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We present a phenomenological studyrcﬁleptonéfrm and 7 sneutrinosv.. in the minimal supersymmetric
standard model with complex parametérs w andM ;. We analyze the production and decays of}lggand
7. at a futuree™ e~ collider. We present numerical predictions for the important decay rates, paying particular
attention to their dependence on the complex parameters. The branching ratios of the fermionic degays of
and v, show a significant phase dependence fora@an0. For tan3=10 the branching ratios for the,
decays into Higgs bosons depend very sensitively on the phases. We show how information on th@phase
and the other fundamenta) parameters can be obtained from measurements af; ttiasses, polarized cross
sections and bosonic and fermionic decay branching ratios, for small and laresédnes. We estimate the
expected errors of these parameters. Given favorable conditions, the efvpisatbout 10% to 20%, while the
errors of the remaining stau parameters are in the range of approximately 1% to 3%. We also show that the
induced electric dipole moment of thelepton is well below the current experimental limit.
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I. INTRODUCTION [5,6]. This will allow us to obtain information on the funda-
mental soft SUSY breaking parameters of the third genera-
So far most phenomenological studies on supersymmetritton slepton system.
(SUSY) particle searches have been performed within the In the recent phenomenological study of third generation
minimal supersymmetric standard mod®SSM) with real  sfermions in the real MSSM it has been shown how the
SUSY parameters. In this paper we study the production anthasses and the mixing angle of the top squark system can be
decays ofr sleptons andr sneutrinos at are*e™ linear  determined by measurements of the production cross sec-
collider in the MSSM with complex SUSY parameters. tions with polarized bean¥]. The results of a simulation of

In the SUSY extension of the standard mo@®M) one e*e*—ftli with the decay modes, — x%c andt,— ;b

introduces scalar leptoné , ¥x, scalar neutrinos’, and  and including a full SM background {i8] imply that with an
scalar quarksy, , gg as the SUSY partners of the leptons integrated luminosity of 500 fit an accuracy of the order of
¢, r, neutrinosv, and quarksq, g, respectively[1]. For 1% or better may be obtained. The numerical precision to be

each definite fermion flavor the stathsandT are mixed by ~ expected for the determination of the underlying SUSY pa-

Yukawa terms. The mass eigenstates Byeand T,, with ~ rameterMa, Mg and(rea) A has also been given. For low
my <my_[2]. For the sfermions of the first and second gen_tanﬂ one can expect similar results for the shottom and stau
T2 systemg5-7].
erationf -fr mixing can be neglected. For the third genera- The assumption of real SUSY parameters has partly been
tion sfermions, howeveff, -z mixing has to be taken into justified by the very small experimental upper limits on the
account due to the larger Yukawa couplifgy4]. elect_ric_: dipole momgntSEDM) of electr(_)n a_nd neutron. A
In the case of the- sleptonsr, -7 mixing is important if possibile way to aVO.Id the EDM constraints is to assume that
the SUSY parameter tg is large, tang=20. The lower the masses of the first and seg:ond generation sfermlo_ns are
) . large (above the TeV scalewhile the masses of the third
mass elgenvaluarrT1 can be rather small and thg could be generation sfermions are smélielow 1 TeVj [9]. Another
the lightest charged SUSY particle. The experimental searcpossibility is suggested by recent analyses of the EDMs,
for the 7 sleptons and the sneutrino and the determination which have shown that strong cancellations between the dif-
of their parameters is, therefore, an important issue at aflerent SUSY contributions to the EDMs can oc¢lf]. As a
present and future colliders. Pair production o&leptons consequence of these cancellations it has turned out that the
and 7 sneutrinos will be particularly interesting at afe™ complex phase of the Higgs-Higgsino mass parametés
linear collider with a center of mass energs=0.5-1.2 much less restricted than previously assumed, whereas the
TeV. At such a collider and with an integrated luminosity of complex phases of the soft-breaking trilinear scalar coupling
about 500 fo * it will be possible to measure masses, crossparameters; are practically unconstraingd1,12. For ex-
sections and decay branching ratios with high precisiormmple, in a minimal-supergravityMSUGRA-)type model
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with universal parameteid 1,,, Mg, tanB and compleXd,, 7, andv,, and the bosonic decay branching ratiosrofand
with |,u|2 being determined by radiative electroweak symme-}r and their dependences on the phangs ¢, andey(iy-
try breaking, the phase ofx is constrained to|e,| |n[20] we have published first results of our study. In the
= 0.1-0.2 for low values of the scalar mass paramétky, present paper we give the analytic expressions for the vari-
= 400 GeV, and becomes less constrained for higher valuesus decay widths with complex couplings. We present a
of M. The phase oRg, @4, turns out to be correlated with more detailed numerical study of the phase dependences of
¢,., but otherwise is not restrictdd 2,13. In models with the various branching ratios. We also discuss how these
more general parameter specifications aigdurns outto be  Phase dependences can be qualitatively understood on the
less constrainefiL4]. In any case, this means that in a com- Pasis of the analytic expressions for the decay widths. Fur-
plete phenomenological analysis of production and decays fermore, we give a theoretical estimate of the precision to
third generation sfermions one has to take into account that® expec'ted for the determination of the complex phases to-
the SUSY parameteys andA; may be complex and one has 9ether with the other fundamental parameters of thsys-
to study the implications that follow for the important ob- €M by measurements of suitable decay branching ratios as
servables. Wf” as masses anq polarized production cross sections in
In our present phenomenological study of third generatioff € annihilation. Finally, we calculate the EDM of the
sleptons we use the MSSM as a general framework and V\)gpton induced by the slepton—neutralino and sneutrino—

- hargino loops with compleA ., x andM;.
assume that the parametersA, andM, are compleXA,is  © T I .
P P, ! PIeXA, In Sec. Il we shortly review the mixing of third generation

the trilinear scalar coupling parameter of thesystem and sleptons in the presence of complex parameters. In Sec. Il
My is theU(1) gaugino mass parame}ewe neglect flavor e give the formulas for the fermionic and bosonic decay
changingCP violating phases and assume that the scalayiqins of 7, and7. . In Sec. IV we present numerical results

mass matrices and trilinear scalar coupling parameters agg, the phase dependences of their branching ratios. In Sec.

flavor diagonal. We perform an analysis of production and; \,e give an estimate of the errors to be expected for the

decay rates of, 7, andv, at ane’ e~ linear collider with  fundamental parameters and the phases.ofx andM;. In

a c.m. systenfc.m.s) energy/s=0.5-1.2 TeV. We include Sec. VI we present our results for the EDM of theSection

also explicitC P violation in the Higgs sector induced by top VII contains a short summary.

squark and sbottom loops with complex parameters as in

[15,16 and[17], using the loop-corrected formulas [df5]. Il. 7 —75 MIXING

Our present study is an extension of the corresponding one in

the MSSM with real parameters [i@]. Compared to the real e first give a short account af -7z mixing in the case

MSSM, the inclusion of the complex phaseg , ¢, and  where the parametegs andA are complex. The masses and

eyu(1y of A;, u andM; means that the number of indepen- couplings of ther sleptons follow from the Hermitian 2

dent fundamental SUSY parameters is increased. In order t& 2 mass matrix which in the basisy(, 7g) reads[2,21]

determine all these parameters one has to measure more in-

dependent observables than in the real case. VE efi¢;|,v|3 | (~ )
LR

In principle, the imaginary parts of the complex param- ENT Tk Tk L
u=—(7 . TR) oI g2 2
e ‘PT| M";_ | M=
LR "RR

eters involved could most directly and unambiguously be
determined by measuring suitalfld® violating observables.

