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OUTLINE

* [ he Hierarchy Problem and Naturalness
* Supersymmetry

» Natural Supersymmetry and the Little Hierarchy Problem

* What does Natural SUSY imply and is it bounded?
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SUSY AND NATURALNESS

IF SUSY is light we have a solution to hierarchy
problem
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BRE i olve an example where SUSY fits better thansSiks
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NATURAL 5U5Y

* Basic premise, If nature cares about naturalness, spectrum
should be guided naturalness, not by what your favorite
theorist tells you the mediation mechanism should be :)

TEST OF NATURALNESS
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HIGGS IN SUSY IN DETAIL

Two Higgs Doublet Model
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SOME GREAT AND NOT 50
GREAT FEATURES

» Radiative Electroweak Symmetry Breaking!

» Life 1sn't so arbitrary..
V = (Il + mi ) Hg* + (Il +my, )| Hgl* — (b HyHg + c.c.)

1
=l - g = R

* Fixed relations after EVWSRB...
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FIG. 3. Contour plot of X; in the plane of physical stop masses (mz,, mz,).
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TUNING IN MS5M

- Independent of every other collider search, just from the
Higgs mass the MSSM is tuned at a part in 100- 1000

* What now!

» Could be just a super fine tuned SM... There could be other
options..

* Where can SUSY be with this Higgs mass!
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CURRENT POSSIBILITIES
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CURRENT POSSIBILITIES

| MSSM-+Higes sector

——

(Tuned MSSM,

;'\7; — R

" “Natural”

jack it up
no worries...




NATURAL SUSY SPECTRUM

* One light stop (In MSS5M), both If you can fix the Higgs mass

+ Light Higgsinos

* Gluinos can't be TOO heavy...

* First two generation of squarks! not too worrying..

» Other gauginos as you please...



CONSISTENT MSSM
MINIMALLY TUNED
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VW GAUGINO BOUNDS

WZ final state ruled out well above LEP
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~ 160 GeV Higgsinos



MSSMA+EXTENDED HIGGS

SECTOR
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TUNED MSSM
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FIG. 6. Higgs mass as a function of Mg, with X; = 0. The
green band is the output of FeynHiggs together with its as-
sociated uncertainty. The blue line represents 1-loop renor-
malization group evolution in the Standard Model matched
to the MSSM at Mg. The blue bands give estimates of errors
from varying the top mass between 172 and 174 GeV (darker

band) and the renormalization scale between m./2 and 2m;
(lighter band).
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|00 TeV scalars

Sub-TeV gauginos!?

Higgs HAS to look SM
Ike or this Is dead

R Rparrin 1076 better thania part in [0S 52

You Decide.



ANY OTHER WAYS OUT?
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* RPV/no MET you can certainly make everything lighter

» Still have to accommodate 125 GeV Higgs!



NATURAL SUSY STATUS

* Is it ALIVE? Yes, but starting to get tuned... will it get more
tuned than now! probably not for a long time...

* It can still be very light, and it can still improve the SM fits to
data (see light charginos ;-) )

» SUSY Is the least tuned of new physics scenarios that explain
hierarchy problem and the most robust

- Maybe new physics isn't related to the hierarchy problem, or
nature I1s “unnatural”



CONCLUSIONS

» LHC Is testing naturalness in EVVSB

* Depending on the answer to the question: does nature care
about naturalness! A lepton collider eould be in a perfect
position...

¥

Natural Unnatural



CONCLUSIONS

» LHC Is testing naturalness in EVVSB

* Depending on the answer to the question: does nature care
about naturalness! A lepton collider eould be in a perfect
position...

Natural Unnatural
Maybe they are both just as good!
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PARAMETER DEPENDENCE
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FIG. 1. Contour plot of my in the tan 8 vs. X;/Mg plane. MaX|ma|
The stops were set at mg = my = 2 TeV, and the result is
only weakly dependent on the stop mass up to ~ 5 TeV. The |\/| le n
solid curve is my = 125 GeV with m; = 173.2 GeV. The band g

around the curve corresponds to m; =123-127 GeV. Finally,
the dashed lines correspond to varying m: from 172-174.



PARAME T ER DEPENDENCE
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FIG. 2. Contours of constant m; in the Mg vs. X; plane,
with tan 8 = 30 and mg = my. The solid/dashed lines and
gray bands are as in fig. 1.



A TERMS AND LOW SCALE
SUSY
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FIG. 4. Values of running parameters: at left, in a case where A; is large and negative at low scales; at right, in a case where
it is large and positive. The case A; < 0 at low scales can be compatible with A; = 0 from a high-scale mediation scheme, and

in this case we expect that it is generally associated with tachyonic squarks at a high scale. Scalar masses are plotted as signed

parameters, e.g. mglOtted) =mg/ |mq-



GAUGE MEDIATION
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FIG. 5. Messenger scale required to produce sufficiently large |A:| for m;, = 123 GeV (left) and m; = 125 GeV
(right) through renormalization group evolution.
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MSSM HIGGS PHENO
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Figure 3: The solid (dashed) curves represent the real (imaginary) part of the functions Ay(7)
(blue), Ay/2(7) (red) and A;(7) (black). The blue, red and the black points correspond to

a 105 GeV stop, top quark and W boson respectively assuming a Higgs boson of mass 125
GeV.
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