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Abstract. We study the production processes e’

1,...,4, working out the advantages of polarizing both beams. For e
e~ — %I%3 with ¥3 — %%ete™ we perform a detailed analysis, including the complete spin correlations

et

e~

cto— 5 o5 — + - S0 -0 _
— X7, XJ y L) = 1727 and e e — XmXn, T, M =

Tem = XXy with 7 — xJe 7 and

between production and decay. We analyze the forward—backward asymmetry of the decay electron for

various beam polarizations. We also study polarization asymmetries in e

Te™ — ¥9%3. These asymmetries

strongly constrain the gaugino parameter M; and the masses me; , mey, ms also if me s > 31/2/2. We give
numerical predictions for three scenarios for a linear collider with s'/? = 500-1000 GeV.

1 Introduction

The search for supersymmetric (SUSY) particles and the
determination of their properties will be one of the main
goals of a future eTe™ linear collider. Particularly interest-
ing will be the experimental study of charginos and neu-
tralinos, which are the quantum mechanical mixtures of
the charged and neutral gauginos and higgsinos, the SUSY
partners of the charged and neutral gauge and Higgs
bosons. In the minimal supersymmetric standard model
(MSSM) there are two charginos ﬁt, ¢t = 1,2, and four
neutralinos YV, i = 1,. .., 4. Usually the lightest neutralino
%Y is the lightest SUSY particle LSP. The masses and
couplings of the charginos are determined by the SUSY
parameters My, p and tan 3. The neutralino properties
depend in addition on the gaugino mass parameter M.
An eTe™ linear collider where charginos and neutralinos
can be pair produced, will allow a precise determination
of the SUSY parameters involved.

Previous papers mainly analyzed production cross sec-
tions and decay branching ratios in the MSSM (see, e.g.
[1,2] and references therein). Recently a method for deter-
mining the SUSY parameters Ms, 1 and tan 3 by measur-
ing suitable observables in chargino production eTe™ —
)Z:rf(; (i,7 = 1,2) has been proposed [3]. The gaugino
mass parameter M; can in principle be determined from
the neutralino mass spectrum [3,4]. Models with an ex-
tended neutralino sector have been discussed in [5,6]. A
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detailed study of the neutralino system is also helpful for
examining the question whether the MSSM or another
SUSY model is realized in nature.

In the present paper we study the production and de-
cay of charginos and neutralinos with both the e~ and
the e beam polarized. We show that suitably polarizing
both beams has three advantages: One can gain higher
cross sections and thereby reduce the experimental errors.
By measuring suitable observables one can get additional
information on the mixing components of charginos and
neutralinos as well as on the masses of the exchanged 7,
é1,, ér. Moreover, the background can be reduced by ap-
propriately polarizing the beams.

In the calculation of the decay angular distributions
one has to take into account the spin correlations between
production and decay of the charginos and neutralinos.
They are particularly important near threshold. The pro-
cesses ete™ = XX, Xi = XplTv and eTem — x0xY,
XY — XUt e~, including the full spin correlations, have
been studied in [7,8]. In [9,10] we have given the com-
plete analytical formulae for longitudinally polarized e~
and et beams in the laboratory system.

In our numerical analysis we will consider three sce-
narios, where 5(?72, )Zli are gaugino-like and which differ
in tan 8 and the selectron masses. We analyze the e~ and
eT polarization dependence of all production sections ac-
cessible at a linear collider in the 500-1000 GeV range.
In the case of )fo(f pair production and associated Y99
production we study the dependence of the cross section
and the forward—backward asymmetry of the decay elec-
tron on the beam polarizations and on the masses of the
exchanged v, €1, and ég. We also relax the GUT relation
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Fig. 1b. Feynman diagrams for chargino decays )2?[ —

Koot (172 and neutralino decays X9 — YolT4~

between M; and M, My /My = (5/3) tan? Oy, and study
the M; dependence of the forward—backward asymmetry
of the decay electron and the polarization asymmetry.

2 Spin correlations
between production and decay

The helicity amplitudes for the production processes

+

efe” = XiX; (1)

ete” = XiX5, (2)

are denoted by Tlg\ % and those for the decay processes

N 0e (&)
X =t v, (3)
X¢ = Xt (4)

by Tp,», (and analogously Tp »; for the decaying x; and

)29) The corresponding Feynman diagrams are given in
Figs. 1a,b.

