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Experiments With Polarized Targets

Geoffrey Fox

California Institute of Technology

Three topics were discussed:
(1) The analysis of simple meson-baryon scattering: 0-1/2% + 0~1/2%
(2) Polarization in 2 - 3 processes and, more generally, 2 - N processes
(3) Polarized beams.

Item (3) is covered in great detail in a separate paper by E. L.
Berger and G. C. Fox published elsewhere in this proceedings. Items (1)
and (2) are written up in "Past Lessons and Future Dreams From Polarization
Data in High Energy Physics", by G. C. Fox - Caltech preprint CALT-68-334
and to be published in proceedings of the 1971 Polarization Conference at
Berkeley. Here we will just summarize (1) and (2) - the reader is referred

to the Tatter paper for further details and references.

(1) Meson Baryon Scattering

In this section, we emphasized the importance of determining indivi-
dual amplitudes rather than do/dt - the sum of their squares. We con-
sidered a few explicit reactions, Tisted below, and tried to find
which particular polarization, R and A measurements would best eluci-
date the underlying amplitudes.

mN elastic and =N charge exchange,

KLp -+ Ksp,

N > nNs
mp > Kzt (1)

K'p + pk*, K*n = k*p (K°p » K'n).
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Berkeley. Here we will just summarize (1) and (2) - the reader is referred

to the latter paper for further details and references.

(1) Meson Baryon Scattering

In this section, we emphasized the importance of determining indivi-
dual amplitudes rather than do/dt - the sum of their squares. We con-
sidered a few explicit reactions, Visted below, and tried to find
which particular polarization, R and A measurements would best eluci-
date the underlying amplitudes.

7N elastic and wN charge exchange,

KLP > Ksp,

7N - nN,
w+p > K+E+, (1)

.
K+p > pkt, K > k°p (K°p + K'n).
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The SU3 related reactions Kfp-+ Kgp and 7"p > 7°n are so well studied
that it is possible to determine (with some assumptions) their amplitudes
without the benefit of R and A measurements. Figure 1 shows the breakup of
Kﬁp » Kp do/dt into the contributions of its constituent amplitudes. The
t dependence of the amplitudes is clearly much richer than the sum of their
squares -- do/dt. Further, no current theory can explain all these t-depen-
dences: thus, Tetting N = nonflip, F = Spin flip, Regge pole theory agrees
with ReF and ImF only - the absorption model with ImN and ImF only. However,
both models can fit do/dt ..... This demonstrates the greater insight
possible if amplitudes are known.

In 7N elastic scattering and mp charge exchange (CEX), a complete set
of experiments exists around 5 GeV/c for |t] less than .7(GeV/c)2 and so
the 7 independent observables in this system can be determined. The measure-
ments that have been done are do/dt, P, and R(A) for n'p and "p elastic
scattering and do/dt and P for = p CEX.

Well determined amplitudes are the imaginary part of the It=0 non-flip
amplitude, which is dominated by the Pomeron, and the real part of the
I:=1 spin flip (F) amplitude, which corresponds to p exchange. Amp1litudes
which are badly determined by the current data are ReN(p) and ImF(It=0).

By simulating experiments with reduced errors, it is possible to determine
which experiments givethe most information about the badly determined
amplitudes. The results of this study are that ReN(e) would be well deter-
mined if R and A were measured for CEX with the same errors as for the

current R_* and A = measurements. These experiments are presumably techni-

cally impossible. However, ReN(p) would also be well determined if R ,




1074

and R7T+ were remeasured to +.03 which is around 1/3 the current errors.
Just redoing Rﬂ_ alone to *.03 or redoing PTr+ and PW_ more accurately would
not help. These results are shown in Figure 2. A similar analysis shows
that measurements of RW+ and Rﬂ_ to +.03 will also determine ImF(It=0)
reasonably.

This type of computer experiment should be part of the planning of
any experiment in this field because it is crucial to know what statistics
you need to have before you learn anything new.

An important point is that at smaller t values, |t| < .5 (Gev/c)z,
one can guess what ReN(p) is by looking at KPp > K&p (cf. Figure 1), and
sO these experiments are only interesting if they go to larger t, say up to
Ilt] = 1.0 (GeV/c)2 or if they can determine the energy dependence of the
amplitudes.

The best reactions to study are =N - K(x, o), KN - (%, A) because
here you can do the R and A measurements “free" as the hyperon analyzes its
own polarization. This gives you the K* and K** exchanges, about which we
know essentially nothing. Computer experiments for this reaction show you
only need to measure R and A to +.2 to determine the hypercharge exchange
amplitudes to greater accuracy than the wN amplitudes would be found by the
R measurements to +0.03, discussed earlier,

The other reactions listed in equation (1) are also interesting. For
instance Tittle is known about A, exchange. More data on polarization in
TP > nN is needed especially near t = -.Z(GeV/c)z. Thus in this region the
polarization measurement gives information on the zero structure of ReN(Ag)

for [t] < .2(GeV/c)? if one makes the uncontroversial assumption that
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= = - 2 . .
and R_, were remeasured to *.03 which is around 1/3 the current errors. ImN(Az) Oatt .2(GeV/c)“. The current data -- which has large statis-

Just redoing Rﬂ- alone to .02 or redoing Pﬂ+ and Pﬂ_ nore accurately would tical errors -- is positive. Theoretically one expects a negative value.

