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We show that EDMs obey a simple approximate scaling under the transformafien mg,my,,— Am;y,, in
the largeun region whenu itself obeys the same scaling, i.e.;.—~\u. In the scaling region knowledge of a
single point in the MSSM parameter space where the cancellation in the EDMs occurs allows one to generate
a trajectory in themy-m,,, plane where the cancellation mechanism holds and the EDMs are small. We
illustrate these results for the MSSM with radiative electroweak symmetry breaking constraints. We also
discuss a class of D-brane models based on type |IB superstring compactifications which have non-universal
phases in the gaugino mass sector and allow |&Beviolating phases consistent with the EDM constraints
through the cancellation mechanism. The scaling in these D-brane models and in a heterotic string model is
also discussed.

PACS numbgs): 13.40.Em, 11.25.Mj, 12.60.Jv

[. INTRODUCTION parameter space where cancellations occur to a trajectory in
the mg-my, plane. The scaling phenomena also have impli-
Supersymmetri¢SUSY) theories contain new sources of cations for the satisfaction of the EDM constraints in string
CP violation which arise from the phases of the soft SUSYand D-brane models. The outline of the paper is as follows:
breaking parameters which are in general complex. CRe In Sec. Il we discuss the scaling transformations and the
violating phases associated with the complex soft SUSYproperties of the relevant SUSY spectrum under scaling in
breaking parameters are typically large, i.€1Dand pose a the region of largex. In Sec. Il we discuss the properties of
problem regarding the satisfaction of the current experimenthe EDMs under scaling in this region. In Sec. IV we discuss
tal limits on the neutron and on the electron electric dipolethe algorithm for the satisfaction of the EDM constraints. We
moment(EDM). For the neutron the current experimental also investigate the parameter space where large and
limit is [1] show that in this region scaling can be used to generate tra-
jectories in thany-my, plane where the cancellation mecha-
|dn <6.3x107*% cm (1) nism holds. The cancellation mechanism in string models
and D-brane models is discussed in Sec. V. Conclusions are

and for the electron the limit if2] given in Sec. VI

|de| <4.3x 10 ?"e cm. (2)
II. SCALING
Various remedies have been suggested in the literature to

overcome this problem. The first of these is the suggestion !N this section we discuss the properties of the chargino
that the phases are smé8,4], O(102). However, small and the neutralino mass _e|gen-values and eigen-vectors un-
phases constitute a fine-tuning and are thus undesirable. ARET the scale transformation

other suggestion is that the sparticle mass spectrum is heavy
in the several TeV range to suppress the EOBIs A third
possibility suggested is that there are internal cancellation

Mo—AMg, Myp—AMyp. (3

th general the eigen-spectrum will have no simple property

Zggtr:gnth&)vﬁ“?g: d(i:r?g;]tt[fuégrgspa:?att)ki]lﬁyna?:rrmogx%rgir:10ert1rt]%nder this transformation since the chargino and the neu-
with large phases and a SUSY spectrum that is still Withintrallno mass matrices contain non-scaling parameléyp

the reach of the acceleratof6]. There have been further andM; . However, simple scaling properties emerge when

S e >M. In the minimal supersymmetric standard model
development§7—12] and applications of this idea to explore |4 Z . )
the effzcts oﬁ‘ Iarg]eCP viF())FI)ating phases on dark mFa)ltter (MSSM) x is an independent parameter and has no scaling

analyseg13-17, on g,—2 [18], and on other low energy property under Eq(3). However, in scenarios with radiative

. ; breaking of the electro-weak symmetuyis determined via
_phenom_en@lQ—ZA]. The _focus c_)f_thls paper is to show that one of the extrema equations by varying the effective poten-
in theories where the Higgs mixing paramejerobeys the tial
simple scaling behavior as the rest of the SUSY masses the
EDMs exhibit a simple scaling behavior under the simulta-
neous scaling ormy and my,. The scaling property of 2_

EDMs allows one to promote a single point in the SUSY

mf,— My tar’ 8

tarfB—1 @
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wherem? =mZ +3,; (i=1,2) and wher&; is the one loop My 2
ion to : o U =1+UD —|+uU®| — | +...