Chargino and neutralino production at a linear collider

The amplitude squared of the combined process of pro-
duction and decay is (summed over helicities):

Aij >\
IT? = |AR)*IAR) Py

Tt is composed of the (unnormalized) spin density produc-
tion matrix

pD,)\;)\vaD,A;AJ' (5)

’or
>‘l)‘J>‘1>‘J i
Pp =Tp

the decay matrices

Aj )\;)\; *
TP ) (6)

pD,)\;)\i:TDALTDA’ pD)\)\ —TD/\TD)\v (7)

and the propagator

A(xr) = 1/[pi,
Here p%, Ak, mp and I} denote the four-momentum
squared, helicity, mass and total width of xj. For this
propagator we use the narrow-width approximation.
The density matrices can be expanded in terms of the
Pauli matrices o*:

—mi + imy T} (8)

POV
Pp T =105,,0y, ,\’P(XzXJ +5,\,\ ZUA)\’EP
3
+ 0\ ZUAJ,\’. e (X5)
b=1 !
3
+ D T T T (), (9)
a,b=1 ’
3
PoA A, = O, DY) + ZU,\;)UE%(%% (10)
a=1
3
PO NN, = 5)\;)\]»D(>~(j) + ZU?\;)\]. Zh(%5)- (11)

We have chosen the polarization vectors such that
Y}1(Xi,;) describes the transverse polarization in the pro-
duction plane, Y2(¥; ;) denotes the polarization perpen-
dicular to the production plane and X3(y; ;) describes
the longitudinal polarization of the chargino or neutralino,
respectively. X8°(y;x;) is due to correlations between the
polarizations of both charginos or neutralinos, respec-
tively. The complete analytical expressions for the produc-
tion density matrix and for the decay matrices are given
in [7,9].

The amplitude squared |T|? of the combined process
of production and decay, (5), can be rewritten as

TP = 1A PIAG) P PRt DI D)
-
+ 233 SB(X5) 27
+ 23: S (Rixs)

a,b=1

Xi)D(X;)
(X5)D(X:)

Emmz%ozj)). (12)
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Table 1. Parameters and masses (in GeV) in scenarios Al, A2, and B

Mo I tanf  me, Mmey Mo

0 mco mco m_+
2 1

X3 X4 X X3
Al 152 316 3 176 132 161 71 130 320 348 128 346
A2 152 316 3 500 132 161 71 130 320 348 128 346
B 150 263 30 217 183 202 75 133 273 293 132 295

The differential cross section is then given by

1 .
do, = g\T|2(27T)454 <p1 +py — Zpl> dhps(pg, .. .plo),

(13)
where dlips(ps,...,p10) is the Lorentz invariant phase
space element.

If one neglects all spin correlations between production
and decay only the first term in (12) contributes. The sec-
ond and third term in (12) describe the spin correlations
between the production and the decay process. The last
term is due to spin—spin correlations between both decay-

ing charginos or neutralinos.

3 Numerical analysis and discussion

In the following analysis we use the MSSM [11] as our
general framework. The masses and couplings of neutrali-
nos and charginos are determined by the parameters My,
Ms, i, tan B, which can be chosen real if CP violation is
neglected. Moreover, one usually makes use of the GUT
relation

M, = gMz tan® Ow. (14)
The explicit expressions for the neutralino and chargino
mass mixing matrices can be found in [1] (note that in [1,
7] the notation M’ and M for M; and M, was used).

In our analysis we study chargino and neutralino pro-
duction and decays in three scenarios, which we denote by
Al, A2 and B. The corresponding parameters are given in
Table 1. In scenario Al one has tan 8 = 3 and the masses
me, = 176 GeV, mg, = 132GeV, my = 161 GeV [12]. In
this scenario ! is B-like, Xa 18 W3-like, and )Zli is W=-
like and féc H#*-like. Scenario A2 differs from A1 only by
the higher ér, mass ms, = 500GeV. In scenario B one
has tan 8 = 30 and me, = 217 GeV, mg, = 183 GeV and
my = 202GeV [12]. In this scenario ¥¢, X9 and xi are
also gaugino-like.

3.1 Beam polarization effects in chargino production

We study the dependence of the cross sections o(ete™ —
)Z;LX;), 1,7 = 1,2, on the electron beam polarization P,-
and positron beam polarization P+ (with P+ = {-1,0,
1} for left-, un-, right-polarized) at s'/? = Mgt +my- +
10 GeV for scenarios Al and B. We choose s'/? not too
far from threshold, because the spin correlations to be

discussed below are largest near threshold [7]. As an ab-
breviation we write in the following just the final state
>~(7+>2; for the process ete™ — >~<7+>2;

3.1.1 % X,

Scenario A1 (see Fig.2a): Due to the 7, exchange and the
gaugino character of )~(1i a left-polarized electron beam and
a right-polarized positron beam lead to the largest cross
section. For P,- = —85% and P,+ = +60% we obtain
410 fb, which means that the cross section is enhanced by
a factor of about three with respect to unpolarized beams
(Table 2).

Scenario B: One gets a similar dependence on the beam
polarizations and the same enhancement factor as in sce-
nario Al. With P,- = —85% and P.+ = +60% a cross
section of 709 fb is reached (Table 2).

