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Polarized protons were used to measure the analyzing power ofB#(p,y)'°B reaction for E,
=280-0 keV. The analyzing power for the ground state transition compared to calculations leads to a
spin-parity assignment of 2 for the 7.478 MeV state of’B. This 2" assignment is consistent with other
observables for this reaction and is predicted by cluster and shell model calculations. It is found that the 2
assignment leads to a value for the astrophys&#ctor for capture to the ground state HB of S(0)
=0.20 keV b which is about 40% smaller than that obtained with @&signmen{.S0556-28189)01706-9

PACS numbd(s): 25.40.Lw, 24.70+s, 27.20+n, 95.30.Cq

In the most recent compilation fok=10 [1] the proton  from Ref.[2]. In these calculations, single particle resonance
capture °Be(p,y)°B reaction data set evaluates the spin-amplitudes for dipole transitions are added to the direct cap-
parity of the state at 7.478 MeV to be 2but a footnote ture amplitudes. The first calculation included three reso-
gives J"=2" based on ¢,e’) work. The adopted energy nances:E,=6.873(1"), 7.478(2"), and 7.560 MeV(0)
levels of 1°B gives the corresponding state & assignment.  which correspond td,=310, 989, and 1083 keV, respec-
Since, as will be demonstrated in this paper, the extrapoldively. The energies and widths for these resonances were
tion of theSfactor in the capture channel is very sensitive totaken as those found in Rd#]. The strengths of the reso-
this assignment, it is important to resolve this difference. Innances were adjusted to fit the low energy part of $(E)
this paper we seek to do so and to thereby determine a valudata with the constraint that the contributions from each en-
of the Sfactor atE=0 for the °Be(p, y,)1°B reaction. ergy state at the resonance are related as given by the relative

The spin-parity for theE,=7.478 MeV resonance was
recently evaluated by Zahnoet al. [2] by measuring and
fitting cross-section data for théBe(p, y) 1B reaction. This [ o
experiment measured the cross section for capture to the [ *Be(p.y)"B 7@
ground and first three excited states'8B. Figure 1 shows
the astrophysicab(E) factor which is defined in terms of the
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The center of mass enerdg ., is in keV, and the reduced

massu is in u. In Zahnow's papef2] the fit for J7=2" 10

resulted in a smalley? value (y?=3.7) than the assignment

of J7=2"%(x%=5.4). These fits were obtained using an ex-

pression for the cross section which included direct, reso- g, 1. Data from Ref[2] are compared to direct-capture-plus-

nance, and interference terms. resonance calculations for two different parity assignments for the
In order to demonstrate the sensitivity of fitting the crossresonance dE,=939 keV. The soliddashed line is the result of

section to the details of such a model, we have used a direghiculations with)”=2*(27). The dotted line illustrates the effect

capture plus resonance modél to calculateS(E) under at low energies of adding another higher resonandg, (

various assumptions, and compared the results to the data1290 keV, J™=2") to the previous 2 calculation.
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intensities found in Table 10.11 of Rdfl]. This fit was 0.5 ——
repeated for the case where the=7.478 MeV resonance 04F
has spin parity of 2. When the spin parity is 2 the calcu- 03
lations fit the data better in the region around 500 kéhis :

"ia'e('g'jcj“"d E,=280-0'keV

-- 27

value ofJ™ allows the resonance to interfere with the direct <02 :

capture amplitude in the angle-integrated cross segtidm- 0.1t o

fortunately this region between resonances is very sensitive O === ==
to the tails of higher resonances that have not been included 0 20 40 60 80 100 120 140 160 180
and other assumptions in the model, so an exact fit with a 0 (deg

limited model can be misleading. To illustrate this point, the
dotted curve in Fig. 1 shows an example where a fourth,
resonance withE,=7.75 MeV(2 ,E,=1290 keV) is in-
cluded in the first calculation witd™=2" for the 7.478
MeV state. As seen in Fig. 1, this improves the original fit in
the region of the minimum without appreciably affecting the ] .
quality of the fit at lower energies. As other assumptions or! Nis gate was set to include the photopeak and first escape
higher resonances could also aff&E) in this region, itis Peak of the ground state, but to exclugterays that could

helpful to consider another observable in evaluating the spi§ome from the first excited state. Background, measured in a
parity of this state. gate of the same size at higher energies where there are no

In a recent paper by Wulkt al. [4], a study of the 9amma rays from this reaction, was subtracted from each
spin state. The error bars include statistical errors and the

