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SUSY

Beauty/String

Natural EWSB

Gauge coupling
unification Dark Matter



  



Motivation that susy 
will be found at LHC

Cannot avoid naturalness/fine-tuning
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Problems for Weak Scale SUSY





Baryon and Lepton Conservation not automatic

Suppression of FCNC not automatic

 Higgs not discovered at LEP2 

 Vector-Like Higgs Supermultiplet

problemµ

no matter-Higgs unification

µ HuHd

Give up on susy?   The other contenders also problematic!!
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I really don’t know.
That’s the excitement 

of the LHC.



I
High-Scale Mediation

(No decays within detector to gravitinos)
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Key Missing Energy Search

g̃ → q̄q χ̃

q̃ → q χ̃

Jets + missing ET

!!

Important result: 

Some simple theories are 
now much less interesting



 Other theories 
are not yet probed



Dependence on LSP mass

No limit for 

ie if
µ ≥ 350 GeV

Mi ∝ αi

mLSP ≥ 350 GeV
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Radiative EWSB

How fine-tuned?

S. Martin hep-ph/9709356
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Min SUGRA:   Fine-tuning

M2
Z

2
≈ −|µ|2 + |m2

Hu
|

Cancellation

Kitano, Nomura 
hep-ph/0602096

Worse than
1 in 100

S. Martin hep-ph/9709356



 SUGRA: non-universal scalar masses
High-scale boundary condition: M1/2, A, B, µ

m0 → mHu , mHd , m1,2, m3

m3 / GeV

Kitano, Nomura 
hep-ph/0602096
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A Common Scalar Mass       ?
Softly Broken Supersymmetry and SU(5).

Dimopoulos, Georgi
 Nucl.Phys. B193 (1981) 150

 Supergravity as the Messenger 
of Supersymmetry Breaking.

 Hall, Lykken, Weinberg
Phys.Rev. D27 (1983) 2359

m0

  Weak Scale Effective Supersymmetry.
Hall, Randall 

Phys.Rev.Lett. 65 (1990) 2939

  Naturalness Constraints in Supersymmetric 
theories with Nonuniversal Soft Terms.

Dimopoulos, Giudice
Phys.Lett. B357 (1995) 573

m0 Simplest assumption to avoid FCNC

“Natural Spectrum” is 15-20 years old



Jets + MET

g̃ → q̄q χ̃
q̃ → q χ̃

Jets + missing ET

mχ̃ < 200 GeV

Probes ũ, d̃, c̃, s̃

t̃, b̃not



Search in b Jets 0 l, b-jets, ETmiss

g̃

χ̃

g̃

χ̃

b̃



is sub-dominantg̃ → b̄b χ̃

t̃1

t̃2

b̃LNuclear family decay dominantly via yt

g̃

b̃L

b̄

t

h̃−
yt

t̃1,2

g̃
t̄

t, b

h̃0, h̃+yt

Dominant modes
g̃ → t̄t χ̃0

g̃ → t̄b χ̃+
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Search for Light 

g̃ → t̄b χ̃+

t̃

g̃

χ̃

t̃



 Low values of              allowedmg̃, mt̃

Further searches are underway & eagerly awaited.
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g̃
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1

h̃0
2

h̃+µ This natural spectrum 
has not been excluded,
and may take 5+ years 

to probe

We already bought 
something like this after LEP
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t̃2
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Reduced Missing Energy Stops are Naturally Heavy