correction to the Higgs boson mass. In the linijk| L el L | |2

>M,, u? becomes a homogeneous polynomial of degree 2

in my andm,,, and thus under the transformation of E8). My 2

it has the property Up=1+ U(R1)< ) U@ —|+... (10)
] |,U«|2

Mm— N L. (5)

WhereU‘l 2 are scale independent matrices and are given by
From now on we shall consider the class of models where

Eq. (5) holds. Next let us consider the chargino mass matrix \/Ecosﬂ e”’)
with the most general set of phases: V2 cosBe ) 0
m,|e'é2 2my singe X2
Moe | my| ; J2my, i,f ) © c052,8 0
\2my, cospe 1 | w|e'fn —cogpB

where our notation is as in Ref6]. By the transformation . _i7
MC=BRM_(’:BI, where Br=diag(€'‘2z,e '¥1) and B, V2singe
=diag(1e'(X2" £2)), the chargino mass matrix can be written J2singel’ 0
in the form

B 2 —sirtg 0

|m,| V2my sing Ug’= _sireg) (11

Me= V2 (%) @ ° S

myy, COS - : i i

w C0S |ule By definingUr=U,Xx diag(e™'”1,e"'"2) one can have
wk)ere 0= 0”.+ §_2+X1+X2- We can diagonalize the matrix U}QM&Udeiaglﬁ] S Ims)). (12)
M¢ by the biunitary transformation

- e~ Thus to the leading order under the transformation of Egs.
Ug'McU =diag|m,:|e"s,|m, [e'72). 8  (3) and(5) one has
In the limit of |u|>(My,|m,|) the eigen-values of the |mXi+|—>)\|mXi+|, i=12, (13
hargi tri . :
chargino mass matrix afe5| and the relevant matrix elements of the EDMs will have the
anl*z|ﬂ|: r~n)(2+2|ﬁﬁz|- (9) following scale transformations:
1

These relations were derived originally in the absencg Bf IMm(U 5 URq)— le(UL2iU§1i)

violating phases in the limit of largg in supergravity mod-

els with radiatively induced breaking of the electro-weak 1

symmetry. Here we find that the relations continue to hold |m(UL1iU§2i)—>le(ULliU’Ezza)- (14
when CP violating phases are included. The matrideg

andU_ in the largew limit may be expanded as follows:  We discuss now the neutralino mass matrix

|my|e'é1 0 —M,singycosBe X1 M,sinfysinge 'x2
0 |m,|e'é2 M, coséycosBe X1 —M,coshysinBe X2 15
—M,sinfycosBe X1 M, cosb, cospe X2 0 —||efn
M,singysinBe X1 —M,cosfsinge X2 —|ule'fn 0
|
We define the matriX that diagonalized,o so that mx2:|m1|,mxgzImzl,mngIMI,mXQZIMI- (17)

T e~~~
XM X = diagmy g, Mg, My M- (19 Again the scaling relations of Eq17) were originally de-

~ rived in the limit of largex and noCP phases and our

In the limit | u|>{M, analysis shows that these relations continue to hold when
values have the following form large CP violating phases are included. From H47) we
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find that in the largeu limit under the transformations of which under the scaling transformation behaves as
Egs.(3) and(5) one has

1
mo—Amo  (i=1-4). (18 Puin= 5 Tuin- (25
In the largew limit the diagonalizing matrix X has the ex- So the chargino component of the electric operator for the up
pansion quarkdX™ has the scale transformation
_ 4 x| Mz M2 dx+—>idx+ (26)
X=X+ X Tal +0 W (19 vz

whereX(©:() are scale independent matrices. Now we dis-and the same transformation holds for the down quark and

cuss the behavior of the diagonalizing matiixof the sfer- ~ for the electron:
mion (mass} matrix under the scaling transformations

where e ax’ 27
d,e )\2

D'M? D= d|aqu1, (20)

).
f2

The neutralino exchange contribution to a fermion is given
For light flavors the scale transformations for the mass eigerby [6]

states are .

