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W+ 8' production in e+e colliders: Test of a strongly interacting Higgs sector
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We study the production of 8'+ 8' pairs in e+e collisions within the hypothesis of a strongly

interacting Higgs sector. The (Z +y)-exchange graphs and the v-exchange one projected on the P
wave and on / ) 1 waves are taken as Born approximation in a calculation of a final-state strong in-

teraction for the longitudinally polarized 8'bosons. We adopt a Gounaris-Sakurai ansatz in the P
wave with a vector p-like resonance at a mass between 1.5 and 2.0 TeV. We compare the number of
expected events relative to the case in which the final-state strong interaction is ignored. We find a
significant enhancement, mostly in the background hemisphere, that could be measured if the lumi-

nosity expectations are satisfied. We find an order-of-magnitude enhancement in the total number
of 8'8' pairs at the resonance. We also compute the effect of the strong interaction on the LR
asymmetry.

I. INTRODUCTION

As is well known, if the Higgs boson were very mas-
sive, mH 1 TeV, this would imply a large Higgs-boson
self-coupling A, , i.e., a strongly interacting Higgs sector.
In the standard model of electroweak interactions, the
longitudinally polarized 8'degree of freedom comes from
the Higgs field and hence if the Higgs boson has a strong
interaction with itself, this implies a strong interaction
between the longitudinally polarized 8"s. The purpose of
this paper is to make a phenomenological study of the
possibilities of finding experimental evidence of this
strongly interacting sector in e+e colliders. In a pro-
cess such as e+e ~ 8'+ 8', the S wave is forbidden be-
cause Z and y exchanges proceed in the P wave, as these
are vector exchanges in the s channel, and v exchange
(Fig. 1) proceeds through waves I ~ 1 because of the heli-
city selection rules of the V —A charged weak interac-
tions (e must be left-handed, and e+ right-handed re-
sulting in a Jz= —1 for the initial state along the e e
axis). This process will therefore test a different partial
wave than the celebrated scalar o.-like resonance in the
8'L 8'L or O'L ZL channels that is allowed in gauge-boson
bremsstrahlung processes, for example (Fig. 2).

Longitudinal 8"s will behave like the ~ Goldstone bo-
sons of chiral symmetry and in addition to wide 0+ reso-
nances we can expect a more easily identifiable 1 p-like
resonance. The process e+e ~ 8'+ 8 precisely iso-
lates to some extent this resonance. The exchanges of y,

Z are P wave and v exchange is dominated, as we will
see below, by the P wave. However, because of the can-
cellations between the graphs of Fig. 1 that occur in the
standard model to ensure s-channel unitarity, we cannot
expect a large Born term and the final-state strong in-
teraction (FSI) will appear as a correction to a cross sec-
tion that will be small by itself. We want here to estimate
quantitatively this e8'ect to see if it can be measured in fu-
ture colliders.

The paper is organized as follows. In Sec. II we write
down the Born term and project on the desired partial
wave. In Sec. III we discuss the numerical results, with
an emphasis on the channel we are looking for: namely,
8'+ W pairs longitudinally polarized and in the P wave.
In Sec. IV we introduce the final-state strong interaction.
In Sec. V we show the numerical results and discuss the
experimental feasibility at the light of the expected per-
formances of future colliders.

e'
e+

II. BORN APPROXIMATION
AND PARTIAL-WAVE ANALYSIS

A calculation of the amplitude e+e ~S'+W within
the standard electroweak model in the Born approxima-
tion yields the results for v exchange in the t channel and
Z +y exchanges in the s channel (Fig. 1):

e

FIG. 1. Born approximation graphs for e+e ~ 8'+ 8' FIG. 2. Gauge-boson bremsstrahlung process.
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where 8 is the c.m. -system (c.m.s.) scattering angle, and
P= [1—(4M' /s)]'".

In Eq. (2) L (R ) means the amplitude for the scattering
of left-handed e on right-handed e+ (right-handed e
on left-handed e+ }. Of course, the v-exchange amplitude
(1) is pure L, due to the helicity selection rules of
charged-current weak interactions.