1 TeV

500 
GeV

t̃1

t̃2

b̃L

Plenty to explore for 
the coming decade



R Parity Violation

Squashed 
susy spectrum

LSP
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Naturalness

Generically a factor 10 more natural

Plenty of room for Gravitino LSP

But not in minimal gauge 
mediation models

(a theorists problem)
Kitano, Nomura 
hep-ph/0602096



Key Missing Energy Searches

γ γ + missing ET

g̃ → q̄q B̃
G̃3/2 + γ

Minimal gauge-mediated models:  no worse

Natural models:    no problem with stop at 300 GeV



III
 SUSY Higgs
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SUSY Higgs
hSM → h, H, A, H+

mhSM → tanβ,mA

Or µ → S

m2
h = M2

Z cos2 2β + δtop

Need heavy    !t̃

h

h

h

h

Large A Kitano, Nomura 
hep-ph/0602096

mh = 115GeV



Search for H,A of MSSM

H,A couplings to b, 
enhanced at large

τ
tanβ H,A → τ+τ−
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hSM → h, H, A, H+

mhSM → tanβ,mA

g2
hWW

g2
hWW |SM

> 0.95

Search for h
“Decoupled”

Djouadi hep-ph/0503173

Should show up here “soon”  !!

What if it doesn’t?



Not In Decoupled Region

Carena, Draper, Liu, Wagner  
1107.4354
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Effect of Light    on              Signal Rate

Large A
Kitano, Nomura 
hep-ph/0602096

modifies rate by B σ

Low, Shalgar 0901.0266

tanβ = 30
mA = 1TeV

Shaded regions from varying µ

t̃ h→ γγ
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Higgs Decays to Neutralino Dark Matter

Farina, Kadastik, 
Pappadopulo, Pata, 

Raidal, Strumia  
1104.3572 

tanβ = 3 tanβ = 10

Gilly Elor, 
Lawrence Hall,
David Pinner, 

Josh Ruderman
0.10.20.3

0.5

0.75

0 100 200 300 400 500
40

45

50

55

60

65

Μ

M
1

Tan Β # 3

0.10.20.30.50.6

0 100 200 300 400 500
40

45

50

55

60

65

Μ

M
1

Tan Β # 10



Is h in Light Window?

??



Is h in Light Window?

??



Is h in Light Window?

??

Limit? Hint?

Our Field Is Approaching a Defining Moment



Is h in Light Window?

Yes No

SM (1 Higgs) Alive Excluded

SUSY Look for deviations 
from hSM

light χ̃t̃H
λ SHuHd large 

??

Limit? Hint?

Our Field Is Approaching a Defining Moment
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The Excitement of the LHC

Supersymmetry will be probed deeply 
in the coming months and years.

It may take a while.

Origin and scale of 
EW Symmetry Breaking

CONCLUDE:

1

23

d
u

q

e

l
Weak scale supersymmetry

Multiverse

We really don’t know!

New strong dynamics

Large Extra Dimensions

Contenders:



IV
Multiverse

vobs

∇ f

v

vc

vobs vcnear



Motivation for Supersymmetry

SUSY

Beauty/String

Natural Weak
Scale

Gauge coupling
unification Dark Matter



Motivation for Supersymmetry

SUSY

Beauty/String

Natural Weak
Scale

Gauge coupling
unification Dark Matter

A fine-tuned weak scale is 
evidence

for multiverse

m̃! v
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The Higgs Mass Prediction

Some superpartners 
at weak scale?

m̃! v
Yes (fermionic):  Split Supersymmetry

No:  High-Scale Supersymmetry

WIMP DM

Axion DM

Arkani-Hamed, Dimopoulos, hep-th/0405159 

Hall. Nomura arXiv:0910.2235

Giudice, Strumia 1108.6077

m̃

Hard to hide 
the Higgs:

no h/H mixing

no h production 
from squark loop
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Gambino. Giudice, Slavich  hep-ph/0506214 

Long-Lived Gluinos In Split SUSY

q̃
g̃

b̃

q
q̄

m̃ ! v

Excluded
mg̃ < 500 GeV

jet

jet

g̃
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Gluino R Hadron Charged Tracks

q̃
g̃

b̃

q
q̄

m̃ ! v

m̃

Gambino. Giudice, Slavich  hep-ph/0506214 

Excluded
mg̃ < 850 GeV

Heavy Stable 
Charged Particle Tracks

mg̃ not constrained by naturalness
Problem:


