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Abstract: In this talk, we address the possibility of finding supersymmetry through indirect searches

in the B system. We prove that, in the absence of the Cabibbo–Kobayashi–Maskawa phase, a general

Minimal Supersymmetric Standard Model with all possible phases in the soft–breaking terms, but

no new flavor structure beyond the usual Yukawa matrices, can never give a sizeable contribution to

εK , ε
′/ε or hadronic B0 CP asymmetries. However, Minimal Supersymmetric models with additional

flavor structures in the soft–supersymmetry breaking terms can produce large deviations from the

Standard Model predictions. Hence, observation of supersymmetric contributions to CP asymmetries

in B decays would be the first sign of the existence of new flavor structures in the soft–terms and

would hint at a non–flavor blind mechanism of supersymmetry breaking.

1. Introduction

Beginning with its experimental discovery in K–

meson decays, about three decades ago, the ori-

gin of CP violation has been one of the most

intriguing questions in particle phenomenology.

Notably, the subsequent experiments in the se-

arch for electric dipole moments (EDM) of the

neutron and electron have observed no sign of

new CP–violating effects despite their consider-

ably high precision. Hence, the neutralK–system

remains, so far, the only experimental informa-

tion on the presence of CP–violation in nature.

In the near future, this situation will change.

Not only the new B factories will start measur-

ing CP violation effects in B0 CP asymmetries,

but also the experimental sensitivity to the elec-

tric dipole moment of the neutron and the elec-

tron will be substantially improved. These new

experiments will enlarge our knowledge of CP vi-

olation phenomena and, hopefully, will show the

existence of new sources of CP violation from

models beyond the Standard Model (SM).

The Standard Model of electroweak interac-

tions is known to be able to accommodate the

experimentally observed CP–violation through a

unique phase, δCKM , in the Cabibbo–Kobayashi–

Maskawa mixing matrix (CKM). However, most

of the extensions of the SM include new observ-

able phases that may significantly modify the

pattern of CP violation. Supersymmetry is, with

no doubt, one of the most popular extensions of

the SM. Indeed, in the minimal supersymmet-

ric extension of the SM (MSSM), there are ad-

ditional phases which can cause deviations from

the predictions of the SM. After all possible re-

phasings of the parameters and fields, there re-

main at least two new physical phases in the

MSSM Lagrangian. These phases can be chosen

to be the phases of the Higgsino Dirac mass pa-

rameter (ϕµ = Arg[µ]) and the trilinear sfermion

coupling to the Higgs, (ϕA0 = Arg[A0]) [1]. In

fact, in the so–called Constrained Minimal Su-

persymmetric Standard Model (CMSSM), with

strict universality at the Grand Unification scale,

these are the only new phases present.

It was soon realized, that for most of the

MSSM parameter space, the experimental bo-

unds on the electric dipole moments of the elec-

tron and neutron constrained ϕA0,µ to be at most

O(10−2). Consequently these new supersymmet-
ric phases have been taken to vanish exactly in

most studies in the framework of the MSSM.

However, in the last few years, the possibil-

ity of having non–zero SUSY phases has again

attracted a great deal of attention. Several new
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mechanisms have been proposed to suppress su-

persymmetric contributions to EDMs below the

experimental bounds while allowing SUSY pha-

ses O(1). Methods of suppressing the EDMs con-
sist of cancellation of various SUSY contributions

among themselves [2], non universality of the soft

breaking parameters at the unification scale [3]

and approximately degenerate heavy sfermions

for the first two generations [4]. In the pres-

ence of one of these mechanisms, large supersym-

metric phases are naturally expected and EDMs

should be generally close to the experimental bo-

unds.

In this work we will study the effects of these

phases in CP violation observables as εK , ε
′/ε

and B0 CP asymmetries. We will show that the

presence of large susy phases is not enough to

produce sizeable supersymmetric contributions

to these observables. In fact, in the absence of the

CKM phase, a general MSSM with all possible

phases in the soft–breaking terms, but no new fla-

vor structure beyond the usual Yukawa matrices,

can never give a sizeable contribution to εK , ε
′/ε

or hadronic B0 CP asymmetries. However, as

recently emphasized [5, 3], as soon as one intro-

duces some new flavor structure in the soft Susy–

breaking sector, even if the CP violating phases

are flavor independent, it is indeed possible to

get sizeable CP contribution for large Susy pha-

ses and δCKM = 0. Then, we can rephrase our

sentence above in a different way: A new result

in hadronic B0 CP asymmetries in the frame-

work of supersymmetry would be a direct prove

of the existence of a completely new flavor struc-

ture in the soft–breaking terms. This means that

B–factories will probe the flavor structure of the

supersymmetry soft–breaking terms even before

the direct discovery of the supersymmetric part-

ners [6].

