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Gamow-Teller strength in „n,p… charge exchange on31P
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Using the charge exchange facility and second arm spectrometer at TRIUMF, we have measured the
31P(n,p) double differential cross section for 198 MeV incident neutrons, at scattering angles of 0 –30°, and
excitation energies up to 30 MeV. Via a multipole decomposition analysis we have extracted both the Gamow-
Teller strength distribution and the GT transition probabilities to low-lying31Si bound states. Comparison to a
shell model calculation, using the full 1s-0d space and universal SD interaction, shows reasonable agreement
in the strength distribution, but reduced summed strength in the experiment ((BGT52.3260.20 for Ex

<10 MeV) relative to the theory ((BGT53.33 for Ex<10 MeV). We discuss the role of configuration
mixing and Pauli blocking on the31P→31Si GT strength distribution.@S0556-2813~99!06602-9#

PACS number~s!: 25.40.Kv, 23.40.2s, 24.30.Cz, 27.30.1t
r-
es

i
T
ve

th
ti
-

in
ct

t
e

in
p
o

id
de

ra

os

gi
si
ib

the
e
to
II.

the
eter

V

o-
ing

am

d
er
lu-
r an

r
ted
n-

of
e

the

e of
tor
I. INTRODUCTION

The (p,n) and (n,p) charge exchange reactions, at fo
ward angles and medium energies, are established prob
Gamow-Teller~GT! excitations in nuclei@1,2#. Their use to
map the quenching of GT strength is a milestone topic
nuclear physics~e.g. @3#!. Their use to determine the G
transition probabilities of selected GT transitions has pro
valuable in fields including supernova dynamics@4–6#, neu-
trino detection@7#, and doubleb-decay@8#.

The long-standing question of the in-medium value of
nucleon’s induced pseudoscalar coupling is attracting con
ued attention@9–14#. Although both the induced pseudo
scalar coupling (gp) and the familiar axial coupling (ga)
formally govern the nucleon’s weak axial current, only
m-capture, and not inb-decay, are there measurable effe
of gp . A recent experiment to extractgp from GT transitions
in muonic 23Na @12# greatly profited from independen
knowledge of the relevant GT matrix elements determin
via 23Na(n,p) charge exchange data@15#. An on-going ex-
periment to extractgp from GT transitions in muonic31P
@16# partially motivated the present work.

Gamow-Teller transitions have special significance
nuclear structure. Since the GT operator acts on spin-iso
coordinates only, neither changing a nucleon’s principal
orbital quantum numbers, GT strength distributions prov
a sensitive test of shell model calculations. In particular,
terminations of GT strength via (n,p) reactions onN.Z
nuclei are especially sensitive to Pauli blocking, configu
tion mixing, and the residual interaction@28#. Given the pau-
city of (n,p) data onN.Z nuclei in the 1s-0d shell @15#, a
comparison of measured and calculated31P→31Si GT
strength distributions is of interest.

We report measurements of the double differential cr
section for the31P(n,p) reaction with 198 MeV incident
neutrons, scattering angles of 0 –30°, and excitation ener
up to 30 MeV. Through a multipole decomposition analy
of the cross section data we extract the GT strength distr
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tion. Section II describes the experimental setup, Sec. III
determination of the (n,p) cross section, Secs. IV and V th
extraction of the GT strength, and Sec. VI the comparison
various shell model calculations. We summarize in Sec. V

II. EXPERIMENTAL SETUP

The measurement was conducted at TRIUMF using
charge exchange facility and the second arm spectrom
~for details see Refs.@2,17# and @18#, respectively!.

The 198 MeV neutron beam is derived from the 200 Me
proton beam via the (p,n) reaction on a7Li foil. Down-
stream of the7Li foil a sweeping magnet separates the pr
tons from the neutrons, and downstream of the sweep
magnet a veto scintillator~FEV! identifies any proton con-
tamination in the neutron beam. The resulting neutron be
is nearly monenergetic@7Li( p,n)7Be* breakup yields a
small low-energy tail#, with an on-target flux of;106 n/s.

The (n,p) target assembly@17# comprised an interleaved
array of eight wire chambers and six target elements@five
31P targets elements and one CH2 target element denote
(31P)5•CH2]. The 31P targets were red phosphorus powd
sandwiched between thin Mylar foils and epoxyed onto a
minum support frames. They were assembled under eithe
argon or a nitrogen atmosphere, avoiding H2O absorption by
the 31P targets and minimizing1H(n,p) contamination of
the 31P(n,p) spectra. The31P targets were 110 mg/cm2 in
thickness and 436 cm2 in cross section. The wire chambe
hit pattern identified the struck target element and permit
correction for proton energy loss in the target layers dow
stream. The CH2 target element permitted determination
the unknown31P(n,p) cross section by comparison with th
known 1H(n,p) cross section.

