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EXTREME VALUES Ay = + 1 OF THE ANALYZING POWER FOR SPIN-1 POLARIZATION"
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Lawrence Berkeley Laboratory
University of California
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September 1975

Abstract:

Extreme values of the component Ay of spin—i polarization
efficiencies are discussed. It is shown that at‘the enérgy and
:angle.of such values the other components are also numerically
determined. ‘Applying these criteria to e#perimental daté, possible
extreme poiqts of this typelare indicated in the feadtions Li(d,a)-
4

He and 3He(d,p)4He. An experimental value of Ay ~ 1.0 in d—4He

elastic scattering is noted.

Maximum;possible\values of the'analyzing power have been identified
at several ene;gies and angles in the elastic scattering of spin- %- and spin-1
particles from spin-0 nuclei,l'2 and gvidence for at least_oﬁe extfeme value
of the tensor éompbnent A&y =1 has been foundlin the 3He(d,p)4He reaction.
"~ The recent analysis by Gruebler et al.2 of d-4He elastic sgcattering-data
5etween 3 and 17 MeV has proved the éxistence.of points aﬁ which the component
A of the spin-1 analyzing power reacheé'itsfmaximum possible value of unity.
Also, for points .of méximﬁm vector anaiyzing power, Ay = * 1, they examined
the resulting conditions among eiements of the traﬁSitioﬁ matrix M which

connects initial and final spin states, Xf = MXi' At such a poiht three
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equations must be satisfied among the M-matrix amplitudes, with the consequencé,

then, that'all the remaining analyzing powers are determined:

7

' 1
A =+1, A =A =-=, A =20 (1)
Yy XX 22" 2 Xz v

In addition to its usefulness in an absolute calibration of deuteron vector
polarization, the occurence of such a unique and restrictive point would clearly
be ofkgxeat intereét and value; since therg the relative values of all the
M-matrix eleméhté are aetermined.

We show.in this letter that fhe nééeséary, but not sufficient, conditions
(1) for the existence of a point Ay =t i are valid for reactions with the generél
spin structure 1 ¥a-+b + ¢, where a, b, and c afe arbitrary spins. This follows
from a property of the spin-1 density mafrix, and examination of the 3(2a+l) by
(2b+1) (2c+l) M-matrix is noi réquired. ‘We then nbte regions of energy and
'angle in specific reactions where the cénditiéns (1) are approached,Jsé theée
are then regions which can be examined for the possible existenée of a point
A =1 1. Although such a uniqﬁe'and restrictive point is a priori quite gniikely,‘

Yy
i : . 4 » . .
an experimental value of Ay 2 0.98 has been measured in d- He elastic scattering

at E = 26.8 MeV near GL = 135° (ref. 4). Hence, these‘ériterialare of practical

interest.

| Methods éf specifying a'"degrée of polarizatién" for an ensemble of
polarized spin-l particles producedvin a nucleérfreaC£ion:have been givén by
'Lakin,s Fan06 and Minnaert.7' They aré based on the faét that the density matrix
of the ensemble is .positive semidefinite. Its expansion in terms of an

imposes conditions on the tensor moments

irreducible set of tensor operators qu

t =< T >_5’7
kg kq
qu due to time reversal invariance. They are particularly simple in a transverse

coordinate system S' with the z'—axis-perpendicular to the reaction plane.

Identical limitations apply for the polarization efficiencies
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_Analégous to the degree of polarization, § is defined by

2 2

2 ] ' 2 < . .
+ Ty )"+ 2|T22| ] <1. | (2)

1 .

87 = 3 [Ty
More restrictive is the additional requirement
2 2, L 2 ' '

] > [ '
(Tho * /g’) 3T+ 6|T22| . | | ,(3)
v . | | |
) ' ' “m : = .
In»the space (Tlo, /Eszzl, TZO) the maximum value § = 1 defines

a sphere, and Eq. (3) the interior of an inscribed cone (Fig. 1). Points on

the surface or the base ( éo = %-/5) of the Lakin cone correspond to restricted
combinations of the maximum possiblé values of the Tiq' In terms of the
observables'qu or Aij defined by the Madison convention,8 the Tﬁq are:
= VZiT, ==V6nA |
10 71y 2 T Ty
, 1 1 -
] = - — = = .
T = "3 Ty * /6122). 2/2_Ayy . S (4)
T N A S
S22 4 20 227 21
=1 /é'[»(A -A_ ) + i2a__1.
6 Szz TxxT T xzt ,
Thus points with A = 1 lie on the base of the Lakin cone. Only there, values

of Ay = * 1 can be attained (Fig. 1, points A and B), and then only if [TéZI = 0.
This results in the conditions (l). As noted, this was shown for d—4He elastic
scatteriﬁg by direct calculation with the appropfiate 3’by 3-M—m§trix.2 From
the derivation éiven'here, it is :clear that Egs. (1) are valid in general and
are independeﬁt of_thé spin séace of_thé process. Fér all réactions‘involving
,polariZéd spih—l.?articles they therefpre prov;de a qléér‘signature of points
Qhere Ay =% 1 is péssiblej.

