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1. In nearly all supersymmetric (SUSY) theories/1/ F& ~parity
is-a well defined quantum number. This implies the existence of a
lightest SUSY particle (LSP) wﬁich should be stable/1/ and also co-
lourless and electrically neutral/z/. Its type is uniquely predicted
by the accepted scheme of SUSY - breaking (SSB). Knowledge of LSP is
of fundamental theoretical importance for understanding the mecha-
nism of SSB.

The plausible candidate in most SUSY models is one of the heavy
Majorana fermions, called neutralinos, that inevitably appear in SUSY
models., In the minimal SUSY model/1/ these gre the superpartners A;
and.é? of the neutral gauge bosons and the superpartneré 1) andqﬁa
of the two neutral Higgs scalars. As SUSY is broken the physical
(massive) neutralinos )ﬁ; should be a mixture of $ = 1/2 neutral
SUSY partners:

A —~ [ N
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X. =M. Y . =(J)Z» Hio , Hao ) (1
oL ‘é & L, d
where /btgare elements of the neutralino mixing matrix determined by
the SSB mechanism (subscript L denotes 1.h. components of the four
component spinors). '

In this papeér the production cross section for two different
(massive) neutralinos Xd and 754 in longitudinally polarized e,+€—
- collisions

etve =¥, + L, (2)

is calculated in the minimal SUSY extended standard model in the ge-
neral case of arbitrary neutralino mising, e}.(1}. Process (2) has
3-8

and polarized/9’10/

been considered earlier both for unpolarized
initial beams. It has been shown that the values of the cross section

and the asymmetries strongly depend on the type of produced'KAand Zz_.

We assume 214 to be LSP. To obtain specific properties of the
cross section and the polarization asymmetries in process (2) that
reflect the type of LSP, independently of the produced heavier neu-
tralino }LL , based only on the fundamental assumption of SUSY that
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every familiar particle of the standard model has the same coupling
as its superpartner is the aim of this paper.

We agsume process (2) to be identified by observation of a lep-
ton 0V¢" -pair (from the decay X, X, +eh e ) and a large amount

of "missing" momentum (taken away by Z’l ).

Here we show that measurements of the cross section and the
longitudinal esymmetry allow us to distinguish between the two cha-
racteristic cases of neutralino mixing:

. i) when LSP is of gaugino type, fee. 'X.l is mainly a mixture of
J’ and ,’? and ~

,ii) when LSP is of higgsino type, i.e. x, is a mixture of Hw
and Mz, . It is shown also that the longitudinal asymmetry is very
gensitive to the selectron mass spectrum.

2. The relevant terms of the interaction Lagrangian in a very
general class of A/ = 4 susy models, introducing four neutralinos,
may be written in the form: '
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Here
€, = -7’- -5im*By  , Ca = 7
Jo (3] L g Oa (10515
0::& - /Vaa 23 ”':a/‘ Wiy 4y
Uy = Wy + 4 b1 G O, Viw =2y %&W [=4,2.

o+, .
The & €7€ couplings ( €, and Ca ) are given by the standard
model and expressed in terms of sin2 Gw « The neutralino couplings
. to %0( v &nd gA)andtO,QvL
ed by the SSB mechanism and expressed via. A/, , which in the consi-
dered here case of C P _invariance may be chosen to be real. The
factors f‘,,_ ( ;’,(_ = +1) in the Majorana condition

. C —x";:r(x) :f’,c z‘}c(:x')J )C.:i’,,./f 4)

and évR’ (U, and U ;g) are determin-
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( € is the charge conaugate matrix) are related to the CP _pari-
ties /rZ:P of Z 42:"’ =fK, which ensures nonnegative mass
spectrum of X . In eq.(3) and further on we shell refer to f,c

to measurable qua.ntltles.

The cross section of process (2) with longitudinally polarized
e 6 has the general form 12

(o( f’“)’ z_c/[(( “A,2,) Y, (8)+ (2= 2,) %, 06)].

Here ﬂ,, and ;l‘.z are longitudinel polarizations of* € and e, , 2
is the angle between the momenta of e” and X-z in the c.m.s. Both
)/ (6) and )/ () get contributions from the dlagrams with € -
exchange, el__ , 6& ~-exchange and from z e , 2 ? interference:

& b )
,X(@)= XZ(Q)"LX: (@)+X (6})}(‘»_:_{"2, )
From eqs.€3) and (4) after long calculations we obtain:
Z
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Here 5 is the c.m. energy squared, Z() b

D,(po) = (4a-p)*+ m2 , Dy (po) = (£ P) v e,

"




[ / o x, k] ZZ. ; mL
and frnR are the masses of e and éR. N frnz and F are the mass
and decay width of 2 . We do not present the explicit expression
for Y (@) as it is irrelevant to our further considerations.

; - +
, are the momenta of ¢ , &

3. According to SUSY the couplings of the ordinary particles
are 1dent1cal to those of thelr supex:aartners. So %o couples H,p
and Hzo and does not. couple Jr and Z , while e‘, y &g (at the
considered energies when the electron mass can be neglected) couple
only ; and g . ThusﬁiJn the considered process of neutralino pro-
duction it is only the H, -components (A4}, , /V ) of KI and ]K
that contribute to )’z(6) and only the'gaugino components ( Ay s
Ayoa) that contribute to Y.2(8). It is the interference -term YI
that- gets contributions both from higgsino and gaugino components.