The emerging protons were momentum analyzed in
TRIUMF Second Arm SPectrometer~SASP! @18#. SASP is a
110 ton Q-Q-D magnetic spectrometer with an acceptanc
13 msr and a momentum bite of 25%. The SASP detec
789 ©1999 The American Physical Society
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790 PRC 59R. M. SEDLAR et al.
system comprised a focal plane detector package and a f
end detector package. The focal plane detector package
sisted of a pair of drift chambers~VDC1 and VDC2! fol-
lowed by a segmented scintillator array~PD0-PD4! and a
large monolithic scintillator~S1!. The front-end detecto
package consisted of a pair of drift chambers~FEC0 and
FECM! followed by a trigger scintillator~FET!. The event
trigger was the AND of front-end and focal plane trigge
where the front-end trigger demanded hits in the FET sc
tillator and each FEC wire plane and the focal plane trig
demanded hits in a PD scintillator, the VDC1 X plane, a
the S1 scintillator. If the FEV scintillator was hit, the eve
trigger was rejected.

Data were collected at spectrometer settings
0°, 3°, 5°, 10°, and 15° using a 110 mg/cm2 thick 7Li
foil, and 15°, 20°, and 25° using a 220 mg/cm2 thick 7Li
foil. The 110 mg/cm2 data set yielded a somewhat bett
energy resolution and the 220 mg/cm2 data set yielded a
somewhat higher counting rate. Additionally, data were c
lected at each spectrometer setting with a (CH2)6 target ar-
rangement~for acceptance studies! and a~Mylar! 5

•CH2 tar-
get arrangement~for background studies!.

III. DIFFERENTIAL CROSS SECTIONS

A number of cuts and corrections were applied to the r
data. A segmented target cut required~i! a valid hit pattern in
the target wire chambers~i.e., no chamber hits upstream, an
contiguous chamber hits downstream, of the struck targ!,
and ~ii ! a valid (x,y) coordinate at the target face~i.e., en-
suring the particle trajectory originated from the P mater
not the Al support!. A particle identification cut required~i!
proton time-of-flight between the FET and PD scintillato
and ~ii ! pulse height corresponding to proton energy loss
the PD scintillators. We also applied corrections for prot
energy loss in the target assembly, slight variations of
SASP acceptance with the focal plane coordinates, and
low-energy tail of the neutron beam. Lastly, using the sc
tering angle determined by the FECs, the data were su
vided into 1°-wide bins between 0 and 5 degrees, 2°-w
bins between 5 and 15 degrees, and 3°-wide bins betwee
and 30 degrees.

The resulting (n,p) spectra include background even
from the Mylar windows of the phosphorus targets. The M
lar background comprises a large peak from the1H(n,p)
reaction, a small peak from the12C(n,p) reaction, and a
weak continuum. At zero degrees the1H(n,p) is located at
20.7 MeV in the 31Si spectrum. With increasing angle th
1H(n,p) peak slides across the31Si spectrum. To subtrac
the Mylar background from the phosphorus spectrum we
lected Mylar and phosphorus data at each spectrometer
ting. The~Mylar! 5

•CH2 target stack data were normalized
the (31P)5•CH2 target stack data both ‘‘directly’’@using the
1H(n,p) peak in the Mylar and phosphorus spectra# and
‘‘indirectly’’ @using the1H(n,p) peak in the CH2 spectrum#
as a consistency check on the subtraction procedure. Figu
shows the31P spectrum and Mylar background spectrum
the 0 –1° data set.

Finally, the 31P(n,p) spectra from the P target~elements
1–5! were normalized via the1H(n,p) peak from the CH2
target~element 6!. The use of the known1H(n,p) differen-
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tial cross section to determine the unknown31P(n,p) differ-
ential cross section avoided the need to know the abso
neutron flux and the absolute spectrometer acceptance.
1H(n,p) differential cross section, at the appropriate ene
and scattering angles, was computed using the solu
SM97 of the phase shift analysis computer programSAID

@19#. Table I lists the31P(n,p) differential cross section ver
sus 31Si excitation energy for the 0 –1° data set.

