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The LHC is soon

Don’t know what to expect

No theories appear “sure things”
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Naturalness

m2
h

MPl.

Primary motivation for new theories

Should have dynamics
stabilizing Higgs mass



Supersymmetry
Doubles the number of particles

Lightest susy particle stable −→ Dark Matter

Adds 100+ new parameters

quark −→ squark gauge boson−→ gaugino
lepton−→ slepton 2 Higgs −→ Higgsinos

Predicts the Higgs mass (up to radiative corrections)

Susy particles @ TeV scale gauge coupling unification−→



Pros & Cons

Natural

Gauge Coupling Unification

Dark Matter

FCNCs

CP Violation

Proton Decay

MSSM

Circa 1986



Where are the new particles?

Found gauge couplings unify

S & T Parameters were small

In 1991 LEP 1

Absolutely sure that the Higgs would be found soon



Pros & Cons

Natural

Gauge Coupling Unification

Dark Matter

FCNCs

CP Violation

Higgs Mass

Proton Decay

After LEP 2

MSSM

Is a prediction of susy, 
only depends weakly on parameters



has been measured

1998: Λ = (1 meV)4

Since 1991...

The Cosmological Constant 

Introduced a new scale in the Standard Model



Left us:

Λm2
h

Look here Ignore this

↑
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Living in a fine tuned universe

If the Higgs is fine tuned to be light,

is there anything to discover besides the Higgs?

Gauge Coupling Unification?

Dark Matter



(Fermion masses are protected by chiral symmetry)

the gauginos and Higgsinos are light
Imagine if susy is broken so that 

Splitting Susy

One Higgs is fine tuned to be light

The gauginos/Higgsinos are the dark matter
and lead to gauge coupling unification

Arkani-Hamed & Dimopoulos hep-th/0405159
Giudice & Romanino hep-ph/0406088



Scales in Split Susy

MPl.

Msusy

Mweak

MCC

1016 TeV

109 TeV

10 TeV

1 TeV

10−15 TeV

{?Scalars
(Squarks, sleptons, ...)

Fermions
(Higgsinos, gauginos)

+SM Higgs



Particles and Couplings

H̃u H̃dW̃ g̃B̃H

λ|H|4 − m2|H|2
m1B̃

2 + m2W̃
2 + m3g̃

2 + µH̃uH̃d

κuHH̃uW̃ + κdH
†H̃dW̃

κ′
uHH̃uB̃ + κ′

dH
†H̃dB̃

No gluino interactions!

Higgs Gauginos Higgsinos

Higgs Quartic
λ =

1
8
(
g2 + g′2

)
cos2 2β

5 Couplings from 1 parameter!

Gaugino Yukawas
κu = g sinβ
κd = g cos β
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Gauge Coupling Unification
Squarks and Sleptons don’t alter unification

α−1
1

α−1
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α−1
3

(One less Higgs doublet helps unification)

MSSM
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Gauge Coupling Unification
Squarks and Sleptons don’t alter unification

α−1
1

α−1
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α−1
3

(One less Higgs doublet helps unification)

Split Susy

60

3
10

60
10 10

9
10

12

20

40

10

Msusy

E(TeV)



The Higgs Mass

2 4 6 8 10 12 14
Log10!Ms"GeV#

110

120

130

140

150

160

170

H
i
g
g
s
M
a
s
s
!GeV#

2 4 6 8 10 12 14
Log10!Ms"GeV#

110

120

130

140

150

160

170

H
i
g
g
s
M
a
s
s
!GeV#

A. Arvanitaki, et al hep-ph/0406034 

tanβ = 1

tanβ → ∞
}}

Slow RG Evolution from          to weak scaleMsusy

MSSM



The New Unification
5 Couplings from 2 Parameters

λ κu κd κ′
dκ′

u
Msusy tanβ −→

TeV
A. Arvanitaki, et al hep-ph/0406034 
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Dark Matter Detection
Almost identical to MSSM

200

2
c
m

CDMS II (Current)

GENIUS

CDMS II (Projected)

s

s

s

s

13

13

13tan   =1     m   =10       r=2

6

tan   =1     m   =10       r=4

tan   =40   m   =10       r=2

tan   =1     m   =10       r=2!

!

!

!

100 120 140 160 18020 40 60 80

M  (GeV)"

10
!42

10
!43

10
!44

10
!45

10
!46

n
u

c
le

o
n

#
("
$

  
  
  
  
  
  
  
)

Figure 2: The spin-independent LSP-nucleon scattering cross-section for
point agreeing with the WMAP relic density constraint. Curves are plot-
ted for various values of mS (the scale of the scalar masses), tan β (set at
mS), and r ≡ M2/M1. The flat regions for mχ >∼ 80 GeV correspond to
mixed bino-higgsino dark matter. The sharp decrease at lower masses is due
to resonant annihilation through the Higgs boson and Z-boson poles. Also
shown are the current bound from the results of the Cryogenic Dark Matter
Search (CDMS) at Soudan [16], the projected bounds from this experiment
[17], and projected bounds from a representative next generation dark matter
experiment, GENIUS [18]
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A. Pierce hep-ph/0406144 

(Fewer parameters/resonances)
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Electric Dipole Moments

H̃u H̃d

〈H〉

H γ
W̃

γ

f

H̃d H̃u

〈H〉

H γ
W̃

γ

f

Figure 4: Feynman diagrams contributing to the fermion EDM in Split Supersymmetry.
To better illustrate the structure of the interactions, we consider current eigenstates with
insertions of M2, µ, and 〈H〉 denoted by crosses. Two other diagrams with reversed directions
of chargino arrows are not shown.