It is instructive to give the expressions of the polariza-
tion four-vectors of W, W denoted by e, e'. Let us call
e' '(e' ' '} the longitudinal polarizations and e' ",
E' ', (e'"', e'' ') the two independent transverse polariza-
tions:

where p(p'), e(e') are the momenta and polarizations of
W (W+), k(k'), u(U) are the momenta and spinors of
e (e+), q =k —p is the moinentum transfer,

and k is the incident e three-momentum. The four-
vectors (4) and (5) satisfy the constraints e = —1, e p =0.
Let us call AasrM, H= L(R), the total amplitude
(Z +y+v exchanges) for left-handed (right-handed) in-
cident e, W polarization M (M=1,2,3), and W+ po-
larization M' (M'=1,2,3). ALMM will be given by the
sum of (1) and the first Piece of (2), and A&srsr by the
second piece of (2). We will have each MM' component
using the polarization vectors (4) and (5}.

Let us now perform the partial-wave expansion, A„ is
pure P wave as it comes only from Z +y exchanges, Eq.
(2). AL on the contrary will have all partial waves I & 1.
The left amplitude corresponds to m =Jz = —1 along the
e+e axis and therefore

A,'(8, y)=a,' Y, '(8, y)

with

aL =f AL(8, $)Y&
' (8,$)d(cos8)dg .

~(3)—
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We want to isolate the P wave I = 1 for which
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(4) After some algebra, we find the amplitude AH~~,
singularizing only the I =1 P wave. We make explicit the
azimuthal-angle dependence e' ~ with m = —1 for L am-
plitudes and m =+1 for R amplitudes. We find, for
8'+ W both longitudinally polarized,

. e'3/s . , 2
AL33=i sin8e '~ — 1+
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In AI 33 we recognize the y exchange (first term, in 1/s), the Z exchange (second terin), and v exchange, behaving in

1/q, where q is given by (3). A+33 is pure P wave, as expected, and AL33 projects out into a P-wave piece and a piece
with 1) 1:
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These are the amplitudes, where tve have turbo longitudinal

ly polarized W bosons, that will be a+ected by the FSI, and

AL33, in particular, by the p like res-onance.

The amplitudes where both 8'+8' have transverse
polarizations will be given by (we do not project on the P
wave since the FSI does not affect these amplitudes)
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These results for the polarized amplitudes agree with
the calculation of Gaemers and Gounaris, except for the
amplitude AL», probably due to a misprint in their pa-
per. We agree with the results of Hagiwara et al.

The expressions given above can allow us to compute,
for example, the W density matrix for both L e or
Re

R22 AR11& AR12 AR21
(L)—

Pij X ~Lik ~LJk
k

(17)

Finally we have the case where a longitudinal and a
transverse 8' are produced:

and similarly for R. We sum over the W+ polarizations
(index k).
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III. THE CROSS SECTION FOR
PRODUCING LONGITUDINAL POLARIZED O'+ W

Let us now comment on the numeric
'

al results that we
fi d for the cross section in the Born appn a roximation andn or e
t e different behavior of the contribution s we have listed

h
'

the channel we are interested:above, with emphasis in e c
fY+ 8' both longitudinally polarized and in a

wave. The cross section for unpolarized beamms will write

256~',
where the sum over i runs oveover the indices
' =(I. R W+, W polarizations).

The cross section integrated over the ghe an les decreases
[Fig. 3(a)]:

u's =200 GeV, o =1.7X10 m8 b

&s =1 TeV, o =0.23X10 mb,

&s =2 TeV, o =0.6X10 mb,
n 1 caked in thed h d ff rential cross section is strong y p

n e Fi . 3(b) (Ref.forward direction due to the v exchange [ ig.
4)..

h h re the most favorable angularLet us now see w ic are e
h the roduction of two W longitu ina-regions, i.e., w ere e p

mostl1 olarized L z e8' W (the channel in which we are mo y
is not negligible. On general grounds, we

ust first say that at 0=0,m, L L,

bidden, and on y T L p1 8' 8' airs are produced. Close to t e
forward direction, v exchang ge stron ly dominates an i
produces almost essentially WTWT (mostly pairs o t e
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type Wr Wr, i.e., with orthogonal polarizations), that
1 2.

grow very quickly when 8 increases, and also W&WL,
that decrease very quickly with 8. As we will see, WL 8'L
pairs will only be produced in a sizable proportion in the
backward hemisphere, at angles -7m/10. The energy
dependence is the following.