2
. _ %EmM

Fi—oAM7 (i=1-2) (21) df-neutraiind €= 47TS|n20W kzl 21 Im( 7+ik)
and the matrix elements &f have the following transforma-
tions under the scaling transformation of E¢3) and (5):
Dll,D22—>D11,D22; D12,D21—>(1/)\)D12,D21. We note, Q~B
however, that for the light flavorghe electron, the up quark
and the down quajkone hagD,,D 54 <|D11,D5y. For the
heavy flavorgi.e., the top and the bottom quaykshich are
relevant to the six dimensional purely gluonic operator, the k= (3oX1iD ¥+ DX D ¥y — K XpiD )
behaviors of the eigen-values and of the diagnalizing matri-
ces are much more complicated and will be discussed later. X (CoX1iDsok— ki XpiDt1k) - (29

~2
mo

3

0

(28)

Z

where

lll. SCALING PROPERTIES OF EDMS Here b=3(4) for Taq=—13(3), ap=— 2 tanby(Q;
—Ta1), bo=—\2T3, co=1/2 tanb,Qs . «, is defined fol-
lowing Eq. (23) and kg is given by kge
zmd,ee*ixll\/iMWcosﬁ. Because of the smallness gf,
one can writeys;, as

In the analysis below we shall use the notation of R&f.
However, we will make the notation explicit where neces-
sary. The chargino contribution to the EDM of the up quark

is given by
—aew 2 2 m, - Nik=80CoX5i DD 2k + DoCoX1iXoi Df1 Dok (30)
df Im(T : .
chargind €= 4 s|n29W kzl .Zl m( ”'k)M~ and by using the expansion of the mat¥xof Eq. (19) one
can write
m2+ m’.
x| QB M +(Qu—Qa)A _~2I ' nfik:aocox(l?)zD?lkDka"' boCoX(l?)X(z?)Drlkszk-
dk dk (31
(22 Sj - * _ A

ince the transformation f@7,, D, for k=1,2 is given by

whereA(r)=2"Y1-r)"[3—r+2Inr(1—r) 1],

1

Lyik= xuVi2Daak(U D1 — kqU D) (23) DfuDrax— N DuD sk (32

and x,=m,e~'X2/2My sin 8. Because of the smallness of the neutralino contribution for the electric operator for both

my, we can ignore the second partldfi, . The bigger com-  the quarks and the leptons behaves as
ponent of it would be that dk=1 and it could be written in

terms ofU_ as 1

E
Fui12|Ku||Dd11|2UL2i Eli (24) df neutralino )\de-neutralino- (33
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Equations(27) and (33) imply that d. satisfies the scaling , 2
t 959
property dq neutralino - 2 2 Im( 7]q|k

ﬁw
1672 M~ M

1
de— —de. (39 4D
A where our notation is as in Rd#6]. The expansion of these

contributions in the limit|x|/Mz|>1 following the same

Next we discuss t_he EDM components for the quark_s whic rocedure as for the electric dipole case shows that in this
contain the contributions from several operators, i.e., the "~ i , ~ e
imit d© again shows the scaling behavidf— (1/\?)d

electric dipole operator, the color dipole operator and th i i
purely gluonic dimension 6 operator: under the transformations of Eq&) and (5). Finally, we
consider the contribution of the purely gluonic dimension 6

_EL 4C L 4G operator. It is given b
dg=d5+dS+dS. 35 OP 9 y
For the electric dipole the chargino and the neutralino con- d eMd (42)
tributions have already been discussed. For the gluino ex-

change contribution one has . o .
g where ¢ is the renormalization group evolution of the

—2a purely gluonic dimension 6 operator from the electro-weak
Je= S%Qym(r}f) scale down to the hadronic scalg9=3.3), M is the chiral

dq glumo
37T . ™G .
symmetry breaking scaleM=1.19 GeV) anddy is given

N L. mg)] . by [4]
—B|—7 |- —%B|—+
Mz T\ M2 M2 M,

3
~ g

1k_ i 12_ _pl My
wherel *=e"'%3D Dy, I'g™=—T7", and

+my(Z)= ) IM(TYIH(22,23,2,)] (43
My
m(Fél)zlvlz—[mo|Aq|sm(aq &3) where
ql a2 ) 5
+|plsin(0,+ x1+ x21 €3)|Rg[]. (37 Fék=e_i‘53Dq2kD§1k,Z?y=(Maa) ' Zq:<%
9 Mg
In the [w|/Mz>1 limit we find that Im(";") scales as & (44)

under the scaling of EO(S) and dq -gluino exhibits the same
scaling behawvior, |edq g|u,no—>1/)\ dq gluino-