-

3.1.2 XF%5

Scenario Al (see Fig.2b): In this case 7 exchange does
not contribute and 7, exchange is suppressed due to the
higgsino-like 4. Therefore, right-polarized electrons and
left-polarized positrons are favored. Due to the different
character of Y] and Y, the cross section is small and
reaches only 6fb with P,- = +85% and P.+ = —60%
(Table 2).

Scenario B (see Fig.2d): In this case somewhat higher
cross sections of about 10fb can be reached with P,- =
+85% and P+ = —60%.

313 % s

Scenario Al (see Fig.2c): As X5 is higgsino-like 7, ex-
change is negligible. The cross section is enhanced if the
electrons are left and the positrons are right-polarized,
mainly due to the v — Z° interference. For P,- = —85%
and P+ = +60% it is enhanced by a factor 2.5 and reaches
113 fb.

Scenario B: One gets a similar dependence on the beam
polarizations and the same enhancement factor as in sce-
nario Al. With P,- = —85% and P,+ = +60% a cross
section of 194 fb is reached (Table 2).

A summary of our results for scenario Al and B is
given in Table 2.

Since 7, exchange favors left-polarized electron beams
and right-polarized positron beams, one expects for
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Table 2. Polarized cross sections ¢ = o(ete™ — )2;*)};)/fb, i,j = 1,2, at s*/? =

me+ +m - +10 GeV in scenarios Al and B, see Table 1, for unpolarized beams (00),
i J

only electron beam polarized (—0), (+0) with P, = +85% and both beams polarized

with P.- = +85%, P.+ = +60%

Al X% (877 =266GeV)  (—+) (=0) (00) (==) (++) (+0) (+-)

a/fb 410 256 139 103 34 22 10

XTX; (82 =484GeV)  (+-) (+0) (00) (—=+) (=0) (++) (—-)
a/fb 6.0 3.8 2.9 2.7 1.9 1.7 1.1

N3Xs (817 =702GeV) (—+) (=0) (00) (—=) (+=) (+0) (++)
a/fb 113 72 45 30 24 19 15

B X{xi (s"2=274GeV) (—+) (=0) (00) (==) (++) (+0) (+-)
a/fb 709 443 239 177 57 36 15

Xixe (52 =437GeV) (+-) (+0) (00) (++) (=+) (-0) (—-)
a/fb 10.0 6.3 3.9 2.6 1.9 1.6 1.2

W3Xs (87 =600GeV) (—+) (=0) (00) (—=) (+=) (+0) (++)
a/fb 194 123 75 51 32 28 23

1
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
a Scenario Al, XXy b Scenario A1, X{ x5

20
10 20
.1 0.5 0 0.5 i -1 -0.5 0 0.5 i
P P,
c Scenario Al, X3 X5 d Scenario B, Xi X5

+ 1/2

Fig. 2a—d. Contour lines of cross section o (e

J
for electrons (positrons) is denoted by P,— (P.+). The white region is for |P,—| < 85%, |P.+| < 60% (the dashed line if only
the electron beam is polarized)

e— — Xffg) at s7/° = Myt tme -+ 10 GeV. The longitudinal beam polarization



G. Moortgat-Pick et al.: Chargino and neutralino production at a linear collider

gaugino-like scenarios the following sequence of polarized
cross sections [10,13] (for |P.-| = 85% and |P.+| = 60%):

o >0 >0 >0 " >0t >0 >0 (15)
Here (—+) etc. denotes the sign of the electron polariza-
tion P,- and of the positron polarization P,+, respectively.

On the other hand, for pure higgsinos one would have
due to Z° exchange

o >0t >0 >0 >0 s 077 >0t (16)
These orderings are also valid if the decays are included.

The relations (15) and (16) are, however, modified by
the ~ exchange contribution. Nevertheless, one can get
additional information by using polarized electron and
positron beams, because the sequences of polarized cross
sections for gaugino-like and higgsino-like scenarios are
different. If only the electron beam were polarized, one
would obtain in both scenarios the same sequence of po-
larized cross sections, namely o9 > ¢% > ¢10,

In scenarios A1l and B we get the results in Table 2 for
|P.-| = 85% and |P.+| = 60% at s'/2 = Mgt +mex +

i J

10GeV. For eTe™ — ¥{x; the relation (15) is fulfilled.
However, for ete™ — X4x; (higgsino-like x3) the se-
quence is different from relation (16) due to vy exchange
and in particular vZ° interference.

Usually, one defines an effective polarization

P, —P.:

Pg=— "¢
T 1-pP_ P,

(17)
The error of the effective polarization can be reduced when
both beams are polarized.

