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Introduction

Soft CP violation in MSSM

Gaugino masses
—Lsoft D %(Mgé + MyWW + MiBB + h.c.)
Trilinear couplings
—Looft D UhauQHy — dbagHy — &5aeLHy + h.c.
Higgs masses
—Looe O M}y, HiHy + M3 HIHa + (BuHuHg + h.c.)

The physical phases are Arg(M;u) and Arg(arp) (assuming
By is real).
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e B decays (See talks in the CP violation sections)
Introduction

e Higgs sector - induced at loop level

e Electric Dipole Moments
Nulll experimental results = bounds on the EDMs

ldy] < 9x107% ecm
ld,| < 3x107% ecm

ldH,| < 3x107%° ecm

Note: the Hg bound is recently updated [W. C. Griffith
et al,arXiv:0901.2328]
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The EDM constraints on the CP violation in new physics is
stringent (see Abel and Lebedev, hep-ph/0103320 for a
summary):

e Small phases < 1073 — 1072
e Decoupling mz 2 10 TeV

e Cancellation between different contributions
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An M-theory Motivated MSSM
In this talk, we focus on a new physics model which arise from
compactification of M-theory ( Phys.Rev.D78:065038,2008;
Phys.Rev.D76:126010,2007)

DSB, A
MSSM Moduli ¢

e Stabilize Moduli
e Generate TeV scale
e Soft SUSY breaking

LHC search: Quasi-long-lived charginos and Gluino pair
production and decay to four-top

Dark matter: Non-thermal Wino Dark matter
Cosmology: No moduli problem

Fine-tuning 7 It's probably OK if there is a UV theory
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e sfermion masses mz ~ ms3;

Introduction

e gaugino masses M, < mg3/; suppressed at least by a
one-loop factor = m; 2 10 TeV.

® [, B,LL ~ m3/2

CP violating phases in the soft terms are not generated except
the trilinear ar

e dynamical relaxation of the phases
e Shift symmetry of moduli fields ¢ — ¢ + id

e Trilinears are not aligned with the Yukawas
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ajk = F10, ['n (eK Ylf'k/KinKk)} Yiik = Ajjk Yijk
CP-violating

phases

e The Yukawas are moduli dependent = As are flavor
non-universal and non-diagonal.

e If the trilinear matrices are not proportional to the Yukawa
matrices, this leads to non-zero CP-violating phases.
[Abel, Khalil and Lebedev, hep-ph/0012145 and
hep-ph/0112260]

e Induced CP-violating phases depend on the Yukawa
structure
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Yukawa Couplings

Explicit construction of realistic Yukawa is difficult and model
dependent. Let us focus on the general expectation: a
hierarchical Yukawa texture
q d q_d /
Yi ~eleils Yi~elel, Y ~eeg

e wavefunction localized in ED ( the idea of split fermion,
Arkani-Hamed and Schmaltz, hep-ph/9903417)

e U(1) symmetry, Froggatt-Nielsen mechanism

Fermion mass relations are given by
u,d q_u, d q u, d
mi mi | ef | f|efel|
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The Yukawa couplings must contain phases to give CKM
phase. To be simply, let us assume the phases in the Yukawa
matrices to be O(1). In the super-CKM bases

éf = (VL)Taf VR
— Diagonal components

Im(ar)11 ~ Y11 m3p,
)

2 ~ Y mzp,

2
N €
Im(af)33 ~ (é) Y33 m3/2

The CP violating phases are large! except the third generation,
2
suppressed by (%) ~ 1072,
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Implication for
EDMs

e gaugino mass suppression =—> the one-loop contribution
can be expanded in terms of small ratio r = Mg/mg.
e large © term compare to gaugino mass =—> small

gaugino-higgsino mixing = Chargino contribution to
one-loop diagram is suppressed
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Jins Siew dg ~ o Wlm(Aq)” G(r)
a
the function G(r) = C(r) + rC’(r) for gluinos and G(r) = B(r) + rB'(r)
for neutralinos.
e The electron EDM dominantly comes from the neutralino
Implication for 1
Implic diagram.
10007 E
100¢ E

Cin+rC'iny

A(r)+rA'(ry

B(r)+rB'(r)

0.1p, . . . 1
104 0.001 0.01 0.1 1
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® Generally, Barr-Zee type diagrams involve chargino(or neutralino) in the
loop are typically suppressed by the small gaugino-higgsino mixing.
® For Barr-Zee type diagrams with sfermions running in the loop, they are
Implication for suppressed by the large A% mass.
EDMs

AV S N Y

fr fr fr
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Weinberg Operator
For neutron EDM, there is also a contribution from Weinberg operator.

6~ gs\3 1
d” =~ —3as <E) ;gq;blm(Aq)qu(ZI7zz’zq)

where z; = mgi/m?;, fori=1,2,and z5 = mg/m?;, for g = t, b. If the CP-phases

for the third generation is large, this contribution could be larger than the
one-loop contribution.

q BT
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® Neutron EDM (expt: <3 x 10720 e cm)
(QOTBV)
mg

® Mercury EDM (expt:< 3 x 10729 e cm)

n

NDA (
~

|dH, | ~

60(,)n(§eV>

(GOéaneV

20TeV

) (%

® clectron EDM (expt: <2 x 107%7 e cm)

de~(

_Ms
200GeV

)(

20TeV

mg

Results
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3x 107 %ecm

3
) x 107%% cm
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) x 1073%e cm
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e Mercury EDM gives the strongest constraints on the
squark masses if phases are order one in trilinears:
mg 2 7 Tev.

S e Neutron EDM can be dominant by Weinberg operator if
third generation phases are large. With stop or sbottom
mass ~ 5 TeV and O(1) phases in A3z, the neutron EDM
bound can be saturated.

e d, > 103d, — especially large compared to the typical
supersymmetric models [Abel and Lebedev, JHEP
0601:133,2006]
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e Soft CP-violating phases in an M-theory motivated model
can be dominated by the phases of trilinear couplings,
since they are typically not proportional to the Yukawas.

Conclusion

e The SUSY breaking scenario with partial sequestering
gaugino masses leads to a different EDM pattern, which
can be tested in the future.



