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Effects of large CP phases on the proton lifetime in supersymmetric unification
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The effects of largeCP violating phases arising from the soft SUSY breaking parameters on the proton
lifetime are investigated in supersymmetric grand unified models. It is found th@&Rhéolating phases can
reduce as well as enhance the proton lifetime depending on the part of the parameter space one is in. Modi-
fications of the proton lifetime by as much as a factor of 2 due to the effects @ Eheiolating phases are
seen. The largest effects arise for the lightest sparticle spectrum in the dressing loop integrals and the effects
decrease with the increasing scale of the sparticle masses. An analysis of the uncertainties in the determination
of the proton lifetime due to uncertainties in the quark masses and in the other input data is also given. These
results are of import in the precision predictions of the proton lifetime in supersymmetric unification both in
GUT and in string models when the soft SUSY breaking parameters are complex.

PACS numbes): 12.60.Jv, 11.30.Er, 14.20.Dh

[. INTRODUCTION and of string variety16]. However, for concreteness we will
consider first the simplest §8) supersymmetric grand uni-

It is well known that there are new sources®@P viola-  fied model, and then consider a non-minimal extension. As
tion in supersymmetriSUSY) theories which arise from discussed above similar analyses should hold for a wider
the soft SUSY breaking sector of the theory. The normal size€lass of models and so what we do below should serve as an
of such phases is (@ and an order of magnitude estimate illustration of the general idea of the effect of lar@P
shows that such large phases would lead to a conflict witfphases on the proton lifetime.
the current experimental limits on the electfdn and on the The outline of the paper is as follows: In Sec. Il we give
neutron electric dipole momef2]. The conventional ways a theoretical analysis of the effects GfP violating phases
suggested to avoid this conflict is either to assume that then proton decay in the minimal supersymmetric (SU
phases are smalB,4] or that the SUSY spectrum is heavy model for specificity. In Sec. lll we discuss the numerical
[5]. However, recently it was demonstrafe that this need effects of theCP violating phases ok, under the EDM
not to be the case and indeed there could be consistency wittonstraints. A non-minimal extension is also discussed and
experiment even with larg€ P violating phases and a light an analysis of the uncertainties in the predictions of the pro-
spectrum due to an internal cancellation mechanism amonign life time due to uncertainties in the quark massesgjn
the various contributions to the electric dipole momentsand in the Kobayashi-MaskawdKM) matrix elements is
(EDMs). The above possibility has led to considerable fur-given. Conclusions are given in Sec. IV.
ther activity[7-9] and the effects of larg€ P phases under
the cancellation mechanism have been investigated in dark || THEORETICAL ANALYSIS OF CP VIOLATING
matter with the EDM constrain{d 0], in g,—2 [11] and in PHASES ON PROTON DECAY
other low energy physics phenomeliiZ]. IN SUPERSYMMETRIC GUTS

In this paper we investigate the effects of lal@® vio- o . »
lating phases on nucleon stability in supersymmetric grand N the minimal supergravitfyMSUGRA) unified model
unification with baryon and lepton number violating dimen-[17] the soft SUSY breaking can be parametrized by
sion five operator§13—15. The main result of this analysis Mo. M1z, Ao, and tan3, wheremy is the universal scalar
is that the dressing loop integrals that enter in the supersynil@ssmy, is the universal gaugino mass, is the universal
metric proton decay analysis are modified due to the effect offilinear coupling all taken at the GUT scale, and g&n
the largeCP violating phases. ThEP effects on the proton =(H2)/(H1) is the ratio of the Higgs vacuum expectation
lifetime are most easily exhibited by consideriRg defined ~ Values(VEVs) whereH, gives mass to the up quark ahid
in Eq. (22) which is the ratio of thep lifetime with phases ~9ives mass to the down quark and the lepton. In addition, the
and without phasewR, is largely independent of the grand effective theory below the GUT scale contains the Higgs
unified theory(GUT) structure which cancels out in the ratio. Mixing parametey. which enters in the superpotential in the
Since the dressing loop integrals enter in the proton decalg™msH;H». In the presence of P violation one finds that
lifetime in both GUT and string models which contain the the minimal model contains two independélP violating
baryon and the lepton number violating dimension five op-Phases which can be taken to &g, which is the phase gt
erators, the phenomena @ violating effects on the proton anda, which is the phase oA,
lifetime should hold for a wide range of models both of GUT  For more general situations when one allows for non-
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universalities, the soft SUSY breaking sector of the theory dr,
brings in moreCP violating phases. Thus unlike the case of e i Vur
MSUGRA here theJ (1) X SU(2)X SU(3) gaugino masses L
m; (i=1,2,3) can have arbitrary phases, i.e., ng 1/M
-~ o~ ur, 7
m=|mje's (i=1,2,3. (1) —_— dr, S

