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THEORETICAL CROSS-SECTIONS OF SINGLE W-BOSON
PRODUCTION IN PHOTON-ELECTRON COLLISIONS AND IN
ELECTRON-POSITRON COLLIDING BEAM EXPERIMENTS
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Total cross-section for the production of single W-boson in high energy photon-electron
collisions is.computed in the limit m, — 0. Applying the Weizsicker-Williams approximation,
we obtain the asymptotic formulae for the total cross-sections of single W-boson production
in high energy electron-positron colliding beam experiments.

1. Introduction

The intermediate vector boson hypothesis which assumes the existence of a charged
boson (W*) as a propagator in weak interactions was first formulated by Feynman and
Gell-Mann [1] in 1958. Since then much attention, both experimental and theoretical,
has been paid to the W-boson production processes [2]. In this paper, we consider the
theoretical calculations of cross-sections for the W-boson production in the following
“semi-weak” interactions:

v+e = W +v, )
efte et W 4, @)

The numerical calculation for the process (2) was first performed by Choban [3]
and subsequently by Berends and West [4], and by Brown and Smith [S]. A typical cross-
-section for the process (2) obtained by Choban is 10-3° ¢cm?, while Berends and West
calculated the cross-section more carefully taking into account the gauge invariant property
of the scattering amplitudes and obtained 10-3® ¢m? as a typical cross-section for the
process (2).

The main purpose of the present paper is to discuss the analytical formulae, in particu-
lar, the asymptotic behaviour of the total cross-sections for high energy W-boson produc-
tion reactions (1) and (2). We apply the standard method based on the lowest order pertur-
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bation theory in discussing the cross-section for the reaction (1) and use the Weizsicker-
-Williams approximation [6] to derive the analytical formulae for the cross-section of
the reaction (2).

The plan of the paper is as follows: In Section 2, we study the W-boson production
in the reaction (1) and in Section 3, we discuss the W-boson production in the electron-
-positron colliding beam experiments (2). Finally Section 4 concludes the paper.

2. yt+e - W+v,

The corresponding lowest order contributions to process (1) are illustrated in Fig. 1.
In the following, the calculation is performed by neglecting the magnetic and quadrupole
moments of the W-boson. The electromagnetic interaction of the W-boson is assumed

Wip,)  #(g) W(p;)

¥

\
~
eflp;) v(p,) efo,) (o)
(1a) (2b)
Fig. 1. Feynman diagrams contributing to the process (1)

to be pointlike. The interaction Lagrangian which describes the Wv e interaction is assumed
to take the form {7]

Liae = GuW* 9y (1+75)yy+H.C, (3
where the fields W*, y,,, and vy, refer to the W, e and v,, respectively. The quantity Gw
is related to the Fermi coupling constant for the weak vector current, Gy, as follows:

GW = Mwalllzz_lf“, GV = IOQSM;Zs (4)

where My and M, are the W-boson and proton mass, respectively. The scattering ampli-
tudes F, and F, corresponding to the diagrams (1a) and (1b) in Fig. 1, respectively, are
expressed as follows:

- 1
F, = ieGye"(q)9i(ps) {U(Pz) (L+ys)" P )’,,U(Pl)}, (5a)

Fy = ieGye"(q)pi(ps) [5(1?2) {2ps— )8 — Pigi—(ps—q)"gh} x

1 { (Pa—Ds(P3— s
8po— —— g

X m‘ M2 } @ +75)Vou(p1):l > (5b)
3™ —Mw w
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where @,(p,) represents the polarization vecior of the W ansd &* the polarization vector
of the photon. The differential cross-section for the process (1) by an unpolarized photon
on the unpolarized electron target can now bec written in the form

11 d’p, d’p,

___|M i3254 + - _ ] ,
Tom.ge @) 6l 0 (pr+q—p2—P3) 720 2

®

where
Mg = F+ F,.

In Eq. (6) the invariant flux quantity is evaluated in the laboratory frame where p, = 0.
The spin-averaged squared matrix element takes the form

lMﬁ!Z = (eG)zT‘w Z 3”(‘1)8vf(‘1)~ O]

photon spin

After a straightforward calculation on the traces resulting from the sum on the electron,
neutrino and W-boson spins, T,, is expressed in the form

Tuv = a(pSuplv"_p3vp1u)_ﬂguv+yp3yp3v+5p1vplu’ (8)

3§ 4aMi
o= 5 = T,
2M%, S
1 1 17 /3 1
=+ = | T+~ —(=S~M} )/ T— - S}T?
& (SM%V‘LS) 8 (2 "’)/ 25
SZ
=|4M} — ) T?,
! ( v 2M;,,/

5 — aMi, 1
s )
w

The invariants § and T are defined as
S = (P2+P3)2,
T = (p3—q)°~Mjy. )

