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ABSTRACT: We present a detalled aﬁalyaia of single wino production in
ofe” collisions. We give total and differential cross sec-
tions at three different energies, relavant to present (DESY)
and future (LEP) experiments for different choices of sparticle
messes. We comment on different approximations (useful at dif-
ferent energy regimes) and discuss on signatures and ’back-

grounds.
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1.— INTRODUCTION

Physics at the Fermi scale and below is essentlally understood.
The standard model provides n theoretical framework that enables one to
correlate a large amount of exparimental data in a simple and very ele-
gant way. Despite this success the theory as it stands is far from being
complete, Tn fact there i a general bellef among physicistes that a
threshold for new physics must be reached at about the 1 TeV energy Aca-
te. The trouble ceally resides in the scalar smector of the theory which
is poorly understood and yet is a fundamental ingredient in the construe-
tion of modern spontaneously broken gauge theories. Indeed, Higgs parti-
cles must either be found with messes smaller than 1 TeV or alse the weak
interactions at very high energies (2 1 TeV) will be very different from
the naive predictions of the standard SU(2)xU(1l) medel. A possible scena-
rio which has been recently contemplated as a source of new physlcs are

1)

composite models which give up ealementarity of quarks and leptons

and/or gauge bosons. The maln alternmative direction is super:ymmetry(Z)
where one sticks to the gauge dogma and exploits at maximum & new Fer-
mi-Bosr symmebry not yet fully explored in realistic quantum field theo
ries.

The quest for phenomenological applicatlons of supersymmetries

has led to the formulatlon of falrly realistic M=l SUGRA models(a)‘

The
common feature of all thess models 18 Lhe prediction of a supersymmetcic
particle mass spectrum pretty close to the presently available enecgies,

Many processes have beon proposed, both in e+e— and in pp colliders,

as a means for discovering aupersymmetry(Z).

There are presently some
claimg that monojet events seen at the CERN SppS constitute the first

pesitive



signal of supersymatry“). Whatever the final output of this experi-

mental evidence might be, it is fruitful to look closer intc the phenome-
nological consequences of SUSY.

An important task associated to experimental seacches for su-
pergymmetry is to set bounds to sparticle masses as a result of non ob-
servation of 8USY signals. From e'e” annihilation expetriments we know
already that roughly T|'1; 20 Ga¥ for squarks and sleptons as well as for
charged gauge fermions since thelir palcr production has not been observed.
It is elear that one may improve the bound in any of these partlcle mas-
ses if they are singly produced along with a lighter SUSY particle. The
aim of the present work is to perform a thorough analysis of sgingle wino
preduction in associstion with a scalar neutrine in ete” collisions
ag- suming Kﬁgﬂbem. This process has been considered before by Eijam
and Reya(s) snd by Salati and Hullet“). Both these papers work with-
in not fully teated approximations which probably sre not reliable at
high energies. Here we shall be complete as far ae diagrams and_ erossg
section calcuiations is concerned. We shall however use the supergravity
model 83 stated in Ref. (7). Thie should not be a sericus cestriction 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 V5-165 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-

plitudes which were obtsined using the REDUCE program.

o~

2.- AMPLITUDES FOR e'e = o'W 5

Besides the two amplitudes which contribule to our process
. _ ¥+ -, ~
e (p,dee {pdre (py2¥W (p, )#Y(py)

in the (aliost real photon) WeiszAcker Williams approximation {(diagrams
(a) and (b} in Fig. 1) we must conslder the diagramg (c)-(€f) in Fig. 1,
namely two diasgrams with s-channel photon and two with t-channel ¥ and I;i’
Furthermore one must also include dlagrams with Z* propagators, malnly if
one is interested in energies near or above the 2% pole; in Fig., 2 we
show thege diagrams. 1k is clear that to compute the cross section one
must go beyond Lhe W.W. approximatlon since this method cannot be relia-
nla, for example, if the U mase is small, in which case diageam (e) of
¥ig. 1 ¢an be important, or (oc oncrgles above Lhe Z mass.