3.2 Beam polarization effects in neutralino production

In this subsection we study the dependence of the cross
section o(ete™ — )2?)2?), i,j = 1,...,4, on the longitu-
dinal beam polarizations P.— and P,+ at s/2 = mgo +
Mo +30GeV, for scenario A1, A2 and B. In the following
we again denote the production process ete™ — )2?)2? by
its final state )Z?)Z]Q.

3.2.1 953

Scenario A1 (see Fig. 3a): Since ¥{ is mostly B-like and X3
is mostly TW3-like mainly &, and ég exchange in the ¢- and
u-channel contribute. One gets the largest cross section
for left-polarized electrons and right-polarized positrons.
Due to the strong B component of { one gets a slight
enhancement also for right-polarized electrons and left-
polarized positrons. For P, = —85% and P,+ = +60%
the cross section goes up to 56 fb, which is larger by a
factor of 1.8 than for unpolarized beams.

Scenario A2 (see Fig. 3b): Since mg, > me, €, exchange
is suppressed leading to an enhancement for right-polar-
ized electrons and left-polarized positrons. With P,- =

383

+85% and P,+ = —60% one reaches 351fb, that is an en-
hancement by a factor 2.7 with respect to unpolarized
beams.

Scenario B (see Fig.3c): Due to the different couplings
for large tan 3 the dependence on the beam polarizations
slightly changes. For P,- = —85% and P.+ = +60% one
has an enhancement factor of 2.4 with respect to the un-
polarized case. The cross section reaches 50 fb.

3.2.2 Y99

Scenario Al (see Fig.3d): Owing to the W?* nature of
X9, the cross section is governed by é;, exchange. Hence
the cross section is largest for left-polarized electrons and
right-polarized positrons. It reaches 121fb for P,- =
—85% and P,+ = +60%, which gives an enhancement by
a factor of 3 with respect to unpolarized beams.

Scenario B: One gets the same enhancement factor com-
pared to the unpolarized case as in scenario Al. Due to
the smaller lepton—slepton—neutralino couplings the cross
sections are about a factor two smaller. For P,- = —85%
and P.+ = +60% one gets 59 fb.

323 90

Scenario A1 (Fig. 4a): Since x! is B-like and X5 is higgsino-
like the cross sections are smaller than for x{x9 produc-
tion, reaching only 25 fb. Due to the large x{eér coupling
one gets an enhancement by a factor of 2.7 for P,- =
+85% and P+ = —60% compared to the unpolarized case.

Scenario B: One gets a similar enhancement factor of
about 2.8 as in scenario Al. Due to slightly larger x3eégr
coupling the cross section is 42fb for P.- = +85% and
P+ = —60%.

3.2.4 P79

One expects a behavior similar to ete™ — ¥{x3. In sce-
nario Al the cross sections are about a factor 3 smaller
and in scenario B a factor 6, see Table 3.

3.2.5 Y95}

Scenario Al (see Fig.4b): Since the xJ has a strong W3
component one gets the largest cross sections with left-
polarized electrons and right-polarized positrons. With
P.- = —85% and P,+ = +60% the cross section is en-
hanced by a factor of 2.6 and reaches 41 fb.

Scenario B: Due to slightly larger X3 couplings than in
scenario Al one gets a cross section of 79fb for P,- =
—85% and P.+ = +60%.

Table 3 gives a survey of all cross sections ete™ —
5(?)29 (including the invisible channel ete™ — {{x?) for
different beam polarizations. Note the large cross sections
for ete™ — xI%Y due to the large Z° couplings to the
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Table 3. Polarized cross sections ¢ = o(ete™ — )Z?X?)/f'b, i, j=1,...4, at s*/? =

mgo + mgo + 30GeV in scenarios Al, A2 and B, see Table1, for unpolarized beams
@ J

