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Tice electric dipole moment of tlute A l&yperon h i» been mc;inured to bc
(i A

= ( —3.0 + 7.4 ) x I () ' (' cm.

Searches for electric dipole momerits (EDM's) of
elementary particles have been going on for years.
The observation of a nonzero EDM of tn elementary
particle implies the simultaneous breakdown of P ind
CP symmetries. ' But since these symmetries are
known to be violated, it is not unreasonable to expect
EDM's to exist «t some very tiny level. For the
baryons a dimensional argument estimates the EDM
as e (r ) G»&~'q, where e is the elementary charge, I& )
is the particle size, G»t~'=10 -' is the weak-coupling
constant in dimensionless form, and g characterizes
the CP violation. Taking (, & ) —10 " cm and

q —10 ' gives «n EDM —10 ' e cm. Specific
models usually lead to estim ites smaller than this,
anywhere in the 1.0 —10 " e cm range.

Previous experimental work has included searches
for an EDM of the electron, -' the muon„' the proton, -'

the A hyperon, " and an increasingly precise series of
experimental limits on the EDM of the neutron. '
The most accurate electron and proton results were
obtained from me isurernents on neutral atoms or
molecules, where the acceleration of the charged par-
ticle in in external electric field could be ivoided,
Slow transversely polarized neutrons traveled through
a region with parallel F. hand 8 fields to search for a
shift in the Larmor frequency caused by i d E in-

teraction. The muon and A measurements employed
a different technique. Both were by-products of me i-

surements of the magnetic dipole moment of the par-

ticle, &nd exploited the tact that i pirticle moving in

a transverse m ignetic field is subject to in electric
field in its rest frame.

The data used here were obt tined in the experi-
ment which yielded the precise measurement of the
A magnetic dipole moment. ' Details of the experi-
mental appar itus and the an ilysis of the A spin direc-
tion b ised on me'isured tsymmetries in the dec&y

A pm are discussed in Refs. 7 tnd 8. The mag-
netic dipole moment p, A was obtained from the pre-
cession angle @ of the A spin after passing through a
known uniform magnetic field region. The initi il

configuration of vectors is shown in Fig. 1(a). The
spin is initially perpendicular both to the magnetic
field and the hyperon velocity. As the particle travels
through the magnetic field, the spin precesses due to
the torque p, ~ x 8 is shown in I ig. 1(b).

In the A rest fr ime an effective electric field
.2E =y(V/& ) x 8 appears, where y = E»,/m», c . Let dA

be the electric dipole moment. Then in the notation
of Ref. 6, the equation of motion of the spin in the A

rest frime is

(/S =pAX B +dAX E
dv

where B and E are rest-frame fields, and v is the
proper time. As shown in Fig. 1, the laboratory vec-
tors were B = (0, —8, 0), v = (0, 0, v), S(0)
=(—S0, 0, 0), E=(0, 0, 0). Then B =(0, —y8, 0)
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cause a precession in the yz plane. This precession
creates a component Sy, not otherwise present in the
experiment. Equations (2)—(4) are solved exactly in

Ref. 6, but for the purpose of this analysis the part
proportional to c/in Eq. (4) can be ignored. Integra-
tion then gives

S(o)

()

A
X

Z

(b)

VICi. 1. ('i) Coordin ate system for the description of the
motion of the A hyperon in the extern'il m magnetic field B.
At time t =0, the spin vector S(0) is perpendicular both to
the velocity v;&nd to B. (b) After;& time t tt&e neg;itive
m;ignetic moment h;~s precessed the A spin in the direction
shown by ~n ~ngle $, This cre ~tes ~ spin component ~long

the = direction, which c &n couple through the EDM to the
effective electric field E = y(v/& ) x B to c'&use ~ precession
in the v= pl;~ne. This sm ill v= motion is not shown.

Sy ( t) S()( cosset —1 )
v c/

C p,
(5)

where ru = yeB/», r»c, and cur is the angle Q shown in
I. ig. 1(b).

Data were taken at six different precession angles
/=+153', +119', and +102'. The sign w is changed

by reversing the magnetic field. Equation (5) does
not depend on the sign of $, however, because,
although the electric field E reverses„ the precession
sense due to p, A also reverses, leaving the effect 'due

to the EDM invariant. Half of the data were taken
with the initial spin S~~ as shown in I" ig. 1(a), ;&long
—x, and half with it along +x to reverse the asym-

metry in the A pm decay in space caused by the A

polarization, while leaving asymmetries caused by the
apparatus the same. The signal was S» = (S»+ —S» )/2,
while the sum (S»++S» )/2 was called the "bias."
The A momenta were between 60 and 250 GeV/c,
for which 11/c = 1 to better than 0.02%.