The corresponding aAmplitudes of these twelve diagramg are gi-
ven, in a gelf-explanatory notatlon , by

the following expressions:
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Tf we dencte by At each of these twelve amplitudes, and use
A(i,j) <2{Re {Tr(Ai.Aj*}] AL U)ST(A,A®), the squace of the

mat rix ale. mant can be writen

Ml = E T A (4))PRID-PRG)

Jet i£]

where PR{1) denote the corcvesponding propagators. Tn the Appendix we pre-
sent the expresslon of the matrix element for two sapecial approximations

appropriate for DRSY and LEP enargles.
3. RESULTS

We have computed total and diffecrential cross section for our
process at \§ equal to 45, 93 and 165 GaV¥. In each case we have chosen
gseveral wvalues of the SUSY particla massas. In order to integrate the
sharp peak in the differential cross section due to the contribution of
the t-channel photon dlagrams (la,1b) we have used the adaptative multl-

dimensional integration algorithm VEGAS(”

with surprieingly good
results, In Fig, 3 we plot the total croses section obtailned with our
complete amplitude for Va=45 and My=0 versus Hﬁ' and compare it with the

cross section obtained with the W.W. approximation. As sxpected, we



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

than the bBesm energy E since otherwize other diagrams become

"
important, The situation is still worse at higher energles where the Z
exchanges become dominant.

Furthermore, the Xinematics that makes the W.W. approximation
reliable, rvequires the final positron (in e e-ve W ¥) to be lost
ingide the beam pipe so that only one charged particle would be detected.
In order te¢ exploit the existing luminosity obtained with two charged
particles triggers, it ie 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 8 sample of the cross section
integrated over all positron production angle 93 (curve a) and intro-
ducing a cut of 5% ¢ Icoaeeh 0.996) (ecurve b} which is the usual expe-
rimental condition for most detectors. We notice that in both cases the
cross sections are of the game order, showing that one can exploit the
two electrically charged particle lﬁminoslty to give bounds on the W mass.

We have checked that there are subsets of the twelve diasgrams
which can be used to estimate the cross sections with good approximation
at certain enargles. The six diagrams of Fig. 1 for VB=45 GeV give cross
sections which are only 6% smaller than the exact values. At VE=93 the
subget of diagrams a, b, e of ¥ig. 1 and c, 4, f of Fig. 2 gives the
cross seéctions with an ecrror emaller than 1%. Notice also that this same
subset of diagrams for You45 GeV overestimates the cross sections by 20%,

In Fig. 5 we plot the crose sectlone for V& equal to 45 and 93
GeV for different values of ¥V and W masses. The values of the cross sec-

tion for VE=165 GeV are given in Table 1. In Fig. 6 we ghow the differen-

tial ecross sections dvfd(cosba) and dv/dﬂﬁ for VE=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 from the eventual
decay of Wae ¥ will be isotropically distributed, i.s., uncorrelated
with the directly produced positron. In Pig. 7 we plot dffd(cosﬁa) and
d¥/drE . Notice that d9/d(cos Be) presents a forward peak which becomeal
less pronounced at higher energies (where the W.W. sppceoximation lg less
reliable).

Finally let us shortly comment on signatures and backgrounds.
We shall assume that the W  decays mainly iato .~ % and that the
scalar neutrine egcapes detection. There are therefore two charged
leptons in the final state, The lepton coming from E decay carries an
energy larger or about one half the wino mass; the othar one is slower
and very forward-as geen from Fig.7. These facts suggest the following
signatures: the detection of a "single lepton"” with B Hﬁfz and/or
“double lepton" detection with both leptons very acoplanar and with very
different energles (zlzluﬁ/z for the first and B.C <<Bb for the pecond).
These very distinct characteristics make it easy to ldentify the events
a8 having s SUSY origin and make it rather difficult to confuse them with
ordinary QED bsckground: Iit production with 1f not detected in the
"gingle lepton” case or with Y not detected in the “"double lepton™ case
and (one ocrder of o higher) IERREY production with three or two not

detected leptonz in the “single" and "double lepton™ cases respectively.