(00), only electron beam polarized (—0), (+0) with P, = £85% and both beams

polarized with P, = +85%, P,y = £60%

Al IR0(Y2=172GeV)  (+-)  (+0)  (00)  (+4) (——=) (=0) (—+)
o/fb 430 269 146 108 35 23 11
XIK5(s'/2 =231GeV)  (—+) (=0) (+-) (00) (+0) (—=) (++)
a/fb 56 36 35 30 25 17 13
K8 (52 =421GeV)  (+—) (+0)  (00) (++) (=+) (=0) (—-)
a/fb 25 16 9.3 6.5 3.0 2.8 2.7
XY (52 =449GeV)  (+—) (+0)  (00) (++) (=+) (=0) (—-)
a/fb 7.9 5.0 3.2 2.1 1.7 1.4 1.0
XOK8 (s =290GeV) (—+) (=0) (00) (=) (+4) (+0) (+-)
a/fb 121 76 41 30 10 6.3 2.7
XOKS (52 =480GeV) (—+) (=0) (00) (——) (+—) (+0) (++)
a/fb 41 26 16 11 7.2 6.1 4.9
XOX4 (s =508GeV) (—+) (=0) (00) (=) (+4) (+0) (+-)
a/fb 11 6.6 3.6 2.7 0.9 0.6 0.4
XS (572 =670GeV) (—+) (+-) (=0) (00) (4+0) (——) (++)
a/fb <1072 fb
XY (572 =696GeV) (—+) (+-) (=0) (00) (+0) (=) (++)
a/fb 60 41 39 34 28 18 15
XY (572 =722GeV)  (—+) (=0) (00) (——) (+—) (+0) (++)
o/fb <0.2fb
A2 %8 (s =231GeV)  (+-) (+0) (00) (+4) (—+) (=0) (—-)
a/fb 35 22 13 9.0 4.7 4.2 3.8
B {Ix} (sV?=180GeV) (+-) (4+0) (00) (++) (——=) (=0) (—+)
a/fb 191 119 65 48 16 10 5.7
XIR8 (s =238GeV)  (—+) (=0) (00) (+—=) (==) (4+0) (++)
a/fb 50 31 21 14 13 11 7
K8 (52 =378GeV)  (+—) (+0)  (00) (++) (——) (=0) (—+)
a/fb 42 26 15 11 3.9 3.4 2.9
XI%1 (s =398GeV)  (+-) (+0)  (00) (—+) (+4+) (=0) (—-)
a/fb 6.3 4.0 2.7 1.8 1.7 1.4 1.0
XOKS (52 =296GeV) (—+) (=0) (00) (—=) (++) (+0) (+-)
a/fb 59 37 20 15 4.8 3.1 1.3
XOKS (52 =436GeV) (—+) (=0) (00) (——=) (+—) (+0) (++)
a/fb 79 50 31 21 16 13 10
XK1 (s =456GeV)  (—+) (=0) (00) (=) (+4) (+0) (+-)
a/fb 11 6.9 3.7 2.7 1.0 0.6 0.3
XS (52 =576GeV)  (—+) (+-) (=0) (00)  (4+0) (——) (++)
o/fb <1072 fb
XY (572 =596GeV) (—+) (+-) (=0) (00) (4+0) (——) (++)
cr/fb 78 55 51 44 37 24 20
XY (572 =616GeV) (—+) (=0) (00) (——) (+—) (+0) (++)
a/fb < 0.4fb
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Fig. 3a—d. Contour lines of cross section o(eTe— — XVx}) at st/
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Py

1

-1 -0.5 0 0.5 1

b Scenario A2, 5{1523

-1 -0.5 0

0.5 1
P,
d Scenario Al, 92823

2= mgo + mgo + 30 GeV in scenario Al. The longitudinal

J
beam polarization for electrons (positrons) is denoted by P, (P,+). The white region is for |P,-| < 85%, |P,+| < 60% (the

dashed line if only the electron beam is polarized)

higgsino components. In summary, the cross sections can
be enhanced by a factor two to three by polarizing both
beams. For pure gaugino-like neutralinos and mg; > me,
(me, < megg), for P, = +1, Py = —1 (P- = —1,
P,+ = +1) the cross section could even be enlarged by a
factor 4. For pure higgsino-like neutralinos and P.- = +1,
P+ =-1(P,- =—1, P+ = +1) the enhancement factor
is 1.7 (2.3) [10,14].

If the polarizations of both beams are varied, the rel-
ative size of the cross sections strongly depends on the
mixing character of both neutralinos and on the selectron
masses [10]. In particular, for ete™ — )2?)29 and if ¥ and
X are pure higgsinos, one obtains for |P.-| = 85% and
|P,+| = 60% the sequence

o >0t >0 >0 >0 S0 >0t (18)

If ¥9 and )2? are pure gauginos, the order of the cross
sections depends on the relative magnitude of the selectron
masses Mg, and megy . For mg, >> me, only right selectron

exchange contributes, and one obtains

o >0 >0 >t s >0 V>0, (19)
whereas for meg, > me, (which may be realized in ex-
tended SUSY models, see [6] and references therein), one
gets

o t>0 >0 > >0t >0 S0t (20)
A comparison of (18) and (20) shows that polarizing both
beams allows one to distinguish between a higgsino-like
scenario and a gaugino-like scenario with dominating ér,
exchange. This is not possible if only the electron beam is
polarized.

From Table3 one notices that for eTe™ — ¥3x{ one
obtains the same ordering of the polarized cross sections
in scenario Al and B (with x93 and ¥§ higgsino-like) as in
(18). Comparing the sequence of cross sections for ete™ —
XIx9 in scenario A2 (with Y9, X3 gaugino-like) with (19),
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Fig. 4a and b. Contour lines of cross section o(e™
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P+

1

0.5

-1 -0.5 0 0.5 1
P,

b Scenario Al, eTe™ — ¥9%5

e — 92?)29) in fb at s'/? = mgo + mso + 30GeV in scenario Al.