2. Soft–breaking flavor structure

As announced in the introduction, the presence

of new flavor structure in the soft–breaking terms

is necessary to obtain sizeable contributions to

flavor–changing CP observables (i.e. εK , ε
′/ε

and hadronic B0 CP asymmetries). To prove

this we will consider any MSSM, i.e. with the

minimal supersymmetric particle content, with

general complex soft–breaking terms, but with

a flavor structure strictly given by the two famil-

iar Yukawa matrices or any matrix strictly pro-

portional to them. In these conditions, the most

general structure of the soft–breaking terms at

the large scale, that we call MGUT , is,

(m2Q)ij = m
2
Q δij (m

2
U )ij = m

2
U δij

(m2D)ij = m
2
D δij (m

2
L)ij = m

2
L δij

(m2E)ij = m
2
E δij m

2
H1

m2H2

mg̃ e
iϕ3 mW̃ e

iϕ2 mB̃ e
iϕ1

(AU )ij = AU e
iϕAU (YU )ij

(AD)ij = AD e
iϕAD (YD)ij

(AE)ij = AE e
iϕAE (YE)ij . (2.1)

where all the allowed phases are explicitly writ-

ten and one of them can be removed by an R–

rotation. All other numbers or matrices in this

equation are always real. Notice that this struc-

ture covers, not only the CMSSM [7], but also

most of Type I string motivated models consid-

ered so far [8, 9], gauge mediated models [10],

minimal effective supersymmetry models [11, 12],

etc.

Experiments of CP violation in the K or B

systems only involve supersymmetric particles as

virtual particles in the loops. This means that

the phases in the soft–breaking terms can only

appear in these experiments through the mass

matrices of the susy particles. Then, the key

point in our discussion will be the role played

by the susy phases and the soft–breaking terms

flavor structure in the low–energy sparticle mass

matrices.

It is important to notice that, even in a model

with flavor–universal soft–breaking terms at some

high energy scale, as this is the case, some off–

diagonality in the squark mass matrices appears

at the electroweak scale. Working in the ba-

sis where the squarks are rotated parallel to the

quarks, the so–called Super CKM basis (SCKM),

the squark mass matrix is not flavor diagonal

at MW . This is due to the fact that at MGUT
there are always two non-trivial flavor structures,

namely the two Yukawa matrices for the up and

down quarks, not simultaneously diagonalizable.

This implies that through RGE evolution some

flavor mixing leaks into the sfermion mass ma-
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trices. In a general Supersymmetric model, the

presence of new flavor structures in the soft break-

ing terms would generate large flavor mixing in

the sfermion mass matrices. However, in the

CMSSM, the two Yukawa matrices are the only

source of flavor change. Always in the SCKM ba-

sis, any off-diagonal entry in the sfermion mass

matrices at MW will be necessarily proportional

to a product of Yukawa couplings. Then, a typ-

ical estimate for the element (i, j) in the L–L

down squark mass matrix at the electroweak scale

would necessarily be (see [7] for details),

(m2
(D)
LL )ij ≈ c m2Q Y uikY ujk∗, (2.2)

with c a proportionality factor between 0.1 and 1.

This rough estimate provides the order of magni-

tude of the different entries in the sfermion mass

matrices. It is important to notice that if the

phases of these elements were O(1), due to some
of the phases in equation (2.1), we would be able

to give sizeable contributions, or even saturate,

the different CP observables [13]. Then, it is clear

that the relevant question for CP violation exper-

iments is the presence of imaginary parts in these

off–diagonal entries.