However, in ther; system this is not straightforward because

the'r, are spinless and their main decay modes are two-bodwith
decays. A possible method has been proposé¢d8h which

is applicable if the mass splitting between the mass eigen- VE:

2
~ ~ . . =Ms+
statesr; and 7, is very small. IfrrrTl— n;, is of the order of LL L

2

1
- = +sin2®w) cos28mz+m?, (2

the decay widthsy;— 7, oscillations will occur which can ,
lead to largeCP violating asymmetries ire*e™ annihila- M-~

tion. In Ref.[19] an analysis ofu” u ™ —7/7; with longitu-

dinally and transversely polarized beams ha~s been given and M% — (M% *=m (A.— u*tang), ()
the observables sensitive ®P violation in ther; sector and Rt LR

Higgs sector have been classified. ~ .

On the other hand, also tHéP conserving observables gr=ard A,—p*tans], ®)
depend on the phases of the underlying complex parameters ) ) o
because the mass eigenvalues and the couplings involved aiierem. is the mass of the lepton,®,y is the weak mixing
functions of these parameters. In particular, the various de2ndle, tamB=v, /v, with '_)1(0%) b(glng the vacuum expecta-
cay branching ratios depend in a characteristic way on th#0n value of the Higgs field;(H), andMi, Mg, A are
complex phases. The main purpose of the present paper istlee soft SUSY-breaking parameters of thesystem. Ther

detailed study of the fermionic decay branching ratiosaf  mass eigenstates are;(7,) = (7, ,7r)R " with

= MZ - sinf®,ycos 28m2+m?, 3
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- [€¥cosg;  sing; g  The cross section @d*e —7. v, at tree level does not de-
—sing; e '¥wcosh;)’ 6) pend on the phases, and @A - The tree-level cross sections

of the reactiong” e~ —>7—§i do not explicitly depend on the

and o~
phases¢, and PA because the coupling€(7}Zm),i

2 . o~~~ .
—|M; | =1,2, are real and ie" e~ — 7,7, only Z exchange contrib-
LR . .
cos#;= utes. The cross sections depend only on the mass eigenvalues

\/|M~i |2+(m§ —M% )2' m;. . and on the mixing angle;. Therefore, they depend
LR 1 LL

71,2
@ only implicitly on the phases via the CQ§(+<,DA) depen-

M2 — dence ofrn;12 and 67, Egs.(7) and(8). This holds even if

LL "1 one or both beams are polarizétie formulas of the cross
2 12 2 o sections, including beam polarizations, are given, e.g., in
\/|M”TLR| ﬂ”ﬁl_ M?LL) [22]). Of course, properly polarizee™ ande* beams are a

very useful tool to enhance some signals and reduce the

The mass eigenvalues are background and, therefore, measure some of the observables
with better precisiof7,23]. Information about the phas
and @A separately can be obtained by studying the branch-

sing;=

2

1 2
m? =3IM2 +m2 )5 \fimE +amz 7. T - . - -
12 L ing ratios of ther; and v, decays into neutralinos, charginos
®  and Higgs bosons, because some of them depend explicitly
on the phases. It is expected that Yukawa-type corrections at

one-loop order to the; and . pair production cross sections
) , 1, and decay widths will not change the overall picture obtained
m- = M~L+§mzcos2,8. 9 in the tree approximation because they have been shown to
! be of the order of a few percent onlg4].

Thev, appears only in the left state. Its mass is given by

Equationg7) and(8) show that the phase dependence of the
mixing angle #; and the eigenvaluesr,  stems from the A. Fermionic decay widths of 7, and v,

termm?|A, ||M|tanﬂcos(<pﬂ+<,oAT) The phase dependence of  Tha widths for the decay§rle}?r()\7) i—12 |

0 is strongest |f|A |~|u|tanB and at the same time ~1,....4, WhereX is the neutralino and. == 1 is the

|M~TLL— MTRR|<|M |. The masses; , are in many cases heI|C|ty of the outgomgr, read

insensitive to the phasqsﬂ and ¢p becausem is small.
. g K(m m~o m?)

~ ~0 Ti Xj 2
Ill. PRODUCTION AND DECAY FORMULAS I'(ri—=xjm(N)= P My ® (12
OF 7, AND v, i
i . - ~= i with
The reactiore™e” — 7;7; proceeds viay andZ exchange

in the s channel. TheZr;7; couplings are
|M)\ |2:_{Hs[|b|]|2+|a |2+29%e(b7*a”)]

C(7#Z1) = =————(coL6:—2 sirfO),
15772 cosOy W +HZ[|b] |2+ |a] |2~ 2%e(b] * a])]
— 1 +2(—1)MW2H H 2_|b7 13
C(577)) = oo (SIP ;=2 SiFO), (=1~ RIS
w
(10) where g is the weak SU(2) gauge coupling constant,
2
C(r5Zr)=— 1 e '¢7cosé;sin b; k(xy,9)=(x"+y*+2°~2xy—2xz-2y2)"” and Hy=[m;
2 cos® _(m}?.;_mT)Z]llzpr:[m%i—(m}lp—mr)z]l/z. The cou-
C(7s Zr) =[C(75Zm) 1", plings are
The reactione*e*—ﬁjjf proceeds via the-channelZ ex- =(Ri)*Ajn, bj=(Rin)*Bjy.
change with the coupling _ _
i=(Riy* O], (n=L,R) (14
CvZv)=——-—. 11
(v-2vo) 2 cosOy ay where
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j h; —Ujp
Af:(h;]j’ B;:(fg'j), o;=(YTU’jz (15)
with
h{j=(hg)* =Y.Nj3
1
[J-=——(tan®WNj1+Nj2) (16)

V2
Ri=\2tan@ N .

Y,= mT/(\/ichosﬂ) is the 7 Yukawa coupling. The mix-
ing matricesU andN are defined by EqQSA3) and (B2) in
Appendixes A and B. Since, < m;,, we haveHs~H and,

hence, to a good approximationI'(ri—x{7(\.))
«|bjl2(aj?) for = +3(=3) [28.

The width for the decay into the charging,— x; v.(i,j
=1,2), is obtained by the replacemer§—¢f;, bj—0,
M0 M, m,—0 and\,— — 3 in Egs.(12) and(13), with
the Couplings€i’j also given in Eqs(14) and(15). The width
for the 7 sneutrino decaw,— v, is obtained by the re-
placementsa; —a;’, bjj—0, n;,—ny, , m.—0 and\,—
—% in Egs. (12 and (13, and that for the dNecafi/T

—J(J* 7(\;) by the replacementa—{€;, bfj—k/, n;
—m;, and m;(joﬂ m;(r The couplings are now
5.1 7 £ b
a]- :ﬁ(letan(’DW_ Nj2), k] :YTsz, €J = _le,
17

with the mixing matrixV given by Eq.(A4) in Appendix A.
As can be seen, the widths for the decaysrpfand 7,
into charginos and neutralinos depend on (pgs(sz)
throughm; and 67, and also onp;, Eq. (5). They depend
also ong, (¢, and ¢y(;)) via the chargino(neutraling
massesn;(j—(rm(?) and mixing matrixU(N), see Eqs(A2)—

(A11) [Egs. (B1),(B2)]. The widths for the?T decays into
fermions depend on the phasesgf and ¢y 1)

B. Bosonic decay widths ofr, and v,

The widths for the decays af, and v, into gauge bosons
and Higgs bosons are given by

2 3, 2 2 2
g°k (m;z,rrryf,mwi)

[(7,—W v,)= 5 |IC(EW T2 (18)

167rm~72m\,\,i

2 2 2 2
g?k3(me m7 ,m3)

I'(ry—Z1)= —I|C(75 Z7y)|? (19)

3
16mm: m5
72
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2 2
gzK(m;z’m;T’mlz'ii) ~ i~ 5
167me ICrHT )

F(;2—> H _7/7.) = (20)

gZK(rTéz,nél,mﬁi) o
pp— |C(71Him)|?

