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Weak production of L particles near threshold in electron-proton scattering
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Physics Department, Florida International University, Miami, Florida 33199

~Received 25 July 2002; published 20 December 2002!

We obtain differential cross sections for the reactione21p→L1ne , for several incident electron energies
near threshold. We are motivated to examine this reaction because it has been proposed as a possible experi-
ment at the Thomas Jefferson National Accelerator Facility to measure the electron neutrino mass. We choose
electron energies of 194.25 MeV, 195 MeV, 200 MeV, and 205 MeV so that trends in the cross section may be
examined. This calculation is phenomenologically based and makes use ofSU(3) relations, and the form
factors so obtained accurately describeL beta decay and so should be correct in this region. We obtain
contributions of the individual form factors to the differential cross section and show that the axial vector
current form factor increasingly dominates as the electron energy nears threshold. Finally we discuss how the
behavior of the cross section in the near threshold region affects its use as a tool to study the electron neutrino
mass as has recently been proposed.
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I. INTRODUCTION

It has recently been proposed@1# that a measurement b
undertaken at the Thomas Jefferson National Accelerator
cility ~TJNAF! to measure the electron neutrino mass via
reactione21p→ne1L run at near threshold energies. Th
proposed experiment would make use of the polarized e
tron beam capabilities at TJNAF rather than the exact fo
of the differential cross section. Because the quantity
2g5), is a projector only for massless particles, the group
interested in considering the possibility of nonrelativis
neutrinos such that the ratiomn /En approaches 1. In this
regime the (12g5) factor in the weak lepton current allow
contributions from right handed neutrinos and these con
butions become large as the neutrino momentum approa
zero. The group would use both left handed and right han
polarized electrons and look for deviations from expec
results. They would also use right handed electrons so
what above the nonrelativistic neutrino region to provide
handle on their background.

The experiment would make use of a missing mass de
mination at a resolution of less than 100 keV to separate
neutrino events from scattered electron events. The ac
experiment@2# would in effect be an asymmetry measur
ment to measure the difference between the numbe
events initiated by right helicity electrons and those initia
by left helicity electrons, (NR2NL)/(NR1NL). The group
expects about one in two to three hundred events to be r
handed and needs from 5000 to 50 000 events to obtain
equate statistics. They expect to be able to measure or at
set an upper limit on the electron neutrino mass of 1 eV. T
is better than tritium beta decay experiments and com
ments the various oscillation experiments which meas
mass squared differences between different flavors of ne
nos rather than absolute masses. This is discussed at le
in their proposal@2#.

Nonetheless it is still necessary to obtain cross section
this region to determine the feasibility of such an experim
and, as we shall see, the exact behavior of the cross se
in the near threshold region provides serious limits for su
0556-2821/2002/66~11!/117501~4!/$20.00 66 1175
a-
e

c-

1
s

i-
es
d

d
e-
a

r-
e
al

of
d

ht
d-
ast
is
e-
re
ri-
gth

in
t

ion
h

an experiment. WeakL production in electron proton sca
tering has been studied at higher energies@3,4#. However all
of this work has been for electrons in the GeV region a
there are some interesting considerations in the near thr
old region to which this Brief Report is addressed.

In this paper we look at the processe21p→ne1L near
threshold which occurs atE5194.1753 MeV. We choose
energies 205, 200, 195, and 194.25 MeV to provide a rep
sentative set of energies from which trends may be de
mined. We obtain the differential cross sections for the o
going L in the laboratory frame. We also obtain th
contributions to the differential cross sections from the in
vidual form factor forE5195 MeV and discuss what migh
be learned in this energy range. Finally we discuss the p
sibilities for the proposed experiment.

We undertake a calculation as model independent as
sible and make use, where available, of experimental d
along withSU(3) relations. We note that in generalSU(3)
relations are not as accurate asSU(2) relations for predict-
ing baryon form factors. However they work well for hy
peron decays@5–8# which are lowq2 processes and give
results which are consistent with a detailed model calcula
@4,3# for theL reaction at intermediate energy. We thus ma
use of them for the lowq2 process of interest here.

II. MATRIX ELEMENTS

The L process from threshold to intermediate energies
well described by the matrix element

^neLuHwue2p&5
G

A2
sinuCūngl~12g5!ue^LuJl

†~0!up&

~1!

where the weak hadronic current is given by

Jm~0!5Vm~0!2Am~0!. ~2!

HereVm andAm are the vector and axial vector parts of th
weak, strangeness changing, hadronic current. In Eq.~1! the
©2002 The American Physical Society01-1
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hadronic current matrix element is not known and so
write it in terms of form factors using the notation of Re
@3#,

^LuVm
† ~0!up&

5ūf S gmFV~q2!1 i
FM~q2!smnqn

2mp
2FS~q2!

qm

2mp
Dui

~3!

and

^LuAm
† ~0!up&5ūf S gmg5FA~q2!1

qmg5FP~q2!

mp

1
iF E~q2!smnqng5

2mp
Dui ~4!

wherei andf refer to the proton andL hyperon respectively
The six form factors describing the matrix elements given
Eqs.~3! and ~4! contain the structure of the particles. A d
termination of these form factors enables a calculation of
differential cross section to be undertaken.