While in the universal case a field redefinition can eliminate
the common phase of the gaugino masses, here one finds that
the difference of the gaugino phases does persist in the low
energy theory and in fact is found to be a useful tool in
arranging for the cancellation mechanism to work for the
satisfaction of the EDMs. In the following analysis we carry
out an analysis of the proton decay with the most general
allowed set ofCP violating phases. The definition of the
mass matrices for charginos, neutralinos and for squarks and
sleptons have been explicitly exhibited in REE8] and we

refer the reader to this paper for details. The focus of the Uy,
present work is to analyze the effects@P violating phases —_— ~ Vur,
on p decay and to estimate its size. For the sake of concrete- UL
ness we begin with a discussion of the simplest grand unifi- q, X?_4 1/1\/[
cation model, i.e., the minimal S6) model. However, the d ’
technique discussed here to mclude thE effects onp de- L dy, ST
cay can be used to analyze t@é violating effects for any
supersymmetric unified model with baryon and lepton num-
ber violating dimension five operators. This class includes
string models. UR
As mentioned above we consider for concreteness and —— iR €R
simplicity the minimal SW5) model whose matter interac-
tions are given by13-15 G, x)_4 1/M
dR J
Wy=— %flij EUwayH MUWMXY+ f2|J |_|2u M @ " YR

FIG. 1. Examples of the dressing of LLLL baryon-number-

o — . violating dimension five operators by chargino, gluino and neu-
whereM,,,M™ are the 510 plet representations of %), tralino exchanges that contribute to the proton decay. Cancellation

andH, ,H, are the 55 of SU5). After the breakdown of the among diagrams such as betweghandy, exchanges can lead to
GUT symmetry and integration over the Higgs triplet fields an enhancement of the proton lifetime. The dressings of the RRRR
the effective dimension five interactions below the GUT dimension five operators is also exhibited.

scale which governp decay is given by13-15

1 and the neutralino exchanges to generate effective baryon
Ls = Mfabc(PfTV)ij(fg)m and lepton number violating dimension six operators at low
energy(some examples of dressing loop diagrams are given

in Fig. 1. It is in this process of dressing of the dimension
five operators that th€ P violating phases of the soft SUSY

3 breaking sector enter in the proton decay amplitude. TRe
phases enter the dressings in two ways, via the mass matrices
of the charginos, the neutralinos and the sfermions, and via

X[aLbiaLcj(gEk(VuL)al_EidLaI]+ ---)+H.c.

- _ t d . d . . . o
Lsr= M €and V' )i (PVI9 g the interaction vertices. Taking account of this additional
o complexity, the analysis for computing the proton decay am-
X (e%UraUrcklrpit - - )+ H.C. (4)  plitudes follows the usual procedure. Thus to dress the di-

mension five operators the squark and slepton fields must be

where L5, and Lz are the LLLL and RRRR lepton and eliminated in terms of their sources. As an example, the up
baryon number violating dimension 5 operators, V is thesquarks in the presence 6P violating phases can be elimi-
Cabibbo-KM (CKM) matrix and f; are related to quark nated using the relations
masses, an@&; appearing in Eqs3) and(4) are the genera-
tional phases given bl;=(e'"), X;v;=0 (i=1,2,3).

