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quantum theory is almost exclusively kinematical, the
role of dynamics being absorbed in the "stacking"
observable xr"(x'). A more customary form of dynamics

may be recovered within the quantum theory, if among
the conditions used to defme y~(x'), we include that
the space be asymptotically Qat at inGnity.
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A neutron-beam magnetic-resonance experiment has been used to set an upper limit to the neutron
electric dipole moment p, of

~ p,/e ~
(3X10 cm, where e is the charge of the proton. A description of the

experimental method using very slow neutrons is given, as well as an analysis of the data for systematic
eBects.

I. INTRODUCTION
' 'N a preliminary report of the present experiment, '
~ ~ we reviewed previous experimental upper limits for
the electric dipole moment of elementary particles, and
listed some of the theoretical calculations for nucleon
electric dipole moments. The experimental number
which we reported for the neutron electric dipole mo-

ment was xx,/e= (—2&3)&&10 "cm. This was much be-
low the previous upper limit of SX10 ' cm established

by Smith, Purcell, and Ramsey. ' This was in agreement
with an experiment reported at the same time by Shull

and Nathans, ' and with unpublished preliminary ob-
servations by Cohen, I.ipworth, Nathans, Ramsey, and
Silsbee. The magnitude of this experimental result was

below the upper limits calculated from some models,
and comparable to, or larger than, upper limits of other
models. 4 " An upper limit of this size indicates that
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it is unlikely that a maximal time-reversal noninvariant
term is present in the electromagnetic interaction. ""
Since the publication of our earlier paper, we have
continued to collect data and have reduced the system-
atic effect discussed in Ref. 1.

In Sec.II, we review the neutron magnetic-resonance
method as it is applied in our experiment, and point
out the desirability of obtaining a beam of very slow

neutrons. Section III contains a discussion of the
method used to obtain the slow-neutron beam, and a
description of the design of the polarization mirrors
and the magnetic-resonance spectrometer. The experi-
mental results and an analysis of systematic eGects are
presented in Sec. IV.

II. METHOD

The method used in this experiment is very similar to
that of the original experiment on the electric dipole
moment of the neutron by Smith, Purcell, and Ramsey. '
Polarized neutrons pass through a transverse, static
magnetic Geld at each end of which is superimposed an
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oscillating, longltudlna3. , magnetic Geld. Spin-falp tran-
sitions are induced in the neutron beam vrhen the fre-
quency of the applied oscillatory magnetic Geld equals
the average Larmor frequency of the neutrons in the
region bctvteen the tv' rf coils. The resulting change in
polarization of thc beam ls observed by analyzing thc
neutrons so that only those vnth their spins unchanged
Rl'c detected.

A strong electrostatic Geld is applied parallel to the
static magnetic Geld in the region bctvreen the rf coils.
H thc QcutroQ possesses RQ clcctx'lc dipole moment
assoriated vtith its spin, the neutron moments vill
lntcx'act vtMl thc Rppllcd Gclds Rccox'ding to

x= —p '8 p E

vthere p is the magnetic moment Rnd p,, is the electric
moment of the neutron. Upon reversing the direction
of the electric Geld, the resonant frequency vtill change
by

()6p = 2(p„/e) e—hE/h,

vfhcrc 6E ls tlM algebraic diGcrcncc ln thc appllcd
electric Geld in the tvto directions. The negative sign
arises because the magnetic moment of the neutron is
directed opposite to the spin. Thus, the presence of a
posltlvc p,, Would dccrcRsc thc x'csoDRQt frequency, This
frequency shift is observed, at a Gxcd oscillator fre-
quency, Rs R change 1Q neutron countlDg rstc Rccox'ding
to

IIL APPARATUS

An lntcnsc bcanl of slow neutrons ls obtained by
using R bent neutron-conducting tube vt'hose vcloclty
selection and large angular acceptance depend on total

"N. F. Rslnsey, Molsselsr BsuNM (Oxford University Press,I ondon, l956), Chap. V,

where dX/dv. ..is the slope of the resonance as shown
in I"ig. 1. The dipole moment is then given by

II
lI /e=-

2e EE(dX/d p„,)

It is apparent from this expression that the sensitivity
of the experiment increases with the slope dN/dP, .

