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ABSTRACT: We pt"esent a detailed analysis of single wino production in 

e•e- collisions. We give total and differential ct"oss sec-

Hans at three different energies, relevant to present (DESY) 

and future {LRP) experiments for different choices of sparticle 

masses. We comment on different approximations (useful at dif-

ferent energy regimes) and discuss on signatures and back-

grounds. 
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1.- IHTRODUCTIOW 

Physics at the Fermi scalA and below is eAsrmt.lslly understood. 

The Glandat"d model provides n lhcot'"etlcal framework that enables one to 

r.orrfllate a large amount of experimental data in a simple and very ele-

ganl way. Despite this success lhe theory as it stands is far from being 

complete. Jn fact there is a general belief among physieists that a 

threshold for new physics must be reached at about the 1 TeV energy sea-

le. The lC'ouble really reaides in the scalsH' sector of the theory which 

is poot"ly understood and yet is a fundamental ingredient in the construe-

lion of modern spontaneously broken gauge theories. Indeed, Higgs parti-

cles must either be found with masses smaller than 1 TeV or else the weak 

interactions at vary high energies ( ~ 1 TeV) will be very different from 

th~ nR.\:vc pC'edict.ions of the st-.Rndard SU{2)xU(l) modAl. A possible scene-

C'io which has been recently contemplated as a source of new physics are 

composite models(l) which give up. Alementarity of quarks and leptons 

and/or gauge bosons. The main alternative direction is supersynwnetry(Z) 

wherP. one st.ieks to the gauge dogma and exploits at maxlmwn a new Fer-

mi-Bo!-:r sytnmelt·y not yet fully f!,xplored in realistic quantum field lheo 

ries. 

The quest for phenomenological applications of super-symmetries 

h11a led to the fonnulatl.on of hirly realistic v .. l SUGRA modela(3). The 

common feature of all these modela i.s the prediction of a supersymmetrtc 

partl~le mass spectrum pretty close to the presently available enerties. 

Many pro~esseR have been proposed, both In e+o- and in pp colliders, 

as a means for discovering supersymmelry(l). There are presently some 

d11lmR that. monojet eventR seen at t.he CERN Spj)S constitute the first 

pns\l.ivc 
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signal of supec-symmetr/
4

) Whatever the final output of this exped-

mental evidence might be, it is fruitful to look closer into the phenome-

nological consequences of SUSY. 

An important task associated to experimental searches for su-

persymmetry is to set bounds to sparticle masses as a result of non ob­

servation of SUSY algnals. From e + e- annihilation expedments we know 

already that roughly 'iii.~ 20 GeV fot' &quarks and sleptons as well as fot" 

charged gauge fermions since their pair production has not been observed. 

It is clear that one may improve the bound in any of these particle mas-

ses if they are singly produced alons with a lighter SUSY particle. The 

aim of the present work is to perform a thorough analysis of single wino 

production in association with a scalar neutrino in e+e- collisions 

··-
and 

suming "w~ !beam. This 

Reya(S) and by Salatl 

process has been considered before by Bilam 

and Wallet (
6
). Both these papers work with-

in not fully tested approximations which probably are not reliable at 

high energies. Here we shall be complete as far as diagrams and cross 

section calcuLations is concerned. We shall however use the supergravity 

model as stated in Ref. (7). This should not be a serious restriction to 

the general validity of our results. 

The plan of the paper is the following. In section 2 we state 

the amplitudes. Section 3 is devoted to a discussion of the validity of 

several approximation and of the total and differential cross sections 

calculated in three different energy regimes: the maximum PETRA energy, 

the energy around the z•-pole (LEP) and fi.,.l65 GeV (well beyond the z-

pole). We include also in this section a brief discussion on signatures 

and backgrounds. In an appendix we collect the results of the squared am-

pliludes which were obtained using the REDUCE program. 

+ - +-- .... 
2 . - AMPLI1'UDBS FOR e e -+ e W v 

• 

n~sidf's t.he t.wo 1implllu,1f~s which r.ont.rlbule to our pr·or.Hss 

t - + ,.J- "" e (p
1 

)+-El (p
1
_)_,.e (p

3
)t-W (pj,)tY(p

1
) 

in tllf'' (nJ,,m:t I"P<'l photon) W1•lm-:Ar.kflr Willh.ms appt'oximat.ion (dla&rams 

(a) and (b) in Fig. 1) we must consider lhP. diagt·ams (c)-(f) In Fig. 1, 

namely two diagrams with a-channel photon and two with t-ehannel Y and W. 