The baryon and the lepton number violating dimension ~ L LR
five operators must be dressed by the chargino, the gluino u“-_zf [AuiLuit AT Ry
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~ R RL, — ,82m m2\?
”‘RZZJ[AUiRUi”i Lui] ®  TpouK )= o 1 | A PARAY?
MH33277f7T my :
where my(D +3F)
X 1+3—rnB 1+y}k
L= g, = 6 +(e Y+ )5) 5, +A—§yR5-
ui_ﬁ: ui_ﬁ- (6) g z) 92 Ag 1%i3
i - i i : AT 1+ Y¥—(e718Y5-15)5
Here L, is the sum of fermion-sfermion-gluino, fermion- 3 mg 3 g vZ/%2
sfermion-chargino and fermion-sfermion-neutralino interac-
tions and AR _ 2
+Ey25i3 (10)
S
Ai=[Dyina2Ayin+Dyind*Aui]
where
AR =[IDuiz1l*Ayis+ [Duizd*Au,] (7 A, k= (sin2M & ~La5PommiVT Vo Vod F(cid; W)
+F(cie W), (11
and

In the aboveA (Ag) are the longshor) suppression factors,
R D,F, f, are the effective Lagrangian parameters, @hdis
A= —DyiDyird Ayir—Auiz] defined byB,U}= €apceqp(0da uf ul|p) whereU/ is the
proton wave function. Theoretical determinationgsgflie in
the range 0.003—0.03 GéVPerhaps the more reliable esti-
ARF=—DyiD L Auiri— Aupo]. (8)  mate is from lattice gauge calculations which giy&s] g,
=(5.6=0.5)x10"% Ge\l.
Aside from the explicitCP phases via the exponential
Here Tj; and Tij, are the squark mass eigenstates for thdfactore ' in Eq.(10), CP effects enter dominantly itF’s
squark flavors; andu;, andA,,; andA,,, are the corre- which are the dressing loop integrals. For the chargino ex-

sponding propagators, ard,; is the diagonalizing matrix change in the presence OfF violating phases one has

for theu; squarks, i.e., -~ ).
F(ui;dj ;W)= — 3274

DEiMaDui=dia§(M~Eil,M~Ei2). (9) X A:Elz[Atai 1~ ALhel'Shy1Ga

X[AgUK;— A€ U] (12

We note the special arrangement of the complex quantities
and their complex conjugates in E¢?) and(8). SpLng:lflca;!ILy/ HereG, (A=1,2) are the propagators for the chargino mass
we note that while in the absence 6P phasesA;’=A;"  eigenstates and the matrices U and S enter in the biunitary
this is not the case in the presence @P phases and in  transformations to diagonalize the chargino mass marix
general one haa.,R+AR" as is seen from Eq$8). L,; and  sych that
R,i defined by Eq.(6) receive contributions from the
chargino, the neutralino and the gluino exchanges.

Following the standard procedur&3—15 one obtains the
effective dimension six operators for the baryon and the lep-
ton number violating interaction arising from dressing of theln Eqg. (10) the quantitiesy}k are the corrections due to the
dimension five operators. From this effective interaction onechargino exchanges involving third generation squaykss
obtains the proton lifetime decay widths for various modeshe contribution from the gluino exchang¥; is the contri-
using the effective Lagrangian methgjs. We limit ourselvesution from the neutralino exchange, aﬁi& are the contri-
here to the dominant decay moge- »;K™. Including the butions from the dressing of the RRRR dimension 5 opera-
CP violating effects the decay width for this process is giventors.
by The gluino exchange contributiQ)f; is given by

U*MCS’lzdiaanXI,anX;). (13
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49 triplet massM Hy: The proton decay lifetime is significantly
affected if we were to change the GUT structure. Thus, for

(14) example, if one had many Higgs tripleft80], H; andH; (i
=1,...,n)where only the triplet4d, andH; couple with

The function  is defined byH(u;d;g)=f(m,;my; mg) matter, i.e.,

where f is defined by Eq19) below. The contrlbutlons)

4P1“3 myViq (,,)
9= ——

3P,a;m VoV Vo, F(C/s;W) + ]-'(

ot Al

RN

from the dressing of the RRRR dimension five operators are WY = H 3+ JH, + HiMjjH; (20)
given by then. the effective interaction on eliminating the Higgs trip-

cMpV21V22V3, F(C;b; W) wWeff=—J(MHJ. (21)

and by Here one finds that the effective Higgs triplet mass4§’

Py mmiVa ViVl O W) =[(M~")11]"*. The model withM,,, andM§" would have
Vo=5- ~ = = ~—=—~— (16) very similar CP violating effects for the same low energy

3) T 5 o
2 MMV 21V 2N 31 F(C W) + (¢ 73 W) sparticle spectrum. The reason is that @ effects are

largely governed by the nature of the low energy physics,
e.g., the sparticle mass spectrum and the couplings of the
) sparticles with matter. Thus we expect similar sizB vio-

where Q’s are defined as follows:

