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ABSTRACT

We consider a softly-broken supersymmetry model in which explicit flavour
mixing occurs in the supersymmetric sector. Attention has been restricted to
the leptonic sector, and a model-independent approach has been adopted. For
t-he reaction ete™ — Z° — 7Ty~ at Z° energies, it is found that, for reasonable

Cete——rtpu— . _ _
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Thus far violation of lepton family number conservation has not been ob-
served. Despite this, in many extensions of the standard model we find that
lepton number is broken to some extent.’ This can occur through massive neu-

trino oscillations,2 exotic family-blind pa,rticles,3 or violation of lepton number

itself.*

In this paper we focus on the supersymmetric “standard” model with soft
supersymmetry-breaking terms.” The supersymmetric partners of the leptons
(i.e. sleptons) are given explicit, arbitrary, mass terms in the Lagrangian and
allowed to mix with arbitrary angles. The resultant calculations are model-
independent, and parameters predicted by specific models may be readily in-
serted. A more detailed description of the model will be published in a subsequent

pa‘per6 along with further results.

The Lagrangian for leptons assumed here is

L = Lsews + LBreak

where Lggws is the standard supersymmetric electroweak Lagrangian with two
Higgs doublets and Lp,..r contains the explicit soft supersymmetry-breaking

terms. The superfield content is given in Table 1.

Note that in a supersymmetric theory, a minimum’ of two Higgs doublets
must be used to provide masses for the u and d quarks. The reason for this
is that the conjugate of the Higgs supermultiplets cannot be employed in the

superpotential. 8



The most general soft supersymmetry-breaking terms which can be added

9
are

L, =~y MWW — L M'B°B° — upy J%, — MWW~ + udzz 9%,

+ th:Z, + mi,jZ:Zj + M + ™y jVil; + h.c. (1a)

where ¢ and j run over six sleptons (éz g, fif,r and 71 g) and three sneutrinos
(De,u,r). We use notation based upon that of Haber and Kane.'® Here v = <H10>
and vy = <H20> are the vacuum expectation values of the two scalar Higgs fields.
It is convenient to define thé angle 8, by tand, = —:—2 In addition there are also

terms which are the supersymmetric analogues of the WOH?H;-’ and WiH;F HJQ

vertices:

i/ . . .
Lz = 2 (Q'BO - gWO) (vliﬁ%l - vz¢%r2)

ig o .~
- [v1W+¢H1 + oW g, + he. (15)
Typically the terms involving M, M’ u and 6, will induce mixing among the
charged Higgsinos and gauge fermions (gauginos) in conjunction with similar
mixing between the neutral states. In the minimal model with two Higgs doublets
we will have two Charged states, the “charginos”, 5(;.*, and four neutral states, the

“neutralinos”, )’Z?. (If a Higgs singlet is included then the number of neutralinos

becomes five.)

In general the left and right sleptons will mix together. This leads to a
- number of effects including enhancement of anomalous magnetic moments. It is

only global lepton family number conservation which would seem to prevent e,
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& and 7 from mixing. If we permit this mixing to occur then we expect to find
small effects in the non-supersymmetric sector such as radiative muon decay.
These could, of course, be in addition to other non-standard effects, such as
those alluded to earlier. In general, then, we have mixing between six charged
slepton states (involving 15 real angles and 10 complex phases) and three neutral

sneutrino states (assuming no Zg in the theory).

In order to reduce the burgeoning number of parameters somewhat we will
consider the case where only the two ‘heaviest’ generations mix significantly with

little left-right mixing. Thus the only mixings are between:

iz, and 77, with angle 6,
iirp and 7p with angle g (2)
Uy, and U, with angle 6,
So that
ZLI = Jpircosfr + 7 sinfg
ZL, = —prsinfr + 7 cos 87,  etc.
with £, L,R,> ZL, R, and 1,2 the physical mass eigenstates.
We consider the reaction e+e; — 774~ at a centre of mass energy equal to
the Z° mass. We may therefore ignore all channels except those which involve

a real, on-shell, Z° and restrict our attention to Z° — 7+u~. The contributing

diagrams are illustrated in Fig. 1. The resultant matrix element is given by
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Ky, = Gz Zeasinﬂycos0,,
T