72

F(;Z_’Hi;l)z

(21)

2 3 2 2 2
g°k (m;T,rrr,l,mWi)

I'(v,—~W"r)= — IC(EW v)> (22

16mm My

gZK(m% ,m‘?_l,mai) - -
P [C(rH w2

Vr

I'(v,—H"7)= (23

The couplings relevant for, decays into th& boson are
given in Eq.(10) and the couplings to th&/" boson are

~ ~ 1 o
C(viIW'r )=—=(—e '¥cosh;,sind;). (24

V2

The couplings to the Higgs bosons are more conveniently

written in the weak basis7{ ,7z). The couplings to the
charged Higgs bosoH ™ are given by

1
\/Emw

X (tanB|A e A+ | ule'én)]. (25)

CVtH 7 R)=

[m2tanB—mg,sin 28,m.

The couplingsC(v*H"'7; ) of the mass eigenstates
are then obtained by multiplying the couplings above with
R from the right.

The couplings to the neutral Higgs bosadds, i=1,2,3,
are

- m? my 1
C(riHim )=~ chos,BO“_ COS®W( -5 +sm2®w)
X(cosBO,;—sinBOy), (26)
~n = 2 mz
C(tiHiTR)=— T Coswsw?@W
X (cospBOy;—sinBOy), 27
C(rt Hitr) = 5———[i(sinBlA e,

2my,cospB
+cosp|ule'r) Oy

+(|ule' 90y —|AJe A.0)], (29
C(riH{7)=[C(7fH{TR)]*. (29)

The couplings of the mass eigenstatesire obtained by
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)R C(rtHim) C({HmR) o
LA I TLRTR
o C(74HT) C(ThHTR)

(30)

B(‘Fl — ~?T)

0;j is the real orthogonal mixing matrix in the neutral Higgs
sector in the  basis  d;,¢;,a)=(y2(ReH?
—v1), V2(ReH3—v,), V2(sinBImHI+ cosBImHY)), 02 h -
whereH$ andH$ are the neutral members of the two Higgs 0 /2 T
doublets with hypercharge-1 and +1, respectively.0;; Pa,

diagonalizes  the 83T nggs mass Tam);:¢‘ :ZO”Hi | FIG. 1. Branching ratio ofr;—x%r as a function ofp, for
=12, a=0gH;, O MpO=diagmy .my, .My ), with 546 Gevime =233 Gev(solid line), 238 GeV(dashed ling
My, <my,<my_ [15]. The neutral Higgs mass eigenstates 43 Gev (dotted ling, and ¢, =¢un=0, |u/=300 GeV,|A,|
H,,i=1,2,3, are mixtures of the&CP-even andCP-odd =1000 GeV, tarB=3, andM,= 200 GeV.

states, because of the expli€@iP violation in the Higgs sec-

tor. The phase .parametéralslo introduced ii15-17 does  rgmeters and the trilinear couplings of the scalar top and
not play a role in our analysis. Therefore we gut0. scalar bottom systentdls, Mg, Mg, |A{, O, A, on,

The widths forr, decays into_ the n_e_utral Higgs b_o_sons and the gluino mastnrg| as well as its phaseg=arg(m;)
depend ong,,, ¢a and ¢; and in addition on the mixing have to be specified15]. Mixing of the CP-even and

matrix Oj; . At one-loop levelD;; depends on the phaseg,  CP-odd neutral Higgs bosons at the one-loop level is in-
®a, and ®a, with the latter two being the phases of the topduced if A,; and/or u are complex. We takem,
squark and the sbottom trilinear couplings and A,, re- =1.78 GeV, m=175 GeV, m,=5 GeV, m;=91.2 GeV,
spectively. sif®,=0.23, my=m,cos0y, a(m;)=1/129, and

ag(mz)=0.12, wheram, ,, are pole masses vandb quarks.

IV. NUMERICAL RESULTS

In the following we present our numerical results showing A. 7, decays

how ther;, 7, and v, decay branching ratios depend on the In this~section we study the dependence of the branching
complex phases. In order to study the full phase dependencestios of 7; decays into charginos and neutralinos on the
of the observables, we do not take into account the restrigphasesp, , ¢, andey ;). We takenm; =240 GeV. In order
We fix ther;, 7, andv,. masses such that these particles carFigs. 1 to 7. We assume the grand unified the@®UT)
be pair produced at aa*e” linear collider with a c.m.s. relation|M,|=(5/3)tarf®M,, although we takévl, com-
energy in the range/s=0.5-1.2 TeV. Furthermore, we im- plex. We focus on the decays— x2,7 and7;— x; v..
pose the following conditions: We first study th de endencé of the, decay branch-
() m:>103GeV, my >110GeV, my>mp o on 8a, dep > Of the decay branct
>50 GeV, ;>80 GeV, and ;:g raglos b(tjacauszh aprzﬁatrs only in the;i sTctlor.a?d it lsd .
. . . e phase dependence that we are particularly interested in.
A |2<3[MZ+ M2+ (m? ., + m2sirt®y,)sit8— 1 . . o~
(i) |AJ2<3[M + M+ (m. + misiOy)sin 8] In Fig. 1 we plot the branching ratiB(7,— xj7) as a func-

Str;%"ei\tp;/p[rzo%l)mate necessary condition for tree-level vacuun - on. for the three valuesn;f 233 GeV, 238 GeV

In principle, the experimental data for the rare detay @nd 243 GeV(corresponding toM{=240 GeV, 245 GeV
sy lead to strong constraints on the SUSY and Higgs pa@Nd 250 GeV), taking ¢,=¢y)=0, |u/=300 GeV,
rameters in the MSSM and, in particular, in the minimaltang=3, andM,=200 GeV. Note thaB(7,— x>7) is in-
supergravity MSUGRA) model. We do not impose this con- variant under<pATH — ¢, for ¢, =10, 7} and ¢y1)=10,

straint because it strongly depends on the detailed properties _\ aq can be seen. t dependence @(r —7°7) is
of the squarks, in particular on the mixing between the 5 - then, dep (r1=x17)

squark families, which we do not take into account. quite pronounce_d._To a large c_ex_tent it is cagsed by_ a rela-
: éwely strong variation of the mixing anglé; with varying

@A - More specifically, when varying4>AT from O to 7, then

cosé; varies from—0.1 to —0.9 for n;, =233 GeV, from

—0.06 to —0.6 for n;, =238 GeV and from—0.05 to

—0.45 for nm;, =243 GeV. This means that fom;T

masses and couplings of the SUSY particlesv,, x;~ and
X i ML, Mg, (AL, ea, |ul, @, tanB, My, [Myf, ey
Equivalently we use the mass eigenvalmesl, n;, or the

massesm; , nv;,_as input parameters instead Mif; , M¢. - o
For the complete determination of the renormalization group 238 GeV and 243 Gef, is mainly 7g-like, whereas for

(RG) improved MSSM Higgs sector at the one-loop level inM; =233 GeV 7, is 7-like (7g-like) for ¢a =m/3
addition the charged Higgs boson mamg=, the mass pa- (=</3). Such a strong variation of the mixing angiewith
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04F r r r =
03} ]

0.2

B(‘Fl — ~(1’T)

0.1

tan 3

FIG. 2. Branching ratio Ohﬁ'lH}gT as a function of ta for
m;1=240 GeV, m;2=500 GeV, ¢,=0 (solid ling), 7/2 (dashed
line), = (dotted ling, with the other parameterg = @y(1)=0,

M,=200 GeV, |u|=150 GeV, and|A,|=1000 GeV, assuming
Mi<Mg.

