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1. In nearly alI supersynunetTic (SUSY) theories/1/ R '""parity

j: is··awell defined quarrtum number , This implies the existence of a 
,1	 lightest SUSY particle (LS:P) which should be ·stable/1/ and a Lao co

lourless and electrically neutral/2/. Its tlpe is uniquely predicted 
by the accepted scheme of SUSY - breaking (SSB). Knowledge of LSP isI' 
of fundamental theoretical importance for understanding the mecha
nism of SSB. 

The plausible candidate in most SUSY models is one Df the heavy 
Majorana fermions, called neutralinos, that inevitably appear in SUSY 
models. In the minimal SUSY model/1/ these ~re the superpartnersI 
and ~ of the ne~tral gauge bosons and th~'superpa;t~er~ hr,o and.~~ 
of the two neutral Higgs scalars. As SUSY is broken the physical 

(massive) neutralinos IG~ should be a mixture of 5 = 1/2 neutral 
SUSY partners: 

/'V '\ 

'i!. T	 cF} z, 4:0 J-J:LO ) (1)X6L ='	 IVij ~. 1- ) d 
where ~~dare elements of the neutralino mixing matrix determined by 
the SSB mechanism (subs~ript L denotes l.h. cpmponents of the four 
component spinors·). 

In this paper the production cross section for two different 
(massive) neutralinos ~A arid t.:l. in longitudinally polarized e:«: 
- collisions 

e+-+ e. -~ JL.4 -t- JL~	 (2) 

ia calculated in the mínimal SUSY extended standard model in the ge
neral case of arbitrary neutralino mising, ej.(1). Process (2) haa 
been considered earlier both for unpolarized 3-8/ and polarized/9,10/ 

initial	 beams. It has been shown that the values of the cross aection 
and the	 aaymmetries strongly depend on the type of produced X~and ~~. 

We assume j(~ to be LSP. To obtain specific properties of the 
cross section and the polarization aaymmetries in process (2) that 
reflect the type of LSP, independently of the produced heavier neu
tralino ~~ , based only on the fundamental assumption of SUSY that 

@fn~tahn~1'Jt:lk.ia KHCT81yT I 
. gB~~~WX ~CCleJDnau~1 

hWt:.. rti.h··~"-C=U A 



every familiar partiele of the standard model has the sarne eoupling 
as its superpartner ia the sim of this papel'. 

We assume proeess (2) to be identified by observation of a lep
+,"- +- ton f ~ -pair (from the deeay "'.Jt~ '1-(-t e + e ) and a large amount 

of "mí.asdng" momentum (taken away by 1--" ). 
Here we show that measurements of the eross aeetion and the 

longitudinal aaymmetry allow us to disti~ish between the two eha
raeteristic cases of neutralino mixing: 

i) when LSP is of gaugino type, i.e. JC~ ia mainly a mixture of 

;r and Z and /V 

,,!i) when LSP ia of higgsino type, i.e. X,4 ia a mixture of HtD 

and H2 0 • It ia ahown also that the longitudinal asymmetry is very 
sensitive to the seleetron masa spectrum. 

2. The relevant terms of the interaction Lagrangian in a very 
general clasa of A!~~ SUSY modela, introducing four neutralinos, 
may be written in the forro: 

:1 =~. [e:prCv t-tA{s)e i( (cL (ffv f lA (3" ) }t..z]. Z'c:L-t 
ces éJw 

(3l 

f 1-~ ffi. «. s; e X-l.1<. - ,(J.iR.. ~ e. tiL} +h, c, 
(,. =.1,2 

Here 
I ../, L) I 

I!' _ - - 5 l-"? cr..... CA .: 'Y
,c;y - f' "" I 

JV :' ()/~ (1- r' f~) ~ i.4 = ~~ (I + fi f4.) 
'f f
Oi~ ::: - :t /21 3 ~3 + ~ /Ví~~.y 

d(L -=. /J/;;~ -f A1f f.tt a; .J A1.e -:;;. ,z#;, t: (Jw./ 1.: =- .1,2. 

