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. MAGNETIC MOMENT OF THE A >f: 

Jared·A. Anderson and FrankS. Crawford, Jr. 

Lawrence Radiation Laboratory 
University of California 

Berkeley, California 

June.19, 1964. 

We have measured the magnetic moment of the A, using 8553 decays 

. A- p'll'- from A produced via the reaction 'll' -p- AK0 in the Alvarez 72.•inc~ 

hydrogen bub?le chamber. The A 1s are almost completely polarized, for all 

production angles (see Fig. 1). Of the 8553 A's, 62.63 a:re produced by 

1030 MeV/c '!1'-.in an average field of 15.5 kG, and 22.90 at 1170 MeV/c in 

17.9 kG. At 17.9 kG the A spin precession is 2. 7 degrees per A mean life i 

for l fJ." { :; 1 •. (The unit is e11/2.m c,. one Bohr nucleon magneton. In these · 
.0.. . p . 

units the neutron has fJ. = -1.91.) We find n 

!J.A = -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 al. 1 firid ·!J. A.= -1.5 ± 0.5. 
. . 2 . 

Kernan et al. find !J.A = 0.0 ± 0.6. Our result is in good agreement with that · 
J 

of Cool et al. It is also consistent with the theoretical prediction of Coleman 

and Glashow,
3 

!J.A = !J.n/2. = -0.95, based on su3 symmetry} 
.. ~ ' 

The equation of motion of ~, the A polarization in the A rest frame, is' 

dP - = ( 1) 
dt 

where H 1 is the magnetic field in the. A frame, t is the A proper time, and 

M = e!J." /m c includes the sign (positive if the magnetic moment is along 
~~ p . ' 

·+P ). We detect the precession of ~ (t) by means of the prece~sion of the 
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decay asymmetry a. A~ ( t) = a. A P (f-L)n( t), where t = 0 at production and 

n(O) = c;. X A)jr·;. X A!; 
lnC lnC 

A' 

· rr. and A are the directions of the incident rr and of the A in the laboratory 1nc 

frame, and f-L is the cosine of the A production angle in the c. m. Because 

Eq. ( 1) is homogeneous in P, the signs of a. A and of P (f-L) 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 

. ( 2.) 

Figure 1 shows a. Ap {f-L), which is obtained from the decay asymmetry by 

. omission of the correlation with the magnetic -field direction. 

convention, a. A P (f-L) is positive for all values of f-L· The decay pions· prefer 

togoalong +n(O} at t=O. 

We now choose a particular coordinate system. The incident rr are 

horizontal. The laboratory field H is approximately uniform and points 

vertically upwa}ds. 

and y = zXx. Then 

We choose Cartesian axes z =iT. , x =vertical {upwards), 
. . lnC 

!: = Hx, with H positive. 6 In ordinary spherical coordinates, 

the x, y, and z components of A are sine coscp, sine· sincp; ,and cos e. The 
~ 

component:of a.A~(t) along A is then 

A 

a.A~(t)·A= -MHa.AP(f-L) '~A cose tcoscp. 
(3) 

= -MH a{f-L) t coscp , 

where H is'the lab field, '~A comes from the Lorentz transformation, and 

a {f-L) =a.AP(f-L) '~A cose is a known function of f-L· The component of a.A~(t). 
. 7 

along n ( O) X A is small and we do not use it. The normalized distribution· 

of· N decay pions in the A rest frame is g~ven by 
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dN = Na(!J.)d!J. (dcj>/2n) f(t)dt (d£/1_.9) [1 - Mf:Ia(!J.)t cos<j> s], (4) 

A 

where g = 1T ·A· a(!J.) df-L is the measured A-production angular distribution_ 
decay ' 

normalized to unity; the production azimuth <j> ranges from 0 to 2n and its 

distribution is observed to be flat, i.e.-; d<j>/2n; f(t) is the observed time 

distribution- -it would be· exp ( -t/ T A) dt/T A for an infinite chamber with no 

cutoff for short times. The values of g range from -0.9 to +1.0. The cutoff 

at g = -0.9 eliminates decays where the decay pion has less than 2-cm range in 

hydrogen. After integr~ting over cj>, we then find the s distribution to be 

ds/1.9, as expected if parity is conserved in the production process.
8 

We. 

obtain M by calculating the average over the events of a(f-L) t cos<j> £. The first 

term in Eq. (4) contributes zero. 9 We ~herefore have \1 
! • 

I 

We.find M= -1.33 ± 0.69X 104 gauss- 1 sec- 1 , which gives f-LA = -1.39 :1: 0.72.
10

•
11 

The sign of f-LA can.be expressed in a manner independent of all sign 

conventions. (and without counting mirro-rs) by the three observations: (a) the 

- il 
1r ·beam in the chamber bends away from the rake markers that extend along 

the inside of the chamber; (b) for A's that dip towards the top glass the decay 

pions prefer to go away from the rake; and (c) for upwards A, the decay pions 

acquire with time a direction component along the +A 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 

average over the data. of (H a cos<j> s), which is proportional to the precession 

. . . 2 2 2 2 
angle. According to Eq. (4) the result should be -MH (a ) (cos· <J>)(s ) t, a 

.. 
linear function of t with slope proportional to -M. Figure 2 shows our result. 