The longitudinal beam polarization for electrons (positrons) is denoted by P,- (P.+). The white region is for |P,—| < 85%,
|P,+| < 60% (the dashed line if only the electron beam is polarized)

one observes the influence of é;, exchange which is however
suppressed due to the high mass ms, = 500 GeV.

3.3 Decay lepton forward—backward asymmetries

We will discuss the forward-backward asymmetry of the
lepton angular distribution do./dcos®, in the overall
c.m.s. of the combined reactions

et

e” = XiX1, Xi —Xile D, (21)
and
efe” = X9%9, X5 — Yete . (22)

Here O, denotes the angle between the electron beam and
the decay electron e~. The forward-backward asymmetry
App of the decay electron is defined as

0c(cos O > 0) — g.(cos O, < 0)

Ars = 0c(cos O, > 0) + g.(cos O, < 0)’ (23)
where
e =0(c"e” = X{X1) x BR(Xxy = Xie™7)  (24)
for chargino production and decay and
oe = 0o(e"e” = XiX3) X BR(X; = Xiee™) (25
for mneutralino production and decay. Note that

do./dcos©, and App are sensitive to spin correlations.

The observable Apg, (23), is very sensitive to the gaug-
ino component of the chargino/neutralino and the mass
of the exchanged sneutrino or slepton. It has the advan-
tage of being independent of the parameters of the squark
sector which enter in o., (24) and (25), via the leptonic
branching ratio, which cancels in (23).

3.3.1 0. and App in chargino production and decay

Obviously, if the chargino )Zli has a substantial gaugino
component, the sneutrino exchange in the t-channel has
a strong influence on the cross section and angular distri-
bution of chargino production. In [15,16] the possibility
of determining the sneutrino mass mg, from the angular
distribution of the production process ete™ — ¥ ¥] was
studied. In the following we study the mjy_ dependence
of the decay lepton forward-backward asymmetry Apg,
(23), in ete™ — X X1, X5 — Xle 7. [7,13]. As close to
threshold this observable depends decisively on spin cor-
relations, it is instructive to have a closer look on its my,
dependence. App also depends on the slepton mass mg, ,
due to the €, exchange in the decay amplitude. Since £y,
and 7y are members of the same SU(2)r, doublet, their
masses are connected by the relation [16,17]

2 _ 2 2
mg = mg, — My, cos 203,

(26)
with my the mass of the W boson. Relation (26) is
fulfilled at tree level, and is only modified by radiative
corrections.

We first show in Fig. 5 the cross section o., (24), as a
function of my, at s'/2 = 2mygx +10 GeV, fixing me, by
(26). 0. exhibits a pronounced minimum, which is due to
the destructive interference between Z exchange and 7,
exchange [7]. For s'/2 near threshold this minimum is ap-
proximately at mp, & mg+ and in the limit st/2 2mg=

the minimum reaches exactly mp, = mex. Due to this

minimum there is an ambiguity when one tries to deter-
mine my, by measuring o.. At higher $'/2 the minimum
is shifted to higher values of m; [10,13].

In Figs.6a,b we show the contour lines of App as a
function of my and mg, at sl/2 = Qmﬁ + 10GeV and

s1/2 = 500 GeV, respectively, for P, = —85% and P,+ =
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Fig. 5. Cross section 0. = o(ete™ — xF%7) x BR(XY] —

)2(1)67176) in fb at s¥/2 = 2m>2i 4+ 10GeV as a function of mgy,
1

for unpolarized beams (00), only the electron beam polarized

P3? = —85% (—0) and both beams polarized P® = —85%,

P} = +60% (—+). Other parameters as in scenario Al

+60%. In order to study separately the my_ and mg, de-
pendence of App we have relaxed the mass relation (26).
Apart from mg. and mg, the parameters are as in sce-
nario Al. The large asymmetry is mainly due to 7. ex-
change in the crossed channel of the production. Close to
threshold also the €y, exchange in the decay y; — Xle™ e
plays an important role, see Fig. 6a. At energies far from
threshold the charginos have a large energy, and the decay
lepton has essentially the same direction as the chargino
[18]. Therefore, the mg, dependence is weaker [13], see
Fig. 6b.

Due to the dominance of the ¢t-channel contribution in
scenario A1 the polarization dependence of the nominator
and denominator in the ratio, (23), almost cancels. There-
fore App depends only weakly on the polarizations of the
beams.