= (2 − ln x) x +
(

5

3
− ln x

)
x2

6
+ O(x3). (123)

Here KQED is the leading-logarithm QED correction in the running from the scale of the

heavy particles to mf (or mn for the neutron EDM) [39]

KQED = 1 − 4α

π
ln

mH

mf
. (124)

We work in a general basis in which g̃u, g̃d, M2, and µ are all complex. The matrices U and

V are defined such that U∗Mχ+V † is diagonal with real and positive entries, where Mχ+ is

the chargino mass matrix

Mχ+ =
(

M2

√
2MW g̃u/g√

2MW g̃d/g µ

)
. (125)

We can explicitly write the matrices U and V as

U =
(

cReiφ1 sRei(φ1−δR)

−sReiφ2 cRei(φ2−δR)

)
V =

(
cL sLe−iδL

−sL cLe−iδL

)
(126)

tan 2θL,R =
2|XL,R|

1 + |XR,L|2 − |XL,R|2 , eiδL,R =
XL,R

|XL,R| , (127)

XL =

√
2MW (g̃∗

uM2 + g̃dµ∗)

g(|M2|2 − |µ|2) , XR =

√
2MW (g̃∗

dM2 + g̃uµ∗)

g(|M2|2 − |µ|2) , (128)

where sL,R ≡ sin θL,R and cL,R ≡ cos θL,R. The phases φ1 and φ2 are chosen such that mχ+
i

are real and positive. Using the diagonalization properties of the matrices U and V , we
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Figure 5: The prediction of the electron EDM in Split Supersymmetry. We plot
de/(sin Φ sin 2β) as a function of the lightest chargino mass mχ+

1
. The CP-violating phase is

Φ = arg(g̃∗
ug̃

∗
dM2µ) and we have used eq. (121) at the chargino mass scale. Solid lines corre-

spond to mH = 120GeV and dashed lines to mH = 160GeV. The top two lines correspond
to mχ+

2
/mχ+

1
= 1.5 and the bottom two lines to mχ+

2
/mχ+

1
= 4. The horizontal line shows

the present limit de < 1.7 × 10−27 e cm at 95% CL [41].

This correctly reproduces the leading-logarithm behaviour of eq. (131).

The prediction for the electron EDM in Split Supersymmetry is shown in fig. 5, taking

the relations in eq. (121) to be approximately valid at the chargino mass scale. The deviation

from a straight-line behaviour of the curves in fig. 5 is a result of the logarithmic enhancement

explained above. For weak-scale chargino masses and a maximal CP-violating phase, the

result is very close to the present experimental limit de < 1.7 × 10−27 e cm at 95% CL [41].

In ordinary low-energy supersymmetry, EDMs are generated at one loop and therefore small

phases ( <∼ 10−2) are necessary to reconcile theory with experiments. Because of the two-loop

suppression, Split Supersymmetry makes the exciting prediction that EDMs are on the verge

of being experimentally tested, if phases take their most natural value of order unity.

EDM experiments are therefore at the frontier of testing Split Supersymmetry. They may

reveal hints of new physics even before the start of the LHC. Ongoing and next generation

experiments plan to improve the EDM sensitivity by several orders of magnitude within

a few years. For example, DeMille and his Yale group [42] will use the molecule PbO to

improve the sensitivity of the electron EDM to 10−29 e cm within three years, and possibly

to 10−31 e cm within five years. Lamoreaux and his Los Alamos group [43] developed a

35

One phase in split susy

Arkani-Hamed, et al hep-ph/0409232

DeMille/Yale Groups by 2007(?)

Feeds in at 2 loops to neutron EDM



Long Lived Gluinos

Can be cosmologically long lived

Must decay through squarks

g̃
q̃

B̃

q

q̄
j

j

ET/

 1 per second is produced at the LHCmg̃ = 350 GeV

τg̃ ! 2 sec.
(

350 GeV
mg̃

)5 (
MSusy

106 TeV

)4



Limits from Gluinos
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Split Susy

 Different signatures to discover new particles

Long lived gluino

Tri-Lepton Signature Different

Fewer Coloured Particles



Yukawa unification

New measurements that are interesting

Split Susy

How to measure the lifetime of gluino?



Experimental confirmation

of a finely tuned universe

at future colliders


