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This note presents cross sections for ee + W W , where s = 4E 9
2Z, Zy at high energies. The first of these is avail- t = -2E(E - p cosb) + MZ
1,2 1/2
able in the LEP reports and elsewhere, ’” but the p = (s/4 - M ) /

remaining two seem to be unavailable. These cross-
sections represent a background to potentially inte-
resting physics on mass scales of order 1 TeV. They ¢ Z e v
are large due to t channel lepton exchange diagrams.
Higgs diagrams are neglected; they are zero if the
electron mass is set to zero. The graphs of Fig. 1 € b e 2
give for e”e » Wi~

and those of Fig. 3 give for ee + Zy.
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necessary to keep the electron mass (M ) in the denomi-
nator to protect the mass singularity at cos6 = #* 1.
The cross-sections are shown in Figure 4 as a function

Az - 82(%? + CJE _ % + 12)sin26) (sin46 + 2 of angl; in units of the point cross section
a -MZ R = %12 at vs = 750 GeV and for sinzew = 0.22. The ZZ
2. 1 2 2 d z -sectio trical about 8 = n/2
x sin ew(Z - sin ew)'f( sz) (51n 6 Sln%h+8)) and Zvy cross—sections are symmetrical abou n/2.
L The W'W~ is not.
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+
B = vl-4a and 6 is the angle between the e and w+.
Those of Fig. 2 give for eé + ZZ
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t Beware of the typographical error in LEP version.
The correct formula is given in Ref. 2.
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The cross-section peaks near 8§ = 0 due the presence of
the t channel diagrams. The peaking is most severe
for the Zy rate where the singularity is protected

only by the electron mass.

Figure 5 the integrated cross section
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The relevant formulae are
2
+ - o B
o (WW) =————=Z A,
INT 16 sinZe 5 1 1
W
2
_ 4 cos® 2 cosB _ cos" By
Al = a + B[ > Q1 3
4a
2 v2 cosh cosf v
LA § - —_—
R AT U T 2 T3 VI
u- v ~u"cos 9 u u 2
U S R B _ cos8
A, = 28°cose(> + (212 S+ 12)(1 7))
x [sin*e, + (—iizoz( in* - L sine + )
sin’0,, s—Mz sin’8, - 5 sin"6  + 3
2 01 2 s
+ 2 sin eW(4 - sin ew) — 1
S—MZ 2
2 1. s 2 Mt
= i J—— - si 4+
Ay ((sin 0y 2) 7 - sin ew) x [}6(2 cosf " )
s-M
Z
1682cose 2
W 2 cos 8, ,1 2
W _Los by L _ <
5 + B cos8(1 3 )(az a)

- 2582((1 - v2/u2) % + 2u cosO/vzﬂ

-8 . _y_s
u—2’V—Mw 7
L=lo (M)a=2/58=1/1—43
8 v - u cosb’’ Mw ’
azw
o] (ee » 2Z) =
INT 64 sinhewcosl'ew sv/s

x [1L+6(1-24 sinzew)2 + (1 -4 sinZGW)A]

Z(Mg + 52/4) p/g'(ZMé - s) - cose[ZMés - 52/2]
x > log 2 7 7
(ZMZ - s)/s pvs (2MZ -8) + cose[ZMZs - s7/2]
P cosOM;

- p cosb -
Mg - sM; + 52/4 + cosze[sM; - 52/4]

where p2 = s/t - Mg. 2
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where P, = s/4 - M.

The total rates of W+W_ and Zy are very large (24 and
31 units of R respectively at Vs = 750 GeV), but are
strongly forward peaked. A cut of |cos®| < .8 reduces
them considerably (to 4.1 and 1.6 units of R respec-
tively). The ZZ rate is rather small. This is acci-
dental; it is caused by sinzew being close to 1/4. If
sinzew were %»the ZZ rate would increase by a factor of
8. Given the angular cuts the rates appear to be small
enough not to present a serious background at high

energies.
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