Turning now to the question how accurate the sneu-
trino mass my, can be determined from chargino pair pro-
duction and decay, Figs. 6a,b show that there is an appre-
ciable mj, dependence of Arpp. We first consider the case
mp, 252 /2, where 7,0, pair production is kinematically
not possible. We assume that the slepton mass ms, and
the other SUSY parameters are known with good preci-
sion. For definiteness, we take mg, = 200 GeV, and the
other SUSY parameters as in scenario Al.

At s'/2 = 500 GeV, with a luminosity of £ = 500fb",
Arp can be measured up to < +1%, if we take only the
statistical error §(Arp). This means that in the range
350 GeV <my, <800 GeV an accuracy of about |dmg, | <
10 GeV may be achieved. The experimental errors of mg,
and the other SUSY parameters are neglected. The am-
biguity at s'/2 = 500 GeV (Fig. 6b) in the range 250 GeV
<mip, $350 GeV can be resolved by measuring App at dif-
ferent c.m.s. energies. Similarly, at s'/? = 2mﬁc +10 GeV
(Fig.6a), App is quite sensitive to mgp, in the range
135 GeV<my, <350 GeV, where direct production is again
not possible. If only the electron beam is polarized, §(App)
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would be larger by about 20% in the case considered.
Moreover, for P,- = —85% and P,+ = +60% we obtain
Peg = 96%. If P,- and P,+ have an error of £1%, the error
of P.g would only be +0.83%. For a more quantitative as-
sessment of the accuracy of m;, that can be expected from
measuring the decay lepton forward—backward asymmetry
in chargino production, Monte Carlo studies taking into
account experimental cuts and detector simulation would
be necessary. For instance a cut —0.9 < cos®, < 0.9
would lead to about 10% smaller values of o, and Arg.
In case my, < s'/2/2, DD, pairs can be directly pro-
duced. If mgs < myp, < s1/2/2, then the visible decay

Ve — e‘){f is kinematically allowed, and will presum-
ably have a sufficiently high branching ratio. We do not
treat this case here, because measuring the cross section of
ete™ — .U, at threshold will allow us to determine m,
with good accuracy [19]. If m;, < Mgz < s1/2/2, then 7,
has no visible decay with sufficiently high branching ra-
tio. However, the two—body chargino decay )Zli — et (De)
is possible. Measuring the endpoints of the energy spec-
trum of the decay leptons e and e~ will provide a very
precise determination of the masses Mg+ and my,. The al-

ternative method to determine my, by measuring the de-
cay lepton forward-backward asymmetry App of chargino
production will, in principle, also be possible. However, the
accuracy of mj, obtainable in this way is expected to be
lower than that from the decay lepton energy spectrum.

3.3.2 App in neutralino production and decay

Owing to the Majorana character of the neutralinos the
angular distribution of the production process is symmet-
ric under the exchange cos @ — — cos @, where O is the
production angle of X9 [20]. The angular distribution of
the decay lepton ¢~, however, depends on the polariza-
tion of )Z?. Since the longitudinal polarization X3 and the
transverse polarization X' of X9 are forward-backward
antisymmetric, the lepton forward—backward asymmetry
App of the decay lepton, (23), may become quite large.
We will plot Apg not too far from threshold because it
decreases with s!/2 for fixed neutralino masses.

In Fig. 7a we show App of the decay electron for reac-
tion (22) as a function of the beam polarizations for sce-
nario Al at s/2 = mgo + mgo + 30 GeV. As one can see,
by appropriately polarizing both beams one gets a larger
asymmetry. Note that in this scenario App is practically
zero if both beams are unpolarized.

In Figs.7b,c we show the contour lines of App as a
function of mg, and mg, at s*/? = mgo + mgg + 30 GeV,
for P, = —85%, P.+ = +60% and P.- = +85%, P.+ =
—60%, respectively. The other parameters are as in sce-
nario Al. For meg, =~ me, the asymmetry App is very
small for both polarizations considered, but can reach ap-
proximately £23% if mgs, # me,. Measuring the lepton
forward—backward asymmetry Apgp in addition to the total
cross section will give constraints on the selectron masses
meg, and Mgy, .
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the other SUSY parameters as in scenario Al

In the following we will estimate the precision to be
expected if one tries to constrain the selectron masses by
the data of App of reaction (22). We assume that the right
selectron mass is known with good precision and, for def-
initeness, we take mg, = 240GeV. We further assume
that the measurement of App has given Apg = —10%
at s'/2 = mgo + mgy + 30GeV. For an integrated lu-
minosity £ = 500fb~! the statistical error is expected
to be §(App) ~ £3%. Figure7b shows that, for P,- =
—85% and P+ = +60%, me, has to be either in the
range 280 GeV< mg, < 320GeV or in 410 GeV< mg, <
460 GeV. This example demonstrates that the mass of
ér, can be constrained by measuring Apg even if it is
too heavy to be directly produced in eTe™ annihilation.
As a second example we assume that me, is known to
be mg, = 340GeV, and Arpg = +15% has been mea-
sured. This constrains mg, to be either in the mass re-
gion 250 GeV< mg, < 300GeV or in 450 GeV< mg, <
600 GeV.