@a_ can only occur ifM{~Mg and |A |~|u|tang, other-
wise this variation is weaker.
In Figs. 2 to 5 we fim2=500 GeV instead om;T. We

consider separately the two caseEly <Mg and M{=Mg
and determine the values bff andMg correspondingly. In

Fig. 2 we show the tag dependence oB(7;—x27) for
¢,=0 (solid ling), ¢,= /2 (dashed ling ¢,=m (dotted
line), with a = ¢y(1)=0, M,=200 GeV, |u|=150 GeV,
assumingMi<Mg. For ¢4 ={0,= =} the branching ratios
are invariant under the simultaneous sign flip,(¢y(1))
—(—¢,,—¢uqu)- As can be seerB(r,—xjr) becomes
almost independent af,, for tang=15. A similar behavior
is obtained forB(7;— x57) andB(7,— x1 v,). In the case

PHYSICAL REVIEW D66, 115009 (2002

which means that in this limitf ;| becomes independent of
¢, . Here note that in this limi#; and 6; become indepen-
dent ofp,, as can be seen from Edg), (7), (8) and(A5). In

the case of the decay into a neutralino we can see the influ-
ence of the phases, and ¢ ;) from the approximate for-
mulas

m3sinf®sin 28 cog ¢, + (pU(l)))

mo=|M (1—
=Ml PICA

(32

and

Sirf®,y
IM,4|

myo=| |

LM [
2|l

Sln2®WCOS(<pM+ (PU(l))

]Ml

which hold for |M,=|u||>m; for the mass of a gaugino-
like or a Higgsino-likexg’, respectively. Similar approxima-

tion formulas hold form;(g and the mixing matriN;; . From
these formulas one can see thatand ¢y 1) appear only in

terms multiplied by sin 2. Therefore, in the approximation
where Eqs(32) and(33) hold, o, andN;; become inde-

pendent ofp,, and ¢4, for large tén@. Concerning thep,,
dependence in general, it can be shown Mn@lo and N;;

CoS0
M,

+sin28

co$ O cosg,

v , 33)

of the decayr,— y; v, this behavior can be understood by beécome independent qf,, for tans—, because the char-
observing that thep, dependence of the mass eigenvaluesACteristic equation of the neutralino mass eigenvalues be-

M and the mixing matricedJ;; and V;; changes if the
value of tan3 is changed. For the width'(7,—x;v,)
«|€7,]?> we obtain from Eqs(6), (14), (15) and(A3)

(7,=—el"(e"1¥cosh:cos6; — € 1Y sin#:sin b;).
(31

By inspecting Eqs(5) and (A7) one can verify that in the
limit tan 83— we obtaine '¥7— —e'¢x and e'?1—e'¢x,

~ 06

[

o

t

0 0.4

e

q 0.2
0 L L L L
200 300 400 500

M2 [GGV]

FIG. 3. Branching ratio of,— x37 as a function oM for ¢, =7

comes independent af,, in this limit.

In Figs. 3a) and 3b) we plot the branching rati® (7,
—J(gr) againstM,, in the range 200 GeVsM,=<500 GeV
for ¢, = (solid line), ¢, = 7/2 (dashed ling ¢,=0 (dot-
ted ling and ¢, = — 7/2 (dash-dotted ling taking (pAT=0,
eu(1)=7/2, |u|=150 GeV and tag=3. In Fig. 3a) we
assumeM{<Mg, so thatr;=7, (cosf;~—1). This means
that the couplings are approximatela;|=|f[;|, |bjl
=|h[;| and the decay width is essentially determined by

1

x 08

1

0 0.6

£ 0.4

9 0.2
0 L L L L
200 300 400 500

M2 [GGV]

(solid line), 7/2 (dashed line), 0 (dotted line); 7/2 (dash-dotted

line), ¢a =0, @y(1y=m/2, M, =240 GeV,nr, =500 GeV, |u|=150 GeV, tarB=3, and|A,|=1000 GeV, assumingg) M <Mg, (b)

M7=Mzg.
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FIG. 4. Branching ratio O’f?'l—;)“((l)T as a function ofpy(q) for ¢, = 7 (solid line), 7/2 (dashed ling O (dotted ling, — 7/2 (dash-dotted
line), o =0, nm;, =240 GeV,n; =500 GeV,|u|=150 GeV, tanB=3, and|A,|=1000 GeV, assumin(g) M; <Mg, M,=280 GeV,(b)
M;=Mg, M,=380 GeV.

T'(7,—xP7)=|f[|2+|h] |2 In Fig. 3b) we consider the line) and ¢,=—m/2 (dashed-dotted line In Fig. 4a) we
E > take My <Mz and M,=280 GeV. Figure &) is for M{

; dle i hat the d =M¢g and M,=380 GeV. Although thep ;) dependence
| ril and |€]|=Y.|U;,|. This means that the decay; of B(r,—x37) stems only from thepy ;) dependence of the
—>X1 v, IS suppressed, because n@yv= TR (cos#~0) and ~p t it i it d. It tiall _

X1. parameters, it is quite pronounced. It is essentially ex
the 7'1)(1 v, coupling is nearly plropoItlonaI to the small plained by thegy ;) dependences dfl;; and Ny, which
Yukawa couplingY . ThereforeB(7,—x}7) in Fig. 3b)is  enter in the coupling$/, andf}, [see Eqs(14)—(16)]. For
larger than in Fig. @). In both cases there is a significant example, the minimum 0ﬂ3(71—>)(17) in Fig. 4b) at
variation with ¢,,. The ¢, dependence oB(7;—x}7) in @u)~3ml4 (—3ml4) for ¢, =m/2 (- m/2) is caused by a
Figs. 3a) and 3b) is caused by an interplay betwe~en #e  corresponding minimum diN;|.
dependence of the mass and mixing character ofrthend We have also studied how the branching raths?l
that of the . The M, dependence can be understood by_>)(2 47) andB(7,—x; v,) vary as functions of the phases.
noting that forM2~200 GeV the lightest neutralino has a As an example we show in Fig. 5 these branching ratios as
sizable gaugino content, which decreases for increading  functions of ¢, for ¢y)=¢a =0, M,=280 GeV, |u|

For our parameter choicg’ becomes mainly Higgsino-like =150 GeV and tapp=3, assumingi; <Mz . For this set
for M, = 300 GeV. NearM,~440 GeV the decays into of parameters all branching ratios shown have a significant
gaugino-like neutralinos become kinematically forbldden,(p dependence. Their behavior can be understood in the

which causes the increase oB(7,—x37) for M, following way: If we first consideB (71— x1 v,)<|U1q%,

case M{=Mg. In this case we haveaj;|=|hgj/, |bL|

= 400 GeV. the ¢, dependence dU ;| follows from

We have studied the,, dependence dB(7,—x}7) also
for other values of x| and have found that it is less pro- 1 | £|>— M3+ 2m? cos 28
nounced if| /=M, and that it is stronger ifu|~M, or |U11|2=CO§¢91=§ 1+ 3 5 ,
||=|M,|. As shown in Fig. 2 it is stronger for low tah M~ My

In Figs. 4a) and 4b) we show theg(;) dependence of (34

B(r1—x37) for [u|=150 GeV, taB=3 and ¢, =0, for

¢,= (solid line), @, = /2 (dashed ling ¢,=0 (dotted where 0, is the mixing angle of the chargino mixing matrix