Close to threshold, v's =200 GeV, the WW production
is maximal in the forward direction, but the proportion of
WL WL is small. Near the forward direction, v exchange
dominates and produces essentially Wz-WL and Wz Wz
pairs. At 8=0 we get zero WL Wz, zero W&Wz, and
100% WL Wr. When 8 grows the proportion changes:
for example, at 8=0.314 we get 9% of WL WL, 50%%uo of
WrWr, 41% of WRAWL', at 8=0.628 we get 10% of
WL, WL, 82% of WrWr 8% of WLWr. The total pro-
duction is in a maximum in this last zone. The propor-
tion of WL WL passes through two maxima (Fig. 4), at

8=—=0.52, —11% of WL WL6

8= =2.20, -29% of W W
7~= 10=

At v's =400—600 GeV, WrWt pair production dom-
inates in the forward and backward directions, and, when
8 grows, W&Wz. production grows very quickly and
remains always very important. For example, at
8=m /10, we get 99% of Wr Wr, 0.5% of WL Wt, 0.5%
of WL W~. We find two maxima of production of WL, WL
pairs with the most favorable zone in the backward hemi-
sphere: -30% WL Wt for 8-3m/5 —4m/5.

At higher energies, this behavior becomes even sharper:
WL 8'z are produced at 8=0, 8=m and decrease quickly
elsewhere; W&Wz. are forbidden at 8=0,m but are dom-
inant elsewhere, rising very quickly for 8%0,m", WL WL
are forbidden at 8=0,m and rise slowly for 8%0,m, with
a maximum of 30% in the region 8-3m /5 —4m. /5.

It is useful to compute the number of Wl WL that can
be produced per year in the favorable angular region, be-
tween 3~/5 and 4~/5, for a luminosity not unrealistic in
future colliders, X=10 cm sec

At &s =200 GeV, we get a total number of 13340
W+W pairs with 27% WL WL, 45% Wz. Wr, 28%
WL W~.

When s grows, the proportion of WL WL grows slowly,
but the cross section drops steadily. Also, the proportion
of WL Wz- drops dramatically.

At v's = l Te V, we have a total number of 220 W+ W
pairs, wtth 31.2% Wt WL, 65.9% Wr Wr, 2 9%. WL, Wr.

At v's =2 TeV, we have only a total number of 50
W+ W pairs, with 31 5%. WL Wt, 67.9% Wz Wr, 0.6%
WL W~.

We have discussed the production of WL WL, but we
need to be more quantitative concerning the partial-wave
analysis, as we are interested in the P wave, where the
FSI is expected to be important due to a vector p-like res-
onance.

The W+W pairs are produced in the P wave for
Z +y exchanges and v exchange produces both P and
I ) 1 waves. Because of gauge theory cancellations, P-
wave production from v exchange and from Z +y ex-
change are of the same order of magnitude and opposite
sign: their partial cancellation ensures s-channel unitari-
ty, the di6'erence decreasing when s increases. This is
important because it will decrease the number of events
in the desired channel, P wave WL WL. On the other
hand, the production cross section in the I & 1 waves,
that comes only from v exchange, satisfies s-channel uni-
tarity by itself.

The P-wave amplitude A (Z+y+v) compares in the
following way to A' '(v). Defining the ratio

(19)

LL/TOT
I 1 ~ 0

I
I I ~ f

]
I f t F
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0.0 l. . . . I. . . . I
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FIG. 4. The cross section for producing WL+ 8'L relative to
the total number of produced 8'+8' for different values of
&s.

we have the following behavior [Figs. 5(a) and 5(b)].
Near threshold (~s =200 GeV), r & 1, mostly near the

forward direction: r- —,', for 8-0, and r increases as 8
grows reaching an infinite value at 8-1.35 correspond-
ing to the peak in the figure, and then decreases reaching
a value 0.4—0.5 at large 8. This peak appears because
the amplitude ~A' '~ vanishes at a precise value of 8.
For pure v exchange,

~

A (v)
~

&
~
A ' '(v)

~
for all s and 8,

but the gauge cancellations that occur in A (y+Z +v)
can give r & 1 in some domains of 8 and s.

At &s =400 800 GeV, —r &1 for 8-0, and r »1 at
large 0. When s grows, the region close to 0=0 where
r & 1 becomes closer to the forward direction.

When v's & 800 GeV, r & 1 for practically all 8, except
8-0 with r a function of 8. For example, at &s =1 TeV,
r-10 at 8-0; r-10 —10 for large 8, decreasing to
r -2—3 for 8-m.

At &s =2 TeV, r —10 at 8-0; r-2X10 for large
8( -40 ); r —10 in the backward direction.