IV. GAMOW-TELLER STRENGTH

To extract the GT strength distribution, and evaluate
uncertainty, we performed a multipole decomposition ana
sis ~MDA ! on the 31P(n,p) cross section data~see Refs.
@3,20#!. In the MDA the measured differential cross sectio

FIG. 1. The 0 –1°31P(n,p) spectrum before~top! and after
~bottom! the Mylar background subtraction. The shaded region
the upper plot is the appropriately normalized Mylar backgrou
spectrum. The larger Mylar peak at20.7 MeV is due to the
1H(n,p) reaction and the smaller Mylar peak is due to t
12C(n,p) reaction.

TABLE I. The 31P(n,p) double differential cross section for th
0–1°. angular-bin and31Si excitation energies up to 27 MeV.

Ex d2s/dVdE Ex d2s/dVdE
~MeV! ~mb/sr MeV! ~MeV! ~mb/sr MeV!

22.0 0.29 13.0 0.94
21.0 0.35 14.0 1.24
0.0 0.36 15.0 1.27
1.0 1.35 16.0 1.53
2.0 0.88 17.0 1.26
3.0 0.64 18.0 1.37
4.0 0.42 19.0 1.27
5.0 2.06 20.0 1.16
6.0 3.09 21.0 0.98
7.0 2.90 22.0 1.13
8.0 4.76 23.0 1.22
9.0 2.50 24.0 0.99
10.0 1.69 25.0 1.08
11.0 1.23 26.0 1.09
12.0 1.01 27.0 1.07
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TABLE II. Summary of 31P(n,p) multipole decomposition analyses options 1–8. The spin-parity multipoles and single particle
tions of differentl values are identified by (hole21, particle)Jp.

Option l 50 l 51 l 52 l .2 (BGT (BGT

Ex,10 MeV Ex,15 MeV

1 (0d5/2
21,0d3/2)11 (0d3/2

21,1p3/2)12 (1s1/2
21,0d3/2)21 (0d3/2

21,1p3/2)32 2.32 2.62
(0d3/2

21,1p3/2)02

2 (0d5/2
21,0d3/2)11 (0d3/2

21,1p3/2)12 (1s1/2
21,0d3/2)21 (0d5/2

21,0d3/2)41 2.35 2.90
(0d3/2

21,1p3/2)02

3 (0d5/2
21,0d3/2)11 (0d3/2

21,1p3/2)12 (1s1/2
21,0d3/2)21 (0d3/2

21,0f 7/2)52 2.36 2.96
(0d3/2

21,1p3/2)02

4 (0d5/2
21,0d3/2)11 (0d3/2

21,1p3/2)12 (1s1/2
21,0d3/2)21 (0d3/2

21,1p3/2)32 2.10 2.51
(0d3/2

21,1p3/2)02 (0d5/2
21,0d3/2)41

(0d3/2
21,0f 7/2)52

5 (1s1/2
21,1s1/2)11 (0d3/2

21,1p3/2)12 (1s1/2
21,0d3/2)21 (0d3/2

21,1p3/2)32 2.36 2.68
(0d3/2

21,1p3/2)02

6 (0d5/2
21,0d3/2)11 (0d5/2

21,0f 7/2)12 (1s1/2
21,0d3/2)21 (0d3/2

21,1p3/2)32 2.25 2.35
(0d3/2

21,1p3/2)02

7 (0d5/2
21,0d3/2)11 (0p3/2

21,0d5/2)12 (1s1/2
21,0d3/2)21 (0d3/2

21,1p3/2)32 2.17 2.20
(0d3/2

21,1p3/2)02

8 (0d5/2
21,0d3/2)11 (0d3/2

21,1p3/2)12 (1s1/2
21,0d3/2)21 (0d3/2

21,1p3/2)32 2.37 2.84
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sexpt(u) are fitted to summed theoretical angular distrib
tions sJp

theo(u)

sexpt~u!5(
Jp

CJp sJp
theo

~u! ~1!

of definite spin-parity transferJp. The coefficientsCJp mul-
tiplying the theoretical curvessJp

theo(u) are determined by the
‘‘best fit’’ ~with the obvious constraintCJp>0). The fits of
the summed theoretical angular distributions to the meas
differential cross sections were performed for excitation
ergies from25 MeV to 125 MeV in 1 MeV steps.