According to the uncertainty principle, the slope is
proportional to the time vrhich the neutron spends
between 'tile I'f coils. A lllcRslll'c of this 'tllllc ls I/rl,
vrhcrc I. is the separation of the rf coils and

rr = (2kT/III)'Is

is the most probable neutron velocity for c6cctive
temperature T'.'4

The measurement then requires a long apparatus
and slovt neutrons. In addition a strong electric field,
and high neutron intensity and polarization are neces-
sary for achieving good sensitivity.
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FIG. 1.Comparison of an experimental magnetic resonance with
a resonance calculated from the Maxwell-Soltzmann distribution
having the same velocity and polarization. The reduction in size
of the experimental resonance compared to the theoretical reso-
nance is due to the imperfect homogeneity of the uniform mag-
netic Geld. The slope dN/8P ts 444 connts/cps. Deviations I
~pe in the resonance wings are due to the non-Marvell-Boltz-
mann character of the beam distribution.

external reQcctions of neutrons at the inner surface of
the tube. Such neutron-conducting tubes vmrc 6rst
developed by Maier-Leibnitz, '~ but in thc present
experiment such a tube is used to obtain much slovIcr
neutrons than in previous studies. Since the design and
construction of the tube has been described else-
vthcrc, '~'8 only a brief description vtill be given here.

A DqO moderator is located next to the core of the
low-llltcllslty test 1'cactol' (LITR) Rt tllc Oak Rldgc
National Laboratory, as shovrn in Fig. 2. The intensity
of neutrons entering the conducting tube vtas mea-
sured by activation methods to be 1.4&(10"/cms sec
for a reactor povrer of 3.0 M%'. The temperature of
these neutrons, estimated to be of the order of 100'C,
is higher than the 28'C temperature of the moderator,
because of its limited size (13cm diam) and the presence
of nearby Qcutx'OD absorbcx's. Thc 020 ls circulated
through a refrigerated heat exchanger and thereby
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FIG. 2. Sketch of the experimental arrangement of the apparatus.

cooled to 28'C as measured by thermocouples located
on the outside wall of the D20 container. An increase in
intensity of very slow neutrons of 31 j& was obtained by
cooling the 020 from 82 to 28'C. Neutrons enter the
conducting tube through a j.X10 cm Al window, ~, in.
thick. Since natural nickel has a large positive scattering
length (a=10.5X10 "cm), the interior of the tube is
made of highly polished nickel. Neutrons of energy E
which strike the nickel surface will be totally externally
rejected if their grazing angle is smaller than the critical
angle y, de6ned by

where
7,=arcsin. (Eo/E)'~',

Eo= IlsNa/27rm.

(6)

X is the number of nuclei per unit volume and ns is the
neutron mass. " The solid angle of acceptance of a
straight, rectangular, perfectly rejecting tube is given
approximately by'7

re=by, sing, (8)

and is equal to 2x for neutrons with energy below
Eo=2.8X10 ' eV as is expected (i.e., for y, = —,'s).

If the tube is bent with a radius of curvature p so
that neutrons can be transmitted only after making
collisions with the walls, then only low-energy neutrons
will be present at the exit end of the tube. The higher-

+ D. J. Hughes aud M. T. Surgy, Phys. Rev. 81, 498 (1951).

energy thermal neutrons, fission neutrons, and p rays
will not be totally externally rejected from the nickel
walls, and therefore will pass through the nickel and be
captured in the surrounding shielding. The bent section
of the neutron-conducting path located in the beam
hole plug (and thus shielded by Al and water) has a
radius of curvature of 46 m. The fast-neutron and p-ray
Rux leaving this section is within background when
measured at 1% of full reactor power. At full power,
the slow neutrons were calculated' to have a tempera-
ture of 20'K and an intensity of 10' neutrons/sec.

The neutron intensity and velocity are further re-
duced by using a grazing angle of 2' at the polarizing
magnet. At the detector, the intensity is about 8000
neutron/sec with n=130 m/sec, corresponding to a
temperature of about 1.0'K. The velocity was deter-
mined both from the width of the resonance (80 Hz
between the main peak and valley in Fig. 1) and from
the attenuation on passing the neutron beam through
a gas cell containing 'He. The velocity inferred from
the width of resonance was 130 m/sec and the gas cell
gave 125*15m/sec since the thickness of the cell was
not accurately known. "Both determinations assume
the velocity distribution to be Maxwellian.