For the reaction described here with any initial charg
lepton, all terms in the transition matrix element squa
containing eitherFP or FS are also proportional to the lepto
mass squared and are thus highly suppressed for the ca
the electron. We therefore need only determine the form
tors, FV ,FM ,FA and FE . These would, in the case of th
nonstrangeness changing current, be determined bySU(2)
relations. Here however we must useSU(3) relations. These
are well known and the form factors may be written@3# as

Fr
i jk52 i f i jk F̃ r1di jkD̃r ~5!

where we use a tilde to distinguish theSU(3) functions from
the form factors and wherei , j and k refer to the current
octet number, the initial baryon octet number and the fi
baryon octet number respectively. Herer stands for
V,M ,A,E or 1,2, and 3 if an electromagnetic current is d
scribed. For the process under consideration here Eq.~5!
becomes

Fr5
21

A6
~3F̃r1D̃r !. ~6!

Applying Eq. ~5! to the electromagnetic current,Vm
3

1(1/A3)Vm
8 , first to the proton and then to the neutron cas

one obtains @3# D̃V50, F̃V5F1
p , D̃M5 3

2 F2
n , and F̃M

52F2
p2 1

2 F2
n where we have suppressed theq2 dependence

of the form factors. Using these relations and Eq.~6! we can
immediately findFV andFM for our process of interest. W
have previously determined these form factors@3# which are
consistent with hyperon decay data and are given by

Fr~q2!5Fr~0!/~12q2/Mr
2!2 ~7!
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wherer 5V,M ,A,E again. For the vector current form fac
tor, FV(0)51.2247, MV50.98 GeV/c2 and for the weak
magnetism form factor, FM(0)51.793/2mp , M M
50.71 GeV/c2.

The axial vector current form factor may be determin
from L beta decay data via the decayL→p1e21 n̄e . This
reaction has been well studied@9# and from existing data one
finds

FA~0!

FV~0!
50.71860.015. ~8!

From this result we see that the parameters for Eq.~7! with
r 5A are FA(0)5.8793. A dipole mass of MA
51.25 GeV/c2 is consistent with the decay data.

We now need onlyFE . From a theoretical model depen
dent calculation@4# we obtain an estimate for this form facto
given byFE(0)50.705/2mp andME;M M . It will turn out
that the contributions fromFE are highly suppressed and i
fact play no real role in this calculation. We are thus in
position to calculate the differential cross sections.

III. RESULTS AND DISCUSSION

The differential cross section is given by

ds

dV
5

memnG2mfpf uM u2

~2p!2E8umi1E2
EEfcosu

pf
u

~9!

wherepf andEf are here the magnitude of the three mome
tum and the energy of the final stateL respectively. The
quantity uM u2 is easily found from Eq.~1! and is given in
Ref. @3#. We note that there is a maximal angle for the o
goingL which increases as the electron energy increases@3#
and that there is a mild singularity in the differential cro
section@3# at the maximal angle. This is easily removed
the use of a wave packet for the outgoing hyperon as
discussed in Ref.@10#.

Because this mild singularity which is entirely kinema
cal in origin plays an important role in the behavior of th
differential cross sections we give an exact result for
maximal angle of the outgoingL:

sin2~umax!512
2d

mf
2

dme
2E

mf
2p2 1

me
2d

mfp
2 2

2dE

p2 1
d2

mf
2 1

d2

p2

2
me

2d2

2p2mf
2 1

3Ed2

mfp
22

d3E

mf
2p22

d3

mfp
2 1

d4

mf
2p2

1
me

4

4mf
2p2 1

Eme
2

mfp
2 . ~10!

We note that ifE becomes large, most of the terms in E
~10! disappear leading to a limiting value of 57.24 degre
for the maximal angle. As the maximal angle is approach
the denominator in Eq.~9! develops a mild singularity asu
approachesumax. This singularity is easily removed@3# by
1-2
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using a wave packet for the outgoingL. However the de-
nominator does drive up the differential cross section bef
this condition is reached as can be seen in Fig. 1 and as
maximal angle is approached this rise is rapid and subs
tial.

There are two other factors which affect the size of
cross section which must be considered. First, every term
the transition matrix element squared,uM u2 is proportional to
E, the electron energy andn ~which may stand for either the
neutrino energy or momentum! to at least the first power in
each of them. There is a factor of E in the denominator of
differential cross section, Eq.~9!, which cancels at least on
power of E in uM u2 but n is not cancelled. Because E
always at least over 194 MeV, the electron is highly relat
istic and no distinction need be made between the elec
energy and momentum. As the neutrino momentum beco
small all terms inuM u2 will either approach zero or be pro
portional to the neutrino mass and thusuM u2 will become
negligible because the neutrino mass is very small.

