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Weak Scale SUSY

• Motivation: to maintain the SUSY solution to
the gauge hierarchy problem while get along with
the phenomenological requirement that SUSY
must be broken.

• Big Q: We do not know the real SUSY breaking
mechanism.

• MSSM: the minimal supersymmetric models with
no extra gauge nor exotic particles other that re-
quired by SUSY. Supersymmetry is softly broken
with soft masses O(1 TeV).

• Constraints: flavor changing and CP constraint.

• Practical approach: Assume there is no tree level
flavor changing and CP-phase in the soft-breaking
sector, and real superpotential.

• Idea: Even with low scale SUSY complies with
the constraints above , there could still be effects
from (supersymmetric) new physics at higher en-
ergy scales.



The MSSM

• Assume Standard Model gauge,

SU (3)C × SU (2)L × U (1)Y

• Chiral superfields:

Superfield SU(3)C SU(2)L U(1)Y PM

Q 3 2 1/6 -1
U 3 1 -2/3 -1
D 3 1 1/3 -1
L 1 2 -1/2 -1
E 1 1 1 -1
Hu 1 2 1/2 +1
Hd 1 2 -1/2 +1

• Assume that R-parity is conserved, and there is
no singlets.

• Superpotential:

WMSSM = UYuQHu − DYdQHd

−EYeLHd + µHuHd



Dimension 5 Operators

✧ Gauge invariant, R-parity conserving, dimension
5 operators in MSSM:

W(5) = QUQD + QULE + HuHdHuHd

+HuLHuL + UUDE + QQQL

✧ Some operators violate baryon and lepton num-
bers directly.

✧ We would like to study

W = WMSSM +
yh

Λh
HdHuHdHu

+
Y

qe
ijkl

Λqe
(UiQj)EkLl

+
Y

qq
ijkl

Λqq
(UiQj)(DkQl)

+
Ỹ

qq
ijkl

Λqq
(Uit

AQj)(Dkt
AQl)



Note:

Dimension 5 operator in the Kähler terms.
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†
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u + ceLEH
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can be absorbed into the superpotential, e.g. the

equation of motion for H
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The effects of high energy thresholds

• SM fermion masses
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where Kqq ≡ Y qq − 2Ỹ qq/3.



• Dipole operators
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• Semileptonic operators
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• Four-quark operators
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Phenomenological Constraints

• Correction to electron mass
Assume the massles couplings to be maximal
Y ∼ O(1), for At ∼ 300 GeV,

∆me ∼
3mtAtY
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8π2Λqe

∼ 1MeV
107GeV
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Using naturalness we get Λqe >∼ 107 GeV.

Suppose we have Dirac neutrino, without seesaw.
Similar argument gives us

∆mνD ∼ 1eV
106GeV

Λqe

This leads to Λqe >∼ 1012 GeV.



• Electric Dipole Moment
Experimental bounds

|dTl| < 9 × 10−25 e cm

|dHg| < 2 × 10−28 e cm

High energy correction

LCP = −
αsImY

qe
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For the nucleon, we write

L = CSN̄Nēiγ5e + CP N̄iγ5Nēe

and take msusy ∼ 300 GeV, we get

CS ∼
2 × 10−4

1GeV × Λqe, CP ∼
4 × 10−3

1GeV × Λqe,

yields

Λqe >∼ 3 × 108 GeV from Tl EDM

Λqe >∼ 1.5 × 108 GeV from Hg EDM

Λqq >∼ 3 × 107 GeV from Hg EDM



• θ term

∆θ̄ ∼
Im md

md
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Suppose θ̄ is tuned toward zero, combined with
bound on neutron EDM, |dn| < 6× 10−26e cm,
trough dn(θ̄) yields → Λqq >∼ 1017 GeV.

• Lepton flavor violation

BR(µ → eγ) < 1.2 × 10−11

R(µ → e on Ti) < 4.3 × 10−12

From µ− → e− on Ti:

Λqe >∼ 1 × 108GeV

The µ → eγ yields slightly lower.



• Hadronic flavor constraint

(∆mK)exp ' 3.5 × 10−6eV

yields

Λqq >∼
tan β

50
× 200GeV

These are suppressed by loop and Yukawa. Might
need to look at dimension 6.

• Higgs sector
There is correction to the Higgs potential through
the shift on m12:
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which has phase effect on SUSY EDM
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Summary

operator sensitivity source
to Λ (GeV)
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Im(yh) 103 − 108 de from Tl EDM



Conclusions

• We have studied the effects of dimension 5 op-
erators in the MSSM scenario, focusing on the
flavor changing and CP violation effects.

• We found that CP constraint can probe new
physics above the MSSM as high as 109 GeV.

• It would be interesting to see how this constraints
play in specific models.