As explained in [7, 14], once we have solved

the Yukawa RGEs, the RGE equations of all soft–

breaking terms are a set of linear differential equa-

tions. Then, they can be solved as a linear func-

tion of the initial conditions,

m2Q(MW ) =
∑
i η
(φi)
Q m2φi +

∑
i η
(gi)
Q m2gi

+
∑
i6=j
(
η
(gij)
Q eiϕij + η

(gij) T
Q e−iϕij

)
mgimgj

+
∑
ij

(
η
(gAij)
Q eiϕiAj + η

(gAij)T
Q e−iϕiAj

)
mgiAj

+
∑
i6=j
(
η
(Aij)
Q eiϕAiAj + η

(Aij)T
Q e−iϕAiAj

)
AiAj

+
∑
i η
(Ai)
Q A2i , (2.3)

where φi refers to any scalar, gi to the different

gauginos, Ai to any tri–linear coupling and the

phases ϕab = (ϕa − ϕb). In this equation, the
different η matrices are 3 × 3 matrices, strictly
real and all the allowed phases have been explic-

itly written. Regarding the imaginary parts, due

to the hermiticity of the sfermion mass matrices,

any imaginary part will always be associated to

the non–symmetric part of the η
(gigj)
Q , η

(AiAj)
Q or

η
(giAj)
Q matrices. To estimate the size of these

anti–symmetric parts, we can go to the RGE

equations for the scalar mass matrices, where

we use the same conventions and notation as in

[7, 14]. Taking advantage of the linearity of these

equations we can directly write the evolution of

the anti–symmetric parts, m̂2Q = m
2
Q − (m2Q)T

as,

dm̂2Q
dt

= −
(
1
2 (ỸU Ỹ

†
U + ỸDỸ

†
D) m̂

2
Q

+ 12 m̂
2
Q (ỸU Ỹ

†
U + ỸDỸ

†
D)

+ ỸU m̂
2
U Ỹ

†
U + ỸD m̂

2
D Ỹ

†
D

+ 2 i ={ÃU Ã†U + ÃDÃ†D}
)
, (2.4)

where, due to the reality of Yukawa matrices,

we have used Y T = Y †, and following [14] a
tilde over the couplings (Ỹ , Ã, ...) denotes a re–

scaling by a factor 1/(4π). In the evolution of the

R–R squark mass matrices, m2U and m
2
D, only

one of the two Yukawa matrices, the one with

equal isospin to the squarks, is directly involved.

Then, it is easy to understand that these matri-

ces are in a very good approximation diagonal in

the SCKM basis once you start with the initial

conditions given in equation (2.1). Hence, for

the sake of clarity, we can safely neglect the last

two terms in equation (2.4) and forget about m̂2U
and m̂2D. However, if needed, we could always

apply to estimate their anti–symmetric parts an

analogous reasoning as the one we show below to

m̂2Q.

From equation (2.1), the initial conditions

for m̂2Q atMGUT are identically zero. This means

that the only source for m̂2Q in equation (2.4) is

necessarily ={AUA†U +ADA†D}.
The next step is then to analyze the RGE for

the tri–linear couplings,

dÃU
dt

= 1
2

(
16
3 α̃3 + 3 α̃2 +

1
9 α̃1

)
ÃU

−
(
16
3 α̃3M3 + 3 α̃2M2 +

1
9 α̃1M1

)
ỸU

−
(
2 ÃU Ỹ

†
U ỸU + 3 Tr(ÃU Ỹ

†
U )ỸU

+ 52 ỸU Ỹ
†
U ÃU +

3
2 Tr(ỸU Ỹ

†
U )ÃU

+ ÃDỸ
†
DỸU +

1
2 ỸDỸ

†
DÃU

)
(2.5)

with an equivalent equation for AD. With the

general initial conditions in equation (2.1), AU is
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complex at any scale. However, we are interested

in the imaginary parts of AUA
†
U . At MGUT this

combination is exactly real, but, due to differ-

ent renormalization of different elements of the

matrix, this is not true any more at a different

scale.

