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| Abstract

- Time reversal invariance (TRi) and charge symmetry have been studied
»in po]arizatioh measurements of'sing1e-ndc1eon transfér reactions in the
mass five system. First, we experimentally estab]ished.the equality of
the proton analyzing power, A; for 4He(B,d)3He at 32 MeV and the polariz-
ation, P, of the inverse reaction, thereby checking TRI. Then in a double
scattering experiment using the‘reactions 34(d,R)*He and %He(n,d)3H at’
ecm = 38.6° and assuming-P = A (from TRI) we obtained a po]drization of
0.480 + .016 for the 50 MeV neutrons. When this value is used, good

agréement is found between the analyzing power distributions of *He(n,d)2H

and 4He(B,d)3He at 50 MeV, which is consistent with charge symmetry.

PACS numbers: 24,70. + s, 11.30. Er, 25.10. + s, 25.40. Gr
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Time-reversal invariance (TRI) and chérge-symmetry' (CS) are such
impbrtant fundamental postulates in the. description of nuclear inter-‘
actions that any signfjcant test of their experimental conseqUences~shou]dv
be pursued. Very recent feports of spin-polarization experiments in some

nuclear reactions show results which differ substantially from those ‘V‘

I

expected on the basis of TRI and CS, so it is clear that additiona] tests

of these symmetry prihcip]es aré'most appropriate. |
Concerning TRI, Slobodrian et al.l! reported on comparisons of.the
'''''' | po]arizatfon (P), in the 7Li(3Hg,B)9Be and 9Be("’He,B)UB reactions, with
the analyzing-power (A). in the inverse reéctions. Large differences
between P and A of = 0.4 were found. For the case of the 98e(3He,p) 1B,
pre]ihinary results at Los A]amos indicaterno b-A differences.? Since the
P-A equa]ity'fo11ows directly from TRI®, confirmation of the result of
~ref. 1 or corroborative P-A differences in other reactions would, indeed,
~ constitute firm evidence for violation of TRI. Additionally, Conzett? has
examined all of the previous po]arization>tests of TRI in nuc]ear‘scatter-
ing’and reéctions, and he shows that almost all of them are really non-
tests of TRI and-thaﬁ the remaining ones are inadequate due either to lack
of precision or lack of sensﬁtivity.to_a violation of TRI.V In view of
these’déve]opments, iﬁ is now particularly important that new tests of TRI
be made, and reactioné can provide a more sensitive test than elastic

~ scattering.®

With respect to ‘charge symmetry, a similar Pn-Ap equality, which

follows from the combination of TRI and CS, has been established in (p,n)-i
transitions between the mirror nuclear states of an isospin doublet.S

Here, P: is the neutron polarization in the (p,ﬁ) transition and Ap is the

n
proton analyzing power in the (E,n) transition with polarized. protons.
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This, howéver, is not an exact equality since the Coulomb force breaks the
chgrge.symmetry. EarTy Pn-Ap differences were reduced to equa]ities_by
later more precise 'measurements,6_7 but surprisingly Targe differencgs
were found’ ih the 15N(p,n)lSO'reacti‘on for proton energies in the region
of 5 to‘SrMeV, where EesonanCe.structure is prevalent. Even though the
magnitUdé of these differences has beeh produced in a continuum shell-
model calculation with a standard twb-nuc]eon interaction that includes
non-central and Coulomb components,$ avquantitative_description'of the
Pn Ap differences is yet to be achleved Thus, tests of CS in nuclear
reactions, as well as TRI, ‘are now of particular 1nterest

We report here extensive use of the P-A equality in measurements of

single. nuc]eon transfer-react1ons in the mass- 5 system ‘In one set of

measurements this theorem is checked by compar1ng the ana]yz1ng power of

4He(p d)3He w1th the po]ar1zat1on of 3He(d p)4He at equivalent center of

' mass energ1es and angles. In}a second experiment an absolute measurement

s made of the neutron polarization in a double scattering experiment with

the reactions T(d,n)%He and 4He(3,d)Tf' The analyzing - powers of the

charge-symmetric reactions 4He(ﬁ,d)3He and 4He(n,d)T are then compared and

~ found to.be in agreement.

In the first experiment the analyzing powers were measured.for the

.~ reaction 4He(p d)3He at 32, 40, 50 and 52.5 MeV at the Lawrence Berkeley

Laboratory using polarized protons from the 88-inch cyc]otron In figure
1 we compare the analyzing power for this reaction at Ep = 32 MeV with -

earlier measurements? of the proton polarization in the inverse reaction

-3He(d,3)4He at 12 MeV. These energies are equivalent in the center of

mass because of the large reaction Q-value (18.6 MeV). Although there is

general agreement between P and A, the datum for'3He(d,B)4He at BCM = 140°
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is higher than the trend of the 4He(B,d)3He data. This disagreement,
however, may not be significant because of the large uhcertainty in the
value of the p-!2C analyzing pdwer used by Brown and Haeberli.® The.
‘protons for this datum had anvenergy of 12.7 MeV at the cenﬁef of the 12C
target and recent measurements'® have shown large fluctuations in the_
p-12¢ analyzing.powef‘near 13»MeV. For‘the other data, the protons from
3He(d,B)‘*_He had higher energies at the !2C target and no 1érge fluctuat-
ions were observed in these newer analyzing power measurements. A rather
: sﬁmilaf,situation exists in a recent P-A comparison in the 13C(B,d)1?c
reaction and its inverse near Ep =14 Meyl1,'wher§ P-A diffefences have
been observed at backward ang]es; Again, the older 12C(d,p)!3C polariz-
'étion measurements!? at these backward angles may be unéertain. While the
“backward angle 3He(d,3)4He and 12¢(d,p)'3C polarizations should be re-
measured,  there appears to be no evidence for a violation of_TRI’in these
reactions at forward angles.