Kr = —161 2e3 sin 0, cos 0, (3d)
T

)
Kg = e2sinfp cos 6
R 167!’2 R R

OH{]! and Np;; arise from neutralino mixing at the vertices while O';; and Vj;
arise from chargino mixing at the vertices. These are given in the appendix along
with expressions for the mass eigenvalues. The ratios T', R and S and the various

I and G functions are tabulated in Table 2.

We have assumed that the leptonic masses (m,, m,, m,, and m,,) are small
compared with at least one of the supersymmetric particles in a subprocess, or
with ¢? (which is M_? in this case). Terms proportional to the lepton masses,
which arise, for instance, from the Higgsino component of a vertex (chargino or
neutralino) have thus been ignored. If a heavy fourth generation of leptons were

involved this would not be the case.

The expression in (3) is quite complicated in general and rich in structure.
The functions can be evaluated ex.plicitly in terms of Dilogarithmic (L¢3) Func-
tions, but this proves to be unilluminating. Some general properties should be
noted. The functions AG , Aln) and Af[N] are, for the ‘N’ used, finite analytic
functions of their arguments (which are ratios of masses squared) which go to
zero as any of these masses tends to infinity. AG(T,R) and AG(T,S,R) are
analytic but diverge logarithmically as T — oo, and hence as m; or m; — oo.
~ (See definitions of Table 2.) In both the neutralino and chargino sectors these

terms always cancel among themselves in these limits. Thus the matrix element
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remains finite for any value of the twelve superparticle masses which are involved.
As the mass of any particle becomes large, the contributions from subprocesses
involving that particle vanish, in agreement with the Carazzone-Appelquist de-
coupling theorem. The matrix element also is finite for any momentum of the

Z° , which is on shell in this case.

The largest cross-sections occur when the mass-splitting between ZL, Rl(ﬁl)
and ZL, R, (Z9) is large. In many models’! we may restrict ourselves to the case

where the relative mass-splitting is small, i.e.

5Zz, <1, 5ZR < 1, <Kl
where
m; 2—-m; 2 Mo 2 — s 2
L = R L:Ra by = 22— (4)
LLr m- 2 me 2
LL,R, 1
In this limit we can write
AF(TH, Sk, RY) = 6F'(TF, SF, RY) (5a)
AF(TLR A SE,RO) = 5" F (TLR 0 SS,RO) (5b)
AF = F(&) — F(£) = 6;F' (&) (6a)

OF(T,S,R) _O8F(T,S,R)
oT = 8InT

F'(T,S,R)=T (6b)

In this case we may replace each AJ and AG term in (3) by 5~,DI' and 65,176,'

(See Ref. 6 for these functional forms).



Given the matrix element, M¥ , in (3) we may derive®

Ge+e—_,-,—+,4—"= [|ML|2 + |.MR|2]
Ue-i-e—-—)“"f'“— 87ra(c0t2 20w "I" tan2 0w)

(7)

Note that if any of the supersymmetric particles has a mass of less than %M 7
that real production can occur and that My and Mg are complex. It is the

modulus which is important in (7).

Oete~—rtu—
In order to get a feeling for the range of Jeter—riu”
Octe~—putu-

extreme gaugino limits. The first is the “supersymmetry” limit in which we

we examine (3) in two

eliminate the gaugino supersymmetry-breaking terms by letting M/, M,u — 0
and let v; = vg. Thus the only supersymmetry-breaking terms are the explicit
slepton mass terms. Then (3) reduces to

Kuwa

sin? 0, sin 20,,

MYsusy = {AG’(T{",RT) + cos 20, AG(Ty, 0)