However, a careful analysis of equation (2.5)

is enough to convince ourselves that these imag-

inary parts are extremely small. Let us, for a

moment, neglect the terms involving ÃDỸ
†
D or

ỸDỸ
†
D from the above equation. Then, the only

flavor structure appearing in equation (2.5) at

MGUT is YU . We can always go to the basis

where YU is diagonal and then we will have AU
exactly diagonal at any scale. In particular this

means that ={AUA†U} would always exactly van-
ish. A completely paralel reasoning can be ap-

plied to AD and ={ADA†D}. Hence, simply tak-
ing into account the flavor structure, our conclu-

sion is that, necessarily, any non–vanishing ele-

ment of =[AUA†U+ADA†D] and hence of m̂2Q must
be proportional to (ỸDỸ

†
DỸU Ỹ

†
U −H.C.). So, we

can expect them to be,

(m̂2Q)i<j ≈ K
(
YDY

†
DYUY

†
U −H.C.

)
i<j

(m̂2Q)12 ≈ K cos−2 β (hshtλ5)
(m̂2Q)13 ≈ K cos−2 β (hbhtλ3)
(m̂2Q)23 ≈ K cos−2 β (hbhtλ2), (2.6)

where hi = m
2
i /v

2, with v =
√
v21 + v

2
2 the vac-

uum expectation value of the Higgs, λ = sin θc
andK is a proportionality constant that includes

the effects of the running fromMGUT toMW . To

estimate this constant we have to keep in mind

that the imaginary parts of AUA
†
U are generated

through the RGE running and then these imagi-

nary parts generate m̂2Q as a second order effect.

This means that roughly K ' O(10−2) times a
combination of initial conditions as in equation

(2.3). So, we estimate these matrix elements to

be (cos−2 β{10−12, 6×10−8, 3×10−7}) times ini-
tial conditions. This was exactly the result we

found for the A–g terms in [7] in the framework

of the CMSSM. In fact, now it is clear that this is

the same for all the terms in equation (2.3), gi–

Aj , gi–gj and Ai–Aj, irrespectively of the pres-

ence of an arbitrary number of new phases.

As we have already said before, the situation

in the R–R matrices is still worse because the

RGE of these matrices involves only the corre-

sponding Yukawa matrix and hence, in the SCKM,

they are always diagonal and real in extremely

good approximation.

Hence, so far, we have shown that the L–L

or R–R squark mass matrices are still essentially

real. The only complex matrices, then, will still

be the L–R matrices that include, from the very

beginning, the phases ϕAi and ϕµ. Once more,

the size of these entries is determined by the Yu-

kawa elements with these two phases providing

the complex structure. However, this situation

is not new for these more general MSSM models

and it was already present even in the CMSSM.

We can conclude, then, that the structure of the

sfermion mass matrices at MW is not modified

from the familiar structure already present in the

CMSSM, irrespective of the presence of an arbi-

trary number of new susy phases.

In the next section we analyze the different

indirect and direct CP violation observables in

this general MSSM without new flavor structure.

3. CP observables

3.1 Indirect CP violation

In first place, we will consider indirect CP viola-

tion both in the K and B systems. In the SM

neutral meson mixing arises at one loop through

the well–knownW–box. However, in the MSSM,

there are new contributions to ∆F = 2 processes

coming from boxes mediated by supersymmetric

particles. These are: charged Higgs boxes (H±),
chargino boxes (χ±) and gluino-neutralino boxes
(g̃, χ0). M–M̄ mixing is correctly described

by the ∆F = 2 effective Hamiltonian, H∆F=2eff ,

which can be decomposed as,

H∆F=2eff = − G
2
FM

2
W

(2π)2
(V ∗tdVtq)

2 (C1(µ) Q1(µ)

+ C2(µ) Q2(µ) + C3(µ) Q3(µ)). (3.1)

With the relevant four–fermion operators given

by

Q1 = d̄
α
Lγ
µqαL · d̄βLγµqβL,

Q2 = d̄
α
Lq
α
R · d̄βLqβR,

Q3 = d̄
α
Lq
β
R · d̄βLqαR, (3.2)
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where q = s, b for the K and B–systems respec-

tively and α, β are color indices. In the CMSSM,

these are the only three operators present in the

limit of vanishing md. The Wilson coefficients,

C1(µ), C2(µ) and C3(µ), receive contributions

from the different supersymmetric boxes,

C1(MW ) = C
W
1 (MW ) + C

H
1 (MW ) (3.3)

+ C g̃,χ
0

1 (MW ) + C
χ
1 (MW )

C2(MW ) = C
H
2 (MW ) + C

g̃
2 (MW )

C3(MW ) = C
g̃,χ0

3 (MW ) + C
χ
3 (MW )

Both, the usual SM W–box and the charged

Higgs box contribute to these operators. How-

ever, with δCKM = 0, these contributions do

not contain any complex phase and hence can-

not generate an imaginary part for these Wilson

coefficients.