IV" + The N e e couplings ( Cv and ~ ) are given by the atandard 
model and expres~ed in terms' of ain2 e~ . The neutralino couplinga 

MO /V...... II 
to ',A. (CJv and ~A ) and to eL- and €R, (Uú.and tA.iR.) are determin
ed by the SSB mechanism and expreased via ,lVl..i' which in the eonsi
dered here case of cP -invarianee may be cliosen to be real. The 

factors r)(;. ( f-K. = ±1) in the Maj orana condition 

L /-x,'(x) =f?C. r--x.(x).J JC.=lr"~ (4) 

,2 
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( C. ia the charge conjugate raat r í.x ) are related to the c.. P--pari
,I~ · e.p f -y /11/ . ep r h· h .' t't a ea ~1G o """x. .: {,~')C. =- )cC' W l.C ensures nonnega ave maaa 

spectrum of Xx: • In e~. (}) and further on we shalI refer to f1<: as. 
to measurable quantities. 

The croas section of process (2) with longitudinally polarized 
e"e- has the general form/ 12/ : til, t 

" 1 .' 'j', 
·,1 f ( J.V), =.d [U-2Lt/lZ) '7; (B) T (À.~ -/l,)~(B)]. (5-) 

ol.R. Â.lll~ 
o 

- + LlHere /t, and /t.t are longitudinal polarizations o f" e and e. ,C7 

ia the angle between the momenta of e- and -'::':l., in the cvm, s, Both 

~ «() J and t ((}) get contributions from the diagrama wi th Zo
...... "" (Y0 ..... ,,~ 

exchange .. el- ' efl; -exchange and f'rom x: -eL.. , Z - t::~interference: 

~e V.I(B) (...=1 2 . Y (e) ;: Y (e)+ v, (6) + li. ,. 1 (6)(.. c- /", 
, 

From eqs.(3) and (4) after long calculations we obtain: 

o! =. ~oi.z. /p/~ .J /F/ ~ /L (S;J 717,lt.-/ '1'n~,f,)J 

o S VS S /'71 J( fY UJs Y"{Yw / .z: VSw 
z ~.t ~){ }'7r(8) =. LfO/& te..; +CA A + 13 - ~ J, [.e ~t '"Jtl, J 

11).2 {s)/:t
:z ~ . 
~ (8):::. ~ 0,,2 Cv '" {A- f f3 - 2. li J:l, t7Yl~ /~~} "/1)2. (5) 1.(. .z, (7a) 

.4 i=- (tl?,)(f.t,:PIL)'.J B· .. ~' (f'?R-)(~ ?~) 
v l(B):::. .: (c.as .t8w ).:lfa .t ti. .t [ A f3 
/-1 li -f [' u: . :U.. -.<,.- + -~-

~ "r~ /YI1, ffn;t. 11 (p,) .J:{ (flA) 
-,2" t- (L-'R.)}

.1JL(fAJ J)L (p;z.) .; 

Y.. ~e) = !... (Cc9S -l.61w ) Z['u. .t., u..z [~ + -.!L _ 
(7b) 

.e ~ 7' 'L ~L n:l../) J) ~ )
~.l. (fi J.. {flJ. 

-} ftf'--""'''''''- ] - (L~R-)}. 
:D-L.rPI) J),L (P~) _ _ ... ryn ~ -í /W} r:. 

Hera 5 is the c.m. energy squared,])z (5) - 5 z. z. z.;; 

;l,..t 'f),z, ~DL. (fi):= (i,;?, -fi) .... m1 L ) ])R, (pc:) =- ( 2. -pr.' +I')'Y)~, 

3 
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fi , f~ ; f( ,p~ are ~e -mome~a of e.- J e~, 1-., ., ~~; tml.

and '??1R. ~re the maaae s of el.-' and QR- ; fYY)z.and G .ar-e the ma.as 

and decay width o~ ~o • We do not present 'the explicit expression 

for Y;..r (8) as i t is irrelevant to our f~rther considerations!.' 

