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L

W.e have meé.sured the magnetic moment o-f the A, using 8553 decays
A - pr from A produced via the reaction 7 p — AKO in the Alvarez 72-'inc1:1 '
hydrogen bubble chamber. The A's are almost completeiy polarized, for all
| producfion anglés (see Fig. 1), Of the 8553 A's, 6263 are produced by

1030 MeV/c = in an average field of 15,5 kG, and 2290 at 1170 MeV/c in’

L

479 kG. At 17.9 kG the A spin precession is 2,7 degrees per /A mean life |

. for [“AI = ‘17 (The unit is e*n/Zmpc,, one Bohr nucleon nﬁagneton. In‘thgse : ' 

" units the neutron has T -1.91.) We find

pp = -1.39 = 0.72.

Our result can be compared with the two previous measurements, which are
i ' ‘ '
- .in rather poor agreement with each other., Cool et :3.]..1 find Bp = -1,5 = 0.5.

Kernan et al,2 find By = 0.0 = 0.6, Our result is in good agreement with t-:hat:' S
of Cool et al. Itis also consistent with the theoretical pr'édi/étion of Colgm'an

4
3 symmetry, .

'and‘Glasho"w,?’ by = /2 = -0.95, based on SU | R
- The equation of motion of P, ‘the A polarization in the A rest frame, is -

dt _mpc, )\

xg=mMExE, ()

where H' is the magnetic field in the A frame, t is the A proper time, and

M= e,_LA/mpc includes the sign (positive if the magnetic moment is along
'+P ). We detect the precession of P (t) by melans of the precession of the
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decay asymmetry a.AE(t) = G,AP(},L)ﬁ(t), where t=0 at productioh and

. AL
inc X ’

2(0) = (7. xA)/ |7

o ';rinc' and A are the directions of the incident w and of the A in the laboratory .
v'frame, and p is tbe cosine of the A production angle in the c.m, Because -
Eg. (1) is homogeneous in P, the signs of a, and of P(u) are irrelevant,

In our experiment the precession angles are small, We therefore write

the solution of Eq. (1), including only the terms linear in t.5
o, P(t) =a,P(w) [4(0) + MAO) X HYE] . (2)

Figure 41 shows o.AP(p.)_, which is obtained from the. decay asymmetry by
- .omission of the correlation with the magnetic -field direction, By our .sig.n
con\(ention, ‘O'AP(IJ-) is positive for all values of u. The decay pions prefer
to go along +n(0) at t=0, |
We noQ choose a particular coordinate system. The iricidc.ent‘ ™ are o
horizontal. The laboratory field H is approxiz;nately uniform and points |
vertically ubw’axids. We choose Cafr_tes'ia‘.n axes z :%inc; X =vertical (upwards),
and .y =zX%X, Then H=Hzx, with H positive.‘6 In ordinary. s?hei'ical coordinates,
the x, y,. and z components of‘]& .are sine cosd, sine'sin¢;",f,a..nd 'co‘sef 'T-he

component:of aAP(t) aiong A is then

YA cos6 t.cos¢ o

= -MH a(p) t cosd , 

a, P(t)-A= -MH o, P(y) SR

where H is the lab field, Y, comes from the Lorentz transzrmation, ‘and
a () ZQAP(“L) Yp COs6 is a known function of . vThe -componezjlt of G'AE(At)‘ _

~ 7 . . enas
along A(0) X A is small and we do not use it.  The normalized distribution -~

«

- of 'N decay pions in the A rest frame is given by -
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dN = No(u)du (d¢/;w) £(t)dt (dg/4.9) [1 - M‘H_a(g)t‘cescp £l, . (4)

where £ = «A; o) du is the measured A-production angular distribution

decay .
nolrmélized to unity; the produetio:n azimuth ¢ ranges from 0 to 27 and its.
distribution is observed to be flat, i.e., de/2m; £(t) is the observed tirhe

" distribution--it .would.be*exp(—t/TA) d'c/'rA for an infinite chamber with no

cutoff for short times. The values of § ranae from -0.9 to +1.0. The cutoff

at §vn -O 9 ellmmates decays where the decay pion has less than 2-cm range in
hydrogen. After integrating over b, we then find the £ distribution to be

' 'd§/1..9, as expected if parity is eonserved in the production process._8 We: ’

obtain ‘M by calculating the average over the events of a(u)tcos$ §&. The first

1
A

term in Eq. (4) contributes zero.9 We therefore have ' ’ . ’ "Q

M ='-<etcos¢> §>/H (a-2><t2><cesz¢> <§2>. . | 1 | t‘s)

' We:find‘ M=-4.33 % O.69‘X 104 <7aus's"1 sec-i, whlch gives Bp = ~1.39 = O 72 10 11

- The sign of "LA can be e;xpressed in a manner 1ndependent of all sign
. conventions (and without countlng mirrors) by the three observations: (a) the
7 -beam in the elhamber bends away from the rake markers that‘ extend along
the -inside of the chamber;’ (5) for A's that dip towaxfds the top éiass the decey .
\ pions prefer to go away from the rake; }and (c) for upwards.:-‘A, the decay pions
.vauire with time a direvcti.on component along the +.7&_ direction.

