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nd˜µ2D11n reaction and axial vector N-D coupling
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The reactionnd→m2D11n is studied in the region of lowq2 to investigate the effect of deuteron structure
and width of theD resonance on the differential cross section. The results are used to extract the axial vector
N-D couplingC5

A from the experimental data on this reaction. The possibility to determine this coupling from
electroweak interaction experiments with high intensity electron accelerators is discussed.
@S0556-2813~99!01506-X#

PACS number~s!: 25.30.Pt, 25.75.Dw, 14.20.Gk
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I. INTRODUCTION

The study of electromagnetic and weak couplings in
N-D transition amplitude can provide valuable informati
about the hadron structure. For example, the electromagn
couplings in the magnetic dipole (M1) and electric quadru
pole (E2) transition amplitudes, determined from the expe
ments on photoproduction and electroproduction of theD
resonance, are found to be about 30% larger than those c
puted in many theoretical models of hadron structure@1#. To
explain this discrepancy is a challenging task for these m
els. A similar comparison between theoretical and exp
mental values of the various couplings in the weak transit
amplitude has not been made, even though there exists
siderable literature on the study of weakN-D transitions@2#.
However, in a recent paper, Hemmert, Holstein, and Muk
padhyay~HHM! @3#, using the lowq2 data from the Argonne
National Laboratory~ANL ! experiment of Barishet al. @4#
and the Brookhaven National Laboratory~BNL! experiment
of Kitagaki et al. @5# on the reactionnd→m2D11n, have
determined the value of the axial vectorN-D couplingC5

A .
They find that, in the weak sector too, the experimental va
of C5

A is about 30% larger than the theoretical estimates
tained in most of the quark models. This value is, howev
consistent with the value obtained in a calculation that u
the hypothesis of partial conservation of axial curre
~PCAC!, when the experimental value is used for thegDNp

coupling. The underestimation of the electromagnetic a
weak couplings in theN-D transitions may be a manifesta
tion of the large violations ofSU(6) symmetry, while main-
taining the chiral symmetry of the Lagrangian, and nee
further investigation. On the experimental side, a better
termination of these couplings might become available
near future, when the electromagnetic and weak interac
reactions planned to be studied at high intensity electron
celerators are performed@6,7#.

In this paper, we undertake the determination ofC5
A using

the data from the BNL experiment of Kitagakiet al. @5# on
the ratio of the differential cross sections for the inelas
nd→m2D11n and the quasielasticnd→m2pp reactions.

*Permanent address: Physics Department, Aligarh Muslim U
versity, Aligarh, India 202002.
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We also analyze the experimental results from the ANL
periment of Radeckyet al. @8#, which has about three time
more events than the experiment of Barishet al. @4#. In the
inelastic reaction, all the experimental analyses@4,5,8# ex-
clude the region of very lowuq2u, i.e., uq2u<0.1 GeV2. In
this region, the nuclear corrections due to the deuteron ta
have not been calculated. We take into account the effec
deuteron structure in the present work. We also study
effect of the width of theD resonance on the differentia
cross section, and its influence on the determination ofC5

A

using an energy dependentP-wave width for theD. In the
earlier analyses of this reaction@4,5,8#, an energy dependen
S-wave width was used. These effects were not included
the analysis of HHM@3#, which could influence the determi
nation ofC5

A , especially when the lowq2 data is used for the
ratio of the differential cross section of the inelastic react
nd→m2D11n and the quasielastic reactionnd→m2pp.
The analysis presented here brings out in detail the var
uncertainties involved in the extraction ofC5

A from the data,
when extrapolated toq250.

In Sec. II, we calculate the effects of deuteron struct
and width of theD resonance on the differential cross se
tions. We determine the value ofC5

A in Sec. III, where the
possibility of extracting it from electron scattering expe
ments is also discussed. Section IV provides a summar
the results presented in this paper.

II. DIFFERENTIAL CROSS SECTION

A. Differential cross section for np˜µ2D11

The weakN-D transition is described in terms of eigh
form factorsCi

V,A( i 5326), where superscriptsV andA re-
fer to the vector and axial vector form factors, respective
In the standard notation@9–11#, the amplitudeM is written
as

M5
G

A2
cosucl aJa, ~1!

with

l a5ū~k8!ga~12g5!u~k!, ~2!

and
i-
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Ja5A3c̄m~p8!H FC3
V

M
~gmaq”2qmga!

1
C4

V

M2 ~gmaqp82qmp8a!1
C5

V

M2 ~gmaqp2qmpa!Gg5

1
C3

A

M
~gmaq”2qmga!1

C4
A

M2 ~gmaqp82qmp8a!

1C5
Agma1

C6
A

M2 qmqaJ u~p!, ~3!

where M is the nucleon mass;cm(p8) and u(p) are the
Rarita Schwinger and Dirac spinors forD and nucleon of
momentump8 and p; q5p82p5k2k8 is the momentum
transfer. The weak form factorsCi

V( i 5326) are obtained
using the conserved vector current~CVC! hypothesis, which
requiresC6

V50 and relates the remaining three form facto
to the various amplitudes in the photoproduction and elec
production of theD resonance. From the experimental da
on these processes, the following values of the vector fo
factors are obtained, which are used in the analysis of
neutrino scattering experiments@4,5,8,11#:

C5
V50, C4

V52
M

M 8
C3

V , ~4!

with

C3
V~q2!5

2.05

~12q2/0.54 GeV2!2 . ~5!

Here M 8 is the mass ofD resonance. The weak axial form
factorsCi

A( i 5325) are determined by fitting the availab
data on the differential cross sectionds/dq2 in neutrino
scattering, mainly from the deuteron target, in order to m
mize the nuclear corrections. However, these values of
form factors are also compatible with the data on neutr
scattering from nuclear targets@12#. It is to be noted thatC6

A

is not determined from these experiments as it is proportio
to the lepton mass, which is neglected in these analy
Instead, this form factor is determined in terms ofC5

A using
the hypothesis of PCAC. The values of the axial form fact
most often used in the analysis of the neutrino experime
are @4–6,8,10–12#

Ci 53,4,5
A ~q2!5Ci

A~0!F12
aiq

2

bi2q2G S 12
q2

MA
2 D 22

~6!

and

C6
A~q2!5C5

A M2

mp
2 2q2 , ~7!

with C3
A(0)50, C4

A(0)520.3, C5
A(0)51.2, a45a5

521.21, b45b552 GeV2, andMA is treated as a free pa
rameter. For our present purpose, we takeMA51.28 GeV
@5#. Using the matrix element of Eqs.~1!–~3!, the differential
cross section is written as
-

m
e

-
e

o

al
s.

s
ts

d2s

dq2dk80
5

1

128p2

M

M 8

1

~s2M2!2
G2 cos2 ucLabJab

3
G~W!

~W2M 8!21G2~W!/4
, ~8!

with

Lab5kakb81ka8kb2gabkk81 i eabgdkgk8d ~9!

and

Jab5S̄SJa
†Jb , ~10!

where the summation is performed over the hadronic sp
using a spin 3/2 projection operatorPmn given by

Pmn52
p” 81M 8

2M 8
S gmn2

2

3

pm8 pn8

M 82

1
1

3

pm8 gn2pn8gm

M 8
2

1

3
gmgnD . ~11!

In Eq. ~8!, s5(p1k)2, W is theD invariant massW25p82

andG(W) its decay width given by@13#

G5G0

M 8

W

qc.m.
3 ~W!

qc.m.
3 ~M 8!

, ~12!

with G05120 MeV @14# and qc.m.(W) the modulus of the
pion momentum in the rest frame of aD with invariant mass
W; k80 is the muon energy in the laboratory frame.

B. Effect of deuteron structure

When the reaction takes place in deuteron, i.e.,n(k)
1d(p)→m2(k8)1D11(p18)1n(p28), the differential cross
section in the impulse approximation is calculated to be

d2s

dq2dk80
5

1

128p2

Md
2

M 8~s2Md
2!2

G2 cos2 ucLabJab

3E dp28

~2p!3p28
0

G~W!

~W2M 8!21G2~W!/4
f2~ up28u!,

~13!

whereMd is the deuteron mass andf(up28u) is the Fourier
transform of the deuteron radial wave function. This expr
sion is derived assuming the neutron to be spectator,
neglecting meson exchange currents and final state inte
tions. The contribution of these effects on the different
cross sectionds/dq2 has been studied earlier for the case
the quasielastic reaction@15# and found to be small in the
kinematical region considered here. Using Eq.~13!, we cal-
culate the differential cross section for the reactionnd
→m2D11n for various deuteron wave functions corr
sponding to Hulthen@16#, Paris@17#, and Bonn@18# poten-
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tials, and compare them with the differential cross sect
results for the free case, calculated from Eq.~8!.

The results fords/dq2 as a function ofQ252q2 for the
incident neutrino energyEn51.6 GeV are shown in Fig. 1
We see that the deuteron effects are small, not exceeding
even at low Q2, i.e., Q2,0.1 GeV2. This is the region
where they give a large reduction in the quasielastic reac
nd→m2pp @15#. The different behavior of deuteron effec
in these two reactions is due to the nature of the vector
rent contribution. In the inelastic reaction, the vector con
bution vanishes for proton as well as for deuteron target
the limit of Q2→0, and the only contribution is from th
axial vector piece, which is only slightly affected by th
deuteron structure. On the other hand, in the quasielastic
action, while both vector and axial vector currents contrib
for the nucleon case, the vector contribution is complet
suppressed in the deuteron. The only contribution left in
case of deuteron is from the axial vector current with
effective strength, which is strongly reduced due to symm
try considerations of the two nucleons in the final state@15#.
In the range ofQ2.0.1 GeV2 the deuteron effects are foun
to be quite small on the differential cross sectionds/dq2 for
the inelastic reaction. The situation is then similar to the c
of quasielastic reaction@15#, where the deuteron effects a
almost negligible in this region.

We compare the deuteron structure effects in both re
tions by computing the ratioR(Q2) defined as

R~Q2!5
~ds/dq2!~nd→m2D11n!

~ds/dq2!~nd→m2pp!
, ~14!

and plotting it as a function ofQ2. In calculatingR(Q2), we
use the deuteron wave function obtained from Paris po
tial. The differential cross sections for the quasielastic re

FIG. 1. Differential cross section for weak charged current n
trino production ofD on deuteron. In the short-dashed line, de
teron effects are neglected while dotted, long-dashed, and s
lines include these effect using Hulthen, Bonn and Paris deut
wave functions, respectively.
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tion is taken from Singh and Arenhoevel@15# for the case
where meson exchange currents and final state interac
effects are neglected, in order to be consistent with
present calculation for the inelastic reaction. In Fig. 2,
showR(Q2) for the range of lowQ2, where deuteron effects
are known to be important in the case of quasielastic re
tions. We also show in this figure the ratio for the equivale
reactions on the free nucleon, given by

R0~Q2!5
~ds/dq2!~np→m2D11!

~ds/dq2!~nn→m2p!
; ~15!

such a ratio is not directly measurable because of the abs
of neutron targets. We see thatR0(Q2) remains approxi-
mately constant for the range ofQ2 considered here. Fo
values ofQ2,0.05 GeV2, the ratio increases; this is mainl
due to the decrease in the cross sections of the quasiel
reaction. In the region of 0.05,Q2,0.10 GeV2, the com-
parison betweenR and R0 shows that deuteron effects a
always less than 7% according to our calculation. AtQ2

>0.1 GeV2, the region measured experimentally,R(Q2)
'R0(Q2); this implies that one can treat the data onR(Q2)
for Q2>0.1 GeV2 obtained in Ref.@5#, as if they were data
on R0(Q2). This fact will be used in Sec. III A to extract th
couplingC5

A(0).
In the region of very lowQ2, the nonzero muon mass ma

play a role. In order to see its effect, we have evaluated
differential cross sectionds/dq2 from Eq. ~13!, keeping the
muon mass term and the induced pseudoscalar form fa
C6

A(Q2), determined from the PCAC condition and given b
Eq. ~7!. We show our results in Fig. 3 for the case of Pa
wave function. The effect of the nonzero muon mass is
portant in the region of very lowQ2 and is to be noticed in a
fast decrease of the differential cross section asQ2 decreases
and reaches a valueQmin

2 , below which the reaction is kine

-
-
lid
on

FIG. 2. Ratio ofD production and quasielastic reactions diffe
ential cross sections with~solid line! and without~dashed line! deu-
teron effects.
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matically not allowed. In fact, in an earlier analysis of t
Brookhaven experiment@19#, this trend is clearly visible~see
Fig. 11 of Ref.@19#! but, as no cross sections are quoted
this experiment, a direct comparison with our present th
retical results cannot be made.

Finally, to conclude this section on the effect of deuter
structure in the reactionnd→m2D11n, we would like to
elaborate and extend the comments made by Kitagakiet al.
@5# about these effects and state that, atEn51.6 GeV: ~i!
The effects of deuteron structure are small for allQ2, even
for Q2,0.1 GeV2, not exceeding 10%,~ii ! there is an ad-
ditional reduction in the cross sections in the region ofQ2

;0.05 GeV2 due to the nonzero muon mass, which is ab
5%, and could be larger asQ2 decreases further.

C. Effect of the width of D resonance

The analysis of Schreiner and von Hippel@11# uses an
S-wave width for theD resonance, which has also been us
in the ANL and BNL experiments@4,5,8#. The recent pape
of HHM @3#, dealing with theN-D couplings and the extrac
tion of C5

A , uses an expression for the differential cross s
tion at Q250, which neglects the width of theD resonance.
In this situation, it seems worthwhile to examine the effect
the width of theD resonance. Therefore, we study the se
sitivity of the differential cross section for the processnp
→m2D11 to the width of theD resonance and its energ
dependence. In order to do this, we evaluate the differen
cross section given in Eq.~8! with P-wave D resonance
width given in Eq.~12!, S-waveD resonance width given by
@11#

G5G0

qc.m.~W!

qc.m.~M 8!
, ~16!

FIG. 3. Effect of the muon mass on the differential cross sec
for the nd→m2D11n reaction. In the upper line muon mass
neglected while it is considered in the lower one. Both curves
clude deuteron effects using the Paris parametrization of deut
wave function.
-
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and narrow resonance limit, i.e.,G→0, in which the differ-
ential cross section is analytically given by

ds

dq2
5

1

64p

1

~s2M2!2
G2 cos2 ucLabJab, ~17!

obtained from Eq.~8! by integrating overk80 after taking the
limit G0→0.

In Fig. 4, we present the results ofR(Q2) with free
nucleon target for the three cases discussed above. We
here that the inclusion of the width gives a considerable
duction of the cross section, but the detailed form of its e
ergy dependence is not very important when an invari
mass ofW<Wcut51.4 GeV is used. We have also foun
that the uncertainties in the width at the resonance energ
about 10215 MeV @14# do not lead to any substantia
change in the cross section.

III. AXIAL VECTOR N-D COUPLING

A. Neutrino scattering experiments

In this section, we evaluate the value ofC5
A using the data

of Kitagaki et al. @5# on R(Q2), and use it later to describ
the data of Radeckyet al. @8# for the differential cross section
ds/dq2. In the limit Q2→0, the cross sections for the quas
elastic and inelastic reactions, required to evaluateR0(0) are
@20,21#

ds

dq2
~q250!5~FA

21FV
2 !

1

2p
G2 cos2 uc ~18!

and

n

-
on

FIG. 4. Effect ofD width in R(Q2): the solid line corresponds
to aP-wave width, the dash-dotted line to anS-wave width, and the
dashed line to the case of zero width resonance. Deuteron ef
have been neglected in all curves.



-
summa-

3390 PRC 59L. ALVAREZ-RUSO, S. K. SINGH, AND M. J. VICENTE VACAS
TABLE I. The numerical values of axialN-D coupling C5
A in various quark model and empirical ap

proaches. The earlier, prior to 1973, evaluations of these couplings in these approaches have been
rized by Schreiner and von Hippel@11# and Llewellyn Smith@9#.

C5
A

Quark model approaches 0.97@23,24#, 0.83 @25#, 1.17 @2#, 1.06 @26#, 0.87 @3#

Empirical approaches 1.1560.23 @4#, 1.3960.14 @3#, 1.160.2 @31#, 1.2260.06a

aPresent result.
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ds

dq2
~q250!5@C5

A~0!#2
1

24p2
G2 cos2 uc

3As~M1M 8!2~s2M 82!2

~s2M2!M 83

3E
kmin80

kmax80

dk80
G~W!

~W2M 8!21G2~W!/4
, ~19!

respectively;kmin80 andkmax80 are given by

kmin80 5maxS s2Wcut
2

2As
,0D , kmax80 5

s2~M1mp!2

2As
. ~20!