T

o(7t; W)= — 3274 lating effects in models with different GUT structures but

\/EIVIWCOSB with similar size sparticle spectrum
To discuss th€ P violating effects on the proton lifetime
2 ARUZ [ €ATSE,— AT SK 16 . it is useful to consider the rati® . (p— r+K™*) defined by
17) R(p—v+KH)=1(p—v+K")/mo(p—v+K*).
(22)
The dressing loop integrals can be expressed in terms of the .

basic integral Here r(p— v+ K™) is the proton lifetime withCP violating

phases andry(p—v+K™") is the lifetime without CP
f( i, i ka)=_16772iJ AA G, (18)  Phases. This ratio is largely model independent. Thus most
) ) of the model dependent features such as the nature of the

GUT or the string model would be contained mostly in the

where front factors such as the Higgs triplet mass, the quark
2 2 2 2 masses, thég andA| suppression factors all of which can-
o _ Mk Mi i P M cel out in the ratio. Similarly the quantit§, which is poorly
Fpiomj md=——"—| > 35 -— =] K ' i ¥ i
e A e T VA T Vol nown cancels out in the ratio as do the KM matrix ele-

(199 ments.
We analyzeR, under the constraints th& P violating
In the limit of noCP violation the analysis limits correctly to phases obey the experimental limits on the electron and the
the previous results which do not inclu@eP violating ef-  neutron EDMs. For the electron and for the neutron the cur-
fects. rent experimental limits argl,2]

— 27, — 26,
ll. NUMERICAL EFFECTS OF CP VIOLATING PHASES |de|<4.3x10"“'ecm, [d,|<6.3x10 “%ecm. (23

ON PROTON DECAY . .
We are interested in the effects of large phases on the proton

We discuss now the numerical size of the effect<Céf  lifetime and for these to satisfy the EMD constraints we use
phases on the proton lifetime. As is obvious from our discusthe cancellation mechanism. In Fig. 2 we present five cases
sion above the proton lifetime is highly model dependentwhere for different inputs the electron EDM is plotted as a
Specifically there are two main factors that govern the life-function of 6,. An analysis of the neutron EDM for the
time of the proton. One of these depends on the nature of theame input is given in Fig. 3. One finds the cancellation
GUT sector, i.e., if the GUT group is §8), SQ10), E;, mechanism produces several regions where the EDM con-
etc., and on the nature of the GUT interaction, e.g., on thetraints are satisfied. In Fig. 4 we give a plotRf for the
GUT Higgs structure, while the second factor that controlssame set of inputs as in Figs. 2 and 3. The analysis shows
proton decay is the sparticle spectrum and the sparticle intethatR, is a sensitive function of th€ P phasef,, and varia-
actions that enter in the dressing loop integrals. tions of a factor of around 2 can occur. We also note that

In the simplest Sb) GUT model with two Higgs mul- both a suppression as well as an enhancement of the proton
tipletsH,; andH,, GUT physics enters mainly via the Higgs lifetime can occur as a consequence of th@ violating
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Log,,ld|
Log,ld,|

O(radian) O(radian)

FIG. 2. Plot of logg/de| vs 6, exhibiting cancellations where FIG. 3. Plot of logg/d,| vs 6, exhibiting cancellations where
the five curves correspond to the five sets of input for the paramthe five curves correspond to the five sets of input for the param-
eters tamB, Mo, My, &1, &, &3, aa, and A, given by (1) eterstarB, Mo, My, &1, &, &3, aa, andA, as given in Fig.
2,71,148, —1.15-1.4,1.27,-0.4,4 (dotted, (2) 2,71,148, 2.
-0.87-1.0,1.78, —0.4,4 (solid), (3) 4,550,88, 0.5;1.55,1.5,
0.6,0.8 (dashed, (4) 4,750,88, 1.5,1.6,1.7, 0.6,0(8ng dasheg
and (5) 2,71,148, 0.55,1.0,1.35;0.4,4 (dot-dashef All masses
are in GeV and all phases are in radians.