Gluino and neutralino contributions are specif-

ically supersymmetric. They involve the super-

partners of quarks and gauge bosons. Here, the

source of flavor mixing is not directly the usual

CKM matrix. It is the presence of off–diagonal

elements in the sfermion mass matrices, as dis-

cussed in section 2. From the point of view of CP

violation, we will always need a complex Wilson

coefficient. In the SCKM basis all gluino ver-

tices are flavor diagonal and real. This means

that in the mass insertion (MI) approximation,

we need a complex MI in one of the sfermion

lines. Only L–L mass insertions enter at first or-

der in the Wilson coefficient C1
g̃,χ0(MW ). From

equation (2.6), the imaginary parts of these MI

are at most O(10−6) for the b–s transitions and
smaller otherwise [7]. Comparing these values

with the phenomenological bounds required to

saturate the measured values of these processes

[13] we can easily see that in this model we are

always several orders of magnitude below.

In the case of the Wilson coefficients C2
g̃(MW )

and C3
g̃(MW ), the MI are L–R. However these

MI are always suppressed by light masses of right

handed squark, or in the case of b–s transitions

directly constrained by the b→ sγ decay. Hence,
gluino boxes, in the absence of new flavor struc-

tures, can never give sizeable contributions to in-

direct CP violation processes [7].

The chargino contributions to these Wilson

coefficients were discussed in great detail in the
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Figure 1: Imaginary and Real parts of the Wilson

coefficient Cχ1 in B mixing.

CMSSM framework in reference [7]. In this more

general MSSM, as we have explained in section

2, we find very similar results due to the absence

of new flavor structure.

Basically, in the chargino boxes, flavor mix-

ing comes explicitly from the CKM mixing ma-

trix, although off–diagonality in the sfermion mass

matrix introduces a small additional source of fla-

vor mixing.

Cχ1 (MW ) =
∑2
i,j=1

∑6
k,l=1

∑
αγα′γ′

V ∗α′d VαqV
∗
γ′dVγq

(V ∗tdVtq)
2 G(α,k)iG(α

′,k)j∗

G(γ
′,l)i∗G(γ,l)j Y1(zk, zl, si, sj) (3.4)

where VαqG
(α,k)i represent the coupling of char-

gino and squark k to left–handed down quark q,

zk = M
2
ũk
/M2W and si = M

2
χ̃i
/M2W . The ex-

plicit expressions for these couplings and loop

functions can be found in reference [7]. G(α,k)i

are in general complex, as both ϕµ and ϕAi are

present in the different mixing matrices.

The main part of Cχ1 in equation (3.4) will

be given by pure CKM flavor mixing, neglecting

the additional flavor mixing in the squark mass

matrix [15, 16]. This means, α = α′ and γ = γ′.
In these conditions, using the symmetry of loop

function Y1(a, b, c, d) under the exchange of any

two indices it is easy to prove that Cχ1 would be

exactly real [11]. This is not exactly true either in
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Figure 2: Experimental constraints on the Wilson

coefficient C7.

the CMSSM or in our more general MSSM, where

there is additional flavor change in the sfermion

mass matrices. Here, some imaginary parts ap-

pear in the Cχ1 in equation (3.4). In figure 1 we

show in a scatter plot the size of imaginary and

real parts of Cχ1 in the B system for a fixed value

of tanβ = 40. We see that this Wilson coefficient

is always real up to a part in 103. In any case,

this is out of reach for the foreseen B–factories.