— cos 20wAf[1](T1+, Rf)
+2 cos? 8, [RTAI_[E'Z_ZQ] (TfL,RIL) - AG(T{F’RT)] }
—2KL€Y [ cot Zﬂw{Aé(TLol, RY) + cot? 20, AG(Ts, R(z))}
+2Kg€” g tan 0w{Aé(TRola RY) + tan® 0,AG(Tg",, Rg)}
Alinz,z)(T> R) = Aj[N(z,Z)l(T’S =1LE) GT.R) = AG(T,S = 1. B)
(8)

where the physical masses are now

me-+ = (Mw,Mw) m

2 o = (0,Mz,Mj,0) (8a)

and the relevant mass ratios are



2

T+ = mﬁlz Tr, RO = o0 Ty, RO = mZL’R°
1
Rf = ——— R) = oo R) =1
1 4 cos? 0, 1 2 /4

Oete——rtu— . . TR . . .
Tete 2™ g plotted in this limit in Fig. 2. Since experiments rule out charged
Ue+e“"—;“+u—

supersymmetry partners of mass less than about 24 GeV, 12 and in some instances

much stronger limits have been placed,13 we see that for light slepton masses

o - —
with large mass-splitting that Jeteorip”
Oete——ptpu—

significance of this will be _discussed shortly. In order to achieve such a value

could be as large as 3 x 107%. The

parameters conducive to a large cross-section have been selected. We have allowed

the sleptons to mix maximally so that 0, = 0 = 0 = % We have further

assumed maximal mass-splitting between the two slepton sectors, i.e. my, g,
and M, are relatively light but m;,, mg, and mg.. are large and decouple.

Another extreme limit is the “unmixed” limit in which the Higgsino and
Gaugino sectors have been disentangled from one another. There are several
ways of achieving this. Here we consider the limiting case M — oo, M' — 0 and
p# — 0 (8, arbitrary). The physical mass states become

M)z;f- = (M — 00,0) M)'e'O = (M - 00,0,0,0). (9)

Note that ¥? = Wé) s X9 = B° and thus are purely gaugino whereas )23,4 are
2
m 2
purely Higgsino. Thus T g = Mg — oo and Ry = —L - — oo. The
Tt My My

matrix element is given by

2Kpt” ~ Krg“ ~
M Unmized = ”‘—Ez‘s“jtan gwAG(TRO%Rg) - Lzolla)t 29wAG(TL02aRg)

cos“ 8y, 2cos“ 8,
(10)



Note that this result is independent of 8,. The corresponding cross-section
is plotted in Fig. 3. Again the sleptons are assumed to have maximal mixing
and mass-splitting. Note, however, that in this limiting case we have a massless
chargino (a charged Higgsino). Since experimentally the mass limit for new

charged particles is ~ 24 GeV, we conclude that this case is merely illustrative.

The question arises as to whether such a process would be observable at SLC
or LEP. These machines will operate as Z-factories and so are ideally suited for
such a search. We see from Fig. 2 that, at best, the cross-section for ete™ —

Z9 — rtu~ will be ~ 3 x 1076 that of ete™ — Z% — putu~. Thus we expect
BR(Z° — ttu™) S 0(1077) (11)
where we have used the relevant standard branching ratios 14
BR(Z° — 7r) ~ BR(Z° — pip) ~ BR(Z° — ee) ~ 3% (12a)
We also note that
BR(r — uiv) = BR(r — eov) ~ 17.5% (126)

The experimenté,l signature for such a decay would be p and 7 back-to-back with
the p having £ = M——ZZ and no missing energy. The principal background will be
from ete— — Z° — 7t followed by ¥ — p*pv, with the u having nearly all
of the 7 momentum. The 7 will travel approximately 2.5 mm before decaying in
this case and, since the 7 and u are nearly collinear, the kink in the track will

be unobservable. Clearly the number of y, N(A¢), produced in the energy range

10



from %Z— — Ae to M——QZ- is of paramount importance. We find that

_ 2
3—a 24As (13)

N(Ae) = 9+« M2

where o measures the degree of polarization (oo = 0 for the unpolarized case;

a = 1 for complete polarization). At SLAC we expect @ =~ 1 and thus
2

Npoi(Ae) = Zg‘iﬁl—e% From this and (19b) we see that we need Ae S 0.1%(%’2-)

to achieve a background of 1077 or less which would compare with (11). Thus

for muons with E = %Z— we need %I_’ ~ 0.1%.