Uj; defined in Eq.(A5). The mass squared differenm%

08 F ' '_L —m~+ decreases fop,— m, which can be seen from Eq
0.6 LJ8T oo T o (A11) therefore, also|U,, decreases. The behavior of
Z o ET /," ] B(7,— ).(2’2,37-) can be understood by noting thel , ; have
q R e large Higgsino components. Varying, from 0 to 7 essen-
o2t ' ’ tially interchanges thél? andH3 components ok? , ;. This
causes the variation in the branching ratios, becatse
0 0 couples to theH$ component ofy? but not to theH) com-

ponent.
It is expected thatp, and ¢y(1y will be determined by
FIG. 5. Branching ratios ofr,—x3, 4 and 7,—x1 v, as a measuring suitable observables of the chargino and neu-
function of ¢, for gy(y=¢a =0, M;, =240 GeV,m; =500 GeY, tralino Eectors[Z?]. The ¢,, and ¢y (1) dependences of the
M,=280 GeV,|u|=150 GeV, tarB=3, and|A,|=1000 GeV, as- variousr; decay branching ratios, however, will give useful
sumingMi<Mg. additional information for the precise determination ¢f

P
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1

—~ 0.8 m
OLH CI‘N
] a
E_“/ 0.6 E
0.4
0.2 1(®) , ;

P4, @A,

FIG. 6. Longitudinalr polarization, defined in Eq35), for (a) 7,— x5 and (b) 7,— x5 as a function ofps . The parameters are
n; =240 GeV, nr, =233 GeV (solid line), 238 GeV (dashed line), 243 GeV (dotted lingy,,= y(1)=0, M,=200 GeV, ||
=300 GeV, tanB=3, and|A,|=1000 GeV.

and ¢y(1) and thereby provide further tests of the MSSM changing theH) component with theH component. This

with complex parameters. This may also be helpful for re4gaqds to a change of the signBf. |f7,| has a maximum at
solving the ambiguities encountered in the studies about thg ~3m/4, which is clearly seen in the minimum of
parameter determination of the chargino and neutralino seg-"

— ,
tors [27]. +(x27)~—0.6 for this value ofe,, .
An additional observable which is very sensitive to the
SUSY parameters of the and ! systems is the longitudi- B. 7, decays
nal polarization of the outgoing lepton in the decays; As we have seen in Sec. IV A, the branching ratios for the

—>;(J-O7' [25]. For ther, decays into neutralinos it is defined as fermionic 7, decays depend on the phagg only via the
_ B cosfpa +¢,) dependence of the mass;, and the mixing
_B(jmR)-B(xj7) |bf|*—|af®

_ _ 1M 1 (35) angle#;.. We consider now the boson?g decays where the
’ B(X,QTR)"‘B(X?TL) |bf;|>+]af;|?

couplings to the Higgs bosons explicitely depend on the
phaseSpAT ande,, [see Egs(25) to (30)]. The decay widths

where the last equation holds in the limit—0. R,L denote  Nto W=, Zand Higgs bosons are enhanced by chooirig

We show in Figs. @) and &b) the longitudinal polariza- As a]ready mentioned, the RG improved Higgs sector is
tion of the 7 in the decaysr;—xJ7 and 7,— x97, respec- determined byMthe R/lafamlvelteanﬁ tan~,8,||,\,;r|i A, |'2t;|]a
tively, as a function ofp,_for i, =233 GeV (solid line), Pur PAp @Ay MQy MU VD [Mols @gy 1M1ls Pu()

238 GeV (dashed ling and 243 GeV(dotted [ing, which mgéf]\}iﬁi:x s'\:l:glzr,—vl ggulzjﬂgszzla\lﬂasr%?gﬁ;t?c?n?r? t?}l:anltweoljtral
correspond toM7 =240 GeV, 245 GeV and 250 GeV, re- g P

spectively. The other parameters a, =200 GeV, || Higgs mass matrix is proportional to the parameter
=300 GeV, taB=3, ¢,=¢ey1)=0. The behavior of

P.(x37) in Fig. &a) follows from the change of the mixing Nep
angle #;. with varying @, as described in the discussion of
Fig. 1. The behavior on(}(gr) in Fig. 6(b) can be under-
stood by noting that in this casg is mainly aW?® which
couples only to ther, component ofr; and that this com-
ponent strongly increases far, — 7 as can be seen from
Egs.(6) and(7). ‘

In Fig. 7 we show the longitudinat polarization in the
decaysr,— xi7 and7;— 37 as a function ofp,, . Here we
have takennr, =500 GeV and the other parametei,
=350 GeV, |u|=150 GeV, taB=3, ¢y1)= ¢n =0. As
we have choseM;<Mg, 7; is mainly a7, andP, is nega-
tive for ¢,=3m/10 dug 0 ~the very smalt Yukawa cou- FIG. 7. Longitudinalr polarization, defined in Eq(35), for 7;
pling. For ¢,—0, the'r 7 x{, couplings|f[;| and |f[,| —X37 and 7;—x37 as a function ofe,. The parameters are
decrease monotonically, becaf;é%z are mainly Higgsino- ®u1)=@a,=0, nT, =240 GeV, nr; =500 GeV, M,=350 GeV,

like and changing the phase, from 7 to O implies essen- |u|=150 GeV, tarB=3, and |A,|=1000 GeV, assumingV;
tially a decrease of their gaugino components as well as exxMz.

g?mi|Arl| ]

SirKQDM-i-QDAf)! (36)

= 2112
12872mgMS sy
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FIG. 8. Branching ratios of,—H 571, 7,—Z71, 7,— X1 o7 and7,— x1 v, as a function ofp,_for (@) ¢, =0 and(b) ¢, = /2, with
the other parametersr, =240 GeV, nt., =500 GeV, my- =160 GeV, ||=600 GeV, M,=450 GeV, ¢y(1)=0, tan=30, and|A,]|
=900 GeV, assumin1;>Mzg.

wheref=t,b [15,16]. This means that significa@@P violat-  with
ing effects in the Higgs sector can be expectetuf,| As|
>Msysyand|sin(e,+¢ea)|~1. As we focus on the,_and

the ¢,, dependence of the observables, we fix the phases 2

¢a=¢5=0, pa =7 and we take|A|=|A,|=800 GeV, 2| ul|A|Op[Oycos on +0.)
Msusy=600 GeV, |mg| = [ ax(|mg[)/az]M, (with ag(Q) SRR
=127/[ (33— 2n¢)In(Q /Aﬁf)], n¢ being the number of quark — Og;sin( eat o)1} (38
flavorg. For this choice of parameters mixing between the

CP-even andC P-odd Higgs bosons at one loop level occurswhich follows from Eqgs(28) and(30). Here we have omit-
only if ¢, #{0,= mr}. Therefore, we can control the influence teq terms proportional tgC(7*H{m ) — C(75H 75)] and
of explicit CP violation in the Higgs sector with the param- cosB. Equations(37) and (38) show that a significant phase
eter ¢, . With this choige of parameters the constraintjromdependence of tha,—7H, branching ratios can be ex-
the p parameter on the andb masses and mixingsip(t  pected for large taB. Moreover, also the, dependence of
—b)<0.0012, is always fulfilled29]. the Higgs mixing matrix element§;; influences in a signifi-

For large tarp the allowed range ofu| is restricted by  cant way the behavior d8(7,— 7H;). For ¢,=0, for ex-
the two-loop contributions to the EDMs of electron and NeU-ample, we obtain®;,~ —0.262, Oy~ —0.965, Oz= 01,

tron [30]. For example, for tag=40, ¢,=m/2, my= = 0y=0, Og=1, O15~0.965, Opg~—0.262, O35=0,

