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Differential cross sections for the reaction e +' C~v, +' B are obtained for the outgoing nu-

cleus for incoming electron energies of 0.5, 1.5, 3.0, and 6.0 GeV near the maximal angle. A kine-

matic singularity at the maximal angle is investigated and eliminated by the use of a wave packet.

Recently' we have investigated the reaction
e +' C~v, +' B~~, ] and obtained differential cross sec-
tions in terms of the angle of outgoing nucleus. We
found that a kinematical singularity occurred at the max-
imal angle leading to unbounded results. This singularity
was not due to an infrared divergence and was associated
only with the differential cross section for the final state
nucleus, but not with the leptonic differential cross sec-
tions. In this Brief Report we study the singularity and

I

show that it is a simple one which can be eliminated by
using a wave packet for the final state nucleus and that
the results for the differential cross section are essentially
independent of the shape of the packet. We then obtain
new differential cross sections for incident electron ener-
gies of 0.5, 1.5, 3.0, and 6.0 GeV.

From our previous results' we had obtained a
differential cross section of the form

dc'
dQ
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where

M=[6 cos(8, )/&2]u y"(1—y, )u, (' B
I J„(0)I

' C),
and the vector and axial vector currents defined by J„(0)= V„(0)—A „(0)are given by
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' C) = i&2m;ebs&rq g—~grF~(q )/(2m;2m ),
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' C) =&2m;[(„F&(q )+q„g qF (q )/m —Q„q.(Fz(q )/(2m, 2m )],
I

(2)

(3a)

(3b)

with q„=pf„—p;„, Q„=pf„+p;„,and pf„,p, „being the
' B and ' C four momentum, respectively, mf, m;, and
m being the ' 8, ' C, and pion masses, respectively, and

g being the ' B'polarization vector.
I1i

2We had also argued that the form factors F„(q ),
F~(q ), and FE(q ) could be written as

F;(0)
F, (q )=

z 2, i=A, M, E,
(1—q /M, . )

with Fz (0)= l.03, Fst (0)=3.66, and Fz (0)=3.75 and
MA =MM =ME =2.74m 2

From conservation of energy and momentum, the ener-

gy of outgoing nucleus Ef in the laboratory frame may be
written as

pg+ I p, I
cos(8)[rl 4mfp +4p, m—f cos (8)]'

2[p —p, cos(8)]
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FIG. 1. Plot of the differential cross section for the process
e +' C~v, +' B as a function of outgoing ' B laboratory an-

gle. The solid curve is for a wave packet and the dotted curve is

for a plane wave. Curves ( A), (B), (C), and (D) are for E=0.5,
1.5, 3.0, and 6.0 GeV, respectively.

FIG. 3. Plot of the differential cross section for the process
e + ' C~v, + ' B as a function of outgoing ' B laboratory an-

gle for E= 1.5 GeV near the maximum angle for a wave packet.

where p=m;+E, 9=a+2m;E and a=m +mf'+m, '.
From this expression a maximal angle 8 for the outgoing
nucleus can be found and is given by

5
sin(8) = 1—

m;
(6)

to the lowest order in 5, 5 ~& E, m;, where 5=mf —m,
Equation (6) is interesting because it shows that the

maximal angle depends essentially on two terms. For
large mass nuclei for which 5 is small, the first term will

not be very influential. However the 5/E term will be
important for lower energy electrons and indeed, the
maximal angle moves from about 76' for E, =0.5 GeV to
about 85' for E, =6.0 GeV for the reaction being con-
sidered here.

As was previously noted, ' the differential cross section
d u /d Qf, Eq. (1), contains a singular term

1/
I
m;+E [Ef I p, I

co—s(8)/
I pf I ] I

the denominator
of which becomes zero at the maximal angle. We investi-
gate the behavior of this term near the maximal angle, by
writing 8=8f —e where 8f is the maximal angle and e is
an angle which we allow to become small. Then from Eq.
(5), and a similar expression for

I pf, we obtain to the
lowest order in e,

I
~ +E [Ef I p. I

c—os(8)/
I pf I ] I

[p —
I p, I

cos (8f )]2mf sin (28f )

g cos(8f )

The important point here is that the singularity in

1/I m~+E —[E Ip. I
cos(8)/I pf I ] I

is a very mild

one, going as e' . Thus if we more realistically assume a
6nite size for the outgoing nucleus, so that it is described
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FIG. 2. Plot of the differential cross section for the process
e +' C~v, +' B as a function of outgoing ' B laboratory an-

gle for E=0.5 GeV near the maximum angle for a wave packet.

