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LHC's main target:

understand the physics behind EWSB
(hierarchy problem)

Many possible solutions. One 1s special: SUSY
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The Missing Superpartner Problem
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Natural SUSY

Only main actors of Hierarchy Problem needs to be light:
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Testing Natural SUSY

T, production: T, b+, 7;— W+X] (BR=1, m. <200 GeV); T, - t+%] (BR=1, m_ > 200 GeV)
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Natural SUSY - How bad it 1s?
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Natural SUSY - How bad it 1s?
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Alternative SUSY models

* leptonic RPV

e Extra neutralinos (singlino, fotini,...)
e Dirac gauginos

e baryonic RPV

e stealth SUSY
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Alternative SUSY models

* leptonic RPV

e Extra neutralinos (singlino, fotini,...)
e Dirac gauginos

e baryonic RPV

e stealth SUSY
e ...7

A lot of effort just to hide SUSY, and some degree of tuning often left
1s it really worth it?

time to give up?



The Alternative:
(Min1) Split SUSY



Split SUSY spectrum

Arkani-Hamed and Dimopoulos '04

> 10 TeV scalars Avoids problems with flavor,

EDM and collider bounds

-

Hierarchy protected
by R-symmetry

-

Preserves successful

Gauge Coupling Unification
and Dark Matter

~TeV fermions

125 GeV one tuned Higgs



“Mim1”-Split SUSY

m,~125.5 GeV fixes Mm,,)
[g* (M) + g”(m)]

SUSY fixes A(m) = 7 cos® 23
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Tuning the EWSB...
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Tuning the EWSB...
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RGE and tachyons 1n Split
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RGE and tachyons 1n Split
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Anomaly Mediation
Giudice, Luty, Murayama, Rattazzi '98
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Anomaly Mediation
Giudice, Luty, Murayama, Rattazzi '98

Light AMSB
m, ~m ~100 TeV o« P~ PR ~m 2
0~ "3 %‘g u Bu m,,
5|8 Giudice-Masiero or explicit y-term
ko)
= % e tanf ~ 4
) I e m, *can run negative
— e Q u
M~p(g)/gm,, \ ~1 TeV e Light gauginos (W- or B-ino LSP)

GUT still OK
Flavor Problem



Anomaly Mediation
Giudice, Luty, Murayama, Rattazzi '98

Heavy AMSB
m,~m,, é‘b ~10° TeV - B~ m, 2>’
§ g’ Giudice-Masiero-ish
% % e tanf ~ 1
:8 E e m,’>0
M~p(g)gm,, Y lioTev * Heavy gauginos

(higgsinos can be light)
GUT OK
No Flavor Problem
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Hidden assumption of natural GM:
Efficient breaking of R-symmetry in SUSY breaking sector
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Gauge Mediation

Hidden assumption of natural GM:
Efficient breaking of R-symmetry in SUSY breaking sector

Very easy to get parametrically lighter gauginos:

— by suppresion of R-symmetry breaking in the hidden sector

— by accidental cancellations such as gaugino screening
Arkani-Hamed, Giudice, Luty, Rattazzi '98

Example: W = Mp (9191 + ©2P5) + X DD, X =M + F6?

a; M F3 (MB F3 F5)
my, = O

67 Mg M, | \ D 0T, MY

» Advantage over AMGB: no flavor problem
* Advantages over natural GM:
 gravitino can be heavier than LSP — thermal dark matter

* (-Buno longer a problem
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U(1)' = cos(8) U(1),, + sin(8) U(1),

SUSY breaking mediated by U(1)'

(<= mediators only charged under B-L)
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U(l)" Split SUSY

MSSM + U(1)":

U(1)' = cos(8) U(1),, + sin(8) U(1),

SUSY breaking mediated by U(1)’

(<= mediators only charged under B-L)
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Phenomenology
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Gluino Bounds from the LHC
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Phenomenology: EWinos

Neutralino decays

Heavy Higgsinos:

Chargino decays

Bino LSP : y*x* - Wh+MET y*y — WW+MET
Wino LSP: Am~170 MeV — 10cm stubs (trig. on ISR+MET )
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Neutralino decays Chargino decays

Heavy Higgsinos:
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Wino LSP: Am~170 MeV — 10cm stubs (trig. on ISR+MET )

Light Higgsinos:
Usual EWino searches
Possibility of testing all couplings and measuring fanf8 at LC



Phenomenology: EWinos

Neutralino decays Chargino decays

Heavy Higgsinos:
Bino LSP : y*x* - Wh+MET y*y — WW+MET
Wino LSP: Am~170 MeV — 10cm stubs (trig. on ISR+MET )

CMS Preliminary 1s=8TeV,L =9.2fb"
‘_ I T LI T I T T T T L T T T T T T

Light Higgsinos:

] E 915% CL. 1c:Ls Limit; ]
Usual EWino searches o b
o oo . . () | W, N Rt observed 2/2j
Possibility of testing all couplings and measu £ - obsaned 4+
2
Only Higgsinos: =1 }
— LT T
Am~355 MeV — <lcm stubs harder to see Q0" NG =
if light gravitino h/Z+G decay N
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Naturalness and Higgs Properties

Gluons k == % Photons
Higgs

A Natural Higgs is not the SM Higgs



Higgs couplings
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Higgs couplings 1n Split
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