In Eq. (8), the electron mass m? is neglected everywhere if it appears in nonsingular form.
The phase volume elements in Eq. (8) are Lorentz-invariant quantities. We work in the c.m.
system of the outgoing vW pair by using the formula

where

d’p, d°p; 1 d°P S—My,

= = dSdQ, (10)
2p10 2P30 8 2P, S

where
P = p,+ps,
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dQ = internal angular variable of the outgoing vW pair defined at the rest frame of
the pair.
An integration over d3P and dS is performed in the following way:

Smax ©
d*pP r
BTN dSé*(p,+q—S) = j J d*PS(P* —S)0(P,)o*(p; +q—S)dS =
¢ Smin —®
Smax
= | 3(P*—S)0(Pp)dS = 1. (11)
Smin

An integration over dQ is straightforward. The total cross-section is now expressed in the
form

oGy
S) =
o(S) 32M%,,f(x)’ (12)

where

15 16 8 13 19 33 4

=3+ — =5 ——3 nx+{——+—-—+—=1},

/& <+x x* X3)nx ( 2 x 2x2+x3>
and

Therefore, at high energies when S> Mj, the total cross-section is, of the order

of magnitude
) 3Gy i S 13 13
o ~——lln — — —].
’ 3R2ME\" Mi 6 (13)

3. ett+e s et+W+v,

In the lowest order in e and Gy, there are four Feynman diagrams which contribute
to this process. They are illustrated in Fig. 2. The diagrams (2c) and (2d) in Fig. 2 have the
s-channel photon pole. Therefore, the corresponding scattering amplitudes contain a factor
of 1/s. with s the total energy. Since the total energy s, in this case, should be larger than
the W-boson mass, My, which is probably larger than 2-3 GeV/c? [2], the contributions of
diagrams (2c) and (2d) to the cross-section are expected to be much smaller than those
of the diagrams (2a) and (2b) in Fig. 2. Therefore we ignore their contributions to the
cross-section.

It is not difficult to obtain the exact formulae for the differential cross-section for the
reaction (2) [8). We apply, however, the Weizsicker-Williams approximation for the posi-
tron current, since it allows the entire analytical calculations to be more manageable.
Applying the Weizsdcker-Williams approximation, we replace the positron current by
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Fig. 2. Feynman diagrams contributing to the process (2)
a photon with an {equivalent spectrum}:

a E>+(E-v)* E

-_— " In —

n E? m,

) (14

where E = energy of the incident positron, v = energy loss of the positron or energy of
the {photon}.

These quantities are defined at the rest frame of the electron which emits the outgoing
vW pair. The cross-section for the process (2) is now expressed in the form [9]
a s°+(s—v)? dv

E
do(s) = — —— — In— do (v), (15)
T s v m,

where s = 2m,E+2m? = total energy, v = 2m,v+m? = s-channel invariant in the
{photonP-electron collision.

In Eq. (15), the following relation is used for do (v) which holds in the reference frame
where p; = 0:

S =(q+p)?* = g*+mi4+2my =~ v, (16)
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with g2 — 0 in the spirit of the Weizsacker-Williams approximation. An integration over v
in Eq. (15) is performed over the region

M} Svss. an
Therefore,
) (aG)? | E 2 2+ x? o) 18
o(s) = —. n—J{-—-—-+ —
32xME m,J\x ¢ ¢ o (18)
1

where x = SIME, ¢ = s/M}.

At high energies when s > M3}, the total cross-section is given by the asymptotic formula

) 3(xG)? i E | s \? 35l s "
o(s)  ———In—<{{ln — ) — —In—->.
2o "\ Maz) T e M (19
This equation can also be written as
3(aG)*  E 2EN* 35  2E
olE) ~ —5In—<{{In —] —-—In —>, 20)
8nM,, m, My 12 My

where E is the laboratory energy of the colliding electron. From Eqs (4) and (20), we
obtain, to the order of magnitude

E 2EN* 35 2E
o(E) ~ 10738 In — {(ln —) - —In ——} cm?. (21)

e

Note that the asymptotic formula obtained by Choban [3] on the basis of the unitarity
argument reads

o(E) ~ (E[My)* In® £ (22)
My
Although these leading terms appear likewise in our case in Eq. (18), they cancel out with
each other. Our leading term in Eq. (20) agrees in its form with the asymptotic formula
quoted by Lee and Yang {10} for the neutrino-induced production of W-boson. The
order of magnitude in Eq. (21) is in reasonable agreement with the value obtained by
Berends and West [4].

4. Conclusion

We have calculated the total cross-section for single W-boson preduction in photon-
-electron collisions in the limit m, — 0 (Eq. (12)) and then discussed its asymptotic behav-
iour (Eq. (13)). Using the formula for the total cross-section for single W-boson production
in photon-electron collisions, we obtained the asymptotic formulae for the total cross-



103

-section for single W-boson production in electron-positron colliding beam experiments
(Eqs (20), (21)).

The author would like to thank Professor S. Homma for introducing him to this
problem and for many helpful discussions.
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