It shduidfbé noté&”that‘thevagreeﬁent of the experimehtal data with
Eqs; {l) are necessary b£t not sufficient conditions for-the_existance>of

-an extreme value of the efficiency Ay. Any point along the line AB in Fig. 1
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satisfies Egs. (1l). Using a beam with calibrated tensor polarization,2 it is
possible to determine that a point on the line AB is reacﬁed. However, the
calibration of spih-l vector polarizations is still so uncertain that it cannot
be shown experimentally that point A or B is indeed attéined. For proof of
that, the fulfillment of the conditiohs on the appropriate M-matrix would have
to be estébiished; For the prbcesSes considered'in the following, the relevant
conditions will be discussea in a subsequent éublicatj:on.9 In this paper, Egs.
(1) are applied to experimental data in a search for éOihts where those
necessary conditions exist that woﬁld make it possible for Ay‘to reach

an extreme value.

4 4 v '
He (d,d) He. The first study of extreme values for both Ayy and Ay was

-carried out by Gruebler and collaboréﬁors,2 who determined two'pgints with Ayy
= 1 between 4 and 5 MeV, and one at 11.88 MeV and ch = 55.16. The possible
existence of an Ay = -1 poigt at the éame'éne;gy and angle as thg latfer Ayy
= 1 point was ruled out by sﬁbsequent measureﬁents of Ay in that region.
The best candidate for an extreme‘Ay point lies near‘26.8 MeV and ecm = 154°,
where values'approaching both AY = 1 and Ayy =1 have been measuréd.4
6Li(d!a)4He; Meésurementg by Grﬁebler'gg_gi.ll show values of Ayy
cémpatible with unity nea? 6 MeV and Gem = 30° ana near é MeV and 6 = 90°
(Fig. 2). Near 8 MeV only A can reach unity, since the particle symmetry
Yy ) .
in the exit channel requiresythat Ay(90°) = 01 Near 6 MeV there are drastic
changes in>the angular distributions of all efficiéncies, which makes a
comparison with Eqgs. 1 difficult. The component_Ay négf 30° varies r;pidly
from negative values at 4 MeV to large positive vélues.at 6 MeV, decréasing

. again above 7 Mev.ll It is thus possible that the value Ay = 1 is attained.

.The component sz changes sign at forward angles between 6 and 7 MeV, while
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the values of Ax# and Az; are close to - %. in this.region the conditions
necessary for Ay =1 may,tperefore'be‘fulfilléd. .

3He(d,2)4He. One point with Ayy'= 1 has been tentatively identified
'near 9 MeV and Gcm = 27°.3' Since Azz > -], A, ~ 0 aﬁd A, = —l{l;ll it is
clear that Ay cahnpt réach the valug -1. The situation is different'for the
possible Ayy'maximhm above 11.5 MeV, where no measurements are available. -
At 11.5 MeV a value of Ayy ~ 0.9 is found near Gcm'= ;209 (see Fig. 1 of ref. 3).
- The vector analyzing power Ay is large and positivg both at 11.5.MeV and 15

11,12

MeV The values for Aﬁk and'sz below 11.5 MeV are-plotted in Fig. 3.

~Cléariy Axx-ahd, due to the conditioﬂ Axx + Ay& + Azz = 0, also Azé lie near

- %- at 120°, while sz = 0 obtains atvangles'moving toWard 120° as the energy
increases. Thus the necesséry conditions for Ay = 1 may be met'néar this angle’
~at some energy between 12 and 15 MeV.

The application of Egs. (l)‘have shown that‘exﬁreme values of the spin-1
analyzihg pdwér-Ay'may bccur in the studied reactions.” In most processes the
rapia changes with energy and angle near the critical point requife'more closely
spa&ea data in order to establish that-Ay and'Ayy peak at the same point. This
determination of location and peak value, as well as the definite.identification,
_require a considerable effort. In:vieW'of‘thé importance of these extremes
ffom both the theoretiéal ahd experimental point of vieh; this effort is
worthwhile. | | |

One of the authors-(Fas.) gratefully acknowledges fhe financial
assistanqe of;thé,Pfivatdézentenfonds of the Univérsity of Basel ;nd'the

Max Geldner Stiftung.
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FIGURE CAPTIONS

Fig. 1. Cutaway drawing of the sphere defined by § = 1 in Eq. (2) and the
inscribed cone. The points A and B correspond to the extreme values

A =% 1.
b4
Fig. 2. Values of the efficiency Ay;'in the 6Li(d,a)4He reaction at 5, 6,

7, 8 and 9 Mev) showing two points with,Ayy ~ 1.
. . ’ . _ 3 4
Fig. 3. Components Akxband-sz of the analyzing power in the "He(d,p) He

reaction below 11l.5 MeV.
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