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The advent of high-energy hyperon beams, the discovery that hyperons pro­
duced by the interaction of high-energy protons are polarized, and the realization 
that this polarization vector can be readily precessed to yield their magnetic mo­
ments, has allowed us to test quark models of the baryons to an astonishing level 
of sophistication. This has all happened in the last dozen years. Let me review 
where these measurements are now and what the future directions might be. 

Overview 

Figure 1 shows the baryon octet and decouplet. Intrinsic to each of these 
particles is an associated magnetic moment. Many of these particles have al­
lowed strong decay modes, making their lifetimes so short that their magnetic 
moments will be widened similar to their mass broadening. Measurement of 
these magnetic moments are far beyond our present experimental reach. 
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Fig. 1. The baryon octet and decoupler 
The I:O decay is electromagnetically dominated, resulting in a short (but still 

well defined) lifetime of 5 x 10-20 seconds. This magnetic moment is also well 

This article is based on an invited talk given by the author at the 8th Interna­
tional Symposium on High Energy Spin Physics, Minneapolis, Minnesota, Sep­
tember 12-17, 1988, and will appear in the proceedings of that symposium and 
as Fermi/ab preprint Conf-89!l9. 
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beyond our reach. That is the discouraging news. The good news is that all of 
those baryon states forbidden to decay via the strong or electromagnetic forces 
have now had their magnetic moments measured. This includes a new measure­
ment of the n- moment, the first and probably only member of the decouplet that 
can be expected to have its magnetic moment measured in the foreseeable future. 
I have circled those that have been measured in Fig. 1. Except for refinements, 
we have gone about as far as we can with the ground state baryons containing 
only u, d, and s quarks. However, the states which include heavier quarks are un­
touched and many have lifetimes that, at least in principle, make them accessible 
to measurement. 

The electromagnetic decay, Lo --; Ao y, is a magnetic dipole transition and has 
associated with it a transition magnetic moment. This transition moment is de­
scribed by the same formalism as the static magnetic moments and amenable to 
the same quark model predictions. It has been measured by the Primakoff 
method. The Primakoff technique can also be used to investigate electromagnetic 
transitions involving excited baryon states, thus gaining insight into their quark 
structure. The measurement of the transition rate L+ (1385) --; L+y is of particular 
interest since it is forbidden in SU3 but allowed in SU6. With present-day hy­
peron beams, a measurement of this rate is feasible and was proposed as part of 
an abandoned Fermilab proposal, P-734. 

Measurement Techniques 

Most hyperons produced at P1 ~ 1 GeV/c by high-energy unpolarized protons 
have polarizations of 10-25%. This has become the standard mechanism to pro­
duce polarized hyperons whose polarization directions have then been rotated by 
a magnetic field. The direction of the polarization vector is detem1ined through 
the parity violating asymmetries of the subsequent weak decay. The sensitivity of 
this measurement is limited by the product aP of the intrinsic weak decay asym­
metry a and the hyperon polarization P. If either of these parameters is small, the 
more challenging becomes the measurement. As they approach zero, the meas­
urement becomes impossible. 

The only other method that has been used to measure hyperon magnetic mo­
ments is through the formation of an "exotic" atom containing a negative hyperon 
captured near rest by a nucleus. X-rays from the exotic atom transitions are de­
tected with high-resolution solid-state detectors, and from the hyperfine splitting, 
the hyperon magnetic moment can be inferred. So far this technique has only 
been applied to the measurement of the I:- magnetic moment. Complications oc­
cur because the captures are usually done in heavy elements, there are significant 
atomic physics corrections, and one is not able to resolve all the transition lines. 
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New Results 

The first attempt to measure the n- magnetic moment using 400-Ge V inci­
dent protons found a value of P = 0.12±0.08. Taking this at face value led to a 
n- magnetic moment of -2.1±1.0 µN. A recent further analysis of the same data 

led the experimenters to conclude that the polarization was not sufficiently dif­
ferent from zero to place a significant constraint on the Q- magnetic moment. 

A new measurement of the Q- magnetic moment was presented at this meet­
ing by the Fermi lab E-756 group. This group attempted to measure the n­
polarization and magnetic moment as was done by Luk et al. (but with 800-Ge V 
incident protons), and found, with higher statistics, that the polarization was 
consistent with zero. However. they were able to modify the apparatus to first 
produce a neutral beam containing polarized Ao and 20 and then targeted them to 
produce Q-. They were able to determine that the produced n- had significant 
polarization. This spin transfer technique has allowed them to obtain a meas­
urement of the n- magnetic moment of -2.0±0.2 µN. This value is preliminary 

and does not contain systematic errors. This was an important demonstration of 
the strength of the spin transfer technique. Further measurements of spin trans­
fer using a variety of projectiles and targets over various kinematic regions 
should be extremely useful to probe the mechanisms of the spin process. 
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I:- Magnetic Moment 

Figure 2 shows the recent history of 
measurements of the :E- magnetic mo­
ment. I have tabulated the magnetic 
moment values starting with the initial 
operation of the Fe1milab hyperon 
beams and apologize to the authors of 
earlier works, but the data is really 
dominated by results from the start of 
this period. Since the last spin confer­
ence the only new result is from the 