Next we consider the chromoelectric dipole momdfit
contribution to the quark EDM. It is given by

The behavior of'{?, 29, andz, under the scaling transfor-
mation is a complicated one because of the largeness of the
quark masses involved, and even if we were in a region
where one can ignore these masses compared to the other
mass scales in the problem, one finds that the behavidf of
dS=—dSy,° (38 is different from that of the other components, i.eS

a —(1\*)d®. Thus the scaling property af, will be more
. o ) complicated. However, as gets large the contrlbutlon «1!‘3
where 7° is the renormalization group evolution of the iy o off faster than the contribution ol and d and
chromo-electric operator from the electro-weak scale to th<?n this case one will have the scallrt%—>(l/)\2)d and
hadronic scale and numericalyf~3.3. Contributions taﬂq so also the neutron EDM,, will behave as
arise from the gluino, from the chargino and from the neu-

tralino exchanges and we reproduce here the analytic expres- 1
sions derived in Ref(6]: d,— Fdn' (45)
2 2
3 _9s% D |m(F1k)ﬂC g (39  We note, however, that the question of how soon the scaling
a-gluine™ g7 & 47\m2 20 sets in as we scale i depends on the part of the parameter
% b space one is in.
~ ~2
—g%0s & < My [ My IV. SATISFACTION OF EDM CONSTRAINTS
dq chargino > 2 2 Im(rqik)_ZB a2 | .
167~ k=1i=1 M3k | Mg In the work of Ref.[6] it was shown that the quark and
(400  the lepton EDMs in general depend on ten independent
phases which were classified there, providing one with con-
and siderable freedom for the satisfaction of the EDM con-
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straints. Numerical analyses show the existence of significan 500
regions of the parameter space where the cancellatior
mechanism holds. We describe below a straightforward tech- 100
nigue for accomplishing the satisfaction of the EDM con-

straints. These techniques are already well understood an_

we codify them here for the benefit of the reader. For the 3 300
case of the electron one finds that the chargino component o~

the electron is independent 6f and the electron EDM as a § 200
whole is independent af;. Thus the algorithm to discover a

point of simultaneous cancellation for the electron EDM and

for the neutron EMD is a straightforward one. For a given set e S

of parameters exceg, we start varying¢; until we reach o | | |
the cancellation for the _ele(_:tron EDM since only one of its 100 200 300 200
componentsthe neutraling is affected by that parameter. my, (GeV)

Once the electric dipole moment constraint on the electron is ) o

satisfied we varyé, which affects only the neutron EDM  FIG. 1. The trajectories in thea,-m,, plane generated by scal-
keeping all other parameters fixed. By using this simple alin9 where cancellgtlons occur in the SUSY EDMs consistent with
gorithm one can generate any number of simultaneous caffle EDM constraints(1) |Ao|=6.5, 6,=2.92, ax=— 4, tans
cellations. In the numerical analysis of the EDMs we aIso:45' gtlfo’_ gzg.z,_aricégr._oci.g(Z) |QO|:2;1,91’ gféfioziggo
take into account the two loop diagrams of the type dis-, "~ ggg_a' ’:'f_l_l' t{;n%:_s's’ gan: 'i%g ¢ ':( 1)0|5 0|a_nd.§,
cussed in Refl.26]. However, we find that in the small t#h  * o @) ’|A’|*°:44' D =302 e — B t:ané=.7 £=0 53
region these diagrams do not make any substantial contribu-"; ™ ;g fai _ 065. (5) |AO|’:3‘.\S' 9 —28, aAo:‘—-l4, tém/;z’
tions to the EDMs. =5, £= 31 &=.3 and&=.32.