Puf'thpr·,,or·R on~ must. Rlso indu~F> diagrAms with z• propagators, mainly l.f 

nnP i~; in I Pt"f'Ctl""!{t in f'Tll""!f"gif~!l n1~ar· or· abovP. t.hf' 7." polP.; in Fig. ') w!"' 

-:how lllf'!>C diagr·ams, 1t. is cll'!Rr t.hat to r.omput.l'! t.hn cross sect.lnn one 

must go beyond the W.W. approximation since this method CBnnot hr. rclia· 

hlf', for f'XRmple, if thP. \J mJLRR iR small, in which case diagram. (e) of 

Fig. cnn be. irnporlR.nt, or for cncrglcc above. lho Z mass. 

The correspom'ling R!llpllludP.s of these llotAlve diagrams are gt-

w~n, in a ~wif-cxplRnatot·y notation 

the following expressions: 

A~ ... :: . •' 
~ .... &w 

. ' 
A4b::~ 

~ .... a., 

. ' A,,._::.:..~. 
~ .... ~-.,~ 

[ e 'c r.)r' e'(p,)] [ ~- cr.l P, I j<, • ,(, • H,) rr e-cp.J] 

[ cr.-rSJ ( c1,. 7,)'- 1-1: J 

[ e'cr.l r r e'er,) l[ ~-(r.H/1. -t, • ><;; H, .-c p,J] 

[cr,-r.l'l [cp.-rs- Ml,J 

[e'er. lyre -c1.J] ·[ ;;n,, l'P, C(.. + ,(, • M,) r, e' lr,l] 

[(r,•rSl [ cr,•r.l'- 1-1!] 

' by 



5 

"'·• = _;..• . l e cr. 1 r"e-cr.l H tinr.w.l-kt •• "'•l r. e •c,,) 1 
"''Gw Up~l'Hcr.•rS- >~~] 

A = .:i_L. [ e'cr,l(-,(,-.(,)lJCI\l}(W-(r,l P, e-c~ l] 
U · '\c l t t t 

"''"" (<r.-t.l-'1;]·((r.•r·l->~;;l 

A 
. ' 

If:;:~· 
~"'~e., 

[ e'cr.l (.f.-f,)l, e"(r.ll [ ~-<r.Jl, e'cr.J] 
[cr.-r.l'-..,~1 [cr.•rS->~~1 

Az. ... :: .Le'l.jo( 
[ e'(r,) ((o~l, +~f.)e'(l1)] [~,.- k,o.(M~) ( ~h~J((.;(,)l' lc e-(f,)) 

[ <r.• r.l'J ( ~·- ..,~ • < ,.,.r,J 

A,
1 
= -<•'j ..t&w [ e1r.H"(~l,+~£~)e'(r,l1 (3,.- >, 1./H~)[ ~-c~)1"'(.f.-f,•M~ )~,e-(r.l] 

[ cr.-r.l'- ..,~ 1 [ <'- H: •<H, r,J 

A •-<•' ~ [ e'(f, ll"(o~Y,·~f.) e-(r,Jl[3~·-QrQvfH;) (~-c~)((o.•.(s)1'l, e+ (Ill) 
" 3 ( '][. ' 1 cr,+f,) Q _..,,.~Hor. 

A,<= ;,e~ .,t&w [e'(r. W"(<~, •Pf.)e-(~)] [ 9,,- 111,Q.h1! )[ ~-(~Jr'(-.f.-,(1 ·~ )~, e'C,.J) 

Ur,• r.>'- M~ 1 r Q'- H: .. H, r.J 

A • t<e' n. [e'(l·ll"(<~!lf,) e'Cr,l) [ 3,.-lt,o,/M;] f ~-(!,) (p,+r, -rJ £, e-c, l] 
" ' [ ' '1( t ' • J (r,·r.,)- My ~~: -Ml•A.'"''r. 

A . , n ( e\r,Jl"(<f,+~1,)e-(f,))[3r•-QrG•/M~](~-(!,J((';-f,·l,f!,l(r,Jl 
'f ,_,. j••. . 