FIG. 4. Plot of the differential cross section for the process
e + ' C~v, + ' B as a function of outgoing ' B laboratory an-

gle for E=3.0 GeV near the maximum angle for a wave packet.
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FIG. 5. Plot of the differential cross section for the process
e +' C~v, +' B as a function of outgoing ' B laboratory an-
gle for E=6.0 GeV near the maximum angle for a wave packet.

FIG. 6. Plot of the differential cross section for the process
e +' C~v, +' B as a function of outgoing ' B laboratory an-

gle for E=3.0 GeV. Curve (A) is the total differential cross
section. Curves (B), (C), and (D) are the contributions from
F, FE, and F„,respectively.

by a packet, then this singularity will clearly be integrat-
ed away. We therefore look at d o'/d QI which is
do /d 0& integrated over a packet

do' i(p& —p/) x do(pI)=A'f f (x)e d x d pI,""f f
so that

d& do(pI }
=JV" X(pIo,pI) d pf"f f

(8)

a -~ ~P-Vp~
3 2 2

X(p«'pI) =
3/2 e

(2m )
(10)

However, we find that the shape does not play an im-
portant role in the result for der/dQ&. In fact because
the singularity is in 8, we are able to perform all the other
integration and treat the 8 integration itself as an
effective Gaussian of the form

—(OI —8) /2h
f g(2 )1/2

In Fig. 1, we show the results for do. /d Qf- for E=0.5,
1.5, 3.0, and 6.0 GeV where we have made use of Eq. (11)
with

(&p )'
8m.&3pI sin(OI }

(12)

We find substantial variations in b, of Eq. (12), e.g., a
factor of 2, are not suSciently large to be visible in Fig. 1.

where JV and JV' are the normalization factors.
We note that if our final state were described by a

plane wave, X would reduce to a delta function and
do/dQI der/d——QI as expected. We note that we ex-

pect the packet X(p~,p&) to be sharply peaked around
0

pfo. For convenience we use a Gaussian wave packet of
th form

We see that the effect of a proper treatment of the nu-
cleus as a packet is to produce a definite maximum below
the maximal angle and cause a fall off as maximal angle is
approached. This is in line with the work of Donnelly,
Kronenberg, and Norum for a similar reaction on the
He~ H system. In Figs. 2, 3, 4, and 5 we show

do

/deaf-

near the maximal angle for the E=0.5, 1.5, 3.0,
and 6.0 GeV cases, respectively. We note that all of the
differential cross sections peak in the 0.3 to 0.2)&10
cm /sr range. Although these numbers are not very
large, they are still several orders of magnitude larger
than some already measured charged current reactions.

Finally in the Fig. 6, we show the contributions from
the individual form factors for E=3.0 GeV. As can be
seen the FM and FE contributions are comparable and
larger than the F„contribution for angles well below the
maximal angle, but as the maximal angle is approached
the contributions from the form factors would become
comparable in size, i.e., 10 ' cm /sr, and by variations
in E and 8 one can get information about the size of these
form factors. As defined q'=m, '+mf —2m;Ef, and Ef
is given by Eq. (5}, so small variations in the incoming
electron energy and outgoing nucleus angle can yield the
same q but different do. /dQf-, hence it is possible in

principle to determine FM, FE, and F~ simultaneously at
a fixed value of q .

We note that although we have discussed only the
' C~' B transition, the singularity is present for all nu-
clear transitions done by this method when the final state
nucleus is examined. The resolution of the problem is ex-
actly as given here for all cases.

Thus we see that if the formidable problems with back-
ground' can be overcome, electron induced weak process-
es in nuclei offer some hope for a systematic study of the
weak hadronic current. Clearly much additional work
including a careful study of background processes
remains to be done.
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