Finally, chargino boxes contribute also to the

quirality changing Wilson coefficient Cχ3 (MW ),

Cχ3 (MW ) =
∑2
i,j=1

∑6
k,l=1

∑
αγα′γ′

V ∗α′dVαqV
∗
γ′dVγq

(V ∗tdVtq)
2

m2q
2M2W cos

2 β

H(α,k)iG(α
′,k)j∗G(γ

′,l)i∗H(γ,l)j

Y2(zk, zl, si, sj) (3.5)

wheremq/(
√
2MW cosβ)·Vαq ·H(α,k)i is the cou-

pling of chargino and squark to the right–handed

down quark q [7]. Unlike the Cχ1 Wilson coeffi-

cient, due to the differences between H and G

couplings, Cχ3 is complex even in the absence

of intergenerational mixing in the sfermion mass

matrices [11]. Then, the presence of flavor violat-

ing entries in the up–squark mass matrix hardly

modifies the results obtained in their absence [15,

16, 7]. In fact, in spite the presence of the Yu-

kawa coupling squared, m2q/(2M
2
W cos

2 β), this

contribution could be relevant in the large tanβ

regime. For instance, in B0–B̄0 mixing we have

m2b/(2M
2
W cos

2 β) that for tanβ >∼ 25 is larger
than 1 and so, it is not suppressed at all when

compared with the Cχ1 Wilson Coefficient. This

means that this contribution can be very impor-

tant in the large tanβ regime [11] and could have

observable effects in CP violation experiments

in the new B–factories. However, we will show

next, that when we include the constraints com-

ing from b→ sγ these chargino contributions are
also reduced to an unobservable level.

The chargino contributes to the b → sγ de-
cay through the Wilson coefficients C7 and C8,
corresponding to the photon and gluon dipole

penguins respectively [14, 17, 7]. In the large

tanβ regime, we can approximate these Wilson

coefficients as [7],

Cχ±7 (MW ) =
∑6
k=1

∑2
i=1

∑
α,β=u,c,t

VαbV
∗
βs

VtbV
∗
ts

mb√
2MW cosβ

H(α,k)iG∗(β,k)i
Mχi
mb

F 7R(zk, si)

Cχ±8 (MW ) =
∑6
k=1

∑2
i=1

∑
α,β=u,c,t

VαbV
∗
βs

VtbV
∗
ts

mb√
2MW cosβ

H(α,k)iG∗(β,k)i
Mχi
mb

F 8R(zk, si)

(3.6)

Now, if we compare the chargino contribu-

tions to these Wilson coefficients and to the co-

efficient C3, equations (3.5) and (3.6), we can

see that they are deeply related. In fact, in the

approximation where the two different loop func-

tions involved are of the same order, we have,

C3(MW ) ≈ (C7(MW ))2
m2q

M2W
(3.7)

In figure 2, we show a scatter plot of the

allowed values of Re(C7) versus Im(C7) in the
CMSSM for a fixed value of tanβ = 40 [7] with

the constraints from the decay B → Xsγ taken
from the reference [18]. Notice that a relatively

large value of tanβ, say tanβ >∼ 10, is needed to
compensate the W and charged Higgs contribu-

tions and cover the whole allowed area with pos-

itive and negative values. However, the shape

of the plot is clearly independent of tanβ, only

the number of allowed points and its location

in the allowed area depend on the value con-
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Figure 3: Allowed values for the re–scaled WC C̄3.

sidered. Then, figure 3 shows the allowed val-

ues for a re–scaled Wilson coefficient C̄3(MW ) =

M2W /m
2
qC3(MW ) corresponding to the same al-

lowed points of the susy parameter space in figure

2. As we anticipated previously, the allowed val-

ues for C̄3 are close to the square of the values of

C7 in figure 2 slightly scaled by different values
of the loop functions.

We can immediately translate this result to

a constraint on the size of the chargino contribu-

tions to εM.

εM =
G2FM

2
W

4π2
√
2 ∆MM

(VtdVtq)
2

24

F 2M MM
M2M

m2q(µ) +m
2
d(µ)

η3(µ) B3(µ) Im[C3] (3.8)

In this expression MM, ∆MM and FM denote
the mass, mass difference and decay constant of

the neutral meson M0. The coefficient η3(µ) =

2.93 [19] includes the RGE effects from MW to

the meson mass scale, µ, and B3(µ) is the B–

parameter associated with the matrix element of

the Q3 operator [19].

For the K system, using the experimentally

measured value of ∆MK we obtain,

εχK = 1.7× 10−2 m
2
s

M2W
Im[C̄3]

≈ 0.4× 10−7 Im[C̄3] (3.9)

Given the allowed values of C̄3 in figure 3, this

means that in the MSSM, even with large susy

phases, chargino cannot produce a sizeable con-

tribution to εK .