For 31P(n,p) at Tn5198 MeV and 0°<u<30° we ex-
pect contributions of orbital angular momental ,4. In prin-
ciple, eachl value yields multipoles withJ5 l 21,l and l
11, but generally, multipoles of differentJ but samel have
similar shapes. The sets of spin-parity multipoles used in
multipole decomposition analyses are listed in Table II.
evaluating the sensitivity of the GT strength distribution
the MDA multipole set we found the choice of thel 51
curve ~i.e., Jp502 or Jp512) had the greatest influence.

The angular distributions for the required multipoles we
obtained via the distorted wave impulse approximation us
the computer programDW83 @21#. The DWIA input were the
projectile-target NN interaction, optical potential, and t
one-body transition densities of the31P→31Si transitions.
For the projectile-target NN interaction we used thet matrix
of Franey and Love@22#. For the optical potential we use
the 31P matter distribution of de Vrieset al. @23# folded with
-

ed
-

e

g

the projectile-target NN interaction using the computer p
gramMAINX8 @24#. Lastly, for the 31P→31Si one-body tran-
sitions densities we selected a variety of plausible sing
particle ~s.p.! transitions.

In selecting s.p. transitions for the differentJp multipoles
our guide was to regard31P as a filled 0p shell, an empty
1p-0 f shell, and 15 valence nucleons populating t
0d5/2, 1s1/2, and 0d3/2 orbitals. For the 11 multipole we
computed angular distributions between all 1s-0d shell or-
bitals ~consistent with the Gamow-Teller selection rule!.
We then ran the MDA with those shapes showing the gre
est variations. For the 12 multipole we computed angula
distributions for all excitations from the 0p shell to the
1s-0d shell and from the 1s-0d shell to the 1p-0 f shell
~consistent with the dipole selection rules!. We then ran the
MDA with those shapes showing the greatest variations.
higher l-value multipoles, we employed similar approach
~Table II gives the complete set of s.p. transitions use!.
Lastly, studies of the sensitivity to the parameters of the N
interaction and optical potential, revealed negligible effe
in the multipole decomposition.

The MDA determines theJp511 component of the mea
sured cross section@denoteds11(u)#. To convert the cross
section s11(u) into the GT strength distributionBGT we
used

s11~021°!5ŝ f ~q,v! BGT ~2!

whereŝ is the unit cross section andf (q,v) corrects for the
finite energy (v) and momentum~q! transfer in the (n,p)
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792 PRC 59R. M. SEDLAR et al.
reaction~note theBGT units are such thatBGT53 for free
neutron beta decay!. The correction factorf (q,v) was com-
puted with the computer codeDW83 and is within a few
percent of unity. The unit cross section,ŝ57.7560.39, was
computed by extrapolating the measured unit cross sec
for 13Cg.s.(n,p)13Bg.s. @2# from A513 to 31 using the empiri-
cal A dependence of Ref.@25#. Normally, the value ofŝ is
generally taken from the ratio of thes11 cross section and
BGT transition probability for analogous transitions in th
target nucleus. Unfortunately, the very we
31Sig.s.(b

2)31Pg.s. beta decay (BGT50.012 @26#!, makes the
proportionality of its~n,p! cross section and GT transitio
probability unreliable.

Table II lists the multipole sets, s.p. transitions, and G
strength sums, for the various multipole analyses perform
~options 1–8!. Figure 2 shows theJp multipole assignments
versus31Si excitation energy for MDA option 1. The peak
;0° and;7 MeV is clearly identified as Gamow-Teller i
character and the peak at;6° and ;15 MeV is clearly
identified as dipole in character. Table II indicates the la
quantity of GT strength below 10 MeV is essentially inse
sitive to the MDA option, whereas the small quantity of G
strength above 10 MeV varies significantly with the MD
option. The latter variations are mostly a result of sensitiv
to different zero degree amplitudes of the variousl>1 mul-
tipoles and s.p. transitions. The summed GT strength, u
MDA option 1, is 2.3260.20 below 10 MeV and 2.62

FIG. 2. Results of the31P(n,p) multipole decomposition analy
sis~option 1! showing the angular regions of the Gamow-Teller a
dipole resonances. The spin-parity multipoles are identified acc
ing to l (Jp).
on
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e
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60.23 below 15 MeV@the quoted uncertainty includes th
statistical uncertainty in the MDA, the published uncertain
in the 13Cg.s.(n,p)13Bg.s. unit cross section, and an overa
normalization uncertainty of67%#.