3. According to SUSy the coupLí.ngsrof the ordinary particles 

are identical to those of their superpar tnere , So Z" couples H~o 
and ~o and does noto couple r and 'J! ,while el.- , ê'R. (a t the 

considered energies when the el~ctron mass can be neglected) couple 

only i arid % . Thus.~n the considered process of neutralino pro

duc t í.on it is only the Ho -components (N:'3 ,/l1Jf)- of 'tI and r-~ 
that contribute to Y;,.z' (B) and only the 'gaugino component d ( lVc:. ~ , 
;V~..l..) that con't r'í.bu t e to Y.:,e( li ). It is the interference .term y! 

that' ~ets contiibutions both from'higgsino and gaugiRo components. 

Let us assume tho,t ;t,{ is ei ther of gaugino or of Ho -type. 
. '. ! 

In this case 'ti.. ( 8-) equals zero, whatever the mixing in ~~ La , If 

X-.. is of higgsino t yp e , process (2) proceeds via ~ D -exçhange, 

Le. '1,- (8) => Y!(8), while if X.f is of gaugino type, it occurs 
"" o'V (.,.. e 

ví.a Q t..' eR, - exchange, i. e. 'li. = Yc.: (fi). If we propose now 

t hat r-, is LSP, separating the contributions of ~ o and from eLo ' 
~~ -exchange we would be able to distinguish between,the two me

chanisms of SSB: when LSP is of /./0 or gaugino type. If 1SP is of 

gaugino type, three situations characterizing the mass spectrurn of 

el.- and fr~ will be discussed: a) the chargino massiv~ states are 

degenerate, rrr; L = "rY1 R.. , b ) tmLfl..>:> '7>1t arid c) /J?? L.~ <f- <: rrr» ~ , 

• ~ o
If LSP is of Ho -type. due to the Z. -annihilation diagram a 

resonance peak of the total cross section 0'(5) at Y:S.: ?r)·z is expect

e d , while a flat .d e cr-eeaí.ng behaviour of frCS) i~ predicted if LSP is 

of gaugino type. The three considered pos~ibilities for th~ chargino 

mass spectrum do not lead to any significant difference in ~ , its 

value being mainly determined by the light~r selectron-exchange diag

ramo The cross section decreases for larger sel~c~ron masses. This 

is illustrated on fig.l. The cross-section a t the $(, o -peak reaches 
2,10-3 1 cm

1et us now consider the longitudin~l asymmetry 11'1 : 
I (){,l,)o)-(}(-À.(}o) 4 (){o,/l.tJ- (J(O" -.À.~)


A (s) - - z: - - . ( )
 
fj - /t, (j(íl l ) o ) +õ(-il" o) /l..~ (7(0, À..:?-J,-t U(O) _ /t.:lJ J 8
 

wher~ õ(ítJO){O"(O/~»)denotes the tC?tal cross section of process (2) 

when the electron (positron) beam has longitudinal polarization /L • 

6 (crn-2) 

-32 

-33 
li'JI :\ J 

-34 

(H 10' H20 ) 

--....
-35 -.... 

<, <, '!!l .:::: rr, " 

....- .... ~ <, e.:2QQ.e1' ~ ~o/' 
'n

C:2cx:;eirn- -'n - :.:: }u: )
-36 'R"'IU°GeV I 

II I 

50 100 150 200 '-lS(GeV) 

F i g. 1. The total cross section () (.s ) for 1SP of higgsino 

(full line, t»1 ( = 1 GeV, rrr:-t. = 30 GeV) and gaugino 

(do t t ed line, /YY1~ = 1.9 GeV·, -rY1 => 33 GeV) type. The
tneutralino mixing matrix of ref. 1/ is used. 