FIG. 2. Analyzing power from the ground state of
Be(ﬁ,y) 198, The solid(dashedl line represents the direct-capture-
plus-resonance calculation where the 7.478 MeV statéBrhas a
spin parity of 27(27).

reaction °Be(p, y)1°B suggested that the uncertainty in the uncertainty in the beam polarization
. . — 10 .
o ey f e 7470 MV e o cout b ey et vere compar o e prov
studv. we Kave foll%wed this suy esgti(?n and. made n?easuro-us'y mentioned direct capture plus resonance model calcu-
Y, ) 99 Be(5, )10 ) Tation [3]. To compare to the experimental data, obtained
ments of the analyzing power for thde(p,y) B reaction  \ynen the beam stopped in the target, calculations were done
using & 280 keV polarized proton beam. Increasing the beamyr 5 range of energies from 280—0 keV. These results were
energy from the previous value of 100 keV to the presentompined in order to simulate the experimental conditions,
value corresponds to an increase in yield by a factor of 30%eighting them with the appropriate stopping powe:
for the same beam current. _ In the current reaction the direct capture is mosly.
The present measurement used a 280 keV polarized pree smallM 1 direct capture contribution is not sufficient to
ton beam. The experiment was run in the Triangle UnlverS|—pr0duce an analyzing power at 90° comparable to the ob-

ties Nuclear LaboratoryTUNL) High-Voltage ChambefS]  gered valuga]. Furthermore, if the spin parity of the 7.478
which allowed the 80 keV beam from the Atomic Beam yiay state of %8 is 2, the tail of this resonance will con-

Polarized lon SourcéABPIS) to be accelerated to an energy
of 280 keV. The polarized proton beam from the ABPIS

stopped in a1 crel cmx0.5 mm piece of 99.5% pure
9Be. The polarization, measured using the spin-filter polar-
imeter in the source, wa®;=0.68-0.05 andP,=0.63
+0.05 and the direction of polarization was reversed at a rate : :
of 10 Hz. Gamma rays were measured in two 60% HPGe @06 E
X ~ F — 2" (3 resonances) E
detectors at a number of angles, in order to map out the  ®04F 7 5> (3 csonances) E
angular dependence of the analyzing power. Because of spa- 02F - 2°(4resonances) 3
tial constraints the two detectors were oriented vertically, (Y S T T D T I
and y rays impinged on the sides. : * data (B) 3
Polarization degrees of freedom allow a more sensitive Lo04f ot ]
study of the spin-parity of resonance states. The analyzing  Yo3f o 3
powerA,(0) is sensitive to the interference of radiations of %02 3 ii— ‘\ E
opposite parity, especially at 90°. The analyzing power ata <~} TR \‘\t ]
given angle is defined by the expression %0.1 a ,‘,;’.'/'/ Ry
Ay(0)= YOV, 3 0(; '0_ 0 _'0 0100 120 140 160 180
y PY,(0)+P.Y,(0)’ 20 40 6 g(deg) 120 140 160 18

WhereYT(a) anq Yl(a) are the y'e|d$ of the proton spin up FIG. 3. (a) The calculated angular distribution of the differential
and down polarized states, respectively, &dand P| are ;s section. The solid line is the prediction fffi=2" for the
the beam polarizations for those states. With fiteor M 1 E,=7.478 MeV state and the dashed line)fe=2". (b) The ana-
radiation, A,(90°)=0. A finite analyzing power ab=90° |yzing power times the cross section. The solid points are the data
requires the presence of radiations of opposite parity. times the average of the’2and 2~ calculations with the fit shown
Figure 2 shows the analyzing power for capture to thepy the dot-dashed line. The solid, dashed, and dotted lines are cal-
ground state at six angleé, was extracted by comparing culations withJ™=2" with 3 resonances, 2 with 3 resonances,
the yields for spin up and spin down within the same gateand 2" with 4 resonances, respectively.
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TABLE I. The by coefficients for Legendre fits to the data and 10 2, . , . , .
theory. E *Be(p.70)B ot
: Ground state capture only ot
b, b, I 2,
Data 0.215:0.008  —0.020+0.005 '
Theory (2") 3 resonance 0.319 —0.015 =10 ¢ E
Theory (2°) 3 resonance 0.0285 —0.0134 E
Theory (2") 4 resonance 0.288 —0.0137 ‘g
o
e
tribute E1 strength in the case of capture to the ground state, 1 | 4
and therefore does not provide any 90° analyzing power. The -
only way to produce a large analyzing power at 90° in the
ground state channel is for this resonance to have a spin-