We discuss now the lepton and the neutron EDMs in the
region where the scaling relation on the lepton and the neugpyy of the electron corresponding to the five trajectories of
tron EDMs of Eqs.(34) and (45) hold. Suppose we have a rig 1. Again we find that all the trajectories are consistent
point in the parameter space where the lepton and the quaikith the current experimental constraint on the electron
EDMs vanish, i.e.d.=0, dy=0. The interesting observa- gpp\.
tion is that this cancellation constraint is preserved under |, summary a convenient procedure for generating a tra-
scaling provided one is in the scaling region; i.e., H3%)  jectory in the my-my, plane where cancellations of the
and (45) hold. Thus given a point in the parameter spaceégpms occur consists of finding a single point in the MSSM
where cancellations occur one can generate a trajectory ijarameter space with low values wf, and m,, under the
them, —m,, plane by a simple scaling ofiy andm,, Using  ¢onstraint of the radiative breaking of the electro-weak sym-
Egs.(3) and(5). In practice the cancellation is not designed metry using the algorithm described in the beginning of this
to be perfect and the scaling propertiesdafgiven by Eq.  section where the cancellation in EDMs of the electron and
(34) and ofd, given by Eq.(45) are only approximate. Thus of the neutron occur consistent with Eq4) and (2). One
under the scaling transformation some minor adjustment ofy,en computes the EDMs using E¢) and(5) for A>1 and
the other parameters will in general be necessary. The lengiypically one finds that the EDM constraints are maintained
of the trajectory depends on the part of the parameter spacgith only a minor adjustment of other parameters. The onset
one is in. For some cases it is found that the trajectory can bgf the scaling behavior itself will depend on the values of the

long enough to cover the range of the parameter space CORther MSSM parameters. We emphasize that in some cases
sistent with naturalness. An example of this phenomenon is

shown in Fig. 1 where five trajectories are generated anc
where each trajectory is generated from a single cancellatior
point for low values ofmy and my, by simple scaling. We
notice, however, that there is an empty region in trajectory 5
where the cancellation under scaling does not hold. How-
ever, we have checked that with a very minor adjustment ing
the values of the other parameters we can restore the cance® el
lation. Thus each of the trajectories satisfy the EDM con- & '
straints with the values &, tanB, and phase angles fixed

as we move along the trajectory. As we move on the trajec-
tory to the higher mass regions we have a natural suppres
sion besides the cancellation suppression. However, the car .
cellation is still necessary except for the extreme ends of N S N S
each trajectory. In Fig. 2 we exhibit the EDM of the neutron - (Gf\‘,’)" 400
corresponding to the five trajectories of Fig. 1. We find that

all the trajectories are consistent with the current experimen- FIG. 2. Plot of logyde| of the electron EDM vsn,, for the five
tal constraint on the neutron EDM. In Fig. 3 we plot the cases of Fig. 1.
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FIG. 3. Plot of logg|d,| of the neutron EDM vsn, , for the five FIG. 5. Plot of logg\*dy| vs my, for the points in Fig. 3.

cases of Fig. 1. ) 6 2 o > )
theory on a six-torug°=T-XT“X T~ of the type discussed

the subleading terms in the scaling law may be significant? Ref.[28]. In scenarios of this type as in SUSY models and
and could generate new cancellations if they change sign &¥her string models additional sources @P violation can

we scale upward it. While such points violate the scaling arise through the breaking of supersymmetry. The mecha-
law, they are nonetheless acceptable since there is an evBifM of the breaking of supersymmetery here is not fully
greater satisfaction of the EDM constraints for this case. IrHnderstood. However, one can still make some progress by
Figs. 4 and 5 we plot |QQ>\2|de,n| as a function ofny, and phenomenologl_cglly parametrizing ho_w _ supersymmetry
we see support of the scaling idea here. It is important t@reaks. An efficient way of doing so is in terms of the
keep in mind that the method we outlined here is only arvacuum expectation valug¥’EVs) of the dilaton field(S)
approximation and should be used keeping that in mind. Th@nd of the moduli fieldS; and for the case when the vacuum
method would work best if one is in the scaling region or€nergy is set to zero one has tifattype supersymmetry
close to it. Certainly it should be of relevance in exploring atbreaking may be parametrized (8]

least a part of the parameter space where these conditions are ] .
met. FS=\3my(S+S*)singe s