[ (f,+f•)'- H~) (Q1
- >1~ +A >~,r,) 

where 

k'r·-r. 
J.s. t~te..,-~ 

Z~"'8wCA9.., 

5 • ef.w.&w 
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Q= r,+p, 

~· ~ 9w 

1,,, • Hnr,) 

.n. ---'---
1 ~..,_ G.., CIJ 9.., 

If we dAnote by A
1 

each of these twelve amplitudes, and use 

A(i,j)"/.(RF! { Tr(Ai"Aj*)} A(i,t)o:Tr(A.I_.A
1
*), the square o( the 

mill r·ix elf! mP.nt CR.O be wrl.ten 

1 " I "'I =I l: A(<,j).~~(i). PRlj) 
jsl i.~j 

whf>l'f! PR(i) d.Pnot.P. t.he ~Ot'l'P.!lpond\ng propa&atorfl. Tn t.hA Appendi)( we pre-

sent the expression of the matrix element fo~ two special app~oximations 

appropriRb~ for DF.SY and LEP energt.e·s. 

3. :USULTS 

We have computed total and differential cross seetl.on for our 

process at '1/i equal to 45, 93 and 165 GeV. In each ease we have chosen 

several values of the SUSY particle masses. In order to t.ntesrate the 

sharp pea'k ln the differential cross section due to the contribution of 

the t-channel photon dia&r~ (la,lb) we have used the adaptative multi­

dimensional intesration alsorlthm VBGAS(8) with aurpriain&lY sood 

results. In Fig. 3 we plot the total cross section obtained with our 

complete amplitude for l,/ii .. 45 and MtJ"'O versus '\1 and compare it with the 

cross section obtained· with the W.W. approximation. As expected, we 



notice that the W.W. approximation is reliable only for '\1 much larger 

than the beam energy Eb, since othet"Wise other diagrams become 

important. The situation is still worse at higher enet'gles where the Z 

exchanges become dominant. 

r~liable, 

Furthennore, the kinematics that makes the W.W. approximation 

requires lhe final positt'on (in 
+- +-- .... 

ee-'leWY) lo be lost 

lnslde the beam pipe so that only one charged particle would be detected. 

In order to exploit the existing luminosity obtained with two c:harged 

particles triggers, it is important to know which part of the total cross 

section comes from events in which one positron is lost in the beam pipe. 

To answer this question we show in Fig. 4 a sample of the cross section 

integrated over all positron production angle 9 e (curve a) and intro­

ducing a cut of s• ( lcos6el> 0.996) (eune b) which is the usual expe­

rimental condition for most detectors. we notice that in both eases the 

cross sectlona are of the same order, showing that one can exploit the 

two electrically charged particle luminosity to give bounds on theW mass. 

We have cheeked that there are subsets of the twelve diagrams 

which can be used to estimate the cross sections with good approximation 

at certain energies. The six diagrams of Fig. 1 for Vi=45 GeV ~ive cross 

sections which are only 6" smaller than the exact values. At Vi=93 the 

subset of diagrams a, b, e of Fig. 1 and c, d, f of Fig. 2 gives lhe 

cross seetions with an error smaller than 11 •. Notice also that this same 

subset of diazrams for VS-45 GeV overestimates the cross sections by 2~. 

In Fig. 5 we plot the cross sections for Vi equal to 45 and 93 

GeV for different values of Y and W masses. The values of the cross sec-

tion for fi=l65 GeV are given in TablA 1. In Fig. 6 we show the differen-

8 

tial cross sections dO"/d(costw> and d'l!l'/dBW for Vi=45 and 93 GeV. We 

observe that the angular distribution of W is almost flat and that the W 
is produced mainly at rest. So the electrons coming ft"om the eventual 

decay of w·-.e -y will be isott'opically distt"ibuted, i.e .• uncorrelated 

with the directly produced positron. In Fig. 7 we plot ctrtct(cos9 ) and • 
d U" /dF. e. Notice that d q /d( cos 9 e) presents a forward peak which becomes 

less pronounced at higher energies (where the W.W. approximation is less 

rei iable). 

Finally let us shortly comment on signatures and backgrounds. 

We shall assume that the w- decays mainly into .r 'Y and that the 

scalar neutrino escapes detection. There are therefore two eharsed 

leptons in the final state. The lepton coming from W decay carries an 

energy larger or about one half the wino mass; the other one is a lover 

and very fontard as seen from Fig. 7, These facts suggest the following 

signatures: the detection of a "single lepton" with l.lk, Mg/2 and/or 

"double lepton" detection with both leptons very aeoplanar and with very 

different energies (!.t~"w/2 for the first and B.t «Eb for the second). 

These very distinct characteristics make it easy to identify the eventa 

as having a SUSY origin and make it rather difficult to confuse them with 

ordinary QED background: 1i J production with lt not detected in the 

"single lepton" ease or with 'f not detected in the "double lepton" case 

and (one order of o( hi&her) lit•i• production with three or two not 

detected leptons in the "sin&le .. and "double lepton" eases respectively. 
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APPDDIX 

In order to compute +- +--the e e ""''> e W Y cross section we 

can use a subset of the twelve diagrams which eontdbute to the exact 

cross see- tion. one subset is appropriate for energies much below the z• 

pole (DESY) and the other one can be used for energies near or beyond the 

z•. We show here the output of.the REDUCE computation of these subsets. 