=200 GeV and the other parameters as fixed above tthH —115.74 GeV,my,_ = 138.48 GeV,m,,.=139.14 GeV.
EDMs give the restriction|u|<600 GeV. Therefore, we ! 2 ~ 3 .
also fix 1| = 600 GeV. The ®a_ dependence oB(7,—H;7;) follows essentially

In the following we give some numerical examples whichfrom the cosg, +¢,) term and the first two terms of Eq.

show the dependence of the branching ratios Ter  (38). The minimum ofB(7,—H,7,) at ¢a =0 [Fig. 8a)]
—7H;, i=1,2,3, on ¢a, tang and my=. We take|A.|  follows from a partial cancellation of the terms in EG8)
=900 GeV,M,=450 GeV andp;)=0. We consider the [or, equivalently, from a partial cancellation of the last two
caseM;>Mz, wherer, is mainly 7 -like and7, is mainly ~ terms of Eq.(28), see also Fig. P The cosg, +¢,) term
“7r-like. In this case the decays,—W v, and 7,—H 7,
are kinematically forbidden.

In Figs. §a) and 8b) we show the branching ratios for

various fermionic and bosonic, decays as a function <¢fAT

for ¢,=0 and 7/2, taking tan3=30, my-=160 GeV,
;=240 GeV,nr; =500 GeV and the other parameters as
specified above. As can be seen, the branching ratios of the
decaysr,—Hy 571 show a pronouncedes , ¢,) depen- 0

dence. The behavior of these branching ratios can be under-
stood by examining the approximate formula for the cou-

pling squared forr,— 7, H; ,

- - 1
|IC(TFHTR)?=5 Y2 (| |~ |A 12 05 +|A,|?

04 — ; ; ;
03
02}

0.1}

B(‘Fz —> H]‘I:1)

100 150 200 250 300
mpy= [GCV]

FIG. 9. Branching ratio of,—H,7; as a function ofn,- for
o o ¢a =0 (solidline), /2 (dashed line), = (dotted line), ¢,
|C(75 Hiy)|?=|C(7{ Hi7r)[?[1— 2sirf #;c08 #;(1 = pu)=0, M, =240 GeV,m; =500 GeV, || =600 GeV, |A,|

_~ o~ =900 GeV, tarB=30, andM,=450 GeV, assuming{>Mzg.
+cosZard C(7 Himr) ]+ ¢3})] (37) In the grey area the conditiam,; >110 GeV is not fulfilled.

115009-9



A. BARTL, K. HIDAKA, T. KERNREITER, AND W. POROD

07 [ @ _
0.6
0.5
04 F
03F T
02F N 1
0.1 E et
0 Froconcnsanaonsunanssese®? . ]

B(v,)

B(i)

PHYSICAL REVIEW D66, 115009 (2002

COO0O0O0O0000
omivwbhUONDO~

YuQa)

FIG. 10. Branching ratios ob,— v, and v,—x; 7 as a function of(a) ¢, for ¢y1y=0 and(b) ¢y, for ¢,=0. The other

parameters aret, =240 GeV, ;=500 GeV, M,=500 GeV, |u|=

<Mg.

and the first two terms of Eq38) determine also th@AT
behavior of B(7,—Hs7;). The ¢, dependence oB(7,

—H,7,) follows from the last factor of E37) and the first
term of Eq.(28). As for Fig. 8b), for ¢, =m/2 we obtain
Ollw - 0106, Oz]_w - 0992, 031%0.066, 012% - 0230,
Oy~ —0.040, O3,~—0.972, 013~0.967, O,3~—0.118,
O3~ —0.224, my =117.09 GeV,m,;,=138.48 GeV,my,

=139.14 GeV. Thep,_dependence dB(r,— H;1) is now

150 GeV, tanB=3, |A,|=1000 GeV andp, =0, assumingMi

mass m;T:229 GeV for m;l=240 GeV, m;2=500 GeV

and tan3=3. In this case the decays,—W*'7, and v,
—H "7, are kinematically forbidden.

We show in Figs. 1@) and 1Q@b) the branching ratios for
the decays intqJv,, x3v, andy; 7 as functions ofp,, and
eyu(1). respectively, for M,=500 GeV, |u|=150 GeV,
tang=3, and |A,|=1000 GeV. In Fig. 1(a) we take
¢u1y=0 and in Fig. 1(b) we takep,=0. As can be seen,

the branching ratio forv,—xJv, decreases forp,— ,

different from that in Fig. 8). In the case ofB(7, e 7 FE
whereas those fov,—u(gvT andv,— x; 7 increase. The de-

—H,7) the COS(DAT-F(,DM) term becomes—sin(,oAT and it is _ ~ A
multiplied by a much smaller factor, which explains the rela-€&y Widths I'(v,— xjv;) and I'(v.—x3v,) decrease for

tively flat dependence. The behavior B{7,—H,7 ¢,—m, because the matrix elemenfiiy;| and [NzJ de-
y a, GEP {r2=Hom) crease forg,— . The matrix elementVy,| entering the

andB(7,—Hs7;) can be explained in an analogous way. FOr gecay widthl'(7,—y; ) also decreases, see EG&4) and

com~parison we also plotted the branching ratios f (A6). However, af(;T—S(I 7) andl“(";f—ﬁ(gvr) decrease
—Z7; and of some of the decays into charginos and neutralimore slowly than the total decay width, the corresponding
nos. The<pAT dependence of,—Zr; essentially drops out branching ratios increase fap,— . In Fig. 10b) the

[see Eq.(10)] and that of the fermionic decays disappearsbranching ratioB(v,— x5v,) decreases fopyy—m and
due to the large value of tghfor which #; is insensitive to B(v,—x:7) increases. The reason is thaktan®,

e, , —Nj, and hence the width'(v,— xv,) rapidly decreases
We also studied the tgh dependence and the,+ de- f ~ o~
or ¢yy— . B(v,— x; 7) increases due to the decrease of

pendence of the, decay branching ratios into neutral Higgs the total decay width.

particles. For ta—O0 these branching ratios vanish | ine caseM; —Mg=m,,,m+ also the bosonic decays
(e« tanB), whereas for tapp> 10 they depend only weakly on ~ o~ 4 : .
_ = v,—W7"7r,H 7, are kinematically allowed. Consequently,
tan,8.~The my+ dependence of the branching ra®{7,  iye branching ratios of the fermionic decays are reduced. It
—Hy7) is shown in Fig. 9 forg, =0,m/2,m. At my=  turns out that in most cases the bosonic decay widths are
=150 GeV andp, =0 this branching ratio practically van- almost independent of the phases; only in the regjah
ishes. The reason is that the coupli@@r} H,7g) practically <m;7<|M1'2| a significant dependence on the phases is pos-

vanishes for this set of parameters due to a cancellation fiPle- For small ta the phase dependence of the width
the last two terms in Eq(28). At this point also a level I'(v,—H"r) tends to be suppressed, because of the small
crossing ofH; and H, occurs. We see that this branching Yukawa coupling, see Eq25). For large tarB the term
ratio is sensitive tap,_for my-=250 GeV. m,A*tang in Eq. (25 dominates andl’(v,—H"7;)
|sing:C(v* H* 1) |><|sing:m, A*tanB|> becomes essentially
independent of the phases. Note here thas hardly sensi-
tive to the phases becauM}E—Mé» m,|A,—u*tang| in
these scenarios. The phase dependence of the Wigith
—>W+~rl) is caused only by the phase dependence oficos

— Xy 7 depend onp,,, those forv,— xpv, depend also on [see Eq.24)] and is again weak by the same reasoning as
®u(1)- We first assumdl; <Mg, which leads to a sneutrino above.

