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For some time now, there has been the expectation that
proton-induced pion production reactions, A(p,n+)A+1, would constitute a
useful spectroscopic tool for the investigation of high momentum
components of nuclear wave functions once the production process itself
was sufficiently well understood. As a result, reactions of this type
have attracted considerable attention over the past aseverai years.l'3 So
far, however, even though much data now exist, the basic production
process is still unclear,

In the meantime, experiments have tended o look for aystematic
trends in the data for clues in understanding the basic reaction
mechanism. One such clue could be the strong energy dependence of the
analyzing power observed for the ground state transitiom of the

12C(B,n+)”C reaction.* This strong dependence in contrast to the weak
5

-
dependence osberved for QBe(p,n+)1°Beg . Teaction,” encouraged us to

investigate another even A nucleus.

In this communication the angular distributions of the analyzing
power and differential cross—section for incident proton energies of 200,
225, 250 and 260 MeV are presented and compared to the corresponding
situation in the other light nuclei. 1In this respect, a possible trend
due to single-particle final states {s pointed out.

The experiment was performed at the TRIUMF cyclotron using an
extracted polarized beam of 20 and 30 nA intensity. The spin
polarization of the beam was typically 75%., The beam intensity as well
as its polarization were monitored using polarimeters based on p-p

elastic scattering from thin Gﬁ {polyethylene) cargecs.6-7



The areal thickness of the boron targets (all enriched to 92% !0B),
of the order of 100 mg/cn?, were known to better than IX. The hackground
due to the 8% contamination of 118 in the target was carefully checked.
For the data presented here, where only the ground and first excited
states are considered, the llg back, rc.nds in this region contributed
less than 1% to the two states for all measurements.

The basic apparatus used to detect and identify the plons was a
65 cm Browne—BuechnerB magnetic srectrograph. Three scintillators
provided time-of~flight und eneryy-loss information as well as the event
definition. The plon trajectory and thus the plon momentum was
determined by three helically wound multi-wire proportional chambers.? A

detailed description of the experimental arrangement {s described

elgewhere.” s} 0

The overall efficlency and acceptance of the spectrograph was
calibrated relative to the known cross-sections of the pp + dn*t
reaction.!! In this case, the incident proton energy and pion angle were
chosen so that the plon energy was identical to that {nvestigated 1in the
108(;,u+)1l5 react{on. In addition, a Monte-Carlo simulation of the
spectrograph was applied to the A(;,u*)A+l reaction to determine the line
shape associated with the spectrograph. The generation of “tails” in the
momentum distribution of a single line due to multiple pole-face
scattering in the spectrography itself is a significant effect.l0 The
reliabiiity of the Monte-Carlo in modelling this effect was checked by
comparison to the strong pp » dnit line. The full details of the
calibration are described in Ref., 10. The line shapes so determined were
then used to fit the !lB spectra. One example of a typlcal energy

spectrum along with {ts fit is shown in Fig. 1.



The analyzing powar ANO(G) and the spin-averaged (unpolarized)

differential cross-section do/d& (8) were calculated using the relations:

. do(1) /@ - do(t )/ .
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where P and do/d2 are the magnitudee of the beam polarization and
spin~dependent differential cross—section, respectively. The arrows
tndicate the spin direction according to the Madison convent fon.!?

The results are shown in Figs. 2 and 3. In Fiy. 2(a) the 200 MeV
results from Ref. 13 are also shown. The absolute normalization of the
two sets of datz agree remarkably well. In this energy region there also
exlst some forward angle measurements at 250 MeV.l* The results in Ref.
14, however, must be renormalized up by a factor of 1.9 for rhe
trangition to the ground state and up by a Factor of 4.5 for the
transition to the 2.12 MeV state in order to have agreement with the
results reported in this work.

Only the relactive uncertainties are indicacted in the figures. In
addition, there Ls an overall systematic uncertalnty of ~102 for the
differential cross-sections and ~27% for the analyzing powers. The
relative error consists of hoth the counting statistics and the random
fluctuations in the heam current measurements (mainly due to the
wrinkling of the thin polarimeter targets). The majority of the

systematic uncertainty in the differential cross-section arises from the

uncertalnty in the calibration of the effective solid angle of the



spectrograph. The systematic uncertainty assigned to the effective solid
angle is mainly caused by systematic nncertainties in the pp * dnt
cross~sectiong and absolute beam current normalization. The systematic
uncertainty of the analvzing powere 13 due to the uncertainty in the
analyzing power of the polarimeters.

The differential cross—section show very little structure, alchough
there may be a slight change in slope for the forward angle
cross—-sections for both states occurring between 225 and 250 MeV incident
proton energy. The analyzing powers however show a considerahle energy
dependence for both states. Comparison of these results to that from
other A(;,n+)A+i reactions lglle(.;),ﬂ")“’lie‘J and 12C(;,‘n*')”C“] should help
define the general trends aseociated with plon production. For example,
the analyzing powers far transitions to both the ground and first excited
states of !9Be as well as the 9.5 MeV excited state of }3C show very
little energy dependence, wnereas for transitions to the ground and first
excited states of !B as well as to the ground state of 13C, . very
strong (and similar) depeadence is observed. A demonstration of this
trend is shown in Fig. 3(a).