Secondly, the form factors inuM u2 are all dipole and fall
rapidly with increasingq2. Thus low values ofq2 yield the
largest form factors but lowq2 implies a large neutrino mo
mentum which also drives upuM u2. Thus in general smal
values ofq2 imply large values foruM u2. Moreover as the
maximal angle for the outgoingL is approached,uq2u falls to
its minimum value.

The final result is that all factors contributing to the d
ferential cross section, i.e., the kinematical rise near
maximal angle, the increase in size of the matrix elemen
En increases, and the rise in the form factors, occur w
uq2u is small. But this is precisely whereEn is large and
therefore highly relativistic. These are exactly the wro
conditions for looking for neutrino helicity effects.

FIG. 1. Differential cross section for reactione21p→L1ne as
a function of outgoingL laboratory angle. The solid, small dashe
and dot dashed curves are for incoming electron energies of
200, and 205 MeV respectively.
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In Fig. 1 we plot the differential cross section for th
outgoingL particle in the laboratory frame for incident ele
tron energies of 195, 200, and 205 MeV. As can be seen,
peaks increase as the electron energy increases. The ma
angle also increases. This is well known@3#. As the electron
energy approaches infinity a limiting maximal angle of 57.
degrees is obtained.

In Fig. 2 we show the same differential cross section
an incoming electron energy of 194.25 MeV. Because thre
old is 194.1753 MeV, this case represents an energy of a
75 keV above threshold. This would still lead to a fair
relativistic neutrino energy but some features become cl
At this point the maximal angle is only .02 degrees and
approaching zero. This has one beneficial effect in that
range ofq2 is not very great and so the difference betwe
the differential cross section for the highest and lowestq2 is
less than an order of magnitude~about a factor of 5! and the
difference between the high and low values of the differen
cross section shrinks as threshold is approached and
maximal angle approaches zero. Thus if a differential cr
section in the range of 10242 to 10243 cm2/sr can be mea-
sured, a meaningful experiment might be possible. We n
that the small maximal angle is not in itself a bar to th
experiment because theL decays to a nucleon and pio
which would be actually observed and for these the an
need not be small.

Finally in Fig. 3 we plot the contributions of the form
factors to the differential cross section. If these contributio
are compared to those of Ref.@3#, it is clear that the axial
vector current contributions have increasing importance
lower energies. This is very interesting and it would be u
ful to observe the differential cross sections directly in the
lower energy ranges. The experimental evidence which
presently have for the magnitude of these form factors

5,

FIG. 2. Differential cross sections for the reactione21p→L
1ne as a function of outgoingL laboratory angle. The inciden
electron energy is 194.25 MeV.
1-3
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from beta decay, and this produces a decay spectrum
experiment at TJNAF or a similar facility would allow thes
form factors to be observed by the use of monoenerg
electrons and would allow a much cleaner determination
FA(0) andFV(0). This would provide more stringent tes
for the SU~3! model used here and for microscopic mode

We note here that the SU~3! model used here is primarily
based on the valence quark arrangement of the proton

FIG. 3. Contributions of the various form factors to the diffe
ential cross section as a function of outgoingL laboratory angle for
an incident electron energy of 195 MeV. The solid, small dash
dashed, and double dashed curves are the contributions of all
factors,FA , FV , andFM , respectively. The curves, except for th
solid one, are obtained by setting all form factors but one at ze
F
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the L particles. However because the form factors it rela
are phenomenological, it certainly includes some sea qu
contributions as well. A recent experiment@11# measured the
strange quark contributions~necessarily sea quarks! to the
proton weak magnetism form factor and found them to
very small. Because contributions from the transition we
magnetism from factor are highly suppressed in our proc
~see Fig. 3! it is unlikely that related sea quark contribution
can be seen in it. We hope to consider such contribution
an asymmetry calculation which we plan for a later pape

To conclude, the reactione21p→L1ne might be suit-
able for a helicity experiment to determine the neutrino m
if cross sections of the order of 10242 cm2/sr can be ob-
served. Magnitudes of this size are not unusual in neutr
experiments but might prove difficult for a facility such a
TJNAF. It is also substantially lower than has been estima
in the proposal for the neutrino experiment@1# discussed
here where 10239 to 10240 cm2/sr has been assumed. Thus
is likely that between 50 000 and 500 000 events might n
to be observed rather than the order of 5000 as origin
proposed. However at slightly greater than threshold ener
experiments might be performed which would allow t
separation of the vector and axial vector contributions to
differential cross sections. Because there would be no
ticular need to examine the case for low neutrino energ
would be possible to work in the region where the cro
section is large, which here would be in the range
10240 cm2/sr or two to three orders of magnitude grea
than would be the case for observing the neutrino mass
noted above, this could provide useful tests of models. T
the process at low energy does have some intrinsic inter
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