A) PITRA anersi•• (4iaar ... (la.lb.le.l4.le and lf)) 

Deflnins 

r•j • r• · r; 
( fi., s,~ s.., s,): ra ( s, r3.t r., + s.. r .. : r . ., ... s, r~.: Pu) 

( Ss,, s .. , s.,) .. f·~ ( s, r" r .. l + S:t fnft't ·~PH p .. ~) 

for Skg+,O,- (k~1,2,3) we have for the squared matrix elements: 

A <••,••) = "c, f ~; ( r .. c ''" •r,.J • p., C•r., • ,,,)) -~ '; ( !'>< r •• • f•• ~·) • ' r .. ( '" r .. •rn ,,,) J 

A(<>,< >)• '' C, { ~~ (!,. !•• + >p, f•> + p,, p,.)- H~( I'>• f•• + fu P•) + 2 fn (r,. f•• + p,. P•r)} 

A(t,,<,): Ac, .. ,, .. ; r.~-p,) 

A(•d,<ol): A(•b,<b; p,<--'>-7>) 

A(", Je) = -4C, { M~ I" f•>- 'fu p,, f•sl 

A (•f. <!) = A (••· « j 1•......, -r,) 

A <•·· • • l = n c, l "~ ( p,.( r,•r .. l•r .. cr .• • p,, \ • r .. r.,) + ( 1s- +-) + r .. (r .. r .. •f., p.,) 

+ '" ( , .. !•• - zp,. f·•) + '" '" r . .\ 

10 

A <••· ~<l=Jz c, { ..,~ ,., <-•r .• -r .. ) • ... ~ '" r .. - •r .. '" r·.J 

Ar•., •Al. '' c, l ... ; <-r .. '" • r .. ,,, -r .. <•r·• ·•r .• J) • <r. -..... l • z <-- •l} 
Ac ...... )• vc,( <r,-•-)• cr,-••l+2C--+)} 

A< ... •fl·tc,! <r,-••)• cr.-•-l +2(--•>l 

A <• b, «)= ,,c,[ ~~~ <r .. r .• -r .. r~-r··<•r .. +>~·l)•<r. •-•) +2 (-• -)} 

A(<b,<A)~ 1,c,{-2M~ f.,(f,.+p,,)+(Ps--+) H(-++)j 

A(<b,<e)• 1C1{Cr,-•-)•(y,--+)+>C-+<l} 

A(<>,•fl= tc3 {Cr,-++)-lM~ f>'f·•·H( .. •J} 

A («, '" l = n c, t ~~~ (r..t•• •r .. cr •• •r .. J + p,,(f•• •r . ..J) • C f• +--l•l\s (r>•r···~, ,,,) 
• '" c ,,, r. • ,,, ,,J- z '" P•• p,, J 

A(<c,<e): 1C1 {(p,+-+)+(Ps•--) +1(++-Jj 

A(«, •f\= n,! c1, •- -> • cr,• -•) +<<- • -l} 

A(•d·••l· ~c,l <r,•-•l -•M~r .. r,1+4C•+•ll 

A ( td,•f) = R C3 ( (f, + --) + ( fs - - +) + 1 (- + +) j 

A(••,•fl=~C,/Cfs--•)+2(-••)\ 

where, we have used the following definitions 

c, • k; 

"' 1<,. ( e ) ; .... ow 

kt. 'i k./r;.,..t.9w 

1 c, • 1<, c,.1<, k, 
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Not.ice that propagators are defined including lhe global sign in f['ont or 
the "i" of each amplitude: that means, t.hnt lhey lnclude, the globAl sign 

of the diagram. 

B) LEP lnersiea {diasram. (la,lb,le,2e,24 and 2f)) 

Defining now, 

( L, s,,s-,,sJ. s,) = M~(s, rlS ,.,. .. .sa ru 7•l+ ~ r1.lr•s •S,. Tn1•-.) 