Notice also the peak of r for 8-70', because of the
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the [scaled according to (20)] n form factor derived from
the Gounaris-Sakurai model. Therefore we assume that
the result is close to the Born result for small s «mv,
where m v is the mass of a hypothetical vector resonance
in the $VL 8'L channel. Of course, the left-hand singulari-
ties are quite different in the pion form-factor problem
e+e m m and in e+e WL WL, especially because
of neutrino exchange, but we hope that the difference will
not be too important for large s because in the limit
s » rnw, rnz, A ( WL Wt ) behaves indeed like in the case
of Gounaris and Sakurai: A (e+e ~m. +m )-&s /s.

In our case, the factor v's comes from the longitudinal
polarization of the W, Eq. (4), that behaves like a Gold-
stone boson. The WL form factor will be given by

Fw(s)

my+dmyl y
2 3

mv k mv
(mv s)+I v g(s) im—vl v

kv' ky s

(21)

k
Imt«(s) = ~t„(s)~',

s
(26)

v's 'sII .
tII = e sin6&~, (27)

k k
t« = i ——+ —cot5tt .

s s
(28)

Let us consider the l =1, I =1 channel. The approxima-
tion consists in writing an effective range formula for

k—cot5»(s) =k h (s) +a» + r» k—2 1

s 2
(29)

where h (s) is given by (24) and has the role of canceling
the spurious 1/v's singularity in Imt » (28) and introduc-
ing no other singularities, a» is the scattering length, and

r» the effective range. In the I =1, I =1 channel one as-
sumes, in analogy with m.m scattering, the existence of a
resonance V, and one can define its mass and width by

where tII is the lth partial wave in the weak isospin state I
[I=0,2 for I =0, I= 1 for l = 1 because of the Bose statis-
tics and I ( W}= 1]. Unitarity, Eq. (26) implies

where

Sk~= —'(s —4M ) =—P4 8'
cot5~~ ~ q

—0,
V

1

ds ~ = ' mvrv
(30)

kv —,'(m v 4Mw)

3 Mw mv+2kv mvd= — ln +
kv2 2Mw 2mkv

Mwmv2

3 7

mkv

(22) Then, the Gounaris-Sakurai formula (21) follows from

f (0)Fw(s)= (31)

and

g(s)=k [h(s) —h(mv)]+k„h'(mv)(mv —s) (23)

where f (s } is defined by

f(s)=k [t»(s)] (32)

2k
1

&s +2k pl
m&s 2Mw m

(1+P)&s
2M~

with h(s) and h'(m )[Py=(1 —4Mw/my)' ]:

(24)

and [t«(s)] is obtained from (28) with the approxima-
tion (29) together with (30) that allows us to express the
unknown a», r» in terms of m v, I v.

We will now write the amplitude taking into account
the FSI in the P wave, and neglecting it the higher waves
1&1:

h'(my)=
2M~

ln
~mvpy

(1+Py)my
2M~ A" '= A (WL WL)Fw+ A' '(WL WL) . (33)

pv 2M~2 1

mvPv(1+Pv} 2m v
4

+

F (s)
near s =m

V

mv 1+d
I v

mv
3

k mv
mv s imvt v

kv v's

Near the resonance, s close to my, Fw(s) is reduced to
the familiar resonance formula, as we can neglect the
term proportional to g (s) in the denominator:

The Born approximation amplitudes A ( WL WL ),
A' '(WL Wt ), given by the last equation of (10), (11),
and (12), can be written in the form, factorizing the az-
imuthal angle dependence,

A (W W )=ie '~A

A"'(W W, )=ie-'~A"'
L

(34)

Fw(s) =
Y —tZ

If we write A" t in the form

(35)

with AP, A' ' real, and the form factor Fw(s) can be
parametrized:

The basis of the Gounaris-Sakurai formula is quite gen-
eral. The unitarity condition requires that, in the elastic
region (4Mw & s & 16Mw ),

aF"=ae"
with 3 =ie '~A ', 3 ' real, we find

(36)
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LZAtan5=
XI ~'+(r'+Z')~"' (37)

I (V~WL WL )
' 3/2

3

N
r(p

4 2
' 3/2

m1—
2

mp

4M W1—
2
v

where N =4 is the number of colors for SU(4)Tc. From
(20) and F =92 MeV we obtain

We have still to determine the parameters a», r&I in

(29). This can be done by estimating m~ and I ~. In the
technicolor model with SU(4)TC as the strong-interaction
gauge group, the appropriate rescaling gives

1/2
3 v

v N I P

(38)

the presence of a vector resonance in the FL -FL P-wave
scattering channel, and what can be learned about its pa-
rameters. The current-algebra predictions are in princi-
ple valid and would lead to (43). But, as noticed before,
this is not sufFicient to answer the question. This question
was discussed several years ago by Peskin; he has
stressed the increasing effect of the techni-rho to be ex-
pected in technicolor, and also considered the possibility
of a nonresonant enhancement in elementary Higgs mod-
els. We would like to reconsider it in the light of our
present knowledge.