C. v, decays

The decay widths fow. decays into charginos and neu-
tralinos are independent o,ﬁAT. The decay widths fom_
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TABLE |. Calculated masses and their assumed erfior&eV).

tanB=3 tanB=30
m;, =155.0+0.7 m;,=352.6+ 1.2 m;, =150.6+2.1 m;,=355.7+ 3.6
m;(g: 125.6-0.17 m;g:205.6t0.11 m;2:133.2t0.56 m;(g:214.3t0.35
m;(g:253.5t0.24 m;g:343.1t0.51 m;g:258.0t0.73 m;(g:331.4t 1.4
my+=194.0+0.06 my+=340.9-0.25 my+=210.0-0.19 my+=331.6-0.72
1 2 1 2
V. PARAMETER DETERMINATION count an additional factor of 3 for the errofelatively to

We now study the extent to which one can extract thet.anllg :tst) due t(.) tdh_e rtetzljugedthefflclegt_:y |g:a3$ OI Tmtt'ﬁ le
underlying parameters from measured masses, branching rfér-]a states as indicated by the stu ied 3] _e axe the
tios and cross sections. In the following we assume that af'™ors Of the Higgs mass parameters sio="50 MeV,
integrated luminosity of @b~ ! is available. At a high lumi- AMuo=AMmu=Am;+=1.5 GeV[6] for tang=3 and 30.
nosity collider like such as the DESY TeV Energy Supercon-For the branching ratios and the production cross sections we
ducting Linear AcceleratofTESLA) one can expect that this have taken the statistical errors only. We give _the values of
amount of integrated luminosity will be accumulated in fourthe calculated masses and assumed errors in Table | and
years of runnind6]. Our strategy is as follows: those of the calculated branching ratiosrefdecays in Table

(1) Take a specific set of values of the MSSM parametersy 71 decays only intary? for both values of tays, because

(2) Calculate the masses of, x{, xi . the production  this is the only channel open.

cross sections foe' e H}i}j and branching ratios of the For the determination of the stau parameters we have used
decays. the information obtained from the measurement of the stau

(3) Regard these calculated values as real experiment@hasses at threshold and the production cross sections;of
data with definite errors. airs at\/s=800 GeV for two different ¢~,e*) beam po-
(4) Determine the underlying MSSM parameters and the"{?’:\rizations € .P.)=(08-06) and £_,P.)=

errors from the experlmental dz_ata by a fit. —0.8,0.6). Here we have assumed that a total effective lu-
We have checked that~|nclu3|on of the datg on the mas inosity of 250 flo ! is avaible for each choice of polariza-
production and decays af, does not further improve the tjon. The cross section measurements are important for the
accuracy of the underlying parameters to be determined. Thgstermination ofcos@:? as can be seen from E6L0) and
reason is that the expected relative errors of the data in th@e formulas for the cross sectiong[ifi. In addition we have
sneutrino sector are larger than those in the stau sect@jsed the information from all branching ratios in Table I
[31,32. (with corresponding statistical errgrsThese branching ra-
We have taken the following input parameters for the caltjos together with the masses and cross sections form an
culation of these observablesMg=150 GeV, M{  gver-constraining system of observables for the parameters
=350 GeV, A,=-800 GeV, M2=2_80 GeV, wu Mi, Mg, ReA., JmA., Reu, Jmu, tanB, ReM,
=250 GeV andey(;)=0. We have considered the casesjymm,, M,. We have determined these parameters and their
tang=3 and 30. The Higgs sector has been fixed witherrors from the “experimental data” on these observables by
my+=170 GeV (160, mpo=151.4 GeV (138.5, mMuo g3 |east-square fit. The results obtained are shown in Table Il.
=113.3 GeV (115.7, myo=155.6 GeV(139.) and sine  As one can see, all parameters can be determined rather pre-
=0.432(—0.26 in case of tarB=3 (30). Hereh®, H% A%, (isely. tang can be determined with an accuracy of about
« are the lightelC P-even Higgs boson, the heaviéiP-even 295 in the case of tai=30 and about 1% in the case of
Higgs boson, th€ P-odd Higgs boson and the mixing angle tang=3. The relative error of the remaining parameters ex-
of the CP-even Higgs bosons, respectively. Here we focuscept A, is about 1%. ForA_ we obtain the errors
on the determination of the pha&qT of A;; therefore, we  AJmA_ /|A|~9%, AReA,/|A,|~22% in the case taf
neglect mixing of theC P-even andC P-odd Higgs states. We =3, andAJmA_/|A,|~3%, AReA./|A,|~7% in the case
have taken the relative errors of stau masses, chargino atdng=30. At first glance it might be surprising that the er-
neutralino masses frop,33], which we rescale according to rors of the stau parameters are relatively small in case of
our scenario; in case of tg=30 we have taken into ac- large targ3, despite the fact that the assumed errors of the

TABLE II. Branching ratios of 7, decays calculated foMg=150 GeV, M;=350 GeV, A,=
—800i GeV, M,=280 GeV,u=250 GeV andpy;)=0. We show only branching ratios larger than 20

tanp ™3 ™3 ™3 Xa  vaxi vz Zm A% W7, HOn
3 0.116 0.423 0.001 0.002 0.438 0.008 0.002 0.008 0.003 0
30 0.107 0.195 0.036 0.008 0.135 0.019 0.044 0.393 0.062 0.001
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TABLE lIl. Extracted parameters from the “experimental data” of the masses, production cross sections

and decay branching ratios af . The original parameter point is specified Byz=150 GeV, M}
=350 GeV,A.=—-800 GeV, M,=280 GeV,u=250 GeV andpy;)=0.

tang 3 30

MZ (GeV?) 2.25<10°+2.2x 107 2.25x<10%+6.0x 107
M? (GeV?) 1.225% 10°+4.3x 107 1.229x 10°+ 7.0 107
Re(A,)(GeV) —8.0+180 8.0:55
Im(A,)(GeV) —800=70 —800x21
Re(u)(GeV) 249.9-0.26 249.9-0.6
Im(u)(GeV) 2.4-1.7 —-0.2+3.8
tang 2.999+2.7x10 2 29.9+0.70
Re(M,)(GeV) 140.9-0.21 140.6-0.63
Im(M,)(GeV) —-0.7£3.4 0.16-1.0