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

proper correlation with the magnetic -field directio~. We calculate (at s) . 
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The result according to Eq. ( 4) should be (a) (t) (s)"- M (a 
2

) (t
2

) H cos~. We 

subtract the (known) first term and plot against cp, folding <!> = 0 to -180 deg 

with 0 to +180 deg. The result is shown in Fig. 3·~ Within the limited 

statistical accuracy, ~he data satisfy the tests • 

We wish to than..'~.( Professor Luis W. Alvarez for his encouragment and 

support. We also thank Lester John Lloyd for his m'a.ny contributi_ons to this 

experiment. 

I 

II 
I 

. · .. 
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FOOTNOTES AND REFERENCES 

:>:: 
Work performed under the auspices of the U. S. Atomic Energy Commission. 

1. R. L. Cool, E. W. Jenkins, T. F. Kycia," D. A. Hill, L. ,Marshall, and 

R. A. Schluter,· Phys. Rev. 12.7, 2.2.2.3 ( 1962.}. 

2.. W. Kernan, T. ·B. Novey, S. D. Warshaw, and A. Wattenberg, Phys. 

Rev. 12 9 , 8 7 0 ( 19 6 3 ) . 

3. · ·s. Coleman and S. L~ Glashow, Phys. Rev. Letters §_, 42.3 ( 1961). 

4. According to M. Nauenberg~ Note on the Electromagnetic Current in. 

SU
3 

Symmetry, (Columbia University preprint), if the baryons are 

composite states of triplets then f-l. A= ( 1 + 1/6q) f-l-n· For quark triplets, 

I 1 
q = -1 3 and fJ. A = '2 f-l-n = - 0. 9 5. For singly charged triplets, q = -1 a,fd 

5 
!.1. = -6 !.1. = -1.59. n n 

Nicola Cabibbo has pointed out to us that present 

calculations based on SU3 must take mA = mn and thus have uncertainties 

of the same order as the fractional mass difference, which is 17 o/o. 

5. Terms in t 2 do not contribute to our final result because they· are. odd in 

cos<!>. Terms in t 3 would lead to a correction of about 1 %. 
i 

6. Our final result (!J.A = -1.39) is based on an analysis that t~es into account 

""' both the inhomogeneity of H and the small components not along x. The· 

simpler analysis described here gives f-l-A = .:.1.33 .. 
. .., ""' 

7. For a: forward A; n( 0} X H is along A. For our sample, the l'aboratory 

angular distribution of the A 1 s is strongly peaked forwards (maximum 

angle _:::::30 deg), and the average component of n(O) X H along n(O) X A is 

- about a fifth of that along A. 

8. Even if there were a parity nonconserving polarization component along 

A at t = 0, i.e., an additional term in Eq. (3}, it'would not affect our 

result for u., because such a term has no correlation with, the m.agnetic 
~ 1.)., 

field and gives no contribution after the average over <1>.· 
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We expect (coscp) = 0 and find 0.0036. We expect (s) = 0.05 and find 

0.0617. Their. product makes the first term negligible. 

10~- The error in (at coscp s) is (((at coscp s)2 ~/N] 1/ 2 .. Equation (5), which 

expresses M in terms of the moments of the distribution, iscompletely 

equivalent to the· method of maximum likelihood, for our case. For a 

. distribution of the form 1 +ax, the likelihood function is 1r. ( 1 +ax..) and· 
. . l l 

the most likely value of a is given by the solution of the equation 

. ~·. x.j ( 1 +ax.} = 0. For j aJ << 1, we expand the de.nominator an~ obtain 
l l l . 

a=~ x./~ x. 2 , which is equivalent to Eq. (5). We are indebted to 
l l . 

Frank T. Solmitz for this observation. 

11. Ave rage values over the 855 3 events (with the brackets· omitted) are i . 
. l ~ . 

t = 2. 748 X 10-10 sec,. t 2 = 14.07 X 10-20 sec 2, cos<j> = 0.0036, cos 2cp = 0.~96, 
. 2 . 
;=o.o617, ; =0.295. 

. . . . 
,I 

- / 

' '• 
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FIGURE CAPTIONS 

1. Decay asymm<?try of A. The curve was calculated from the least 

squares fits to O{fJ.) and v(fJ.) aA .P(fJ.). The value aAP(fJ.) = 0.62 

corresponds to jPJ = 1, according to J. W. Cronin and 0. E. Overseth 

[Phys. Rev. 1.29, 1795 (1963)]. 

' ' 
2. Tin"le dependence of precession-induced decay asym1netry. The number 

·of events in the six histogram intervals are 5441, 2.049, 696, 230, 97, 

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

fJ.A = -1.39, and corresponds to a precession of 3.8° per A mean life for 

H ::: 17.9 kG. The x2 
confidence level is 60 %. 

3. Correlation of prece s sian-induced decay asymmetry with magnetic -field 

'·\: 
direction. We have folded ¢ = 0 to -180 with 0 to +180. The curve 

. corresponds to fJ.l\ = -1.39. 
2 

The X confidence level is 25 o/o • 

'' 
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