Those neutrons transmitted by the low-pass filter
enter the polarizer, which consists of a magnetized
mirror made from a cobalt-iron alloy as described by
Hughes and Surgy. "The mirror is placed at an angle



of 2'—4' to the direction of the neutron beam. Varying
this angle provides another means for velocity selection.
The polarization mirrors used for obtaining the data
previously reported' were constructed by brazing
0.025-in. Co-Fe plates to the copper vacuum boxes.
The polarization achieved with that arrangement was
55%. We then constructed new vacuum boxes of non-
magnetic stainless steel with pohshed 0.025-in. Co-Fe
plates that could be inserted. into the magnetic circuit
without being brazed to the vacuum box. This resulted
in an increase in polarization to 68%.'e After polariza-
tion, the neutron spins are rotated so as to be paraHel
to the uniform magnetic 6eld in the spectrometer.

The spectrometer operates at a magnetic field of 9 0
generated by 45 mA of current in each of two opposing
coi1s of some 1500 turns wound lengthwise along the
top and bottom of an Armco iron frame (Fig. 5). The
current supply is stable enough so that no resonance
drifts have been attributable to it."Soft-anodized Al
eIectrostatic plates~ are bonded to quartz stand-oG
insulators which hoM the plates parallel to the magnetic-
pole pieces. The whole assembly is enclosed in a steel
tank which acts both as a magnetic shieM (with a
shielding factor of 40) and as a vacuum chamber to
provide an absorption-free path for the slow neutrons.

The electrostatic field is supplied by two variable
100-kV power supplies of opposite polarities. The 6eld
is reversed by means of compressed-air-powered, oil-
filled switching tanks. As suggested by Rohrbach, 22

helium at a pressure of about 10—3 Torr is introduced
into the system to increase the attainable electric field.
Without the helium, a maximum field of 80 kV/cm
without sparking is atte, inable; however, with helium
this can be made as high as 140 kV/cm.

The oscillating magnetic 6eld is generated by two rf
coils, consisting of 10 turns each of 3-in. -wide copper
ribbon, and operating at 26 kHz with a current of 150
mA, The coils are excited by a stereo amplifier" driven
by a stable frequency synthesizer. "One input signal
to the amplifier is shifted in phase so that the difference
in phase of the signal present at the two rf coils is 90'.'5

The neutrons are detected by a 1&(j.0 cm piece of
6Li-loaded glass scintillator, 1 mrn thick, mounted
inside the vacuum. The scintillations are conveyed, via
a light pipe to a phototube outside the vacuum system.
The pulses are ampliled, pulse-height analyzed, and
redundantly scaled.

IV. RESULTS

Although the preliminary report' did not indicate the
presence of a neutron electric dipole moment, the data"The authors are indebted to R. Nathans for pointing out the
difhculty of magnetically saturating fcc Co-Fe alloy if it is strained.

"North Hills Electronics Model CS153. Stability specifications
are drift &&j.0 ppm of full scale I'150 mA)&10 nA over 100 h."F. Rohrbach, CERN Report No. 64-50, N.P.A. Division,
Meyrin, j.964 (unpublished)."McIntosh Model MC225.

'4 Hewlett Packard Model 5102A.
ss

¹ F. Ramsey and H. 3, Silsbee, Phys. Rev. 84, 506 (1951).
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Fn. 3. Cross section of the ap-
paratus. a, b, and d are Armco
iron portions of the magnetic
circuit. The geometry of the top
and bottom coils is indicated.
The electrostatic plates with
lead-in wire and the quartz
stand-o6 insulators are shown.
The gap between the plates is 1
cm.
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upon which it was based showed a systematic effect
which could not be attributed to a true electric dipole
moment since the effect depended upon the relative
phase of the oscillatory 6elds. A phase reversal changes
the sign of the slope of the neutron resonance" (the
resonance in Fig. 1 was taken with a phase lag of +90'
of the second rf coil with respect to the first). The
apparent dipole moment changed as a result of re-
versing the phase. With 140-m/sec neutrons and
positive slope, the apparent effective dipole length 8+
was equal to —8.14&3.46. The corresponding value
obtained. for the negative slope was 8 =6.74+3.0j..
The units are I0 " cm unless otherwise stated. Half
the difference of these two values is a measure of the
phase-dependent eGect C = —7.44&3.24. The value of
C obtained for the 75 m/sec data was the same within
statistical error. Kith this value of C subtracted from
each of the results, the corrected numbers frere then
analyzed to see if there was an eGect dependent upon
the neutron's velocity. The coeKcient ~—defined below
in Eq. (9)—resulting from an assumed velocity-
dependent effect was found to be (0.092+0.115)X10 's
cm sec, which is zero within its error. Consequently, it
was assumed in the earlier report' that the velocity
dependence could be neglected. With this assumption,
the value for the neutron's electric dipole moment was—1.9~1.9, which we reported with a larger error in
the earlier paper' as p,/s= (—2&3)&&10 " cm due to
the unexplained presence of the term C and to the
uncertainty of the assumption that the velocity-
dependent effect was negligible.