M, (GeV) 280+0.29 280-1.0

masses are larger for large @nThe error ofA, even de- decays into Higgs bosons. The precisiorwofs more sensi-
creases. The reason for this is the large branching ratio fdive to the errors of chargino and neutralino masses than to
7,—A%7, in the case tag=30 and the input parameters the errors of the stau observables. In the case of largd,tan

chosen(see Table I, which gives a strong constraint on the precision of tag depends significantly on the precision
|A,|. For the determination oA, it is important that thér, of the stau cross sections and to a lesser extent also on that of
Tl T

decays into neutral Higgs bosons are kinematically allowedth€ stau decay branching ratios. .
because their couplings to the staus are practically propor- /N our procedure we have also determined the expected
tional to A tanB. Otherwise one would have to include the €rrors ofReu, IJmu, tang, ReM;, ImM;, M, using also
decays of the heavier Higgs bosons to get additional inforthe information obtainable from mass measurements of
mation onA_ from their decays into staus. This will be dis- charginos and neutralinos. As one can see in Table Ill, the
cussed in a forthcoming papg35]. Additional information  results are quite satisfactory. Once these parameters together
could also be obtained ata w* collider. In case of sizable with the Higgs mass and mixing parameters are precisely
~ determined in the chargino, neutralino and Higgs sectors, one
can then include them as input values in the determination of
) o~ = ) the parameters of the stau sector. This will in turn improve
in case of the(OZP conservationr, 7, pairs can only be pro- ihe accuracy in the determination %e(A.) and Im(A,).
duced at thed® resonance but not at t resonanc¢36l.  Note that this accuracy of the paramters at the weak scale
In the procedure described above we have determined thgiows also a rather precise determination of parameters at a
errors of the fundamental parameters assuming an mtegrat%igh scale, e.g. the GUT scale, and hence the reconstruction

luminosity of 2ab™*, taking the expected experimental er- of the parameters of an underlying theory at this high scale
rors of the masses from the Monte Carlo studie$6i83]  [37],

and rescaling them to our scenario. It is clear that further
detailed Monte Carlo studies, including experimental cuts
and detector simulation, are necessary to determine more 8C4/; ELECTRIC DIPOLE MOMENT OF THE  + LEPTON
curately the expected experimental errors of the observables

for our scenario, in particular the errors of the stau decay The MSSM with complex parameters implies also a pos-
branching ratios. Such a study is, however, beyond the scopsible electric dipole momerEDM) of the 7 lepton, which is

of this paper. Instead we have studied how our results for thinduced by chargino-sneutrino as well as stau-neutralino
errors of the fundamental parameters are changed when theops. For the calculation of the EDM we use the corre-
experimental errors of the various observables are changedponding formulas given ifi12] for the electron EDM by

we have redone the procedure doubling the errors of theeplacingm, by m_. It turns out that the natural range for the
masses and/or branching ratios and/or cross sections. Cleas#yEDM is O(10 %% —0O(10 ?Y)ecm. This is demonstrated

we have found that the errors of all parameters are approxin Fig. 11 where we show the EDM d.. corresponding to
mately doubled if all experimental errors are doubled. Moresome of the scenarios discussed above. This is about 5—6
over, in this way we can see to which observables an indiorders of magnitude below the current experimental limit:
vidual parameter is most sensitive. Concentrating on the stag®*” <3.1x 1076 e cm [38].

sector we find that the precision ME ande is sensitive to The dominant contribution stems from the chargino loops
the stau mass determination at the threshold as well as to tl&s in case of electrons. However, for theEDM the neu-
measurement of the total cross sections in the continuumralino loop is much more important than in case of the elec-
The accuracy ofA. is most sensitive to precise measure-tron due to the fact tham, >m,. Its modulus can reach
ments of the branching ratios, especially to those for theabout 10% of the chargino-loop contributions as can be seen

CP violating phases; r; pairs can be produced at the reso-
nances of both heavier neutral Higgs states [19] whereas
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d, [10~?'ecm|

E‘ .
$ 0.05
T 0
£.-0.05
® -041
-0.15
- 0 Y
Yu) PuQ)
© OF
'E' 0.04 E—O‘S (f)
& 0.02 3 i
g 9 5 -15
o i
e 25
= 5 - L = &-——;
PA. YA,

FIG. 11.d, (in 10~ ?*e cm) corresponding t¢a) Fig. 1, (b) Fig. 5, (c) Fig. 4@ with ¢,=0, (d) Fig. 4b) with ¢, =0, (e) Fig. 8@a), and
(f) Fig. 8(b). The lines in(a) correspond tom; =233 GeV (solid line), 238 GeV (dashed line), and 243 GeV (dotted line). The linds in
and (f) correspond to the following: totat EDM (solid line), the chargino-loop contributiofdashed lingand the neutralino-loop contri-
bution (dotted ling.

in Figs. 11b) and 11f). The solid line shows the totat  dence of the branching ratios of the fermionic decays-of

EDM, the dashed line the chargino-loop contributions anda ~ )
’ : . o nd v is significant whereas it becomes less pronounced for
the dotted line the neutralino-loop contributions. In the other Y 9 P

plots of Fig. 11 ther EDM is identical to the neutralino-loop (@8> 10. The branching ratios of the, decays into Higgs
contributions, because in these scenatigs=0 and hence bo§ons depend very sensitively on the phases itado0.
the chargino-loop contribution vanishes. Quite generally one can say that the decay pattern ofrthe
andv, becomes even more involved if the parameters u
and M, are complex and if mixing of the&€P-even and
ViI. SUMMARY CP-odd Higgs bosons is taken into account.

In this paper we have presented a phenomenological study We have also given an estimate of the expected accuracy
of 7 sleptonsr, and = sneutrinos, in the minimal super- i the determination of the MSSM parameters of theector
symmetric standard model with complex parameters by measurements of the masses, branching ratios and cross
andM ;. We have taken into account expli@tP violation in ~ Sections. We have considered the caseg3ta8 and tan3
the Higgs sector induced Hy andb; loops with complexu =30. We have found that on favorable conditions the accu-

1

and complex trilinear coupling parameteks and A, . We racy of the parametek . can be expected to be of the order

h vzed ducti dd 3 a5 of 10% and that of the remaining stau parameters in the
ave an+a yzed pro UCt.'OH and decays of tand v, at a range of approximately 1% to 3%, assuming an integrated
future e"e” linear collider. We have presented numerical

- luminosity of 2ab~1. In addition we have considered the
predictions for the fermionic and bosonic decaysrof 7, electric dipole moment of the lepton induced by the com-
and 7,. We have analyzed their SUSY parameter depenplex parameters in the stau sector as well as the chargino and
dence, paying particular attention to their dependence on theeutralino sectors. We find that it is well below the current
phasea,oAT, ¢, and ¢y (qy. For tan3=10 the phase depen- experimental limit.
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APPENDIX A: CHARGINO MASSES AND MIXING where — /2< 0, ,<0. The mass eigenvalues squared are
The chargino mass matrix in the weak basis is given by » 1 _
[1,21] M7 = S{ME+|ul?+2mi 5 (M= ||?)?+4mjcos2
v M, V2mys, (A1) +4mG(M3+]| u|?+ 2My| u|sin 28 cose,,) ¥
¢ Wemyeg  [ulen | (A1D)

M, is the SU(2) gaugino mass parameter; and s, are

shorthand notations for cgsand sinB, respectively. This APPENDIX B: NEUTRALINO MASSES AND MIXING

complex 2<2 matrix is diagonalized by the unitaryx2 The neutralino mass matrix in the weak basis
matricesU andV: (B,W2,H2,RY) is given ag1,21]
t—di ™+ + + ™+
U* M cV'=diagm l7,rn;(27), Osm;qsm)@. (A2) My
The unitary matriced) andV can be parametrized in the [M,|e'eu@ 0 —MzSyCg  MzSySp
following way: B 0 M, MCwCs  —MzCuSg
y e 0 cosé, e'%1sing, A3 | —mgsucs  mzcucg 0 —|ule'n
0 €72\ -e?sing; cosh, (A3) MzSwSs  —MzCwSz  —|ule'ex 0
( cosé, e '%2sin 02) " (B1)
| —e?2sing, cos6, (A4) whereM is U(1) gaugino mass parameter, wiply ;) being

_ the phase ofM,; cy and sy, are shorthand notations for
with cos®,, and sin®,,, respectively. This symmetric complex
mass matrix is diagonalized by the unitark4 matrix N:
22my[ M3c5+ | 2S5+ M| | sin 2Bcose, 142 g y ¥

M2 | u|2— 2m?,cos 28 N* MyN'=diagmso, ... m50), O=myo=---<mp.
(A5) (B2)

tan26,=
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