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Various exper iments have been carried out 
to measure a possible e lectr ic dipole momen t 
of the electron. The l i t e ra tu re has been summa­
rized by J . Goldemberg and Y. Tor izuka [1] 
who m a d e one of the most recent measurements 
us ing t h e 180° electron sca t t e r ing me thod . 
The theory under ly ing th i s me thod was suggested 
independen t ly by B . Margolis et a l . [2] , and 
G. V. Avakov and K. A. Ter-Mart i rosyan [3 ] , 

The exper iment of Goldemberg and Tor izuka 
was carried out on H e 4 gas a t 41.5 MeV and 
a t a va lue of the m o m e n t u m transfer of q = 
— 0.44 fe rmi" - 1 . This exper iment has now 
been repeated a t t he higher energy of 100 MeV, 
using C 1 2 as a ta rge t ma te r i a l w i th q = 1,000 
fe rmi" 1 . The resul ts ind ica te an upper l imi t 
to the dipole momen t of < 0.9 X 10~ 5 e%lmQc. 
If expressed in t e rms of a length t h e dipole 
moment is less t h a n 3.5 X 1 0 ~ 1 6 e-cm. 

I. I N T R O D U C T I O N 

Many exper iments h a v e been performed to 
detect a possible electr ic d ipole momen t of t h e 
e lectron, t h e exis tence of which would ind ica te 
a breakdown of q u a n t u m e lec t rodynamics . 
The l i t e ra tu re has been summar ized by Goldem­
berg and Tor izuka [ 1 ] , who have a t t emp ted 
a recent measurement of th i s q u a n t i t y . The 
most accura te de t e rmina t ions of t he upper 
l imi t of t he d ipole m o m e n t h a v e been m a d e 
by sca t te r ing electrons from spin zero nucle i , 
the method suggested independen t ly by Mar-
golis et a l . [2] and by Avakov and Ter-Mart i ­
rosyan [3] . The resul t s ob ta ined by th is 
method are shown in T a b l e 1. 

The cross section for t h e sca t t e r ing of elect­
rons from a spin zero nucleus is given by 

* S u p p o r t e d in p a r t b y t h e Office of N a v a l R e s e a r c h 
a n d t h e Ai r F o r c e Office of S c i e n t i f i c R e s e a r c h . 

T a b l e 1 

Upper l i m i t s of the e l e c t r o n ' s e l e c t r i c d ipo le 
m o m e n t , % in un i t s ( e h / m 0 c ) o b t a i n e d by 

e l ec tron s c a t t e r i n g 

a U n c e r t a i n t i e s in t h e s o l i d a n g l e in t h i s e x p e r i m e n t h a v e 
inc reased t h e d i p o l e l i m i t from t h e p u b l i s h e d [ 1 ] v a l u e 
J . Goldemberg 1 , p r i v a t e c o m m u a i l c a t i o n . 

w h e r e o M is t h e Mot t cross sect ion, F (q)2 is 
t he nuclear charge form factor a t m o m e n t u m 
transfer q, 0 is the sca t te r ing angle , and 
a represents t h e in t r ins ic electron dipole 
moment in un i t s (eh/m0c). a 2 m a y in pr inc ip le 
consist of two pa r t s : a 2 (q2) = %2 (q2) + 

4 0 

+ (Li 2P 2 (1 + ~ sin 2 7 j ) , where A,, \i are pos­
sible in t r ins ic electric and magne t i c dipole 
moment s respect ively . I t is imposs ib le to deter­
mine k and \i separa te ly , ([i is qu i t e dis t inct 
from t h e e lec t ron ' s well es tabl ished anomalous 
magne t i c moment . ) The possible dépendance 
of a on the m o m e n t u m transfer was suggested 
by Margolis et a l . [2 ] . 

The expression (1) indica tes t h a t in a t t em­
p t i n g to m e a s u r e a 2 , i t is advan tageous to obser­
ve electron sca t te r ing at 180° where the Mot t 
cross section is a m i n i m u m . A t sca t te r ing 
angles near 180°, t h e cross sect ion may be 
simplified by subs t i t u t i ng in (1) : £ = n — 0 
which gives 
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where y = E0lm0 and M is the mass of the 
nucleus. 