In trying to understand the origin of the term C, we
observed that the spectrometer was not 6rmly anchored
ag.d h|;g.cc subject to slight motions dug to possibly
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I"rG. 4. Typical stability plot. Successive data points are plotted over a period of 24 h. The ordinate on the right shows deviations
from the mean measured in expected standard deviations based on counting statistics only; the ordinate on the left expresses the de-
viation in terms of e8ective frequency shift, in Hz. The circles represent points taken with the electric Geld parallel to H0 and the dots
antiparallel. Brackets indicate points thrown out due to shifts in the resonance or due to momentary breakdown of the electric Geld,
which is indicated by a small letter s.

mechanical vibrations or impulses arising, for example,
from the remote switching of the direction of the electric
Geld. To correct this, lab jacks were installed to Grmly
anchor the apparatus within its vacuum tank. Data
were taken for six days before a four-day reactor shut-
down interrupted the experiment. These data were
taken at a velocity such that the width of the resonance
(defined by the distance in Hz between the maximum
and minimum central loops as in Fig. 1) was 80 Hz,
corresponding roughly to an u of 130 m/sec. These
six days of 80-Hz data result in a value of C of 0.03&1.4
and a value for p,/e of 0.6+1.6. Thus it seems that we
had corrected the defect leading to the systematic
error C.

The procedure used in accumulating data was de-
signed to be self-compensating for such effects as
variation of reactor power and long-term, linear drift
of the magnetic Geld. The effect on the neutron counting
rate due to reactor-power fluctuations was rendered
negligible by referring the counts to a detector which
monitored the reactor's thermal neutron Qux. For added
reliability, the monitor and detector counts were double
scaled. In order to compensate for possible magnetic-
Geld drifts, each datum point, corresponding to approxi-
mately 1-min counting time with the electric Geld

parallel or antiparallel to the static magnetic Geld, was
used twice in computing the dipole moment from Eq.
(4) for a pair of Geld reversals. The error was then
multiplied by D to account for the statistical inter-
dependence introduced in the analysis. When the preset

number of monitor counts had been scaled, an auto-
matic mechanism punched the numbers registered by
the scalers on paper tape and simultaneously provided
a printed record. The electric Geld was then auto-
matically reversed and the counting process reinitiated.

The punched paper tape was computer-compatible
and furnished the input for a program which edited the
raw data by rejecting counts where the Geld failed to
switch, the dual-scaled readings differed by more than

~ standard deviation, or the electric Geld broke down
momentarily during a counting period. The data points
which passed these tests were then analyzed, as men-
tioned in the previous paragraph, to give efII'ective

dipole lengths denoted by 8. These effective dipole
lengths were averaged in groups each consisting of a
single day's data and are listed in Table I with the
standard deviations and the statistically computed
errors expected on the basis of the number of counts
scaled.

Runs 7—22 clearly indicate the presence of an electric-
Geld-dependent eGect. These results were analyzed for
the presence of a C eEect as described above. The
phenomenological analysis assumes that the observed
effect 8~ may be written as

by =Dy +KtIP+4 p

where the & refers to data taken on a positive or
negative slope. D„ is taken to be the contribution due
to the presence of an electric dipole moment of the
neutron; abv is a term depending on angle between the
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ALE I. Mean effective dipoles averaged and grouped by day.
Each run, with the exception ef those vrith statistical errors
&5)&10 "cm, contains from 600 to 1100data points.