The results are summarized in Table I. Note that
the instrumental biases are all small, and are re-
moved by the subtraction technique. The data at
each precession angle +@ have been averaged over
all hyperon momenta. The weighted average of the
dipole moment ratio is d/p, =+0.0048+0.0116, or an
electric dipole moment not larger than —1% of the
magnetic dipole moment. The definition c/A

= de@/2m»e together with the proton Compton
wavelength )i»=t/m»c =2.10 && 10 '" cm and

p, A
= —0.6138 + 0.0047' give

and E = (yt18/c, 0, 0). Defining the dimensionless
constants p, and d via the relations p, a = (pe/m»c )S
and da= (de/m»c)% where m» is the proton mass,
then gives the following equations of motion for the
components of S:

c/S„p, c 8
c/t I)1p c.

'

c/Sy v c/e8

c/t c' Inp c'

1

c/S,

ping

p,S„+ —c/Sy

(2)

(3)

(4)

Here t is the laboratory time and 8 is the laboratory
magnetic field. The electric dipole moment c/ enters
in Eqs. (3) and (4). The magnetic moment creates i

component S„not present at t 0, which couples
through the EDM to the electric field along x to

c/A=( —3.0+7.4) x 10 "e cm

This represents a number about 2 orders of magni-
tude smaller than the previous result. "

This analysis was stimulated by a summary talk
given by Pakvasa, in which it was noted that the
EDM of the A might be several hundred times larger
th tn that of the neutron. In the quark model both
p, q and c/A depend only on the s quark, and the s-
tnd c/-quark EDM's might be very different.
Ansel'm and Dyakonov " find that the s-quark EDM
is larger than the c/-quark EDM by a factor
»1, cos'ec/»1g, where Hc is the Cabibbo angle. This
factor is about 550 if current quark masses are used.
In that case a value c/A ——1 & 10 "e cm is predict-
ed, The precision of the result reported here falls
short of testing this expectation by about 6 orders of
magnitude.

Can measurements in polarized A beams approach
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I ABLI-.: I. ()bscrvcd p(il«rization component Sy f(ir v;irious precession;inglcs @ AS& i» thc st;i-
tistici) error comm(in to S ind the bi;is. Thc r;itio f//p, is cilcul;itcd from I-:q. (5) using thc p(il;iri-
z«tion Si&=0.085 from Rcf', 8.

I..
'
vent» Bi'is b, Sy

1 582 725
895 496
788 934

+153"
+1)9"
+102

—0.0023
+0.0()65
+0.0023

—0.()16
—().()26
-().019

().()023
!).0032
().()032

—().() 144
+0.()50()
+().()23()

().() ) 4
(),024
0.()32

the required precision" . Certainly not easily. The
present experiment involved the reconstruction- of
some 3 & 10" A pm decays. ft should be difficult
to reconstruct m iny more, ilthough it might be pos-
sible for f ist computition on-line to measure the v

'isymmetry without complete an;ilysis, which might
g;iin;i f ictor of 10 or so. There m iy be i region of
phase space in the production reaction where Sii, the
initi*il A polarization, is appreci ibly l;irger th;in 0.085.
A f'ictor of 2 there is equiv;ilent to i f ictor of 4 in

statistics. The maximum value of I costar —l I in Eq.
(5) is 2, ne;irly the v;ilue in this experiment. Neither
i longer m;ignetic field nor;i larger value of
y = E„/mAc' helps. At first it might seem that it

would be more sensitive to put the initi il spin ind
the m ignetic field p;ir;illel r ither th;in perpendicul'ir,
b0t bec iuse of the coupled motion equ itions this is

not so. Equ ition (5) is 'is sensitive i rel'ition
between;i pol'irization component 'ind iI is is possible
to obtain, Thus it is difficult to see how this tech-
nique could do better than —10 '" e cm.

This experiment w is performed in the Meson L'ib-

or'itory it Vermilab, ind the L'ibor;itory st;iff played i

cruci il role in its success. We wish to th ink our oth-
er colle igues in the hyperon group who helped during
the running 'ind 'in ilysis of the origin'il experiment.
The work w;is supported in p;irt by the U.S. Depart-
ment of Energy ind the N;ition;il Science 1 ound ition.
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