We have used the homology with m.m scattering be-
cause we had in mind technicolorlike models where this
analogy is well grounded, since the Goldstone bosons as
well as the Higgs boson are fermion-antifermion bound
states in a confining gauge theory similar to @CD. In
such models, the presence of a rho seems unavoidable

mv=1. 783 TeV, I v=0. 325 TeV . (39)

These values give for the parameters entering the
Gounaris-Sakurai formula: d=0.339, k~=0.888 TeV,
P&=0.996, h (m„)=0.976, h'(mz) =0.533 X 10

The parameter a&& could also be deduced, ' as done

previously by Brown and Goble from the low-energy
theorems of SU(2)XSU(2), which are valid for Wt Wt
scattering if s »M~ (then the condition is, on the whole,

M~ &&s &&mH ).
The low-energy behavior of the amplitude for the pro-

cess involving Goldstone bosons (longitudinally polarized
Wbosons},

(a} Phase shift

l l

fs=3TeV

Vs=2TeV

Wg i.V83TCV

;N~ Nk N( (40)

(i,j,k, I= 1,2,3, weak-isospin components of W, Z) will

be, in close analogy with mm ~~~ scattering, ' I I

0 I I

0 1 8

Ws= iTeV

1
T,JI,I(s, t) —

(5~) 5kts +5;1,—5JI t +5;I5jku)
v

(41)

(up to M~/v's terms). Decomposing the amplitude into
partial waves ttt(s), the current-algebra constraint (41)
implies, in particular for the amplitude we are interested
in,

(b) Phase shift

1
t)( =

~
k (M~ &&s &&mH),

12vrv 2
(42}

i.e., the same formula as for t»(mm~mm) with U ~F„,
M~~m

The estimate of a
& i is

2-,

a» = 12vlv (43)

and would lead to comparable results as above, but would
only give a relation between m v and I v, and not the ab-
solute magnitudes. The relation is

3
mv

I V
——

96m.v
(44)

a ~ a

3000 4000

yielding I v-450 GeV for mv-—2 TeV.
Let us now briefly discuss how general it is to expect

FIG. 6. (a) The phase shift 5 in the 1=1,I =1 channel as a
function of 8 at fixed &s and (1) as a function of &s at fixed 8.
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and its parameters are reasonably app roximated by the

ex ected in ele-S h lose analogy is not really to be expecuc ac
r Hi s models such as the linear sigma m odel.mentary iggs mo

found a vector reso-As an example, Basdevant and Lee oun a
nance but much narrower than the actual rho. ' Any-7

how, such theories are now believed to ebe trivial or, if
treated wit a cu o, oh t ff to lead to a small effective coupling

11constant, i.e., to no strongly interacting sector at a .
Thus our presen eh nt exploration of models seems to imp y

on 1the resence o a vec orf tor resonance if there is a strong yP
d does not offer an alternative tointeracting sector, an oes n

'lltechnicolorlike models (fortuna ynatel such models are sti
alive with the possibility of walking technicolor . Tru-

1 little is nown a oul lit
'

x b t the %'einberg-Salam symmetry-
' ~

ly, lit
b k mechanism, and one wou i eike to know for in-rea ing
stance what spectrum will result from the lattice
Weinberg-Salam theory without Higgs bosons. '

As a side rernar i is wk t
'

worth mentioning that loop
heavy fermions can also raise t ecorrections ue to very eav

e+e ~ 8'+ 8' cross section. '

V. RESULTS AND DISCUSSION

For our numerical discussion we pe ado t the values (39)
the FSIv' v epI Th hase shift 5 that parametrizes

through Eqs. (33)—(36), is plotted in Fig. 6(a) at s fixed
as a function o an inf 8 d