Two crucial tests of the reality of the effect can be made. The 'first is
_ that the precession angle must increase linearly with t. We calculate the
averaée over the data of <Hacos¢ §>, which is proportional to thelprecession ,
engle. According to Eq. (4) the result should be -MH? <a.2) <cos'2¢)<§2>t; a
linear function of t with slope proportienal to -M. .Figdfe 2 shows our result,

The second test is that the precession-induced polarization must have the

proper correlation with the magnetic-field direction. We calculate (at§> .



]

}g&m&%

"

fem—

-4- g . UCRL-14504

The result according to Eg. (4) should be (a) (t) (€) - M(az) <t2> H cosp. We

- subtract the (known) first term and plot against ¢, folding ¢=0 to -180 deg . .

with 0 to +180 deg. The result is shown in Fig. 3. Within the limited
statistical accuracy, the data satisfy the tests,

We wish to thank Professor Luis W. Alvarez for his encouragment and

support. We also thank Lester John Lloyd for his miany contributions to this

experiment.
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FOOTNOTES AND REFERENCES

" Work performed under the auspiceé of the U, S. Atomic Energy Commission,

1. R, L. Cool,vE. W. Jenkins, T. F. Kycia,'mD. A. Hill, L. Marshall, anci
| R. A, Schluter,'Phys. Rev. 127, 2223 (1962). '
. "2. W. Kernan, T. B. Novey, S. D. Warshaw, and .A. Wattenberg, Phys_.v
T Rev. 129, 870 (1963). - o

3. . 'S. Coleman and S. L. Glashow, Phys. Rev. Letters 6, 423 (’1961),

4, According to M. Nauenberg, Note on the Electromagnetic Current in
SU3 S‘ymmetr‘y,, (Columbia University preprint), if the baryons are -
composite states of triplets then Hp = (1 + 1/6‘q) e For quark triplets,

q = -1/3 and HAzé B = -0.95. For singly charged triplets, q = -1 éﬁld _

By = % By = -1.59. Nicola Cabibbo has pointed out to us that present
calculafions bésed-on SU3 must take m, =m, and thus have uncertainties
of the same order as the fractional mass difference, which is 17 %.

5. = Tefms in £2 do not contribute to our final result because théy' are.odd in
cosd. Terms in t3 woﬁld lead to é, correctioﬁ of about 1 %.

i , .

6. Our final result:(p.A

= -1,39) is based on an analysis that takes into account
both the inhorhogeneity of H and the small cOmponents not ‘a.l_ong %x. The"

s:.mpler a.nalys:.s described here gives Hp T = -41.33. E
7. | For a forward A, n(O) X H is along A For our samole, the laboratory
angular dlstrlbutlon of the A's is strongly peaked forwards (max1mum
angle.z 30 deg), and the average component of n(0) X a along A(0) X A is
- ébout a fifth of that along A. '
8. . Even if there were a parity nonconserving polarization component along
2\ at t=0, i.e., an additional term in Eq. (3), it'wéuld not affect our

result for A because such a term has no correlation with the magnetic

field and gives no contribution after the average over 6. °
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vfc‘9l. - We expect {cosé) = 0 and find 0.003.6. We expect (£) = 0.05 vand. find
| 0.0617. "i’heir"prodgct makes the first term negligible.
10.';, The error in (atcosé £y is [{{(atcoso §)2>/N] 1/2.. Equétiop (5),_ which
. - ' express'es M in terms of the moments of the distribution, is.completely'
equivalent to the method of maximum l.ikc;,lihood, for our case. FoAr a
“distribution of the form 1 +ax, .the. likelihood f{;nctio‘n is( LA (1 +-axi)' a’.ﬁd E
the most likely value of a is given by the solution of the equation
'E‘i xi/(i +a.xi) =0. For ]al << 1, we expand the dé,no.minator and obtain
a=x xi/Z xiz, .lwhich is equivalent to Eq. (5). We are indebted’tq
f‘rank T. Solmitz for this observatién.
14. Average values over the 8553 events (with the brackets omitted) are

t=2.748 X 1010 sec, 2 20

W
=14,07 X 10720 sec?, cos$ =0.0036, cos’e =0.496,

£=0.0617, £%=0.295.
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FIGURE CAPTIONS
Decay as‘ymm'.etry of A. The curve was calculated from the least
squares fits to d(g) -a.nd o () a, P(u). The value QAP(.U) = Q.62 .
corre‘sponds to IPI = 4, according to J. W, Crvonin and O.A-E. Oversevtl':x |
[Phys. Rev. 429, 1795 (4963)].

Time dependence of precession-induced decay asymmetry. The number

-of events in the six histogram intervals are 5441, 2049, 696, 230, 97,

and 40. The straight line through the origin is the expected result for

.

Bpo = -1.39, and corresponds to a preéession of 3.8° per A mean life for

- H =179 kG. The XZ confidence level is 60%..

Correlation of precession-induced decay asymmetry with magnetic-field

el
i

direction. We have folded $=0 to -180 with 0 to +480. The curve

. corresponds to = -1.39. The ¢ confidence level is 25 %.
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