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I. KINEMATICAL CONSIDERATIONS

1) We consider the reaction

e+D —> edn+p

in the one-photon approximation with the momenta as defined in Fig. 1 in the

lab. system. /
e

Fig, 1

The momentum transfer for the electron is defined by

2 2 2 (1)
q

where © is the scattering angle of the electron.

— g -B =TT
Tn+Tp =q-B=T (2)

where B 1is the deuteron binding energy Tn and Tp are the kinetic

energies of the outgoing nucleons.,
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2) The quasi-elastic peak in the electron spectrum corresponds to a.
choice of q2 and a4 such that one of the outgoing nucleons may have zero
kinetic energy. For a given momentum transfer q2 this is only possible if

qo has a well-defined value given by

2
q +B
4, = é(@;%% (3)

(M = nucleon mass, MD = 2M-B = &euteron mass)-

Using Eq. (1) we see that for a given incident energy the choice of q2 alone
determines both the energy and the scattering angle of the outgoing electron.
In this particular situation TO defined in relation (2) is the maximum

possible kinetic energy of one of the nucleons

q2+B2
T= S - (4)

3) Let us consider the case where, in addition to the angle and energy
of the electron, one of the nucleons is detected in the qﬁési—elaétic situation.

The reaction is entirely specified by three parameters:
- electron parameter q2 (which furnishes both © and k').

- azimuthal angle between the planes (ee') and (np) which plays

no role in unpolarized cross-sections.

- angle between the momentum of one nucleon (for instance, the proton)

and the momentum transfer Erz E;iﬁ.

Let us call this angle K : for given q2 and <§( the kinetic energies of

the emerging nucleons are determined.
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3.

If we choose to consider the angle between the proton and gq we get

(5)

Actually for {qZ{ < 5 fermi™®

T { T g 106 MeV

and to a very good approximation

2 fvT
cos ¢ =-T—p (5')
o
2 Tn
then sin"o{ &< o which means that the angle between the directions of the
o

) o)
two nucleons is ~ 907,

As an illustration let us consider the case

2 2

q =5 fermi

Then To = 106 MeV, Then the protons (neutrons) of energy > 96 MeV are
emitted in a cone of axis 'c? and semi-angle '170 they correspond to neutrons
(protons) of energy ( 10 MeV emitted outside a cone of axis qu' and semi-
angle 730. It then appears clearly that by detecting fast neutrons in a
narrow cone around direction _c? one detects events where the kinetic energy
of the proton is very small., Alternative methods to detect such events may

consist in
i) direct detection of low energy protons in a ring counter

ii) anticoincidence againgt protons emitted in a cone of large angle (?).
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4.

Fig, 2

IT, ESTIMATE OF THIi ACCURACY OF COINCIDENCE EXPERIMENTS

We wish to give a rough estimate of the error in neutron measurements
and in particular to show the advantage one finds in performing coincidence

experinents,

Since we wish only to give a first indication we shall here disregard
alljgomplications.due to spins, A calculation in the realistic case has no
_essential'difficulty but need just some algebra. We shall be glad to look
into this problem if you will, indeed, plan to perform a coincidence experiment.,
In any case the spinless case can give an especially good idea of the problem

of the neutron charge.

The amplitude for (X,)+D - ptn  has the form

V4 X x
A= p + 0 -+ _._o. (6)
T + B T + ? To
p 2 n 2
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where Tp, Tn are the proton and neutron kinetic energies, B the binding
energy of deuteron. c%p, CYn are the amplitudes for (ep) and (en)
scattering, . Finally, CXO represents the sum of all effects in which the D
does not simply behave as a sum of free proton and free neutron, An accurate
estimate of C¥o is not yet available, however, we can say that O(O has the

order of magnitude of (cyp( +-10(11l . Eq. (6) can be represented in the
following graph

A ]
/
N

~p
B

o
5

L o

Fig, 3

We see that the proton and the neutron terms are dominant only in small regions
around Tn ~ 0 and Tp ¢« 03 in the remaining region the proton and neutron
terms are of the same order of magnitude of the unwanted term in C( . Ina
coincidence experiment we wish to select only the interesting reglon, i. e.,
if one wants to see the neutron effect one has to look for very slow protons

and very quick neutrons,

TLet us now estimate the errors in the cross-section., Let us start with

a "no coincidence" experiment

o(+o(+ [(4do(+2°(0(+20/0()1n—+0(:ﬂ

o
ne
il o
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6.