1
2
3

5
6

8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Mean
effective
dipole'

0.54—4.26—0.51
0.71
4.68
2.96—17.26—5.36
0.17—2.64—19.97—6.15—6.16—5.87—8.72—22.73—6.69-7.63—10.20-8.33—10.20—997—1.62—3.94—2.87

12023—7.66—10.31
9.46

12.65
0.63

11.73
2.73
9.44
2.06

10.47
4.77

Standard Statistical
deviation~ error

6.00
3.79
3.41
3.97
3.63
3.95

17.84
3.58
4.51
4.29
4.96
5.70

18.08
12.25
4.15
5.73
3.19
3.58
2.59
2.32
3.00
5.91
5.57
4.91
5.39
6.51
5.26

11.18
3.36
2.94
3.24
2.88
3.22
2.83
3.19
3.02
2.89

4.15
2.35
2.13
2.33
2.78
2.45
9.98
1.83
2.25
2.22
2.44
2.97

11.25
6.39
2.37
3.66
2.44
2.18
1.64
1.72
2.41
4 54

4.51
4.72
5.20
4 47

10,95
2.94
2.49
2.97
2.61
2.78
2.42
2.58
2.45
2.67

Bv PHzg

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80

106
106
106
106
106
106—72b

72—72—72—72—72—72—72
-72

Slope

Units are in j,0 ~ cm.
&The minus sign indicates that the spectrometer was reversed with

respect to the neutron direction, thus changing the sign of the effective
velocity of neutrons.

electric and magnetic Gelds which will be discussed
below.

If the effective dipole lengths 8 listed in Table I are
now analyzed according to the above prescription, the
term C appears to change from day to day as seen from
Table II. A value for C was calculated from each suc-
cessive reversal of the phase, so some of the values for
C are repeated in the table. The error irL d=a„+tv is
the rms error of the error in C and the error in 8 from
Table I.

It is evident by inspection of Table II that the mean
value of the effective dipole is diGerent for the be=80
Hz and b~= —72 Hz cases. Here bv is the frequency
difference between the principal peak and valley of the
resonance (see Fig. 1) and is a measure of the neutron
velocity. After acquiring the be=80 Hz data, the
direction of the spectrometer with respect to the neutron
velocity was reversed, thus changing the sign of the
effective velocity. The be= —72 Hz data were obtained
in this manner. A physical explanation for the change in

Tzsrx II. Apparent dipoles averaged by day with the 4 effect
(see text) removed. The errors are discussed in the text.

Run d =D„+k8va d error' C'

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

1.06—2.66—2.11
2.70
3.82
3.82—14.26—2.36—2.82—11.31—13.06—7.46—/.47
7o17—7.41—14.71—7.16—8.91—9.26—9.24—9.29—9.05—2.7&—3.41—7.55—10.18—9.71—12.35

11.06
6.64
6.18
7.23
6.08
5.75
6.27
7.62
7.62

6.34
4.31
3.98
4.79
4.51
4.77

18.06
4.58
5.34
5.40
6.23
6.55

18.37
12.67
5.26
6.60
3.99
4.20
3.12
2.92
3.48
6.17
6./0
5.56
6.85
7.66
6.63

11.89
4.03
3.66
3.89
3.82
3.86
3.S4
3.87
3.68
3.57

—1.61—1.61—1.61
1.98
0.86
0.86
3.00
3.00
3.00
8.66
6.91
1.31
1.31
1.31
1.31
8.02
0.47—1.29—0.94—0.91—0.91—0.91
1.16
0.53
4.68
2.04
2.04
2.04—1.60—6.01—5.55—4.50—3.36—3.69—4.21—2.85—2.85

C error'

2.06
2.06
2.06
2.69
2.68
2.68
2.86
2.86
2.86
3.28
3.78
3.24
3.24
3.24
3.24
3.28
2.40
2.21
1.74
1.77
1.77
1.77
3.72
3.65
4.23
4.03
4.03
4.03
2.23
2.19
2.17
2.16
2.14
2.13
2.20
2.09
2.09

bv tHzj
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80

106
106
106
106
106
106

72b
—72—72—72—72—72—72—72—72

Units are in 10~ cm.
b The minus sign indicates that the spectrometer was reversed with

respect to the neutron direction, thus changing the sign of the effective
velocity of neutrons.

B&=HP&IIfi Sln8. (j2)

The difference upon reversing the electric field will then
be

lid„= 29',ff sin8. (13)

the appa, rent dipole in the. two cases wouM be the
presence of a nonzero angle between the electric and
magnetic fields.