From eqs. (5) and (8) we obtain 

A" [s) ~ - fYR- re) d.Q./J'Y. [& ) ri.». ... (9) 

The calculations show that measurements of Ali 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 

diagram.on figo 2 and can be formulated as follows: 

" 

1) If .4J1 is independent of 5 ,two possibili ties exist: 

a) 1SP is of 'ire -type. Then e qs , (7a) arid (9) imply A .:::. 
- Cv ~A-;ZCv-t -reAL) uniquely fixed by sin2 6 w whose value is 

1I 

known 

with good accuracy from experimento At sin2 B~ =.23/13/, Ali =-8%. 

b ) LSP is of gaugino type,I?'n L ::: /Yl1 fL . In this case from eqs.(7b)

'l and (9) we obtain A" = (U/~ "~~ - U,: U.z.:' )/( il/~ .u:l.~ 4~) + u/;: ,(i:z: ), sensitive to the neutralino mixing matrix. The 
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asyuunetry does not depend on the values of /1Y1'i... , 'fnR.. Precise mea

surementa of Ali would give information of A/t:" and the aeLec't r on 
maas degenereoy, d 

2) If A" depends on S , LSP should neceaaar'Lky .be of gaugdne 
~ ~. A ~ ~ type, /)?1L. i=- /YY1R.. If AH >O 1 then /YY1 L >'>1111R.. , ~f JI ~ O , then 1}H,t..:l4:""Ro' 

Theae results follow immediately from eq.(7b) determining ~(~.ÀJin 
J

1 thia case. i~ one takes into account ~hat the lighter e -exchange 

terro ia dominant in Yl: (B- J, The eLo and eR. -exohange 

I"V 

terms enter1.. Y.t,ê: € f) with opposi te. signs and yt( (Y) wi th equal aí.gns', so the 

sign of. An determined by their ratió, eq. (9) is governed b-y'the con

tribut~on of the lighter aelectron. 

Figure (3) illustrates the magnitude of Ali- ( 5 ). ~or tsp of 

gaugino type, /J??l- :/= .trn~ J IAli rdecreases wi th VS • It amounta to about 

AI\(S}% 

............
 
............ r>-. 

<, ,:.i:"'la 
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~ 

F i g. 3 • The longitudinal aaymmetry for LSP of higgsino (full 

line) and gaugino, m? t- =1= rrr) li- ' (dotted Lí.ne ) type. 

i'h
The constant value for Ali when LSP ia of gaugino type, 

<1'nt- = /;Y) R. ia determined by l1/i.i 
ti

6 I' 7I: 



100% at low energies ,VS x 20 GeV) however still remaining quite 
large over the energy range of Lntere'at in SLC and LEP '(A'"'" 50%' at
 
V5 -:::- 150 GeV). '
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XpHCTOBa E.Xp., Henenseaa H.n. E2-87-836 
O CQMOH JIerI<:oA cyrrepcasrererpauaoâ qaCTHl.le 
B CTOllI<:HOBeHIDIX nonHpH30BaHHhIX e+e-

PaCCMaTpHBaeTCH aHHHrHnHIJ;HH npO)lOJIbHO nonHpH30BaHHhIX 
e+e- B naa HeÜTpaJIbHhIX cPepMHOHa B N = 1 CYCH-TeopHHx. O,ll;HH 
H3 cPepMHOHOB npenrronaraerca caMOH nerxoã CYCH qaCUil.leH. 
nOKa3aHO, tffO H3MepeHIDI CeqeHHH H nonHpH3a~OHHhIX aCHMMeT
pHH n03BonHeT OTnHqHTb cnenyroruae ABe B03MO)l(HOCTH nrra- CaMOH 
nerxoü CYCH-qaCTHUhI: xonna OHa THna XHrCHHO HnH rana reàn
)l(HHO. 

Pa60Ta asmorraeaa B Jlaõoparopaa TeOpeTHQeCKoH. cPH3HKH 
OHHH. 

Ilpenpmrr 06"he.a.HHeHHOrO HHCTKTyra anepasrs; HCC1IenoBSHHH. ,Uy6Ha 1987 

Christova E.Ch., Nedelcheva N.P. E2-87-836 
On the Lightest Supersymmetric Particle 
in Polarized e+e- -Collisions 

Annihilation of longitudinally polarized e+e- into two neutra
linos in N = 1 supersymmetry ia 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 dístíngush between the two cases: when LSP 
is of higgsíno or gaugino type. 

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