not help. These results are shown.in Figure 2. A similar analysis shows (2) Polarization in Inelastic 2 + 3 Reactions

that measurements of R + and R _ to .03 will also determine ImF(I;=0) Motivations for doing polarization experiments in inelastic processes

reasonably. are (a) to look for the Z*; (b) to try to understand the N*(1400) and related

This type of computer experiment should be part of the planning of Deck enhancements, and (c) study of polarization in quasi two-body processes.

any experiment in this field because it is crucial to know what statistics (a) Quest For The Holy Grail

you need to have before you learn anything new. In the K™p total cross section there is a bump at Piap @round 1.2 GEv

. ey 2
An important point is that at smaller t values, |t] < .5 (Gev/c)", which is associated with the production of the two body states k°a*t and

one can guess what ReN(p) is by Tooking at KPp -~ K& (cf. Figure 1), and K*N. This is naively attributed to a Z* resonance: if interpreted as a

so these experiments are only interesting if they go to larger t, say up to resonance, the Z* has a small KN but large K*N, Ka coupling. It follows that it

_ 2 X .
|t] = 1.0 (GeV/c)“ or if they can determine the energy dependence of the must be studied in the inelastic states: do/dt measurements in Ka have not

amplitudes. revealed its presence. However, this is not surprising because the ampli-

The best reactions to study are aN ~ K(z, A), KN > n(z, A) because tude consists of a real (as K*p is exotic) p + A, exchange background plus

here you can do the R and A measurements "free" as the hyperon analyzes its a purely imaginary resonance. The effects are incoherent in do/dt:

(s /E-’\ g
o - A1l ?
So how to distinguish /éEZEE?EEEE“‘“ from Background

amplitudes to greater accuracy than the =N amplitudes would be found by the ' p p

own polarization. This gives you the K* and K** exchanges, about which we
know essentially nothing. Computer experiments for this reaction show you

only need to measure R and A to £.2 to determine the hypercharge exchange

R measurements to *0.03, discussed earlier. Clearly the distinctive resonant phase is not apparent in do/dt data.

The other reactions listed in equation (1) are also interesting. For However, polarization picks out Im(Z*) Re(p + AZ) and is much more sensitive

instance Tittle is known about Ay exchange. More data on polarization in indicator of resonant behavior. Model calculations show that, if there is

mp + nN is needed especially near t = —.2(GeV/c)2, Thus in this region the no resonance, 10% polarization is expected in ke i from threshold to

polarization measurement gives information on the zero structure of ReN(A7) Prap = 1.5 GeV/c: a resonant Z* gives 30 - 60% polarizations
a . . o .

for |t] < .2(GeV/c)2 if one makes the uncontroversial assumption that
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(b) Deck Distraction

Similarly, if the N*(1400) is resonant, it should show up in polariza.
tion measurements of mp -+ wN*(1400) or NN - NN*(1400). In NN - NN*(1400) ,
two types of polarization experiments can be done. First, if the resonance
s produced at the vertex with the polarized particle, you learn about the
resonance just as in ordinary Tow energy polarization studies. Second, if
you diffractely produce a fast N*(1400) off a polarized target, you learn
about the exchange mechanism. Even in this case the polarization is sensi-
tive to the resonant nature of diffractively produced states. Figure 3
shows calculations for KN - Q(> K*n)N at 6 GeV/c. Another example of the

+

second type of reaction would be mtp - A]p off a polarized target. In this
reaction you learn about the secondary trajectories and it would be inter-
esting to Took for mirror symmetry.

Sections (a) and (b) are also discussed in the polarized beam paper

in this proceedings.

(c) Queasy Two-Body Reactions*

In resonance production off a polarized target, one both learns about
new exchanges (=, B, Ay...) not possible in meson-baryon scattering, and
also sees the old exchanges (p, As..) in new clothes, e.g. double flip am-
plitudes**. Further an essential advantage of resonances reactions is re-

corded in the table following.

*Such are quasi two-body reactions when viewed by nervous physicists who

worry about background and competing channels. However, the effect is,

Tike seasickness, largely psychological and the rewards are great for those
who go to the sea in ships and face their difficulties like a phenomenologist.

**Perhaps if these clothes are liken unto those of the fabled emperor of yore,
the true nature of the o and A will be apparent without the detailed pheno-
menological analysis now needeg. Theorists will then be happy.
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Table 1: Polarized Target Observables

Generic No. of Independent Unpolarized Polarized Target
Reaction Observables Observables (L Beam) Observables
N > 7N 3 1 2 <3

m > 7A 7 4 10 > 7

N > oN 11 4 10

™ -+ pA 23 20 56 > 23

Whereas in =N - =N, the difficult R and A measurements are necessary
for a complete set of observables, one only needs a polarized target and
observation of the resonance decay in quasi two-body data. Actually in
m™ - pN one additional experiment is necessary. However, one gets a complete
set of experiments and thereby a determination of the amplitudes by observing
the recoil nucleon polarization off an unpolarized target. Typical predic-
tions are given in Figures 4 -~ 7 for polarized target and recoil polariza-
tion experiments. The predicted asymmetries are quite large - especially
in K'p > K*p. Note that if Ay exchange is unimportant (as predicted in
all current theories), we expect the universal decay Sin2951n2¢ for the
vector meson decay from all 0'1/2+ > 1'1/2+ processes, in the asymmetry off
a target polarized perpendicular to the production plane.

Similarly, one can predict the =N - 7A polarized target observables.
Unfortunately the expected asymmetries are in this case rather small. It
is, of course, important to check this experimentally, but it may be

necessary to study, rather, the SU3 related reactions, 1ike wN - KY*(1385).
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