At the SLC the MARK II detector will have an energy resolution for e’s and
p’s of ~0.3%/GeV without a vertex detector and, perhaps, as low as 0.1% /GeV
with the planned vertex detector.’® For %Z— ~ 50 GeV this means that épﬂ ~5%
and from (13) the background will swamp the signal by at least a factor of
200. It appears unlikely that detector momentum resolutions will be improved
by the required two orders of magnitude in the near future (there remains the
formidable problem of increased multiple scatterings as detector mass is added).
Thus the process ete™ — Z° — 7tu~ will not be experimentally observable at
the emerging generation of machines. Furthermore, because of (11), when SLC
achieves its eventual target luminosity of 108 Z9 /year, the Z° — 7+ u~production

rate will be at best ~0.1 event /year.

We can do somewhat better if we assume that the principal slepton mixing
occurs in the € — & sector. Under the same conditions described above (maximal
mixing; large mass-splitting; Z° on shell) the production rate will be the same'®
(off-shell it will be somewhat larger due to additional box diagrams). The princi-

pal background will still be due to Z° — 7t7r~with 7+ — p*pr and 7+ — etow.

11



The decay Z° — fu will not be a problem since, at these energies, muons will
not decay in the detector. Now misidentification of a 77~ pair as a back-to-back
puEe¥ requires that both the p and e emerge with energies near %’Z— Assuming
complete polarization we find that N(Ap), the number of back-to-back e—y pairs
emerging with £ = AZJZ-, to within the experimental momentum resolution Ap, is
given by N(Ap) =14 (%2)4. Thus with —%ﬂ ~ 5% we find N(Ap) ~ 9 x 1078,
which corresponds to roughly 0.02 misidentified events per year. Consequently,

under the most propitious circumstances, it may be possible to reduce the back-

ground to an acceptable level.

In conclusion, even in the most favourable scenarios, it appears unlikely that
ete” — rtu~ will be observed at SLC within the first few years of operation if
the sole contribution is from slepton family mixing. The production rate is sim-
ply insufficient and the background rate overly severe. The decay ete™ — pte™
is equally rare but the background problems may prove more tractable. The full
parameter space of the gaugino-higgsino sector has yet to be explored. Since the
cross-sections predicted in the limiting cases presented come within an order of
magnitude of being experimentally interesting at the SLC, realistic symmetry-
breaking parameters might exist which would increase the cross-section to ob-
servable levels. In any instance the projected luminosity available at LEP might

render such searches feasible.

12
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APPENDIX

Mixing Matrices and Mass Eigenvalues

The masses of the charginos (X*) are given in terms of the supersymmetry

breaking terms of (1) by

met, = My M 3y Mi= \/(M + p)? 4+ 2M2 (1 F sin20,)?

with 74+ = 1 and n_ = sign[Mu — M}, sin 26,

From Lp, + Lpgi; in (Ta,b) we can write the neutralino mass terms in the

17
form:

£mass = _% (¢0)TY¢O+h-c. Whel‘e 1/]? == (—?:EO, _iwo, "Z?{l,iz;?{z)'
Y is diagonalized by the unitary matrix Ng via Mp = N }{YN}{ (we can choose
N} instead of Ny because we use (¢°)T instead of (¢°)1.) The mass eigenstates

then satisfy x? = NH,-J-t/)? (ft=1,2,3,4). The masses m and Mo have been

%t
plotted, for typical parameter values, in Fig. 4. The neutralino vertex matrices

are given by Ny and by10
OL" = L (NgisN:s — NeisN?
H ij —E( Hi4iY Hj4 H13 Hj3)
R” LII *
Oy iy = —0; iy