Equation (7f) shows that in a no coincidence experiment the error is of the
order B/TO, ice., ~u 5 %. However, the fact that O(i is much smaller
than 0(’?> - makes the error in the determination of X L very large, Let us
now -consider coincidence experiments picking up protons in the interval E

to E2 (where E

1

1 must be as small as po,ssibl}e»)-. Then we have

2 2 B E2+]§
o =z i —(2 o/ <=
D(E1E2) 5 O{nF(,E1E2) + 5w (2 no(p+2 °<no<o)ln =
o E,+=
172
(8)
B 2 2
— K
+ T o(p+2 0(p°( oF 680/]
BE,
where A= and
S
1 1 B
P(E/E,) o B .32
12 %73
is of the order of 4 if E1 is chosen of the order of -];- .

In 'ovrder to design an experiment to detect the neutron we have to
maximiz__e tfle coefficient of 0(31 and minimize all other terms. So an ideal .

experiment would be with E, = 0 and E2 ~3 - 4B, In this case the

1 .
coefficient of 0(31 would be ~_1, the terms containing O(i yX Y ,0(2

will be completely negligible and the coefficient of the inter:t’ergncg tZrms

with & n will be reduced of a factor 2 - 3 as compared to the no coincidence
case, We note that here the only cause of error is the interference with 4 n*
Since O(n is much smaller than o . this will g;i.ve a great advant-ag—g-a)——

coincidence experiments.,
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7.

ITI. POSSIBLE EXPERIMENTS

1) From the preceding anal&sie we see that an experiment, in which one
wants to get information about neutron electromagnetic structure, must be
planned in such a way that the neutron pole plays a dominant role in the
scattering process. It is obviously necessary to exclude small kinetic energies
of the neutron (Tn >i7 B); this will suppress the square term coming from the
proton pole but the interference terms might still be rather large, though
smaller than in a "classical experiument. It is therefore better to retain
only small kinetic energies of the proton (Tp << 2-3 B, Tn Qﬁ.TO). Then,
formula (8) shows that the interference is considerably reduced., It is important,
however, to have an experimental arrangement which does not reject the events
with very small T ; if, for instance, one excludes the evén{s with

0 << Tp <:1 MeV the cross-section will be lowered by a factor of 2,

We have seen that the laboratory angles of emission of the nucleons
and their energies are related to each other by conservation laws, The situation
we are considering here corresponds to neutrons emitted in a narrow cone of axis
a? with a semi-angle & of the order of B/TO, and protons approximately
distributed isotropically in a plane perpendicular to a? (Fig., 2). Ve
realize that, experimentally, detection of very low energy protons might be very

difficult. Alternative ways of performing the experiments might be:

-
i) detection of fast neutrons in the direction q

ii) anticoincidence against protons emitted is a large angle cone with
axis 'E? If the angle of this cone cannot be made large enough
to satisfy the condition Tp << 2-3 B, the interference terms will
have some importance, but, nevertheless, this experiment is better
han a coincidence experiment with a threshold of detection of

rotons T 1 MeV,
P b
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As a check of the procedure one can study electron-proton scattering
by detecting fast protons in the direction 'ai A comparison of the results
with direct experiments in hydrogen can gi%é some estimate of the importance

of the interference terms.,

2) If the above conditions are fulfilled in one way or the other, one
might ask what angles of scattering of the electron should be chosen for a
given q2 ? We think that the basic problem is to determine as well as possible
the two parameters A(qz) and B(qg) which enter in the differential cross-

section

%em) =atd_€€2j';lott A(q2)+3(q2)tn29/2]_ .

This means that one has to perform measurements for smell and large angles
plus a few (but not too many) intermediate angles., The small angle scattering
will be dominated by the electric neutron form factor (roughly Speaking) and
the large angle scattering can glve a direct measurement of the magnetic part

which might be the easiest one to detect,
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