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' ENE
MAXIMUM TENSOR ANALYZING POWER Ayy = 1 IN THE "He(d,p) He REACTION*
F. Seiler

‘Lawrence Berkeley Laboratory
“University of California
Berkeley, California 94720

. p 3 > 4 . :
Polarization measurements on the "He(d,p) He reaction show that the
efficiency A reaches unity near Ed = 9 MeV and OCM = 27°. The use of extreme
values in the calibration of polarizations and the analysis of reactions is

discussed.

Maximum possible values of the analyzing power have been found‘ih the
elastic-5cattéring_of both spin-1/2 and spin-l particles from spin-0 nuclei.
Reaching an ektreme value imposes conditions on the transition matrix M, which
connects the ;pin wave functions of the incoming and outgoing éhannels.
Experimental values for the transition matrix_elements, supplied by a phase-
shift analysis, can be used to determine the energy Eoband the angle @o for

which the conditions are met. This procedure was used by Plattner and Bacher

[1] to show analytically that values Ay = *+ 1 occur at several energies in

nucleon-4He'and 3He-4ﬂe elastic scattering. A similar procedure was proposed
by Ohlsen EElE;- [2] for the largé tensor analyzing power Ayy in the elastic
ﬁcattering of deuterons from 4He. On the basis of a'phase-shift analysis,
Gruebler et al. have identified 3 points (EO,GO) below 12 MeV where.A§y is

unity [3]. It has thus been demonstrated that extreme values of polarization

* . .
Work performed under the auspices of the U. S. Energy Research and Development
Administration. :

+On leave of absence from the University of Basel, Switzerland.
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efficiencies do occur in elastic scattering with the spin configurations
1/2 + 0+ 1/2 + O.and 1+ 0~1+ 0. It is the purpose of this letter to
point out that they also occur in nuclear reactions. |

An inspection of the 3He(g,p)‘lﬂe data obtained by Gruebler et al. [4]

between 2.8 and 11.5 MeV shows sizeable values for the vector efficiencies

iTll(O) and the three tensor efficiencies T2q(O)' Except for T20(O°Y near

6 MeV, no values close to the physical limits are found. Nevertheless the

total polarization state is close to maximum near 10 MeV. Lakin (5] has

defined a degree of polarization and described a cone which contains all

physically possible stétes of polarization. These criteria show that states
s L . . . 3, 7 .4 .

of maximum polarization are indeed attained in the "He(d,p) He reaction.

" The Cartesian efficiency
A (@) = - 1/2 /2 (T,,(0) + a T,,(@] W |

shows large positive values near 10 MeV for both forward and backward angles
(fig. 1l). Near 30 degrees some data points clearly reach the upper iimit

-Ayy = 1. Due to possible systematic errors in the determination of the.beam
polarization, it is not possible to state that the efficiency indeed attains

a value of unity. The data available show that the largest value of Ayy(E’@)

should be found near E

- . = o] .
qa= 9 MeV and OCM 27°. At backward angle§ Ayy is large

and rising with increasing energy. It is possible that anothef.maximgm A&yv= 1
is reached near OCM = 120° for energies above 11.5 MeV, where no data are
available. More measurements are needed in both regions of interest.

In order_to prove that Ayy must reach unity, ankanalysis of the
reaction is needed. The data base ﬁecessary for an M-matrix analysis includes

both first and second order polarization experiments at the same energy and
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angle. First order experimehts involve the measuremeht of one particlé
polarization, while secohd order experiments ihvolve thé determinétion.of two
polarizations. At present not enough seconé ordér éata are .available to
perform an M-matrix an;lysis in the regioh‘of ipterest. " The occurrence of
resonances makes an analysis in térms of (Q,S;J) reéction matr;x elements
possible. Considerable progress has been made in obtaining starting values

for the matrix elements [6] and in performing an R-matrix fit [7] to the data.
Once a good fit is available, the conditions for Ayy =1

M,172;172 T T My,1/2:102
: (2)

"M i12;172

M ,-1/2:172 F
can be discﬁssed (1,2,3]. In egs. (2) the M-matrix is-Qritten in the uncoupled
representation. THe indices denoté the magnetic-quantum numbers of the deuteron,
3He and proton spin respectively.

The identification of points of extreme analyzing power is also possible
by a method whicﬁ does not involve an analysis of the reaction. Gammel et al.

I8] and Ohlsen [9] have given the formulae for all first and second order

polarization observables in terms of the parametrization

-ia-D V2 F -ia+D =-B-C V2 E -B+C
M=1/2 V2 ' S (3)
_ B-C Y2 E B+C =iA+D -V2 F  -iA-D ]
The equations (2) then result in the statement A = B = O, which leads to conditions
for some of the observablés. At the critical energy and angle all second order
coefficients given in table 1 must vanish. The quantities K? and'K}icj are
polarization transfer coefficients, while the parameters Ci X and Cij x are
[4 . r

the efficiency correlation coefficients of the reaction. 1In addition the relations
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' : ) _ : .
o,y YY YYrYr v

]
k¥ = -C : _ (5)
XX XX,y .