V. STRING AND BRANE MODELS F'=\3my(T+T*)cosg®e " (46)
AND EDM CANCELLATIONS
where#, ©; parametrize the Goldstino direction in tBe T;
We discuss novC P violation and cancellations in EDMs  fie|d space andys and y; are theFS and F' phases, and
for the case of string and brane models. Recently, progress 921 92+ ®2=1. The type IIB compactified models of the
string dualities has led to the formulation of a new class Oftype mentioned above contain 9-branes, (V=1,2,3)
models based on M theory compacitified GiY x S'/Z, and branes, 5(i=1,2,3) branes and 3-branésé=1 supersym-

models in the framework of type IIB orientifolds. We shall yetry constraints require that not all the branes can simulta-
focus here on type IIB orientifold models which have re- neously be present, and thus one can have either 9-branes
ceived significant attention recentf27]. Specifically we ;. 5-branes or 7branes and 3-branes. Recently the work
shall consider models with compactification of the type 1B 5t Ret. [11] investigated the EMD constraints on models
based on 5(i=1,2) branes which belong to the general
] class of models discussed in REZ8]. It was shown that this
] model exhibits non-universalities in the phases of the
] gaugino masses, that cancellations in the EDMs arise and
that one can achieve satisfaction of the EDM constraints con-
sistent with experimenf11,12. Our own analysis of this
model further confirms the existence of the cancellations for
the EDMs in the parameter space of this model.
We discuss here the models based on 9-branes and one
from the set of 5-branes which we choose to be @here
the standard model gauge group is distributed between the
two branes. Like the models based on(b=1,2) branes,
ool L b b these models also contain non-universalities of the gaugino
=00 250 300 350 400 450 phases due to different gauge kinetic energy functions asso-
s (@) ciated with 9-branes and;®ranes, i.e.fo=S, and f

FIG. 4. Plot of logg\%d,| vs my,, for the points in Fig. 2. =T,. However, the nature of the soft SUSY breaking is

—25‘50||||||||||||||||||||||||

—25.75
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T
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—26.50
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!
\

different in these models from the ones based phranes. B N L B L I L IR
Thus it is interesting to investigate the question of la@je -

violating phases and of cancellations in the EDMs in this —R45
type of model. In models where more than one type of brane

are involved the unification of the gauge couplings requires_ 250
fine-tuning. For the case of models based on the 9-brane an§

the 5;-brane the unification of gauge couplings is more dif- o %5
ficult than in the case when the gauge groups are embedde

onto two different same type branes. A full discussion of this —%6.0
topic is outside the scope of this work. However, we wish to
note that contributions from extra matter and twisted moduli
[28] could be important in a realistic analysis of the gauge

—26.5

coupling unification in this case. For the purpose of the RO Y 03 04 05
analysis we shall simply assume that the unification does Oy (rad)

occur at the usual scale ef10'® GeV. We emphasize that
the issue of cancellations in the EDMs is largely independen

o
»

t FIG. 6. Plot of logg|de | Vs 6, for Model | based on 9-branes
émd 5 branes exhibiting the cancellation of the EDMs for the elec-
gron and for the neutron for the case whem,=250 GeV, 6
=1, tanB=5, ys=0.295,y,=0.409,0,=0.64. The solid line is
for the electron case and the dashed one is for the neutron.

of the issue of the gauge coupling unification and thus th
conclusions of our analysis are largely independent of thi
issue.

Below we consider the following two ways to embed the
standard model gauge group on the 9-branes gror&nes.