The case of B0–B̄0 mixing has a particular

interest due to the arrival of new data from the

B–factories. In fact, in the large tanβ regime

chargino contributions to indirect CP violation

can be very important. However, for any value

of tanβ, we must satisfy the bounds from the b→
sγ decay. Then, if we apply these constraints to

the B0–B̄0 mixing,

εχB = 0.17
m2b
M2W

Im[C̄3]

≈ 0.5× 10−3 Im[C̄3] (3.10)

where once again, with the allowed values of fig-

ure 3 we get a very small contribution to CP

violation in the mixing. We must take into ac-

count that the mixing–induced CP phase, θM ,

measurable in B0 CP asymmetries, is related to

εB by θM = arcsin{2
√
2 · εB}. The expected

sensitivities on the CP phases at the B factories

are around ±0.1 radians, so this supersymmet-
ric chargino contribution will be absolutely out

of reach.

3.2 Direct CP violation

To complete our analysis, we consider now direct

CP violation. In this case, the different decay

processes are described by a ∆F = 1 effective

Hamiltonian. A complete operator basis for these

transitions in a general MSSM involves 14 differ-

ent operators [13]. The main difference with the

case of indirect CP violation is that these op-

erators receive contributions both from box and

penguin diagrams. Nevertheless the discussion

of the presence of imaginary is completely anal-

ogous to the case of indirect CP violation.

Once more, in the gluino case, L–L tran-

sitions are real to a very good approximation,

and several orders of magnitude below the phe-

nomenological bounds [13]. On the other hand,

L–R transitions are suppressed by quark masses

or b → sγ decay. This is always true for the

squark mass matrices obtained in section 2, and

valid both for boxes and penguins.

Finally we are left with chargino contribu-

tions. The analysis of chargino boxes is exactly

7
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the same as in the previous section. In fact,

even the Wilson coefficients are identical once

we factor out the CKM elements. Then, for the

penguins, L–L transitions are exactly real if we

neglect inter–generational mixing in the squark

mass matrices. Taking into account this small

mixing we find, for the very same reasons as

in the indirect CP violation case, that imagi-

nary parts are far too small. The relation of the

b→ sγ decay with the L–R chargino penguins is
even more transparent than before.

However, there is still one possibility to ob-

serve the effects of the new supersymmetric pha-

ses in the absence of new flavor structure. We

have seen that the reason for the smallness of the

contributions of chargino L–R transitions is the

experimental bound from the B → Xsγ branch-
ing ratio. This bound makes the chirality chang-

ing transitions, although complex, too small to

compete with L–L transitions. Hence, in these

conditions, just the processes where only chiral-

ity changing operators contribute (EDMs or b→
sγ), or observables where chirality flip operators

are relevant (b → sl+l−) can show the effects of
new supersymmetric phases [12, 7].

4. Conclusions

To conclude we would like to summarize the pos-

sibilities of finding supersymmetric contributions

in the different CP violation experiments.

In the presence of large supersymmetric pha-

ses, the EDMs of the electron and the neutron

must be very close to the experimental bounds

and possibly reachable for the new generation of

experiments. However, as we have shown in this

work, the presence of these phases is not enough

to generate a sizeable contribution to εK , ε
′/ε

or B0 CP asymmetries. In this flavor chang-

ing CP observables, the presence of a completely

new flavor structure in the soft breaking terms is

a necessary ingredient to obtain sizeable effects.

Only the processes where just chirality chang-

ing operators contribute as b → sγ, or processes
where these chirality flip operators are relevant,

can show the effects of the new supersymmetric

phases.

Nevertheless, in the presence of new flavor

structure in the soft Susy–breaking sector it is

indeed possible to get sizeable CP contribution

with large Susy phases, even with δCKM = 0 [5].

Then, a new result in hadronic B0 CP asymme-

tries in the framework of supersymmetry would

be a direct prove of the existence of a completely

new flavor structure in the soft–breaking terms.

And so, B–factories will probe the flavor struc-

ture of the supersymmetry soft–breaking terms

even before the direct discovery.
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