]
k¥ = -C - (8)
2z zz,y : ‘

must be fulfi;led. Here Py' denotes the proton polarization for unpolarized
beam and targét,iand Ao, is the efficiency for target polarization. The
conditions-of’table 1l are particularly important since the vanishing of second
order coefficients does not depend on the calibration éf any particle polariza-
tions. On the other hand relations such as egs. (4) to (6) involve the
calibration of several'polariéations and are thus iess reliable indicators.
Data from both sets are importént in establishing the validity of egs. (2),
because each obserﬁable involves a different quadratic forﬁ in the parameters
A through F. It is thus possible to verify egs. (2) bf a selected set of
polarization experiments, which are clearly within present capabilities. -
Experimental data on the 3He(g,p)‘lHe reactioh are available for all
first order experiments near 9 Mev [4,10]. 1In additioﬁ Hardekopf et al. [11]
have measured partial angular distributions of several polarization transfer
coefficients at 8 MeV. Although this is somewhat below the required energy

J . 1
and no data are available between 25 and 30 degrees, the parameters K: and

Kz', connected by a curve based on the R-matrix fit by Dodder and Hale [7],
pass through zero in that region. The parameter Ki'alsd>vanishes,’although '
not as a direct cénseqﬁence of eqg. (2). At 8 and 10 MeV parts of condition
(4) can be tested, since dgta for the first three quantities are available

(table 2). Allowing for the fact that the measurements were not taken at the

critical energy and angle, the agreement is quite satisfactory. It is

14
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thus highly probable that the appropriate measurements near 9 MeV and between
25 and 30 degrees will confirm the validiﬁy of both eg. (4) and the conditions

of table 1.
‘ .Once mégsuréments’of the tensor efficiéncies and a few second order
observables near 9 MeV and 27 degrees become availabie, an absolute calibration
of the tensor polarizatioh of deuterons in that energy'rangevis possible. The
3He(3,p)4He reaction is an éttractive analyzei, due to its high Q-value and
relatively large cross-section. Itvis aiso well suited to calibrate other
reactions becéuse of the large energy width of the maxima.

The occurrence of maximum possible values of the analyzing power is
Clearly linked to resonances ih the process considergd; Mos; reactions between
light nuclei exhibit relatively broad, overlapping resonances, and conditions.
similar to-quf (2) may hold at soﬁe poinf, due to strong variations with
energy induced in the transition amplitudes. Extreme values of some coméonents
~of the analyzing power should therefore be a commoﬁ océurrence. Indeed an
inspection of the Aata‘on the 6Li(§,a)4ae reaction [4] yields two points near
6 and 8 MeV, for whiéh Ayy is probably unityv[l2]. |

Using the procedure outlined here it is possiblé to identify an extreme
péint (Eo,@o) without knowledge of the transition amplitudes of a reaction. |
In addition to‘préviding an absolute calibration of pblérizatiéns, the importance
of an extreme boint (EO,GO) is that it offers an alterngte approach to an
analysis of the reaction. In terms of amplitudes the observables of a reaction
form a system of bilinear equations. A solution can be obtained once an |

appropriate set of independent observables is available at many angles. At the

point (Eo,@o) additional conditions apply which are linear in the'amplitﬁdes.
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The resulting constraints are important in view of the difficulties encounﬁered
in an analysis of nuclear reactions. It may well be worth the experimental
effqrt to idgntify all extreme points (Ei,Oi) of a reaction, and to obtain an
additional set.of angular distributions at each energy Ei. In apalyzing these
data the linear relation is imposed directly, considerably reétricting the
solution space. The analysis may even be possible with é less extensive set
of expérimental data than otherwise required. In addition éhe information
from the‘experimentaily more demanding second order experiments is used to
greatest advantage.

The author is indebted to Drs. H. E. Conzett, F. N. Rad and R. Roy
for many stimuiating discussisns, and to the Privatdozentenfonds of the

University of Basel and the Max Geldner Stiftung for financial assistance.
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Table I. Second order polarization observables*) required to vanish for Ayy=l.

Polarization transfer

coefficients

vector to vector

tensor to vector

Efficiency correlation

coefficients

vector and vector

tensor and vector

c.~.C = C C
Xy ,X YZ,X xy,z YZ,Z

*)Footnote: The transition matrix M in eq. (3) is given in the coordinate .

system defined by the incident particles [8].

The rotation to the system

of the outgoing particles, denoted by primes, does hot’change the conditions_

in table 1.

-
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Table 2. Experimental data for the parameters in eq. (4).
Ey = 8 MeV Ey = 10 Mev
= ° = -
Parameter OCM 35.5 OCM 35.90 Ref
yl . .
P 0.588 + 0.014 (11]
y' :
P 0.676 * 0.022 0.757 * 0.028 [10]
-a 0.650 + 0.031 " 0.715 ¢ 0.031 (4]
Q,Y
1 4 ) .
xy 0.817 + 0.047 [11]
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FIGURE CAPTIONS

, o 3, > 4 ,
Fig. 1. Values of the tensor efficiency Ayy for the He(d,p) He reaction

between 6 and 11.5 MeV [L].
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