Case | Here we consider the possibility that the the two cases. Thus after SUSY breaking one finds here that

SU(3)cXU(1)y is associated with the 9 brane and thethesu(z)R singlet masses have the common M3 and

SU(2), is associated with the,Sbrane. Further we assume he SU(2). doublet masses have the common magg
that theSU(2)k singlet states are associated with the 9-branavhere

sector, while thesU(2), doublet states arise from the inter- ) 5 )

section of 9-brane and,Srane sectors. In this model we ms, =m3,(1-3sirfe) (50
find using the general formulas of RéR8] the following

results: theSU(2)y singlets have the common masg and ) ) 3 )
the SU(2), doublets have the common masgs where Mas, = M5 1— 500529(1— 07) (51)
mg=m3 (1 -3 cod607) (47)  \while the SU(3), SU(2), and U(1) gaugino masses are
given by
2 2 3 2
Mgs, =Mzl 1— Ecosza(l— 09 ]. (48) 1y = \BMyc0800 6~ 1= fg= — Ag,

The SU(3), SU(2), and U(1) gaugino massesm, My = \3Mysin de 175, (52)
(i=1,2,3) are given by

To guarantee that there are no tachyons we impose the con-

My = V3my;sin e Ys=my= — A, straint sif¢<1/3. We note that although one can go from
5 ' case | to case Il and vice versa by the transformatiord sin
m,= \/3My,c0s60 87171, (49  ——cosAO, and ys—— v4, these cases are physically dif-

ferent. This is so because on@end® ; which parametrize

In the analysis of the EDMs we shall treat the phasg @6  the Goldstino direction in the dilaton and the moduli VEV
be a free parameter and the magnitude.a§ determined by space are frozen, these cases will lead to different sparticle
the radiative breaking of the electro-weak symmetry. In or-masses and will have physically distinct experimental conse-
der to avoid tachyons we impose the constraint?@8¢  quences. Of course it is possible to view the two cases as part
<1/3. In Fig. 6 we exhibit the cancellation phenomenon forof a single case with a larger parameter space but we prefer
the EDMs for this case in the presence of la@je violating ~ to treat them as distinct on physical grounds. Again as in
phases. case | we treat the phase pfto be a free parameter and use

Case It The second possibility is that th&U(3)c  the radiative breaking of the electro-weak symmetry to de-
X U(1)y is associated with the,Sbrane and th&U(2), is  termine the magnitude g&. An exhibition of the cancella-
associated with the 9-brane. Regarding the matter fields wion in EDMs for this case in the presence of la@® vio-
assume that th8U(2)x singlet states are associated with thelating phases is given in Fig. 7.
5, sector, while theSU(2), doublet states arise from the  An interesting aspect of string models is that under the
intersection of the 5-brane and 9-brane sectors as in case Isingle scaling
Although this case s dual to case |, the pattern of soft
masses is different after the breaking of supersymmetry in Mg;— A Mgy, (53
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FIG. 7. Plot of loggde | vs 6, for model Il based on 9-branes  FIG. 9. Plot of logo\2|d,, | VS log,gMs, for the heterotic string
and 5-branes exhibiting the cancellation of the EDMs for the elec-model discussed in the text using one cancellation paintar lefy
tron and for the neutron for the case whem,=500 GeV,6  for each of the three cases. The parameters for the cases considered
=03, tanB=5, ys=0.3,7,=04,6,=0.9. The solid line is for are (1) my,=1050 GeV,#=0.06,6,=0.3, tans=6, ag=0.15,
the electron case and the dashed one is for the neutron. a7=0.4, 5gs=— 10, €=0.006,€’ =0.001, (2) my,=340 GeV, §

_ _ =0.6,6,=0.3, tanB=3,ag=0.25, a;=0.37,6cs= — 4,e=0.001,
one hasFS—\FS andF'—\F' and thus all the soft SUSY €' =0.05,(3) my,=3 TeV, #=0.05,0,=0.5, tan3=8, as=0.39,
breaking parameters will have that scaling. We examine nover=0.59, 6gs= —8, €=0.004,¢’ =0.0012.
the scaling phenomenon for the two models considered
above. For this purpose it is useful to define=mg,/m3,  Wherey;=—33/5+ dgs,v2= — 1+ dgs, y3=3+ dgs and
wheremsy, is the running value anthd,, is m, at the ex- o
treme left. In Fig. 8 we exhibit the rgé%ult of the extrapola- Ao=— V3mgsinge” s, (56)