. . . 18
The chargino vertex matrices are given by

Ui = ( cos p— sinqS_) Vi = < cos o4+ sm¢+) D>o

—sin¢g_  cos¢_ —singy cosoy

Uy = ( cos ¢ sin ¢_ ) Vi ( cos ¢+ sin ¢+ ) D<o

—1sin¢d_  t1cosP_ —tsin¢gy tcosdy

14



where

D = My — M sin 20,

\/Aiz + Bi? — A

tan ¢4 = Ba

Ay = (M? — u?) F 2M%, cos 26,
B. = 2/2My (M cos by + pusinb,)
B_ = 2/2My (M sin 8y, + pcos 6,)

3 singy cosé 1 cos? ¢y — cos? Oy,

o)
St
I
N
[ -]

L sin? ¢4 — cos? by 1 singy cosdy )

% sin¢_ cos ¢ % cos? ¢p_ — cos? @,

O
Sy
il
N
vl

L sin? ¢_ — cos? Oy % sin¢_ cos ¢_ )
for D>0

i/2singycosgy 1 cos? gy —cos?ly,

1 .2 s1 .
oL _ (5 sin® ¢4 — cos? 8, —ifzsingy cosdy )

—if2sing_cosd_ 1 cos?¢_ —cos? by

( % sin? ¢_ — cos? Oy i/25in ¢_ cos ¢ )

for D<O0.

15



REFERENCES

1. C. Costa and F. Zwirner, Riv. Nuovo Cimento:9, 1 (1986),
S. Weinberg HUTP-80/A038 Presented at the First Workshop on Grand
Unification, 1980.
T.-P. Cheng and L.-F. Li, Deeper Pathways in High Energy Physics, Coral
Gables (Ed. Kursunaglu et al.) 1977.
E. Papantonopoulos et al., J. Phys. G. 10, 1 (1984).
M. Soldate et al., Fermilab Pub-86/61-T (1986).

2. J. D. Vergados, Ioannina PRO8S7 (1986) and Rep. 187 (1985).
S. T. Petcov, Pre-print CENT-TH-4399/86 (1986).

J. C. Romao et al., Nuc. Phys. B250, 295 (1985).

3. G. Eilam and T. Rizzo, Preprint IS-J, 2170 (1986).
T. K. Kuo and N. Nakagawa, Phys. Rev. D32, 306 (1985).
G. Leontaris et al., Phys. Lett. 162B, 153 (1985).

4. Sally Dawson, Proc. of the Thirteenth Annual SLAC Summer Institute on
Particle Physics, (1985).
I-Hsiu Lee, Phys. Lett. 138B, 121 (1984).
L. J. Hall and M. Suzuki, Nucl. Phys. B231, 419 (1984).

5. Soft breaking terms are those whose inclusion would not result in new

quadratic divergences.
6. M. Levine, to be published.

7. Frequently a Higgs singlet, usually denoted as N, is added. If this is absent
then the spontaneous symmetry-breaking of of SU; x Uy to Uy em does not

occur in the limit in which the (explicit) supersymmetry-breaking terms

16



vanish (the ‘supersymmetry’ limit). Since such terms are present in our

mode] we shall consider only the minimal two-Higgs model.

. The superpotential must be homogeneous in the superfields ®;. The ap-
pearance of a ®®* term would violate Lorentz Invariance. This may be
understood in the following way. Using the notation of Table 1 we generate

lepton and down quark masses (at tree level) in the usual way via
ﬂt’u = eijﬁliliﬁ.j + dijI:Ilaif)j