' ( R, s,, s., s,, Sr.)~ Mw (s, r)'S f•a.•~r'l'S',I'S + s, r, .. rrl +S,.. p.,r.s) 

( L, s, Is,, s,) i. s, r~s fa~ f•s + s, Fu Patt F•r + s, rl't ru f•s 
(R, s,, s., s-.) ~ s, r•s p1 , P•\ + S1 r)., ras p,,., + SJ fJ\ fss fit 

for Sk=-,0,+,2,3 Ck~1,2,3,4) we have 

A(zc, ") = -" c,~ f /( <rs oo+)- (L .. Z+) + 2 (L- oo)). r'( (f, 0 .. )- (R •>+•) +L(~···))} 

A (><l, >oi), -l,C1~ l o/'( (f, o+ o) + ( L- +- -) + Z (l o-oJ)+ p'( <r, oo+)+ {R--- +) +2(R •· •)) l 
A{>f,•fl•-l'C,~( Chp')f" (M~ f,. -zp,q,)) 

A ( 1<, z<l) = I' c,.c,, jl(cr. ·--)+(l + -l 1)+2 {L++-)) + r'( (p,+--)+ (R+ 32-) +Z(R++-l) J 
A ( td, tf)•-l' c,, c,

1 
{l(<r,•-+) +{L+- -o)+z(L -•-)) + f'( <r,•+ -) +(R+-0-)+t{R-+ -l)} 

A ( ,,, ~)·l' ~ .. c,1 {"~'r• ++-J• (L-++•) u(L•- -l)•f'(<r,•-•l +(R-• ••J. tC~•- ->)j 

A C••· ,,l, J'~ c,. k, 1 r. r., !"~ r .• • "~c-r .• -•r·•> -' r .. p,, ll IsM 

12 

A( ••, 2~)= _,. o/ c,, k 1 { G, + ~ ( <!s + --) +(L +- 12) +1 (L .. -))) /sM 

A;,.,,;). "~c,1 !<,f '• •r,(<r.•-•l•CL•--•J +>(L-+-l))/sM 

A (l \,, le)• -IC•C,, I<.! G1 + 1, (C!s- +-) + (L- + 31) H (L+- +)) j fs M 

A(,'·'"'' -"• c,, ~<'.! '• • 1, (cr, ... -l. (L •• , •>., <L•-->!lis" 

AC•b.•f)= IC•c,1 l<,{ e, •r,(<r,•••)•(L+--o)+4(l••-l)f/s"' 

A!le, lG) =-So C,G !<, f G, + f, ( ( fs- H)+(L-+ -o) H(l.-- +)) \ /SM 

A( ... ld) = - S-< c,~ l<,f G, + r.(<p, 0 2 •) +(l-+-.) +4(L• -0 )) l/sM 

A(•e.zf) • -to< c,1 :k, { G,- 1:. + f, (< f•-- +) +2 (L- Hl)j/sM 

wh"r•~ 

Cu_~otk 4 c ••• k./~ C,1 •J<.j_.;Kz9,., 

r. • 'r·•r.l'- "': Y1 : r. MI SM • (f: t¥;)'/z 

,.. f \J f1" G •• r. €,.,v~ F• r. p, p, 

~ . 
Gl ~ - M~ 'e ( . ' Gz •- M; - M v + 1.f~r) Ge. 

ll<'cc !lt~• p1·opRo~n!n1·!> Are ngain df'fincd inclurting the t:,lnh.ql flif,n in fr·ont 

nf lhc "i." of eAch Amp! itude. Tn lhP. z• propagators, only the modulus 

"lUst hr• includf'd (brocause t.he phase hA!l b('l".n alr('ady Included in lh(' 

trace calculal.i.on). 
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PIGURil CAPTIOR 

fuJ.- Diagrams contributing to e +e- _,., e +w-:;:; without inclusion 

of lhe z• 

~.- Diagrams eontl"ibutl.ng to +- +'"'--e e ......._ e W v with • z• 

propagator. 

E..i&J.- Total cross section for e+e-... e.±w+Y vs W mass, for My•O 

and ii~ 45 GeV. The solid points corresponds to the exact value 

Fig.4.-

fuJ.-

fiz;._~.-

~I..-

and the solid squares to the Weiza&eker-Williams approximation. 

Sample of sin&le wino production cross section summin& over all 

e± production an&les (curve a) and imposin& a eut jcos 9
6

/> 

0.996 (curve b). 

Total cross section for e+e-..-,e±W•Y. 

Differential eros a sections for e+e--+ e+w"V' VB the ;;-

production angle and vs the w- energy. 

Differential sections for e+e--. e+w-;; the + 
cross VB e 

production an&le and vs the e + enersy. 

TABLI CAPTIOI' 

Tal:!_!~_l;_.- Values of the cross section for e +e--te:IW•~ at Vs::ol65 

GeV for different ehoiees of w- and 'Y masses. 
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