A possible interpretation of the energy dependence in the latter
case might be that of apecific effects associated with gingle-particle
final states.!® Since the analyzing powers depend principally on

spin-orbit coupling, it seems plausible that final states consisting of

10 1¢ 13
more than one particle ( Beg.s.’ Be3.37 MeV, €y 5 Mev) would be

candidates of an averaging effect and thus exhibit a "smoothed out”
energy dependence. On the other hand, single particle final states (like
13C s ) could be experted to manifest a strong energy dependent

ga

analyzing power. The ilg state, a single-hole state, would be
.S.



expected to act like a single—-particle state. The 1182.11 MeV state, a
two-hole one-particle state, also shows this strong single-particle
energy dependence. Since particles (including holes) like to couple to
zero spin, it would not be unreasonable to expect the 2.12 MeV state of
11p o act as an effective sin. le-particle state. In order to determine
whether the effects observed are truly signatures of single-particle
final states, additional nucleil should be studied. 1In particular, we
suggest analyzing power measurements of 16O(Ta,n"')”() and “OCa(B,n+)“1Ca
rcactions leading to low lying states which should exhibit a hehaviour

similar to thac of 9B(p,n*) !B,
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TABLE 1

108(3,n+)113g.

HBGMBy 1) ey

Be

T da /&l A 2] do /&2 A

M8y (06g.)  (ab/sed NO (Deg.)  (ab/st) NO

200 49.8 471.(30.) -0,222(.032) 49,9 130.0(9.8) ~0.451¢.099)
64.6 339,.(22.) -=0,372(.034) 64,6 104.3(8.1) ~0.428(.061)
T4.9 196.¢(13,) ~0,475(.032) 75.0 55.6(4.3) -0.694(.056)
B85.2 91.4(6.6) ~0.459(.046) 85,2 38.5(3.3) -0.607(.067)
95,2 94.7(6.5) =0.329(.041) 95.3 36.1(2.9)  -0.586(.061)
110.0 50.7(3.5) -0.191(,040) 110.1 25.5(1.9) =-0.533(.051)
124.5 $6.7(3.8) -0,189(.036) 124.5 19.9(1.5) -0.379(.059)
138.6 47.3(3.2) -0,187(.039) 138.7 18.1(1.4) -0.468(.060)

225 49,8 593.(37.) -0,305(.018) 49,8 172.(41.) ~“(.432(.U33)
59.3 344,(27.) -0,252(,058) 59,3 B4.9(9.6) ~0.63(.10)
64.4 285.(16.) -0,368(.024) 64.4 90.5(6.1) =0.473(.042)
79.9 122.8(8.1) ~0,095(.036) 79.9 51.6(3.8) ~0.,270(.054)
87.1 98.2(7.8) 0.0006(.073) 87.1 55.1(5.1) ~0,435(,094)
95.0 75.0(4.9) -0.041(,035) 95,1 39.5(2.8) ~0.314(.048)
109.8 46,9(3,2) 0,053(.042) 109.9 32.4(2.1) -0,218(,050)
124,13 30.0(2.0) ~0.094(,043) 124,93 19.2(1.4) -0.295(,053)
138.5 42.9(2.9) ~0.327(.0413) 138.5 34.1(2.4) ~0.,457(.047)

250 49,6 539.(33.) -0,521(.021) 49,7 114.0(7.9) ~0,064(.046)
57.0 376.(24,) —1,029(.024) 57.1 82.4(5.3) ~0.351(.04Y)
64.4 257.(16.) ~0,004(.0223) bbb 62.2(4.3) ~0,343(.045)
74,7 132.0(8.5) G.082(.031) 14.7 40,5(3,0) ~0,201(.05:)
84.9 73.2(5.9) 0.287(.066) 84.9 29.1(3.1) 0.05(.11)
95.0 38.2(2.5) 0.534(.034) 95.0 19.2(1,4) 0.163(.052)
109.8 14.2(1.4) 0,386(.099) 109.8 10.1(1.1) 0.29(.12)
124.2 14,1(1,2) -0.289(.086) 124.3 7.00(.77) 0.43(.12)
i30.4 12.1(1.2) ~0.505(.087) 130.5 7.05(.83) ~0.04(.13)
138.5 14.2(1.2) ~0.506(.075) 138.5 7.19¢.77) ~0.,28(.11)

260 49,7 580.(39.) -0.033(.03%) 49,7 130.(11,) ~0.079(.082)
64.4 252,(16.) 0.048(.024) 64,4 61.9(4.3) ~0.225(.048)
74,7 127.4(8.7) 0,262(.042) 74,7 38.6(3.2) ~0.322(.076)
84.9 82.5(5.4) 0.377(.037) 85,0 43.3(3.1) 0.106(.053)
95.0 93.0(4.3) 0.525(.065) 95,0 24,0(2.4) 0.541(.0906)
104,9 27.8(2.4) 0.493(.092) 104,.9 16.9(1.7) 0.47(.12)
114.6 16.,1(1.5) 0.,16(.10) 114,7 8.23(.97) 0.51(.13)
124.,3 15.1(1.9) ~0,36(.10) 124.3 8.5(1.0) 0.41(.14)
138.5 10,6(1.2) =-0.,47(.12) 138,5 8.8(1.1) ~0.43(.13)

A list of the values for the differeatial cross-sections and analyzing powers for
10g(h n?) reaction leading to 11

parentheses reflect relative uncerialnties.

Bg s and

By 12 Mev States.
Systematic errors are estimated as ~10%

for the differential cross-sections and ~2% for the analyzing powers.

The numbers f{n



Figure Captions

Figure L. Energy apectrum of x% produced at 50° c.m. from 225 MeV
incident protons with spin down. Line shape fits for the
first two states are shown by the solid line.

Figure 2. The differential cross-sections for the transition leading to

11 11
(a) the Bg.s. and (b) the By.12 Mev® 1P (a) the 200 meV
differential cross-sections results of Kef. 13 are also
shown.

Figure 3. The ANO(e) are shown for the transition leading to (a) the
11 11 .

Bg.s. and (b) che By 12 Mev® As well che 200 and 250 MeV
LI results of Refs. 4 and 5 are shown in (a) to demonstrace
the general trends seen in the energy dependence of ANO' The
lines serve only as a guide to the eye.
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