Where ¢ and j are géneration indices, @ = (ur,dr), and D = (d);. The
SU(2) doublets are contracted in an SU(2)-invariant fashion (i.e. antisym-
metrically into an SU(2) singlet). The leptons and down quarks then get
mass when H} has a non-zero vacuum expectation value: (HY) = v;. In
component language the term which does this is HY(dr)a(d)$ where « is
a spinor index. Supersymmetry implies that the three terms in which any
pair of the above fields is replaced by its superpartner also exists. This
includes, for instance, the term (z/;%,l) LaJL(J)%. If we try to generate the
mass of the u quark using H? via the term uifﬁ{Qiij [where U = (@)z],
as we would do in the stan.dard model, we would find that, although all
of the SU(3) x SU(2) x U(1) quantum numbers are correct, there is a
term like ('Z%rl)iaﬁL(ﬁ)%' Since (¢% )t = (z/j%,l)Rd we see that the spinor
indices do not match. Thus we would not be forming a Lorentz-tnvariant
object. Such a vertex would indicate a scalar decaying to one left-handed
and one right-handed spinor which is helicity-forbidden since the spinors

emerge back-to-back. In the down quark case we have two left-handed Weyl

spinors emerging which conserves angular momentum. For further details

17



10.

11.

12.

13.

14.

15.

see, for instance, S. Dimopoulos and H. Georgi, Nucl. Phys. B193, 162
(1981).

L. Giardello and M. T. Grisaru, Nucl. Phys. B194, 65 (1982).

Also References 6 and 10.
H. E. Haber and G. L. Kane, Phys. Rep. 117, 75 (1985).

These models assume (quite reasonably) that supersymmetry breaks spon-
taneously in a flavour-independent manner. If the breaking scale in not too
large then small mass splitting follows naturally. This has not been assumed
in this paper. In such scenarios the matrix elements are generally at least
an order of magnitude smaller. The classic reference is:

J. Ellis and D. V. Nanopoulos, Phys. Lett. 110B, 44 (1982).

S. Komamiya, As presented at the Thirteenth Annual SLAC Summer In-

stitute on Particle Physics (1985).

ASP has placed limits on the selectron mass and the wino mass of approx-
imately 60 GeV (As reported by William Ford at the Fourteenth Annual
SLAC Summer Institute on Particle Physics, 1986). When combined with
the results of other groups they find that m; 2 84 GeV. While such strong
limits do not, as yet, exist fér my or m;z, and hence for Mg, it would be
somewhat surprising to find m; < ms.

Particle Properties Data Booklet, April 1986. From Phys. Lett. 170B
(1986).

Pat Burchat, A. Weinstein, F. Gilman. Private Communications.

Proposal for the MARK II at SLAC. CALT-68-1015.

18



16. This is not precisely true.. The experimental limits on the process u — ex
place severe constraints on é — i mixing in the neutralino sector. If we
assume maximal mixing and large mass splitting then® we find that the
lightest slepton has m & 1 TeV and so decouples. Thus the charginos pro-
vide the sole contribution to Z — ute~ (other than in exceptional circum-
stances). The matrix element is then proportional to the sneutrino mass
splitting. Assuming that this is also large we find, for cases of interest, that
the chargino sector contribution is generally much larger than that of the
neutralino sector even before the above constraint has been imposed. Thus
the removal of the neutralino contribution, while considerably simplifying
calculations, would not greatly affect the final cross-section.

For the situation illustrated in Fig. 3(b), when applied to Z — ute™, we
find that imposing the above constraints on m; affects the results by, at
most, 15%. Furthermore, in the region of interest, this change results in an
increase in the cross-section (because the real parts of the neutralino and
chargino contributions enter with opposite signs). Note that the preceding
argument (except the quoted percentage) also follows in the cases of small
mass-splitting and non-maximal mixing.

When considering the process Z° — rtu~ current limits from 7 — uvy do
not impose serious constraints on the neutralino sector. In the case of large
mass-splitting and maximal mixing we find only that® m; < 13 GeV. In
particular substantial effects persist in this case (arising from the neutralino
sector) even when my, = my,.