As in the chargino case, if both beams are polarized the
cross sections can be enhanced and therefore the statistical
error of Apg can be reduced. Moreover, also the error of
the effective polarization 0(Peg) can be reduced.

In [14] we also studied the s'/2 dependence of the
lepton forward-backward asymmetry Apg. For s'/2 >
myo +mgo the angular distribution of the decay lepton is
essentially the same as that of the neutralino x3 [18]. Due
to the Majorana character of the decaying neutralino Y9
the lepton forward—backward asymmetry now practically
vanishes.

3.3.3 M, dependence of 0., Arp and Apol
in neutralino production and decay

As is well known, the neutralino masses as well as the
Z°X9X}} couplings and the x{£¢ couplings also depend on
the gaugino mass parameter M; [9,14]. So far we have

used the GUT relation (14) for the gaugino masses. In the
following we will be more general and not use this rela-
tion [3,4,18,21,22]. We will discuss the M; dependence
of the cross section, the polarization asymmetry and the
forward—backward asymmetry of the decay electron [9,14]
in the reaction efe™ — {9%9, X9 — xVete™. All other
parameters are chosen as in scenario Al except the mass
of ég, which we take mes, = 161 GeV.

Figure 8a exhibits the M; dependence of o(eTe™ —
XIX3) x BR(X3 — eTe™xY) at s'/2 = mgo +mgg+30 GeV
for mg, = 161GeV and mg, = 176 GeV in the region
40 GeV< My < mg, for various beam polarizations [14].
We do not consider values |[Mi| > me,, where mgg > my,_,

because then the two-body decay 9 — ¢r + £ would be
the dominant decay channel. Figure 8b shows the analo-
gous curves for mg; = 500 GeV. One clearly sees from the
curves for left-polarized electrons and/or right-polarized
positrons that the ér, exchange is strongly suppressed, and
one obtains higher cross sections for right-polarized e~
beams.

We have also studied the M; dependence of the for-
ward—backward asymmetry App of the decay electron,
(23), shown in Figs.9a,b for ms, = 176 GeV and mg, =
500 GeV. One notices a significant variation with M; and
a strong dependence on the beam polarizations. Compar-
ing Figs.9a,b, one observes that in the region 40 GeV<
M; <100 GeV the forward—backward asymmetries of the
decay electron are different. This is due to the suppression
of ér, exchange in Fig. 9b.

Another observable which has a characteristic M7 de-
pendence is the polarization asymmetry defined as

) gAB _ gCD  GAB _ ,CD )
1 p— f—
POUT gAB 4 gCD — GAB 4 50D

where A, C indicate two values of the polarization P,-,
and B, D two values of the polarization P,+.

In Fig. 10 we show A, as a function of M; at s'/? =
mgo + mgo + 30 GeV for different beam polarizations.
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Fig. 10. Polarization asymmetries Apo1, (27), of eTe™ — ¥3%3,
9 — ete™ at s¥/? = mgo + mgo + 30 GeV as a function
of the gaugino parameter M; for ms, = 176 GeV, mey =
161 GeV (dark) and mg;, = 500 GeV, mey, = 161 GeV (light);
the other SUSY parameters as in scenario Al. (—4), (+—) cor-
responds to Apol = (02t —0d7) /(021 +027) and analogously
for the other curves

Apart from M; we take the parameters and masses as in
scenario Al. In the case of a small mass difference between
ér, and ér, M; can be constrained by measuring Ay, for
different beam polarizations. For larger selectron mass dif-
ferences the M; dependence of Ay is much weaker.

4 Conclusions

The objective of this paper has been twofold. Firstly, we
have studied the advantage of having both the e~ and
the et beam polarized. If the polarizations of e~ and e™
are varied, the cross sections depend significantly on the
mixing character of the charginos and neutralinos and on

the masses of 7., €, and ég. By an appropriate choice
of polarizations one can obtain up to three times larger
cross sections than in the unpolarized case. Secondly, we
have studied the forward—backward asymmetry of the de-
cay electron in ete”™ — Y7 Xy, X — Xle 7, and in
ete™ — ¥0%9, X9 — XleTe™ taking into account the full
spin correlations between production and decay. Measur-
ing this asymmetry for various beam polarizations gives
further constraints on the masses of ., €, and €g, also
if direct production of these particles is kinematically not
possible. It also constrains the mixing properties of the
charginos and neutralinos. We have also studied the de-
pendence on the gaugino mass parameter M;. For a de-
termination of M; the use of polarized et and e~ beams
would also be very useful.
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