similar to the MSSM (but factor ot 2 helps!)

¢ Mirror symmetry breaking terms — simply assume

asymmetric sott masses (definitely soft).

Rattazzi’s logic clearly works — no F'T

better than 1% (in agreement with Craig
& Howe)

Higgs mass condition cannot be

satisfied for any tan [3.

2530354045505560
f/v




T'he Hard SUSY Model — Wrong Way

Very naive way to break the mirror symmetry:

Just introduce a mirror e H,f Hf
symmetry breaking W:

Perfectly maps on a p-term. Small problem:
3p A;
-
1672 f2
Now we can really calculate the
sion, and 1t turns out to be negative

Ao ~

This negative threshold drags the soft mass
negative, allows only low values of the stop masses.

25 30 35 40 455055 60

Way out — negative «x. -
A%
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'1'’he Bi-Doublets

"Irick: introduce vectorlike bidoublets:

AW = )\BBthhE = MBDFB, V= szD (|B|2 = |§|2) .
Min A

30—

Automatically get negative quartic
which can outweigh the D-terms

Contours of the F'1" (scan!!)
We can improve the situation
qualitatively
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Hopes for the LHC Pheno?

We have plenty of the Higgses in the story?
Who 1s the next to the lightest higgs

950

Red — more
radial mode-like

Blue — more
MSSM heavy-
higgs—Iike

Green, black —

contours of the
other CP-even
higgs masses.
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Conclusions

Twin Higgs 15 still an alive mechanism to bridge over the looming little
hierarchy problem

Hard mirror symmetry breaking can reduce the F'1; with certain caveats

Twin SUSY 1s a natural candidate to UV complete the Twin Higgs +

hard mirror symmetry breaking

A model with bidoublets and generic terms in the superpotential can do
the job

LHC signals are possible, both 1n the searches for the extra higgses and
in the precsion measurements of the higgs couplings

Where are the stops??