APPENDIX

In order to compute the e+e1+ e+ﬁ-; cross secktion we
can use a subget of the twelve diagrams which contribute to the exact
cross sec- tion. Ohe subset is appropriate for energieas much below the Z*
pole (DESY) and the other one can be used for energies near or beyond the

2°. We sphow here the output of the REDUCE computation of Lhese subsets.
A) PETRA Enargies (diagrams (1a,1b,lc,1d,le and 1if))

Defining

fij = 1l

CTEFENANER TICH NS FEEN 1 PR NS Y.
(s 80,533 8 Pus (S0 Pas Pas # 5 Pas Pa + 5y Pay Pas)

for Sk-+.0,- (k21,2,3) we have for the squared matrix elements:

Al 10)= 166, [z (fa (s +1ad+ o (26 ) - M5 (Batia *Pas ) + 2 s as P *Ta s}
AGh ) 16 M3 {Putia +3pss Ps * s Pu) = M3 (Rala *Pos Pa) + 2es (oo P *Fas pis) )
Alicde)= Alia,da; poen~py)

AGd,1d) = Al tb; pye—a-ps)

Alie, le) = ~4Cy { Mg T P - 2 Pas Pes Pis}

AGEAf) = A Qe 10 1)

Alio,+b) = 326, { M3 (Paltis P+ Pn(fw*ﬁ'c}"?nfl‘»)* (p5-+-) + Ps(Pisfat B fis)
*+ a5 (Pes P = 2R Pis) + s Pos Pos s

“10

AQa,ie)=32¢, {H:.; ha{-2ps= ) n«}; PasPis - 2us Pas ?-*}

Alia, 44y = 1§ C.{H:‘.’(‘Tu Pa* BisPa=Pra(3pis +z?“)) "‘(?s"‘"")*’ 2(___,_)}
Alioie)2 R { (p= 4=} 4 (7y -+ 4) 42(- = )]
Afia,if)» ?C,{ (y, -+ +) 4 (f,-a--) +'J,(--+)}

AGb1€)=16C M5 (- PisfaRa(3hs +2pa) 4 (ps #-+) +2 (4 )

A (‘5:‘_4)=JGC.{-2H§'-, f.;(r.,,+p.,)+(p,--+) +z(—++)}

Alibiae)s 3G {(p-+=)s(ps==+)+2(-+]

Aliv,if)s 90 { (pymts) =2 M5 Pufari (000}

Alie,1d)= 32¢,{ Mg (s te *Ta(PrtPaad+ Pea(is +0a) + (s # = -1+ R (Do Pa o)
136 (Pas P * By os) = 2 Pa Pas Pis }

Allc,ae)z S €3 (py+=4) +lps+==) + 2(++-)]
Afic,4f\= %(‘.3{(y,,+-~)+(7,+-+)+1(-+,)}
Ald,ie)s 8C, (B =4) =2 ME puypy +4(0+ )}
A1) = 8C, { (e -=) + (ps ~ = 4) +2(=+ )]

Alieaf) = 46, { (1= ) + 2 (- +4)]

where, we have used the following definitions
e
Kes(e ] /s,
kz i .k.. /Ih\"sw

¢, = k! C, = Ky Gz kK,



11

Wotice that propagatora are defined including the global sign in front of
the "i" of eanch amplitude: that means, that they lnclude, the glohal sign

of the diagram.
B) LEP Energies {dlagrams (1a,lb,1e,2c,2d and 2f))
Defining now,

(L,5, 5,5, 5) 2 Mg (s BsPatSTulis+ S uhs + S P te)
(R, 5,5, %,5%) g (5 Tsfia v Safes iz + 55 Py Py + 5 Pes N )
(L, %030, %) 2 8 Pis Py Pis % 5t Pas Pas i + 5 Pa s Pis
(R, %, 5,3) = s, Pas Pas Pra +SaPas Pas Pm + 53 Pas fas i

for Sk=—'°'+'2’3 (k=1,2,3,4) wao have

Afze2¢)= -1¢ c;. [ {((pyoot)-(Loszs)s2(L-00))+ p((Ps0+0) ~(Ro2+0)42(Rw00))}
Al2d,2d) = -46C [ (s 0r 4 (L-%=) vz (Lo-a))+P((re 004} (R-=- 44 2(Re=0))]
Aef,1§)= 4685 { (44 P (M3 P = 2Pas )]