This result depends only on the coupling constantC5
A(0). In

an expansion ofR0 in powers ofQ2, the first term that de-
pends on the axial mass and other couplings is the one
portional toQ2. Thus, data at low enoughQ2 would allow a
model independent extraction ofC5

A(0). The experimental
data of Ref.@5# begin at quite lowQ2 (Q2;0.1 GeV2). In
the region where the first points lie, we obtain an appro
mately constant value forR0(Q2) with the choice of param-
eters given in Eqs.~4!–~7!, as can be seen in Fig. 2; th
behavior remains the same for moderate changes of the
factors. For this reason, we can use a constant value to
trapolate theR0 data toQ250.

Equating the ratio of these two cross sections given
Eqs. ~18! and ~19!, i.e., R0(Q250) to the extrapolated ex
perimental value of 0.5560.05 @22#, obtained as an averag
of the data onR(Q2) for R(Q2)>0.1 GeV2 @5# ~that is, in
the region where we know thatR'R0). We obtain

C5
A51.2260.06. ~21!

Equation~19! could also be used to extractC5
A(0) from data

on the np→m2D11 reaction. However, the uncertaintie
both statistical and related to the neutrino flux, in the exist
data do not allow for a better determination of the coupl
constants. The quoted error comes exclusively from exp
ment. It does not include an estimation of the theoreti
uncertainties implicit in our approximations, such as the
glect of meson exchange currents and final state interacti
that were discussed in Sec. II A.

In Table I, we compare the values of this coupling co
stant with the theoretical values obtained in various mod
With the exception of the quark model treatment of Liuet al.
@2#, all the quark models underestimate the value ofC5

A when
compared to the central values quoted from experime
analyses. On the other hand, it is in good agreement with
o-

i-

rm
x-

n

g

ri-
l
-
s,

-
s.

al
e

prediction of PCAC, which givesC5
A51.1560.01, when the

experimental value ofgDNp528.660.3 @2,3# is used. It is
expected that the various extensions of the quark mo
currently proposed to explain the quadrupole moment ofD,
and theE2/M1 ratio in the photoproduction and electropr
duction of theD resonance will be applied to the problem
explainingC5

A and otherN-D couplings in these models.
Using our value ofC5

A , at Q250, its Q2 behavior and
other form factors as given in Eqs.~4!–~7!, we calculate the
flux averaged differential cross section for the neutrino
ergy spectrum of the Argonne experiment of Radeckyet al.
@8# and show this in Fig. 5. We see that the inclusion
deuteron and mass effects lead to a better description o
data. It is to be emphasized that a small reduction in
differential cross section due to these effects is quite imp
tant in bringing out a good agreement with the experimen
data, especially in the lowq2 region.

B. Electron scattering experiments

It is possible to get information about the axial vect
coupling C5

A from the observation of the parity violatin

FIG. 5. Differential cross section for weak charged current n
trino production ofD on deuteron, averaged over the spectrum
ANL experiment, compared to the experimental results given
Ref. @8#. The solid curve includes both nonzero muon mass a
deuteron effects. The upper dashed curve neglects muon mas
deuteron effects. The lower dashed curve neglects only deut
effects.
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asymmetry in the polarized electron scattering experime
performed in theD region. The feasibility of doing such
experiments was discussed in past by many authors@27#, but
it seems now possible to do these experiments at the
intensity electron accelerators@6,7,28#. In the neutral current
reactione21p→e21D1 with polarized electron the asym
metry A(Q2) is defined as

A~Q2!5
~ds/dq2!~11!2~ds/dq2!~21!

~ds/dq2!~11!1~dsdq2!~21!
, ~22!

where ds(l)/dq2 is the differential cross section for a
electron with helicityl. It has been calculated to be@28#

A~Q2!52
G

2A2pa
uQ2uF ~122 sin2 uW!1~124 sin2 uW!

3
C5

A

C3
V S 11

M 821Q22M2

2M2

C4
A

C5
AD P~Q2,s!G

1nonresonant contribution, ~23!

wherea is the fine structure constant andP(Q2,s) a purely
kinematical factor.