Mo—AMg,  Myp—AMyp. (24)

The size of the sparticle spectrum depends on the acdle

effects. Interestingly the large€tP effects onR, occur here general, the larger the vall_Je pfthe heavi_er is the sparticle

at the points of maximum cancellation in the EDMs as maySPectrum and correspondingly smaller is @@ effect on

be seen by a comparison of Figs. 2, 3, and 4. The variatione dressing loop as demons_trated in Fig. 5. For the _m|n|mal
in R, due to the phases arise because of constructive arr%U(S) case one needs a relatively heavy spectrum with some
destructive interference between the exchange contributiorfd the sparticle masses-1 TeV to stabilize the proton

of chargino 1 §;) and chargino 2 ¥5) (see Fig. 1L We which has the current experimental limit for the- vK de-
give an illustration of this phenomenon in Table I. The

analysis of Table | exhibits the cancellation in the imaginary 2 ' ' '

part of the amplitude for the decay process v+K ™ from
chargino 1 and chargino 2, and this cancellation leads to ar
enhancement in the lifetime ratio for this case.

It is possible to promote each of the cancellation points in
Figs. 2 and 3 into a trajectory in thegy—my,, plane by
scaling upwards by a common scale transformaj&jn

176

-
L)

2 T T T T

Ratio of p lifetimes: R,
&
a

-
(4]

0.75
1 15 2 25 3 35

Scaling Factor A

FIG. 5. The ratidR,. as a function of the scaling factardefined
in the text. The four curves correspond to the four sets of input for
the parameters ta8, &;, &, &3, 6, aa, andA, given by(1)
2,-1.15~1.4,1.27-1.7-0.4,4 with my=71 andm,,=148 for
the point of intersection withR, axis (dotted, (2) 2,—0.87,
—1.0,1.78;-2.15~0.4,4 withmy=71 andm,,,= 148 for the first
05 . . . s . point (solid), (3) 4,0.5~1.55,1.5,1.56,0.6,0.8 witlmy=550 and
2 B T et 2 ®  my=88 for the first point (dashed and (4) 4,1.5,1.6,1.7,
—1.56,0.6,0.8 withmy= 750 andm;,,,= 88 for the first point(long
FIG. 4. The ratioR, of the proton lifetime with phases and dasheg All masses are in GeV and all phases are in radians. All
without phases as a function @f, for the five cases given in Fig. 2. trajectories satisfy edms constraints.

Ratio of p lifetimes: R,

-

095001-5



TAREK IBRAHIM AND PRAN NATH PHYSICAL REVIEW D 62 095001

TABLE I. CP effects on chargino dressings. The table gives an analysis of the dressing loop integrals for
dressings with charginos 1 and (8ee Fig. 1 and their sum for the case whany,=71 GeV, m,),
=148 GeV, taB=2, 0,=1.4, £,=0.3, {,=1.8, £3=0, where all phases are in radians. The analysis
shows cancellations in the dressings between chargino 1 and chargino 2 for the case with phases.

Case Chargino 1 Chargino 2
(ReA\Zvi”AV ), ,mA\Zvi”AV N (—0.22-0.89) (-0.026,0.2)
case © " o (R&\, /1A, | ImA, /|A, ) A, A, |

" #0 3 iy ” 0
Sum 1 and 2 €0.25-0.69) 0.74

cay mode ofr(p—>7K)>5.5>< 10% yr [21]. Because of the CP.vi.oIating effects. It is for th?s reason that we .choose to
heaviness of the sparticle spectrum, @@ effects for the exh|b|t' the rgsults of our analysis in Figs. 4 qnd 5in terms of
minimal SU5) model are typically small, i.e., of order only the ratioR; since the effects of the uncertainties cancel in the
a few percent. Large€ P effects can occur in non-minimal ratio. The analysis also shows that an improvement in the
models where one has several Higgs triplets. Thus we corfietermination of the quark masses andsgfis essential for
sider an example where one has two pairs of heavy Higgé more precise prediction of the proton lifetime in supersym-
triplets with the Higgs triplet mass matrix given by metric unification of the type discussed here. The reduction
of the error in the prediction gp lifetime will also help to
define theCP effects on proton decay when such a decay is

: (25  experimentally observed.