A(2¢, 2d)= 16 G 00 W (te =3 (L2 -3092 (109 ) s f(pga-) (Re 32042 (R 4]

A (2, t)a-16 Gy S G- 41+ (Lo == )2 e # B0 9 ) #(Rwm0-)2(R-+-)]
Alzc, f ik CueCop Jl{(ps +4-)% (L=s+0) p2(Le - Yaf (1) H(R-s 09} 2(Re - )]

A (ta,2¢}z 32 Coe Ky { B ks (M}G Pt M!ﬁ (~Fw =) = 2 pug PIS}} / M

12

Alin, 2d)z-10d G ke, [ 6, + (e r==) #(Le-32) w2 (L4 4-0) ] /5
Alte,27)= 1en Cy K, f Gy ¥ P ((pst =2y #(La=m0) +2(L-+-))] /51
A({b,zc)z-tthuK‘{G'+r.((rs-+-)+(l.-+3'z)+2(L*-*‘))}/9H
Ao, 28)= 10k G K[ €, 45, (00 =)+ (L 00 22) 42 (Lw==))] fom
Alib,2f)= 16aCoe K, 32 *p ((ps200) ot +==a)+4(Loo =) fom
A(le,z.—.)=.ssa¢c.'n}<,_{gI Py ((Fs= s ) 4(L=s-0) v2(L-= ) /sm

Alie,2d)= -84 €, K, { €, +u((p020)4(L ~+-0) (Lo - o))} /5

Alte,2f)=-82 C ¥, { 6= &, + 9, (Cps--¥)v2 (L-++)] /sm

whera
G, sk, , CaasKifp , Gy sK/unzs,
12
fe 2 (T'+r’-)t" My » Va2 Ty My ’ sM oz (pf +73)
. PP v o
Gy Eppue Fa P2 Py Pa
-~ 1 G (M'I. -M‘ +2 )G
G,z -Mg 6, y * - (Mg v Pl G,
flere the propagators are again defined including the ylebat sign in Front

nf the "i" of each amplitude. Tn Lhe Z* propagators, only the modulus
must he o included (because the phase has been already Included in Lhe

trace calculalion).
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FIGURE CAPTION

Fig., 2.~

- P
Diagrams contributing to e'e v e without inclusion

of the Z*

biagrams  contributing  to ate” 'Y with & 20

propagator.

Total cross sectlon for e'e weli¥¥ ve W mase, for ¥y =0
and V8= 45 GeV. The solid points corresponds to the exact value

and the sollid squares to the Welzsscker-Williams approximatlion.

Sample of single wino productlon cross section summing over all

x

e* production angles {curve a) and imposing a cut icos 83[)

0,996 (curve b}.
+ -tz
Total cross section for e e—a W*v.
b - e
Differential c¢ross sections for e e e WV wvs the W

production angle snd vs the W energy.

Differential cross sections for a6 o'W ¥ vs the e

production angle and vs the a+ energy.

TABLE CAPTION

Table T.- Values of the cross section for efa e at  YE=165

GeV for different choices of W and ¥ masses.
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a’(pb)

M.=85 GeVv
w .

M. 90 Ge¥
W

~ .95 G
Mw oV

HH=100 Gev

16

YoMg-o0 My s 10 GeV Ky = 20 GeV Mg = 30 Gey

1.08(1) .0978(8) .0756(6) .0528(4)

.0644(4) L0586 (4) .0460(2) .0325(1)

.0432(2) L0391(2) .0304{1) .02116¢6)

.0292(2) .026(1) .0201(1) L01356(4)
TABLE 1
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