Let us assume that 1/4 is either of gaugino or of H,, ~type.
In this caseV (&) equals zero, whatever the mixing in Z is, If
X, is of hlggsuno type, process (2) proceeds via ’2{ —exchange,
i.e. >/ (5) = Y (&), while if x is of gaugino type, it occurs
via Q N QR_ - exchange, i.e. Yé = Y (63) If we propose now
t}}fxt X/( is LSP, separating the contributlons of z and from e ,
€, -exchange we would be able to distinguish between. the two me-
chanisms of SSB: when LSP is of f:(:, or gaugino type. If LSP is of
gaugino type, three situations characterizing the mass spectrum of
@L and ’Qv,g, will be discussed: &) the chargino massive states are

degenerate, 7, = M, , b)mn >>’mR‘ and c) 72, 44 /Vn;: .

If ISP is of ﬁo —type, due to the & ° -annihilation diagram &
resonance peak of the fotal cross section §°Cs) at ¥s.= 77, is expect-
ed, while a flat .decreasing behaviour of 6°Cs) is predicted if LSP is
of gaugino type. The three considered possibilities for the chargino
mass spectrum do not lead to any significant difference in ¢, its
value being mainly determined by the lighter selectron-exchange diag-
ram. The cross section decreases for larger selectron masses. This
is é%lustgated on fig.1s The cross-section at the 95 -peak reaches
1077 em” <.

[
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Let us now consider the longitudinal asymmetry )4” H
( GCA,,0)-C(-2,,0) G(o,2,)- G0, -A,)

A(S):— ==
H Ay 6"(;11)0) +67(-2,,0) 2 G0, A2)+G'(O -,)

2 (8)

RN

wherée 6°(A,0)(0(0,1))denotes the total cross section of process (2)
when the electron {(positron) beam has longitudinal polarization 2.
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FPig. 1. The total cross section G (S5 ) for LSP of higgsino
(full line, #,; = 1 GeV, 7, = 30 GeV) and gaugino
(dotted line, 7, = 1.9 GeV, 0”’17 = 33 GeV) type. The

neutralino mixing matrix of ref. / is usged.

From eqs. (5) and (8) we obtain
A (3= -.fyz (9)00&/5’)4 (@) . - (9)

The calculations show that measurements of A,, can provide
more refined tests of the theory. The difference of the predictions
due to different LSP and chargino mass spectrum are shown on the
diagrem. on fig. 2 and can be formulated as follows:

1) If A“ is independent of S , two posgibilities exist:

a) LSP is of Ho -type. Then eqs.(?a) and (9) imply A .
—C. CA-/(CV +(;A) uniquely fixed by gin® 9w whose V&llilg/ls known
=.23/ A, =-8%.

b) LSP is of gaugino type, 77, /m&. In this casge from eqs.(7b)
. 2 <. <
and (9) we obtain A, = (U} 4.{_.“1 - L(“_ “zz. W Ui Uy +
+ L[“_ uz:, ), sensitive to the neutralino mixing matrix. The

with good accuracy from experiment. At sin 6
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asymnetry does not depend on the values of #7, , 7 p . Precise mea-
gurements of A” would give information of /Vc' rand the selectron
mass degeneracy.

2) If /4,, depends on S , LSP should necessarily be of gaugino
type, M, 5k 2, . If A SO, then mE»m¥, it A, <0, thenmecmy.
These results follow immediately from eq.(7b) determlmng &(x, /L}J.n
this case, if one takes into account that the lighter e —exchange
term is dominant in Ye(ev) The &, and QR, -exchange terms enter
Xz ¢8) with opposite signs andyz(&) with equal signsg, so the
sign of. /"f”\ determined by their ratio, eq.(9) is governed by ‘the con-
tribution of the lighter selectron.

Figure (3) illustrates the magnitude of /4,,«(5 ). For LSP of
gaugino type, ™, # ™, | Ay, l decreases with V3 . It amounts to about
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The longitudinal asymmetry for LSP of higgsiro (full
line) and gaugino, 77, #* 477, , (dotted line) type.
The constant value for A,, when LSP is of gaugino type,
Mm, = 7y is determined by Mal .

Pig. 3.



100% at low energies '(V— 20 GeV) however still remaining quite
large over the energy range of interest in SLC and LEP (A~50% at
Vs = 150 GeV).

We would like to thank Dr. S.M. Bilenky for useful dlscuss:Lons
and careful reading of the mahuscript.
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Xpucrosa E.Xp., HepenueBa H.II. E2-87-836
O camoil nerxkoit cynepcuMMeTpUYHOM YACTHIIE

B CTOJIKHOBEHUAX MOJIAPU30BaHHbIX ete ~

PaccmarpuBaercs aHHUrMIAUMA MPOJOALHO TMOJIAPU3OBAHHEBIX
ete” B ;1Ba HeifTpanbubix dpepmuona B N =1 CYCU-teopuax. Onun
U3 (QepmuoHOB mpexmnonaraerca camoil serxkoii CYCU uwacruier.
Iloka3ano, 4TO M3MEpEHHsA CEeUeHUA U I10JIAPHU3ALMOHHBIX ACHMMeT-
PHI 1103BOJIAET OTJIMYUTH ClIEAYIOIHE JIBe BO3MOXHOCTH IJIA caMOU
nerxkoit CYCH-yacTuUbI: KOHOA OHA THIIA XHI'CHHO WIM THMa rei-
JKMHO.

Pabora Bbinonnena B JlaGopaTopuu TeoperHuecKoit (GH3HKH
OHuAn.
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/

Annihilation of longitudinally polarized ete™ into two neutra-
linos in N =1 supersymmetry is considered. One of the produced
neurtalinos is assumed to be the linghtest SUSY particle (LSP).
It is shown that measurement of the cross-section and asymmetry
would allow one to distingush between the two cases: when LSP
is of higgsino or gaugino type.

The investigation has been performed at the Laboratory of
Theoretical Physics, JINR.
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