It is apparent tha t measurement of the angu­
lar var ia t ion and magni tude of the cross section 
around 180° enables the nuclear form factor 
and a 2 to be obtained independently. I t should 
be noted tha t the residue of the Mott cross 
section at 180°, due to the finite electron mass, 
is significant in this type of experiment. 
In previous experiments, the target nucleus 
has been H e 4 , which provides the maximum 
amount of charge scattering at incident ener­
gies of order 100 MeV and has the simplest 
s t ructure of the spin zero nuclei. However, 
the experiment may be performed in principle 
with any spin zero nucleus and C 1 2 was chosen, 
mainly for convenience, in the present case. 

The 2nd Born approximat ion to elastic 
electron-charge scattering was originally calcu­
lated by McKjnley and Feshbach [5] whose 
results show tha t this correction to the Mott 
formula varies directly as £ 2 around 180°. 
Thus if the cross section is measured as a fun­
ction of I , no contr ibut ion to the 180° value 
is made by this correction. Goldberg [6] 
has examined 2-photon exchange scattering 
in which the nucleus is in an excited vir tual 
s ta te and concludes tha t any correction appli­
cable to this type of experiment is of the same 
form as, but much smaller than the Coulomb 
correction, provided q M < 1, so tha t this 
also has no effect on the result. 

In principle it would be desirable to obtain 
l imits on a 2 as a function of q. For the preli­
minary experiment, however, the momentum 
transfer was chosen to optimise the stat ist ical 
accuracy in order to set as low a l imit as pos­
sible. If the ra t io (final statist ical error/pos­
sible dipole scattering) is minimised for C 1 2 , 
it is found advantageous to use q ~ 1.0 f e r m i - 1 

which corresponds to an incident electron 
energy of 100 MeV. 

II. E X P E R I M E N T A L C O N S I D E R A T I O N S 

In practice, at exactly 180°, charge scattering 
from the C 1 2 nucleus is non-zero for the fol­
lowing reasons: 

(a) F in i te electron rest mass 
(b) F in i te solid angle 
(c) Mult iple scattering in the target 
(d) F in i te angular and spatial spread of the 

incident beam 
If these effects are taken into account and (2) 

is integrated over a solid angle determined 

by horizontal and vertical spectrometer slits 
subtending angles at the target of 2Ai|> and 
2Ar) respectively, the total cross section obtai­
ned is: 

where ( 0 2 ) B is the mean square angular 
spread of the incident beam and includes 
effects of the finite beam size, and ( 0 2 ) T is the 
mean square mul t ip le scattering angle for 
the total electron pa th wi th in the target. 

As electrons leave the target from the same 
face as they enter, ( 6 2 ) r is not constant but 
may be calculated with sufficient accuracy 
from the measured energy loss of the electrons 
in the target . 

In order to measure a 2 i t is necessary to obser­
ve the cross section as a function of I around 
180°. This determines F2(q2) and enables one 
to subtract the charge scattering contr ibution 
at exactly 180°. However, double scattering 
of the electrons is significant in targets of 
thickness > 0.1 g / c m 2 , so tha t this must also 
be subtracted in practice. A small correction was 
also necessary for the magnetic scattering 
from the 1.1% C 1 2 in natural carbon. 

III. A P P A R A T U S 

180° electron scattering was achieved with 
an apparatus similar in principle to tha t used 
by Goldemberg and Torizuka. This principle 
is i l lustrated in Figure, where scattered elec­
tron trajectories for an infinitely heavy nucleus 
are shown. For finite nuclei, q>/ > cp$, but the 
cylindrical symmetry of the magnetic field 
enables the effective solid angle and scatte­
ring angles to be easily determined for any 
nucleus. Wi th the magnet in its «central» 
position, electrons from the Stanford Mk III 
linear accelerator enter the uniform magnetic 
field radial ly and after being deflected about 
35°, pass out of the field region and through 
the target. Those electrons scattered at —801° 
pass through the field a second t ime and are 

analysed by a vertical 180°, n = g magnetic 

spectrometer of mean orbit radius 72". 
It has already been indicated tha t in order 

to subtract the finite charge scattering at 180°, 

936 



it is necessary to vary the scattering angle 
a few degrees either side of the backward dire­
ction. The most obvious way to do this is to 
/ary the angular position of the spectrometer. 