. 2 . .
tions for logo\“[de o as a function ofmy, starting froma parametedgs is fixed by the constraint of anomaly

single point of cancellation at the far left. One finds that as o 4 .
ma, increases the scaling is obeyed here to a good approxcr‘_ancellatlon in a given orbifold model. The parameieand

mation. For comparison we also consider a heterotic strin IS phase.a_re again treated as mdepen(jent parameters. In Fig.
model. The cancellation for the EDMs for the type O-lI we exhibit the resuit of the extrapolations for 1@92|de,n|

model of Ref.[29] was discussed in Ref11]. We discuss 2> & function of logms, starting from a single point of

: : ancellation at the far left. We find that scaling is obeyed for
?hei;etrggis/(:?slIggrgﬁgterir?gd-rt?ég?m SUSY breaking sector Owo of the three cases exhibited in Fig. 9 over the entire

range ofmg, considered. For the third case the initial part of
the curves is in the non-scaling region and a new cancella-

2__ 2 . .
M= €'(— dgs) M3 (54 tion appears which, however, further reduces the EDM for
this case, maintaining consistency with the experimental
My = \/3Mayo(Sin e~ 9S— v, e cosfe™ 4T (55) EDM constraints. Eventually of course scaling seems to set

in for this case asng;, becomes larger. This third example is
an interesting illustration of the approximate nature of the
] scaling analysis and of subleading non-scaling corrections.

—R0 T T T

_os5 e it - Since the cancellation is a rather delicate phenomenon, these
s ] subleading terms can trigger a further cancellation which
P mo- T TTTTTTTTTm T i would lead to a breakdown of scaling. However, the EDM
g . = . constraints are satisfied even more so in this case.
af -26.5 = -
& C ] VI. CONCLUSION
S _arob A
ot ] In this paper we discussed an algorithm for generating
—avsfe E cancellations for the EDMs of the leptons and of the quarks
n ] within the framework of the MSSM. We showed that in
_28‘03 R R R B theories where thew parameter obeys the simple scaling

400 600 800 1000 behavior of Eq.(5) under the scaling of Eq3), the lepton
my/, (GeV) . . K
and the quark EDMs show a simple scaling property in the
FIG. 8. Plot of log\2|d, | Vs My, using one cancellation point Mo-My2 Plane in the largg. region. Thus in this region the
(at far lefy for each of the cases in Figs. 6 and 7 and scaling incancellation constraint on the electron and on the quark
My,. 6, for each curve is fixed at the initial point to satisfy the EDMs is essentially maintained under scaling. Thus given a
experimental limits of EDMs by cancellation. single point in the SUSY parameter space in the lawge
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region where cancellations occur one can generate a trajebypothesis is an experimentally testable idea, i.e., that with
tory in themy-m,, plane where cancellations are maintainedsoft SUSY phase®(1-10 1) and with the SUSY spectrum

by the use of scaling with only minor adjustments in otherwithin the naturalness limits of @) TeV, the EDM of the
parameters. We emphasize that for low valuesrmgfand  electron and of the neutron should become visible with an
my,, some adjustment of the parameters to satisfy the EDMrder of magnitude improvement in the experimental EDM
constraints will in general be needed to compensate for theneasurements. We further point out here that this observa-
fact that one is in the non-scaling region. We also discussetion is generic and should cover a range of models whether
a class of type 1IB string models with 9-branes anebbanes  SUSY, string or brane. Such an order of magnitude improve-
which have non-universal phases for the gaugino masses. Weent in experiment should be possible in the near future.
showed that such models can have lagge violating phases
consistent with cancellations to guarantee the satisfaction of
the EDM constraints. We also exhibited the existence of
scaling in these models as well as in a heterotic string model. This work was done in part during the period when one of
The simple algorithm described above with the caveats alus (P.N,) was participating in the ITP Program “Supersym-
ready discussed opens another window for the exploration ahetry Gauge Dynamics and String Theory.” We wish to
the SUSY parameter space with lal@® phases and a rela- thank Zurab Kakushadze, Gary Shiu and especially Carlos
tively light SUSY particle spectrum. Finally as already Munoz for helpful discussions. This research was supported
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