V. BGT VALUES FOR LOW-LYING LEVELS

Of importance to the muon capture investigations of
induced pseudoscalar coupling are the GT transition pr
abilities to 31Si bound states (Ex,5.8 MeV). The relevant
states are the 1/21 ground state, the 1/21, 0.75 MeV excited
state, the 3/21, 2.32 MeV excited state, and several 1/21 and
3/21 states near 5 MeV.

To extract theBGT values for these GT transitions w
fitted the21 MeV<Ex<6 MeV region of the GT strength
distribution to a series of peaks. We deployed one Gaus
for each level at 0, 0.75, and 2.32 MeV and another Gaus
for the level cluster at;5 MeV @these states are unresolve
in the (n,p) spectrum#. In fitting the 0, 0.75, and 2.32 MeV
peaks, their centroids were fixed at their known excitat
energies and their widths were fixed at the measured ins
mental resolution~FWHM ;1.2 MeV) and only the ampli-
tudes were varied. In fitting the;5 MeV level cluster the
peak centroid, width, and amplitude were all varied.

A concern in extracting the areas of the low-lying31Si
peaks was the effects of subtracting the nearby1H(n,p)
peak. A sequence of fits, to determine the effects on
interesting31Si peaks of over or undersubtracting the bac
ground 1H(n,p) peak, were therefore performed. The resu
ing ‘‘best fit’’ curve and ‘‘best fit’’ BGT values are given in
Fig. 3 and Table III, respectively. The quoted uncertaint
include: the statistical uncertainty in the fit, the publish
uncertainty inŝ @2#, the 1H(n,p) background subtraction
uncertainty, and a67% overall normalization uncertainty

d-

FIG. 3. Fit to the low-lying 31Si levels in the measured GT
strength distribution. The points are the experimental data and
solid lines are the ‘‘best fit’’ curve for the 0.75, 2.32, an
;5.0 MeV peaks.
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In the case of the weak transition to the31Si ground state we
quote aBGT upper limit.

VI. COMPARISON TO SHELL MODEL CALCULATIONS

Figure 4 compares the energy distribution and runn
sum of the31P→31Si GT strength from the multipole decom
position analysis and a shell model calculation. The exp
mental determination used the spin-parity multipoles a
single-particle transitions of option 1 in Table II. The mod
calculation used the computer codeOXBASH @27# with the
full 1s-0d space and the universal SD interaction@26,28#.
Figure 4 shows similar strength distributions for the me
surement and calculation; both revealing a large, higher
ergy peak centered at;7 MeV, a small, lower energy pea
centered at;1 MeV, and a weak continuum of GT streng
from 10 to 15 MeV. The summed GT strength from 0 to
MeV are 2.3260.20~expt.! and 3.33~calc.! and from 0 to 15
MeV are 2.6260.23 ~expt.! and 3.56~calc.!. In both cases,

TABLE III. BGT values for31Si bound states. The experiment
values are from the fit to the21.0 MeV>Ex>6.0 MeV region of
the measured GT strength distribution. The calculated values
from the 1s-0d shell model calculation using the universal SD r
sidual interaction. The quoted experimental uncertainties incl

the statistical error in the fit, the published error inŝ, and a nor-
malization error of 7%. The;5.0 MeV peak corresponds to sev
eral unresolved states.

Ex ~MeV! Jp BGT
expt BGT

theo

0.0 3/21 ,0.10 0.052
0.75 1/21 0.2660.06 0.172
2.32 3/21 0.1860.03 0.097
;5.0 0.8860.13

FIG. 4. The GT strength distribution~top! and the GT running
sum ~bottom! versus 31Si excitation energy. The solid line is th
(n,p) measurement and the dashed line is the shell model calc
tion with the full 1s-0d space and universal SD interaction.
g

i-
d
l

-
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the ratio of measured strength to calculated strength is a
0.70. The31P→31Si reduction or quenching factor is typica
of other charge exchange data on 1s-0d shell nuclei~e.g.,
Refs. @29,30#. It agrees with Siebelset al. for 23Na(n,p)
@15#—the only other published data for the (n,p) reaction on
a N.Z nucleus in the 1s-0d shell.

Table III compares the measured and calculated31P
→31Si GT transition probabilities to low-lying31Si bound
states. The pattern of GT transition probabilities in the d
and the model are the same; the 0.75 MeV stateBGT value is
largest, the 2.32 MeV stateBGT value is next, and the groun
state BGT value is smallest. However, contrary to th
summed GT strength results, the experimentalBGT values
are larger than the theoreticalBGT values for these low-lying
levels. Most likely, since these states exhaust only a sm
fraction of the total strength, the model dependences of
calculated strengths is much greater for these individualBGT
values than the summedBGT value. Other possible explana
tions are~i! the breakdown of proportionality between th
(n,p) reaction andBGT strength for weak transitions@25#,
and ~ii ! undersubtraction of the1H(n,p)-peak background
~see Sec. V!.