D i a g r a m of t h e e x p e r i m e n t a l a r r a n g e m e n t of i n c i d e n t 
b e a m , d e f l e c t i n g m a g n e t , t a r g e t a n d s p e c t r o m e t e r . 
1 — « c e n t r a l » m a g n e t p o l e p o s i t i o n for 180° s c a t t e r i n g ; 
2 — d i s p l a c e d m a g n e t p o s i t i o n for s c a t t e r i n g a t ( 1 8 0 ° — £). 

However, if this instrument is to be used 
at its maximum solid angle, the mean electron 
trajectory entering the slits must be along the 
optic axis. Any small deviation from this 
condition severely restricts the available solid 
angle and as the effective target position is well 
away from the spectrometer's centre of rotation, 
only scattering angles very close to 180° can 
be obtained. Goldemberg and Torizuka varied 
the scattering angle by varying the magnetic 
field. This method also suffers from the above 
disadvantage however and scattering is not 
always from the same part of the target. 

Figure indicates how the scattering angle 
was varied in this experiment. A displacement 
of the magnet, vacuum chamber and target 
along the line of the beam at the target, together 
with a slight change in the magnetic field 
enabled the scattering angle to be varied 

to 176° on either side with only a small (easily 
calculated) variation of the solid angle. 

Elastically scattered electrons were detected 
by a 10 channel scintillation ladder mounted 
at the top of the spectrometer. For each scatte­
ring angle and target, 2 or 3 spectrometer set­
tings were used. 

IV. A N A L Y S I S O F T H E DATA 

The contributions to F2 (q2) and a2(q2) were 
obtained for each channel separately by fitting 
a parabola of the form (3) to the counts observed 
as a function of I . After allowing for the over­
lapping of the channels, a radiation correction 
was applied and the charge form factor and 
the apparent cross section at 180° were obtained 
for each run. 

Three target thicknesses were used and the 
results indicated that double scattering of the 
electrons was significant. The statistics obtained 
however were not of sufficient accuracy to per­
mit a useful extrapolation to zero target 
thickness. The effect of the double scattering 
for each target thickness was therefore calcu­
lated and the 180° cross sections were appro­
priately corrected. (Theeffective a 2 due to doub­
le scattering in the 0.607 g/cm2 target was 
estimated to be a \ f f = (0.38 ± 0.08) X 10"9, 
This is consistent with the value obtained 
by a phenomenological least squares fit to the 
3 target data which gives a%ff = (0.59 ± 
± 0.43) X 10-9.) 

T a b l e 2 

Results 

In table 2, the results are shown with the 
double scattering and C 1 2 contributions subtra­
cted. In order to qualify for inclusion in these 
results, each run had to exhibit a reasonable 
X 2 fit of the data to expression (3) and the 
values for F 2 had to be consistent with the 
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accepted value ^0.13 [71. A check on the 
absolute efficiency of the apparatus was made 
by scattering from H 1 . 

(The possibility of experimental negative 
values for a 2 is of course entirely due to stati­
stics and has no physical significance). 

V. C O N C L U S I O N S 

The upper limit of the electron's electric 
dipole moment obtained in this experiment 
is 3.5 X 10~16 cm. 

Greater accuracy would be difficult to obtain 
using C 1 2 , but further work it planned with 
a liquid He4 target with which it should also 
be possible to investigate the dipole moment 
as a function of momentum transfer. 

Establishment of a suitably low limit on the 
dipole moment will enable the apparatus to be 
used to investigate magnetic scattering from 
various nuclei. 
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