17. J. F. Gunion and H. E. Haber, Nucl. Phys. B272, 1 (1986).

19



18. An equivalent formulation may be found in the appendix of

R. M. Barnett and H. E. Haber, Phys. Rev. D31, 85 (1985).

20



Table 1. Fields Appearing in This Paper

Superfield Ordinary Matter Superpartners Weak Isospin

Gauge Multiplets
v W0 W0 Triplet
\4 B° B Singlet

Matter Multiplets

L; v, L1, i, br, ) Doublet
R; (¢ = (€g,)* (21—2,)* Singlet
H, H,°, H,~ vy, b, Doublet
H, Hyt, H,° o ¥, Doublet
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Table 2. Mass Ratios and Integral Functions

Mass Ratios

2
+ _ my 0 _ g
T;" = —‘Lfmy TLr'; o2
xT X
2 2
me+ me
St = X5 g0 — X
17 m~+2 1] M=ol
X Xi
2 2
Rt =_4 RO = _4
t o 4m}+ t 4771.)-(0

Integral Functions

fz d3 N(z,Z2)
(1-2)T+3[(1+8)z+ (1 —S)2] + R(3% — 2?)

N

G(T,R) = -1 fldz S dZln[2(1-T) + 1+ R(#* - 2%)] — s
0 -z

G(T,R) = G(T,R) — G(T,R = 0)

For any function, F, of ;%" p

AF = F|Z;,171 — F’Zz,i)z
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

FIGURE CAPTIONS

Diagrams contributing to Z° — 7",
(a) Chargino Diagrams.

(b) neutralino Diagrams.

UC+E_—’T+[£_

Ratio of cross-sections, , in “supersymmetry ” limit.

Ue+e—_)p,+ll,—
(@) Varying all slepton masses equally. [Ignoring m; and mp,)-
(b) Varying m;  while holding all other mass parameters equal
1

to the indicated values.

08+€—'—)T+ﬂr—

Ratio of cross-sections, , in the “unmixed” limit.

Octe——putu-
Vary mg, . —meRl assuming m; = mg = 0o.

Chargino and neutralino masses for the indicated supersymmetry-

breaking parameters.

23



(a) »° T M T

1,2;LR

2),2:LR
5642A1 §Z°

Fig. 1



20

m/4)

lOG*O'Iu,T/O’P,P, (9

1-87
5642B3

| | l
SUSY Limit (a)

mye =M, =0 Mg, =0 _
myg =M, =92.9GeV my = l

Myo =M M~ =00
X3 2 fr2

mxg =0 All other sieptons
mYT:MW: 80.8 GeV  have equal mass™ |
mig:MW

Mass of 7y, 4, and Jg;  (GeV)

T | |

SUSY Limit (b)
mgs =M =0 My, =05 GV
mgs =Mz 292.9GeV Mg, =
ng - MZ m?'m: 50.5 GeV
myg =0 My @

2
m§T=MW=8O.8 GeV mIL =00 -
2 My R2

l 1 1

50 | OO 150 200
M;U(Chorged Slepton)  (GeV)

Fig. 2



/4 )

|06*Gpr/0pp (6

| I

Unmixed Limit
m)'z'l-‘-mws:(D |

m>"<‘§: Mgo O

m'ig':O (Higgsino)
rn;r=co

mg;s=O (Higgsino)

40 60 80 100

R! 5642A4

Fig. 3



ol

11

11N

AL

L

<
\ P
—_ i
> NI
L.
Locenm
YTII
prrrem
PEETm

= 1

= 1t
| NIk

oL 3
Vo o
Voptrrinng Ty
"::::E 3
YRRRRRALIIL]
WITTiei

\\\::Th

o
Te]

SSVIN ON19dVHO

(GeV)

M

0
.o o-oo

ten,, LYY
*
. o-....... . ®esena, veesesee
M, T — u;..,'.t_"T'_ — = St 20
*teennnnas, *teeecetceness
venns

200

L EE LV i
Lo :
NN
u mAumu, :././m".
| L \Eiifg
L L L ueiii g
o o o)
O O 10
(A29) SSVYIN ONITIVYLN3N

100

80

O
GeV

S}

40
(

20

564282

)

M

1-87

Fig. 4