parity of 2* and thus contributeM1 strength. This M1

\
strength interferes with the direct capture E1 strength in or- o'l BTTAIMY
der to produce the observed value/g{90°). The resonance 0 500 e ,,}"(‘I’(‘LV) 1500 2000
(4

parameters used to fit the cross section data in Fig. 1 were
used to calculaté\,(6) without further adjustment, () is FIG. 4. Data are the same as in Fig. 1. The curves denoted as in
quite sensitive to the tail of thE,=7.478 resonance if®B  Fig. 1 are the result of calculations for capture solely to the ground
which contributes to the capture process leading to th@tate of'°B. The value ofS(0) is clearly sensitive to tha™ value
ground state (3) with E,=6.838 MeV. The solid line in  of the 7.478 MeV state in%B.

Fig. 2 shows the results of the calculations for the assign-

ment of 2, vyh|le an 7a55|g_nment 07=2" is shown extracted from these data points using a least-squares fit to
as a Qashgd line. The 2assignment leads to a value of Eq. (5) [9] (dot-dashed line in Fig.)3The averaging for the
Ay which is much too small compared to the observed, g)/a theoretical values introduces an error-06.002 to
analyzing power. The_ analyzing POWErS were also extractegqe b, values. The soliddashed lines show the theoretical
for capture to the first three excited states JC?B(EH predictions for the 2(27) case. Theb, coefficients for the
=6.120 MeV, J7=1"; E, =5.098 MeV, J7=0"; E,.  data and the theoretical curves are given in Table I. The
=4.684 MeV,J"=1"). Because of the small decay ampli- theory for the 2° case provides a better fit to the data. The
tude of the 7.478 MeV resonance to these states the analydetted line shows the case when a fourth resonarge (
ing power is small, and the difference between calculations=7.75 MeV) was included and the,=7.478 MeV state
for J7=2" and 2" cannot be distinguished within the accu- has a spin parity of 2. Higher resonances can affect the
racy of this experiment. analyzing power, but as the difference in predictions is large
To quantify these results the data and calculations can bie results from the analyzing power show tdat=2" for
expanded in terms of Legendre and associated Legendthe E,=7.478 MeV state in'’B.
polynomials[6]: Besides the evidence from experimental measurements,
theoretical calculations have predicted agate in'%B at an
a(0)=Ag Y, QeacPi(coso), (4)  appropriate energy. In Refl10] a cluster calculation was
k=0 made to predict the energy levels #B. The results were
whereQp=ao=P,=1.0, and compared to adopted energy levels taken from the 1879
1 =10 data compilatiofll] where theE,=7.478 MeV state
Ay(f)a( «9)=A0k21 QxbyPy(coso). (3 was given a 2 assignment. A predicted*2state at about
this energy was said to be unobserved so far. A more recent
Thea, andb, coefficients are the normalized Legendre poly-model calculatiorf12] using a shell-model also shows & 2
nomial coefficientsQ, are the finite geometry attenuation State at an energy which could correspond to this state.
factors, andP,(P}) are the Legendréfirst associated Leg- In summary, the large 90° analyzing power observed for
endre polynomials. Due to the unusual geometrical arrangecapture to the ground state &fB clearly indicates that the
ment of the detectors, th@,’s were calculated using a 7-478 MeV state of"®B must haveJ"=2". These results
Monte Carlo simulation to assess the detector efficiency oveliesolve the discrepancy present in the literature regarding the
the finite extent of the detect7]. In this experiment it was Parity of this state in the proton capture channel. The assign-
impossible to normalize the yield between different runs, sgnent of the parity of this state is important in extrapolating
a(6)/A, could not be extracted from the data. In order totheS(0) value for this reaction. When the direct capture-plus
extract theb, coefficients, theoretical values far(6)/A, resonances model is used to calculate the energy dependence
were used to calculaii, () o(6)/A,. The first panel of Fig. (2(1; the S factor for the case of _cap.ture to the ground state of
3 shows the theory predictions for the angular distribution, B, the results are as shown in Fig. 4. The valu&@d) for
a(6)/A,, for both the 2 and 2~ cases. The average of these the °Be(p,y)°B reaction obtained using the corredf
values for the two spin-parity assignments was multiplied by=2"* assignment for the 7.478 MeV state is found to be
theAy(6) from the data and used to obtay(6)o(60)/Agas  S(0)=0.20 keV b, which is about 40% lower than the value
shown by the solid points in Fig. 3. Thr coefficients were obtained using a 2 assignment.
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