,, group working at Brookhaven Na-
" v"' " " tional Laboratory using the exotic 
Fig. 2. :E- magnetic moment atom technique. Note that in Fig. 2, 

two values are given. The later value comes from the same data sample but 
from a more mature analysis and differs only slightly from the earlier version. 
The other points on Fig. 2 come from three Fermilab hyperon-beam experi­
ments. The one with the highest precision represents a combination of measure­
ments at two momenta and two final states (:E- --? nrc- and :E- --? ne-v). The final 
value from the exotic atom measurement differs from it by l .7cr, the agreement 
being reasonable. The weighted mean of these measurements yields a :E- mag-
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netic moment of -1.156±0.014 µN· No new measurements are under way or 

planned to improve on this number. 
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- Magnetic Moment 

Two new measurements of the :=: 
magnetic moment have been pre­
sented at this meeting. Their meas­
ured values are -0.661±0.036 µN and 

-0.64±0.01 µN and they are from Fer­
milab experiments 715 and 756 re­
spectively. Both are preliminary and 
the stated errors are statistical only. 
They are both plotted on Fig. 3 with 
their errors increased to include a sys-

-o.66 +-3--6.--65--6,--6,--66-__,69 tematic error estimated to be the same 
Vear as the statistical error. They are both 

Fig. 3. ::::.- magnetic moment in excellent agreement with the ear-

lier dominant hyperon-beam measurement. The E-715 measurement represents 
the complete data sample from that experiment. However, the E-756 result is 
only part of a considerably larger sample and this is the experiment which is ex­
pected to eventually provide the most precise measurement. The weighted mean 
of these three measurements is -0.651±0.017 µN for the::::.- magnetic moment. 
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The satisfactory status of the L:­

and ::::.- measurements is contrasted 
with the unsatisfactory state of the 
two most precise L:+ measurements. 
They are from Fermilab experiments 
497 and 620 respectively and are 

85 
.. ., shown in Fig. 4. These two nominally 

vear 1 % measurements differ by 3.1 cr, in-
Fig. 4. I:+ magnetic moment dicating one or both of them probably 

has errors larger than the stated ones. This is a well known problem and it has 
been handled by increasing the error so that the mean is 2.419±0.022 µN. Al­
though this discrepancy is not crucial for the confrontation of existing models, it 
may be important in the future. Certainly it is a loose end which should be 
tidied up. 
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Summary 

There are no new results on neutral hyperon magnetic moments or on the r,o 
~ Aoy decay since the last review in this conference series. Table 1 summarizes 
the current status of the baryon magnetic moments. Also tabulated are the cus­
tomary predictions from the simple quark model where we assume as input the 
p, n, and Ao moments. The sign of the r.O ~Ao transition moment is taken from 
the quark model. Then- moment is taken as three times the Ao moment. 

The quark model predictions reproduce all the signs correctly. In magnitude 
the worst disagreement is about 0.25 µN· This agreement makes you feel you 
are on the right track. However, this is far from the complete story as a glance 
at the column showing the deviations in o, or the % difference, will attest. The 
:=:-, with a "'30% deviation, is striking. The quality of the hyperon magnetic mo­
ment measurements has steadily improved and they will continue to be an im­
portant constraint on model builders. 

Table 1 

Baryon Magnetic Moment Quark Model Difference % Dif 

µN µN µN 

p 2.7928444 ± 0.0000011 input 
n -1.91304308 ± 0.00000054 input 
Ao -0.613 ± 0.004 input 
r,+ 2.419 ± 0.022 2.67 -0.251 ± 0.022 11.41 -9.40 
r.- -1.156 ± 0.014 -1.09 -0.066 ± 0.014 4.71 6.06 
r,O~Ao -1.61 ± 0.08 -1.63 0.02±0.08 0.25 -1.23 
30 -1.253 ±0.014 -1.43 0.177±0.014 12.64 -12.38 
~ -0.651 ± 0.017 -0.49 -0.161±0.017 9.47 32.86 
n- -2.0 ± 0.2 -1.84 -0.16±0.20 0.80 8.70 

Figure 5 is a plot of the differences. Here the error on the Ao moment is 
plotted to illustrate the precision of the Ao compared to the others. The larger 
errors on the r,O ~ Ao transition moment and n- moment distinguish them from 
the rest. 

Future Prospects 

In the near future, before the next spin conference, we should expect to see 
final results from E-756 on then- moment and from E-715 on the:=:- moment, 
although they are not expected to change in any major way from the results pre-
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sented at this meeting. The completion of the E-756 ::::- moment analysis using 
their full data sample should make that a definitive measurement. 

In the more distant future, we might expect to see new data on the L+ mag­
netic moment from Fermilab E-761. This experiment will measure hyperon 
radiative decays (L+ ---; py and 2- ---; L-y) in the next Fermi lab fixed-target running 
period. They also expect to collect a large sample of L+ ---; pnO decays from 
which they will be able to extract a measurement of the L+ magnetic moment. 
Hopefully, they will be able to resolve the two present conflicting measurements 
of the L+ magnetic moment. 
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Fig. 5. Comparison with quark model 

This same experiment will also 
attempt to see the rotation of the L+ 

polarization by channeling L+ with a 
bent crystal. The use of such crys­
tals for the deflection of a 800-Ge V 
beam has recently been demon­
strated. This technique has been sug­
gested as a possible way of measur­
ing the magnetic moment of short­
li ved baryons containing heavy 
quarks. 

Members of the Fermilab E-756 
group (renamed E-800) plan to run again to improve the statistics (perhaps by as 
much as a factor of 5-10) of their Q- moment measurement. The time for this 
run has not yet been scheduled. 

Approved programs exist at CERN, Fermilab, and UNK for significant new 
hyperon-beam programs. These are mainly aimed at studying the production of 
heavy quark baryonic states. It is these long-range programs that will continue 
to make the field exciting. 