In principle, one can determine the value ofC5
A/C3

V from
the asymmetry measurements by selecting the kinema
where nonresonant contributions are negligible. However
we see from Eq.~23!, the hadronic axial vector current con
tribution containing C5

A is multiplied by a factor (1
24 sin2 uW), which reduces the sensitivity of this term to th
asymmetryA(Q2). This makes the extraction ofC5

A from a
measurement of the asymmetry very difficult. Even in t
favorable kinematical region of 0.5,Ee,1 GeV andQ2

,1.0 GeV2, this term contributes only (10220) %, as em-
phasized by Mukhopadhyayet al. @28#. This requires very
precise measurements ofA(Q2) for a determination ofC5

A

from parity violating asymmetry measurements.
There is also a possibility of observing the charged c

rent reaction e21p→D01n with unpolarized electrons
through the detection of the protons and pions from the
cay of theD resonance@29#. At the incident electron energ
of 4 GeV, the differential cross sectionds/dq2 in the for-
ward direction near Q250 is estimated to be 2
310239 cm2/GeV2. For an incident intensity of about 2
31038 cm2/sec@28# andQ2 bin of 0.05 GeV2, one would
expect 72 events per hour for the production ofD0, assuming
100% efficiency of the detector. One third of theseD ’s will
produce negatively charged pions and protons, which ca
easily observed. Since in the region ofQ2;0, C5

A gives the
dominant contribution, its determination from the we
charged current experiment ofD production seems feasible
Note, however, that in the analysis of this process, a theo
ical study of the nonresonant background is required to
tract the resonant contribution from the data, which wo
lead to further uncertainties. In the case discussed in
III A ( D11 production in deuterium!, the nonresonant back
ts

gh

cs
as

e

-

-

be

t-
x-
d
c.

ground was found to be around 1%, whereas for other
spin channels, it was found to be considerably larger@19#.

C. Pion photoproduction and electroproduction experiments

It is well known that in the threshold region of photopio
and electropion production from the nucleon, the matrix
ement of these processes in the soft pion limit is related w
the nucleonic matrix element of the axial vector current
ing the methods of current algebra and the PCAC. This
lation has been exploited to obtain information about
axial vector form factor of the nucleon@30#. In a similar way,
threshold pion production in the processese21p→e2

1D11p0 andg1p→D111p2 is related, in the soft pion
limit, with the N-D transition matrix element of the axia
vector current. The axial vector transition form factors ca
in principle, be determined from these processes in the li
of soft pions. Such attempts have been made in past and
yield C5

A51.160.2 @31#.
However, in this case, the treatment of higher resonan

and their effective couplings used for evaluating the ma
elements of the time ordered product of the vector and a
vector current operators occurring in the LSZ reduction
volve many approximations, which need further justificatio
Recently, there has been some progress in calculating
contribution of higher resonances to the production of t
pions in the photoproduction and electroproduction p
cesses using effective Lagrangians@32#. It should be possible
to isolate the dominant contributions from higher order re
nances, which are relevant for theDp production in the soft
pion limit. This will help to reduce the theoretical uncertai
ties in the application of the methods of PCAC and curr
algebra to the processes where aD resonance is produced. I
addition, when dealing with theD resonance, its width has t
be properly taken into account as remarked by Bartlet al.
@31#, and also shown by us in the weak charged current p
duction of theD resonance. The analysis of Bartlet al. @31#
uses the older data which suffers from poor statistics. W
the results of a recent experiment proposed at TJNAF@33#
become available in the near future, it will be possible to
precise information about the axial vector couplingC5

A and
its momentum dependence.

IV. SUMMARY AND OUTLOOK

We have calculated the effect of deuteron structure
width of theD resonance in the differential cross section f
the reactionnd→m2D11n and found that these effects a
small, but important in order to explain the experimen
results at lowq2, where they were initially expected to b
important. Furthermore, in the region of very lowq2, the
muon mass, which is usually neglected in the calculatio
also reduces the cross section.

The effect of the width of theD resonance on the cros
section is important and plays a crucial role in bringing o
good agreement with the experimental data. The deta
shape and 10–15 % uncertainty in the width of the resona
does not affect the cross sections very much.

The axial vectorN-D coupling C5
A is extracted from the

BNL data onnd→m2D11n, incorporating the effect of the
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deuteron structure and the width ofD resonance. This value
of C5

A is found to be larger than the values predicted in m
of the quark models and is consistent with the prediction
PCAC and Adler’s model. Finally, we have discussed
possibility of determining this coupling from electron sca
tering experiments, and find that electroproduction and w
charged current ofD resonance are an interesting alternat
to asymmetry measurements in the polarized electropro
tion of D.
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