In summary, theCP violating effects on the proton life-
. . time are relatively large if the sparticle spectrum entering the
Such a structure can arise, for examplg, n ar§1$§)model dressing loop integrals is relatively light and t84° violat-
[22] with two 10's of Higgs and a45 of Higgs with @ super- i, eftects get progressively smaller as the scale of the spar-
potential of the typeV, = M 5105+ A 1044510z . After  icle spectrum entering the dressing loops gets progressively
the 45 of Higgs develops a VEW45,)=(a,a,a,0,0)Xi02  |arger. The current experimental limits on the sparticle
one finds that only one pair of Higgs doublets remain massmasses allow for a relatively light sparticle spectrum, i.e.,
less while the Higgs tripletsH;; ,H,) and H.;,H;,;) have significantly smaller than 1 TeV. This means that there exists
the mass matrix given by Ed25). In this case one has the possibility of significan€ P violating effects on the pro-
Met=a%A?/M, and one can arrange for proton stability ton lifetime. However, the minimal SB) model does not
even with a light spectrum by an adjustment of the paramsupport the scenario with a light spectrum and thusGiie
etersaA andM,. violating effects for the case of the minimal model are small.

Finally we discuss the current uncertainties in the protorHowever, for the non-minimal case proton stability can oc-
lifetime predictions. Uncertainties arise from the errors in thecur even for a relatively light spectrum due to suppression
quark masses, i, and in the KM matrix elements. The from a more complicated Higgs triplet sector. In these types
largest source of uncertainties arises from the strange quad$ modelsC P violating effects can be significant.
mass (ng). There are several determinations of: mg
=193+59 MeV [23], mg=200=70 MeV [24], mg=170
+50 MeV [25], m¢=155+15 MeV [26], all evaluated at
the scale 1 GeV. We take for our average;=180
+50 MeV. For the charm quark massn{) we usem,
=1.4+0.2 GeV[27] while for the bottom quark mas#n,)
we usem,=4.74+0.14 GeV[27]. The contributions from SN
the first generation quarks are small and are not the source, ~ }------

=

0 aA
aAh M,

of any significant uncertainty in the lifetime. The errors in §1oss | PN

the KM matrix elements are of a subleading order forthe & PN I e
mode but are still significant enough to be included. We use T e - -
the results of Ref[27] for the allowed ranges of the KM

matrix elements. Fog, we use the result of the lattice gauge
analysis of Ref[19]. In Fig. 6 we exhibit the error corridor

for the proton lifetime for the casél) of Fig. 2 with
M,/aA=0.01, M,=Mg. One finds that given the current "

errors in the input data the predictions for the proton lifetime -3 = = 0 1 2 3
. 1. . 8(radian)
has an uncertainty of about a factor of 2'¢L) on either
side of the mean. A similar analysis holds for the ca&s FIG. 6. Exhibition of the uncertainties in the proton lifetime

(5) of Fig. 2. We note that the uncertainties in the predictionspredictions due to uncertainties in the input data for ¢asef Fig.
of the proton lifetime is of the same order as the size of the2 where we assumeld ,/aA=0.01, M,=Mg.
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IV. CONCLUSION stabilized with a relatively light sparticle spectrum. We also

. . . . investigated the uncertainties in thelifetime predictions
In this paper we have investigated the effect<Cét vio- g e b

. o . ue to uncertainties in the quark massesgjpand in the
lating phases arising from the soft SU.SY break_mg SecCtor Ol \i matrix elements. We find that these uncertainties modify
the theory on the proton decay amplitudes. It is found tha

he proton lifetime by a factor of 2 around the mean value.

the CP effects can ncrease or decrease the protqn decayhe observations arrived at in this analysis would be appli-
rates and that the size of their effect depends sensitively op

. T able to a wide class of models, including GUT models and
the region of the parameter space one is in. Effects as lar

as a factor of 2 are seen to arise fr@® violating phases in

the part of the parameter space investigated and even larg
effects in the full parameter space may occur. It is found that

the CP violating effects in the minimal S() model are

typically small since a relatively heavy sparticle spectrum is
needed to stabilize the proton in this case and a heavy spe

trum suppresses theP effects in the dressing loop integral.
However, significantly largeCP effects on thep lifetime

are possible in non-minimal models with more than one pair

géecring models with dimension five baryon and lepton number

violating operators.

&I Note addedAfter the paper was submitted for publication
an improved limit onp—»,K" mode of 7(p—»,K")
>1.9x10°® yr has been reportef®8]. The new limit does
ot affect the conclusions arrived at in this paper.
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