For N.Z nuclei, configuration mixing via the residua
interaction is more important~due to Pauli blocking! for the
(n,p) reaction than the (p,n) reaction. As an illustration
consider theA531 nuclei as comprising a filled 0d5/2 core
and three active nucleons in the 1s1/2-0d3/2 orbitals, and the
31P g.s. as comprising one proton and two neutrons in
1s1/2 orbital. Then, GT transitions~via 1s1/2→1s1/2 transi-
tions! are allowed in the31P(p,n)31S case but forbidden in
the 31P(n,p)31Si case. Of course, in reality, configuratio
mixing admits hole states in the 0d5/2 and 1s1/2 orbitals and
enables GT transitions in both (n,p) and (p,n) cases, but a
greater sensitivity to configuration mixing is expected in t
31P(n,p) reaction compared to the31P(p,n) reaction@28#.
Figure 5 demonstrates the configuration mixing sensitivity
the 31P→31Si total GT strength, showing the summedBGT
strength as a function of the maximum number of nucle
holes in the 0d5/2 core.

The sensitivity to configuration mixing is further corrobo
rated by the calculations presented in Table IV. It listsBGT
sums for GT transitions from31P to Tf53/2 states in31Si
@the (n,p) direction# and Tf51/2 states in31S @the (p,n)

re

e

la-

FIG. 5. SummedBGT strength for 31P→31Si versus the maxi-
mum number of allowed holes in the 0d5/2 core~using the universal
SD interaction!.
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TABLE IV. Comparison ofBGT sums computed using the full 1s-0d space and the empirical interactio
of Wildenthal and Brown~denoted USD!, the realistic interaction of Kuo~denoted KUO!, and schematic
modified surface-delta interaction~denoted MSD!. The last column (D) is the difference of the largest an
smallest calculatedBGT sum divided by the average of the calculatedBGT @e.g., for the first row (5.769
21.455)/3.15851.26#. The larger the value ofD, the poorer the agreement of theBGT sums from the USD,
KUO, and MSD interactions.

i→ f Ji→Jf Ti→Tf (BGT
USD (BGT

KUO (BGT
MSD D

31P→31Si 1/21→1/21 1/21→3/21 2.250 5.769 1.455 1.26
31P→31Si 1/21→3/21 1/21→3/21 3.359 0.746 2.317 1.69
31P→31S 1/21→1/21 1/21→1/21 3.327 1.826 2.417 0.59
31P→31S 1/21→3/21 1/21→1/21 4.993 3.661 4.660 0.30
ll
em

d

th
to

l

rs

th
t

th
el

-
ion
ved
ts

n
est

he

p-
ond
tion
rch
direction#. The BGT sums were calculated using the fu
1s-0d space and three different residual interactions: the
pirical interaction of Brown and Wildenthal@26,28#, the re-
alistic interaction of Kuo@31#, and the schematic modifie
surface delta interaction@32#. Table IV shows, for the
summedBGT strength, a much greater dependence on
residual interaction, implying a much greater sensitivity
configuration mixing, in the31P→31Si case than the31P
→31S case. The consistency of the31P(n,p) quenching fac-
tor with other 1s-0d nuclei quenching factors, given the vita
role of configuration mixing for the (n,p) reaction onN
.Z nuclei, represents a stringent quality test of the unive
SD interaction.

VII. SUMMARY

In summary, using the charge exchange facility and
second arm spectrometer at TRIUMF, we have measured
31P(n,p) double differential cross section and extracted
31P→31Si Gamow-Teller strength distribution. A shell mod
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calculation, using the full 1s-0d space and universal SD in
teraction, is in agreement with the measured GT distribut
but over-estimates the total GT strength. The obser
quenching factor of;0.70 agrees with earlier measuremen
via (p,n)/(n,p) reactions on other 1s-0d nuclei. Given the
vital role of configuration mixing via the residual interactio
on the 31P→31Si GT strength, these data are a stringent t
of the shell model. Lastly, theBGT values corresponding to
low-lying 31Si states are important to investigations of t
induced pseudoscalar coupling via the31P(m2,n) muon cap-
ture reaction.
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