From classical electromagnetic theory, the effective
magnetic fieM H, ff in a frame of reference moving with
a particle at velocity v through an electric Geld I is

H.gg
= —(v/c) XE. (to)

If we assume that the neutrons move perpendicular to
I, the magnitude of the effective Gel.d in gauss will be

H, ((——(v/c) EXN'/c, (11)

where E is measured in V/cm and c is the ve1ocity of
light in cm/sec. H 8 is the angle between the static
magnetic Geld IIO and the applied electric Geld, the
magnitude of the resultant of Il,ff and. IIO will be given
to Grst order a,s
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Thus the resonant frequency will shift by an amount

where y is the gyromagnetic ratio of the neutron in
Hz/G. An apparent electric dipole moment of mag-
nitude

Ap@ h
DQ— (15)

hE 2e

mill then be present. This expression may be rewritten
as

D&———,'X,g(m, /u„) (~/c) s~e/300, (16)

where X, is the brompton wavelength of the electron,
g is the g factor of the neutron, and iV,/M'~ is the
electron-proton mass ratio. Substituting the appro-
priate values in Eq. (16) results in

a~=0.73+10 ~4m sin8 cm, (17)

where s is measured in m/sec. Thus the ~ of Eq (9).
ls glveI1 appl'oxlIllately by (assum1ng a Maxwell-
Boltzmann neutron spectrum)

II=0."I3X10 24 sin8Xxa(gm)1/0. 464
= 1.57X10 "sin8 cm sec, (18)

where the conversion factors convert the average veloc-
ity of a beam to the most probable velocity o. and then
COQvcrt A to thc rcsoQRQcc width as R function of I
the separation between the rf coils."'6

Thus for R width 8v of about 80 Hz, if the CGective
angle between the electric and magnetic Gelds were of
the order of 1', we would measure an apparent dipole
length p, ,/e of magnitude 2 X10 "cm.

If the numbers presented in Table II are fitted in a
least-squares manner~6 to the straight line

(19)d=D„+zbI,

the slope of the line x and the intercept D„together with
their errors are

~= (—0.097+0.011)X10 ~ cm sec,
D,= (0.02+0.85) X10-"cm.

The first six days of data are not included to obtain
the above results for D„and ~ since they seem to indicate
that there was a change in the characteristics of the
apparatus in the four days between runs 6 Rnd 7.
However, the instabilities in the remainder of the data
seem to be of the order of the change between the first
six runs and the next 16 runs, so this separation may
well be arti6cial. If the 6rst six days are included in
the above analysis, the result is

~= (—0.084&0.010)X10 "cm sec,
D„= (1.05&0.81)X10 "cm.

(21)

The differences between results (20) and (21) are
within their respective errors, so the question is not
strictly settled. The value of e, where e is a measure of

the 6t of the data, 2' is lower for Eq. (20) than for Eq.
(21) indicating that the data used in Eq. (20) result in
a better 6t to Eq. (19).This anomaly, along with the
variation of the rest of the data, seems to indicate that
thc instabilities of thc apparatus limit its sensitivity
to a small number times 10 ~ cm.

From Eq. (18), the value of a in Eq. (21) implies
that the CGective angle between the electric and mag-
netic Gelds is about O'. Since the electrostatic plates
and magnetic-pole pieces were parallel to within ~'~ of
j.', the large efkctive angle of 4' is probably due to a
residual component of Bo tangential to the pole pieces.

Other methods of reducing the data were also em-

ployed. For example, we plotted the raw data as a
function of time, and arbitrarily discarded data near
points where electric-field breakdown occurred as mell

as points showing sudden jumps in the counting rate,
and large magnetic drifts over periods less than 20 min.
Figure 4 shows a typical plot. Another method was to
break the data into arbitrary groups of 100 data points
each instead of the equally arbitrary division into days
wherein 600—1000 data points were involved.

Each of these methods of analysis resulted in numbers
not signi6cantly different from the results in Eqs. (20)
and (21). If the value for p,./e given by Eq. (20)
and the prehminary result' (—1.9&1.9) are weighted
according to their errors and averaged, the value ob-
tained ls

p,/e= (—0.3+0.8) X10 "cm. (22)

However, 1Q view of thc Quctuatlons RppRlcnt above
and in Table I, we believe that this experiment has set
a limit on the magnitude of the electric dipole moment
of the neutron of

(p,/e( &3X10-"cm. (23)

An apparatus, with an electric-field region three
times as long as the one described above, has been
installed at the slow polarized neutron facility described
in Sec. III. The magnetic field in this Qew spectrometer
is excited by permanent magnets, so that the instabili-
ties noted above should be reduced. It is anticipated
that the error wiH be reduced by at least a factor of 5.
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