'
Fig. 6(b) at 8 fixed as a function

'v s= 1 TeV) (c)
~ I 1 I I

~ T T

107 — l

105

10'
&O4

1. . . . I . ~ I~ s

8 31 4%AJV

Vs (GeV)
4GOO

107

10e

{Ws=1 7B3Te.V) ( b)
I~ s I

1
s I s ~

1

der {FSI)/do {Born) ( )
~ 1

=1 &83TeU

10

7.5 RTo

fT'e

3TgV

1O&

1Oo

10-&

0
I . ~ . . I

1
I

2 31

vents/ r sr without and with FSI as a function of 0 at fixed &s and {c)c as a function of &s at
0fixed 8. The luminosity assumed is X=10 cm sec
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FIG. 8. The number of events/year integrated over the most
favorable region 0.6m 0 ~ 0.8m, over the whole backward hem-

isphere, and over the total angular space (solid line, with FSI;
dashed line, without FSI).

of the energy. At fixed 0 we observe the typical reso-
nance behavior at &s =mr, as we see from Figs. 6(a) and
6(b). As a function of &s we see a wide peak with 5-n.
at small 0 and when 0 grows 5 falls sharply. %hen s
grows, the peak at 5-m becomes narrower, and the
phase shift grows on average, tan5 being maximum at

s =mv.
We will assume a luminosity of X.=10 cm sec

and plot the number of expected e+e ~W+W' euents

per year and per sr In. Figs. 7(a) and 7(b) we plot the
number of events without FSI and with FSI as a function
of 8 for different fixed values of &s. As we see, the effect
becomes sizable in the backward hemisphere, being max-
imum at the resonance. In Fig. 7(c} we plot the number

of 8.
of events per year as a function of &s at different 1en vaues
o . In Fig. 8 we plot the total number of events/year as
a function of &s integrated over the most favorable in-
terval 0.6m & 0 ~ 0.8m and the same quantity for the more
easily experimentally accessible backward hemisphe

'
p ere

n/2 8 m, and for the whole range 0~8&m. The effec

Left —Right Asymmetry (Ws=1TeV) ((I) Left —Right Asymmetry (vts= 1 783T. eV) (b)
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FIG. 9. (a) and (b) the left-ri ht as mmg symmetry AL& as a function of 0 at fixed values of &s and c as
values of 8 (sohd line, with FSI; dashed line, without FSI)

es o s, an (c) as a function of &s for fixed
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could be quite visible as we find an effect of one order of
magnitude at the resonance. We must emphasize howev-
er that at these energies the total number of events is
rather small: in the Born approximation, at 1 TeV we
have 220 W+W per year, and 50 W+W at 2 TeV
with about 30%%uo of WL WL. At the resonance we will
have a huge increase of the total number of WW pairs
due to the FSI among the longitudinal W bosons. We
find indeed an increase of one order of magnitude of the
total number of events, relative to the Born approxima-
tion, in this region [Fig. 7(d)].

For completeness, let us consider the L-R asymmetry
and the effect on it of a FSI, recently considered by
Chiapetta and Feruglio' in a different theoretical scheme
than ours: namely, a nonlinear realization of the
symmetry-breaking sector of the standard model. The
point in common with our work is that they consider the
possibility of a vector resonance, although with rather
low values for its mass, unrealistic in our opinion. We
consider the asymmetry

suits for the left-right asymmetry agree qualitatively with
the authors of Ref. 15.

To conclude, we have studied the effect of a strongly
interacting Higgs sector on the reaction e+e
~ W+ W . As the lowest partial wave is the P wave, we
have assumed the existence of a vector resonance in the
channel of production of two longitudinally polarized W
bosons, at a mass m ~ -1.78 TeV, as suggested by a tech-
nicolor scheme. In the Born approximation, longitudi-
nally polarized WL WL pairs are mainly produced in the
backward hemisphere. Using a Gounaris-Sakurai ansatz
for the FSI in the P wave we find, at the resonance, an or-
der of magnitude increase of the o (e e ~8' W ) in
the angular region where WL WL pairs are mainly pro-
duced, 0.6n. ~ 8 «0. 8m. With a foreseen luminosity of
X=10 cm sec ', we predict in the favorable region
0.6m «0«0. 8m a total number of 772 W+ W events per
year while in the Born approximation one would expect
about 67 events. In the whole backward hemisphere we
expect 1586 events with the FSI and 151 in the Born ap-
proximation.

crc (s, 9)—o „(s,(9)
AL„(s,8)=

o L (s, 9)+crz(s, 0)
(45)

where o L (cr~ ) is obtained from the AL( Aa ) amplitudes,
Eqs. (10), (13), and (14). In Figs. 9(a) and 9(b) we plot
AL& as a function of (9 for a few values of &s, with and
without a FSI in the P wave. Finally, in Fig. 9(c) we plot
AL+ as a function of &s for a few values of 9. Our re-
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