In the second expefiment an absolute measurement of the polarization
was made with the 50 MeV polarized neutron facility!® at the Crocker
Nuclear Laboratory 76-inch cyclotron by using a double scattering tech-
nique first proposed by Barschal];14 The polarized neutrons produced at
Oap = 29.7° from the reaction T(d,n)*He passed through a spin rotation
magnet and then impinged on a liquid nitrogen cooled -*He gas cell.
vSimu]taneous left-right measurements were then made of the deuterons.from
the reaction 4He(ﬁ,d)T at eLab = 25° with a pair of p]aStic scinti]]ation
counter telescopes. At these angles, the center of mass energies and
angles are the same for these inverse reactions and. the polarization of
the neutrons produced in the first reaction fs equal to the neutron

analyzing power of the second reaction from the P-A equality.

-4~
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Another pair of telescopes measured the analyzing power at other

- angles while the absolute measurement was being made at 25°. Data were
- taken in a series of consecutive spih-up and spin-down runs. The left,

_right, spin-up, and spin-down yie]ds were combined in the usual wayl® to

obtain the measured asymmetry, e. Possible systematic effects in the
measurement at 25° were 'ihvestigated by interchanging' detectors. The

telescopé'pair used at other angles was moved to 25°. In addition, the |

'1eft and right telescopes within a pair were interchanged.

The kinematic conditions necessary for the absolute measurement were

“checked experimentally. The Scattering,ang]e of the productiohvreaction

was set at 29.7 + .03°. The neutron beam enefgy was measured by a time of

~ flight technique!® and foundvto be 50.0 + .1 MeV. The error in the angle

of the detected deuteron is estimated to be *0. 1°.

The results of the abso]ute measurement are g1ven in Table 1. 1In the

“column labeled "detector pair", the first number represents the left

detector and the second number represents the right detector. For the
first four measurements, the *He gas cell had a.]OZipm thick Al window and
the target to detector djstance'was 67 cm! For the fifth measurement, the -
4He gaé cell had a 38 um thick nickel window and a target to detector

distance of 81.6 cm. The measured asymmetry, &, is corrected for the

“finite extent of the targets and detectors. The angular distributions of

the analyzing powers and the unpolarized differential cross-sections for
1He(p,d)3He were used for this sma]] correction. The corrected and un-
corrected values of ¢ are‘shown in Table. 1 for each configuration. The
errors are dominated by statistical uncertaintiesvalthough they include
contributioné from uncertainties jn the scattering angle (Aee = $0.002)

and the. finite acceptance correction (Aef = +£0.002). The weighted average
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of ¢ is 0.231 + .009. To check for internal consistency, we form a x2

from the deviations of the five measurements from their weighted average.

We find x* = 6.18 which corresponds to a central-confidehce limit of ~20%

for four degrees of freedom. A weighted average of ¢ = 0.231%.015 corre-

sponds to a central confidence level,of 68% and we use this latter value

to extract.the analyzing power (e = P2 = A2) of 0.480%.016.

~ The datum for the analyzing power at Blab = 25° is also a measurement
of the 50 MeV neutron beam polarization if the P-A équa]ity is valid. We
have verified this equality at-forward angles and at a Tower energy for
the charge symmetric reaction 3He(d,B)4He and its inverse. When we use
the abso]ute measurement of the neutron p01arization; the angular distri-
butions for 4He(n,d)T and 4He(B,d)3He at 50 MeV agree quite well as shown
in figure 2. We'thus>conc1ude that our set of measurements for these
(nucieon,d) reattions are all consistent (within experimental errors) with

time reversal invariance and charge symmetry.
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Table 1: The asymmetry for 4He(n,d)3H at'B]ab4= 25°

LR X
. . ‘ . 1 :
~ Detector Pair =~ ' measured ' corrected
1,2 : .236 + .016 ' .248 + 017
L] \
3,4 ! .207 £ .020 .218 + .021 | L]
1 [} .
1,2 : .203 £ .022 ! .214 + 023 \
\ .
2,1 ' -.252 £ .021 ! .265 + .022
1 . . ) 1 . )
1,2 ' .199 + .018 ! .205 £ .019
| |
b3
€corrected is the measured asymmetry. corrected for the finite

acceptance of the targets and the detectors.
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S ; . FIGURE CAPTIONS

Figure 1 _Ana]yzing power angular distribution for the 4He(b),d)éﬂe
reatﬁidn (solid squafes) compared -with the po]arization
heasufementé of the 3Hé(d,3)4He',reactiona' at the same

:3, | - IR (compbundAhucleus) center of mass energy. The plotted data
| of feference :9_do not include an estimated 5 to 10% :
uncertainty‘in the-analyzing‘power:of their‘po]arimeter.

Thé turve.is é legendre po]ynomial‘fit to the 4He(E,d)-’*He

- data.

Figure 2.~ The angular distribution for the 4He(n,d)3H analyzing power
at 50,MeV'compéred with the’charge_symmetric-reaCtion.u‘The

curve is a Legendre pdlyndmia1 fit to the latter. .
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