LEGIBILITY NOTICE

A major purpose of the Teohru-
cal Information Center is to provide
the broadest dissemination possi-
ble of. information contained in
DOE’'s Research and Development
Reports to business, industry, the
academic community, and federal
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
- research discussed herein. -

1




. LA-UR -88-1787 . ) e_

L

Los Alemos Nauansl Laboraiory 13 0perated Dy ™he University ol Caslorne lor she Unded Siates Depariment 0! Energy unaer Coniyact W-7403-ENG-J8

LA-UR--88-1787

DEB8 014470

nre  RATIO OF GAMOW-TELLER TO FERMI STRENGTH OBSERVED IN CARBON
13, 14 (proton, neutron) AT 492 and 590 MeV

J. L. Ullmann, J. Rapaport, P. Lisowskil, R. C. Byrd, T Carey,

T. N. Taddeucecl, J. McClelland, L. Rybarcyk, R. C. Haight,

N. S. King, G. L. Morgan, D. A. Ling, R. Smythe, C. D. Zafiratos,
D. Prout, E. Sugarbaker, W. P. Alford, W. G. Love

AUTHOR(S)

SUBMITTED TO  Spin Observables of Nuclear Probes, Telluride Meeting,
March 14, 1988

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any |egal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparalus, praduct, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein 1o any specific commercial product, process, or service by trade name, trademark,
manufucturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, o5 favoring by the United Siates fiovernment or any agency thereof. The views
and opinions of suthors expreased herein de not neceasarily atate or reflect those of the
United States Government or uny agency thereof.

. 36 o pubhiin ur rep/oduce
By acceplance of 1his arncle the pubhaner 1ecogni, o8 1hal the U S Government retans 8 noneaciusive. royally lrgw hiean 4

INE PUDUIhAD 101M 0l Th CONBUNOA o 10 alow others 10 Jo 3o tw U'S Government purposel
" 1he sriment of Energy
The L 08 Alamos Nanonal | abov ity 1@quAsIS INET 1he publithee 1dentily g 810l a8 work Dot lormed under NG Sutls
DL,
OISTRIBU iGN Co ek 5 DOICUMLET 15 UL,

Los Alamos National Laboratory
@S @m© Los Alamos,New Mexico 87545


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


RATIO OF GAMOW-TELLER TO FERMI STRENGTH OBSERVED IN !3:}C(p,n) AT 492

AND 590 MeV.

J.L. Ullmann, J. Rapaport, P.W. Lisowski, R.C. Byrd, T. Carey,
T.N. Taddeucci, J. McClelland, L. Rybarcyk, R.C. Haight, N.S.P.
King, and G.L. Morgan

Los Alamos National Laboratory
Los Alamos, NM 87545

D.A. Lind, R. Smythe, C.D. Zafiratos, D. Prout

University of Colorado
Boulder, CO 80309

E. Sugarbaker

The Ohio State Universicy
Colombus, OH 413212

W.P. Allord

TRIUMP
Vancouver, B.C., Canada V6T 2A)

¥V.G. Love

University of Georgla
Athens, CA 55455

INTRODUCTION

It has been recognized for a number of years that certain spin-
isospin components of the nucleon-nucleus effective interaction can be
inferred from (p,n) reactions to states of known nuclear structurs. For
L=0,8=0andLe0, $=1 transitions, the O-degree (p,n) cross
section can be toln:cd respactively to Fermi and Gamow-Teller beta decay
matrix elements!. If these trunsitions occur {n the same nucleus, the
ratio of isovector spin-flip to ron-spin-flip effective interactions can
be measured without rcgnrd for absolute normalization. The bes. reaction
to measurs this is !*C(p,n) uh&rh goes by a pure Camow-Teller transition
to the 1* state at 3.9% MeV in !N, and Fermi cransition to the 2.31 MaV
0* state. This work extands ths ratio measurements made at lower
enargies (ref. 1, 2, 3) to 492 and 390 MeV.

We also raport on the '’C(p,n) rcncclon wvhich goes by a pure CT
transition to the 3.51 MeV 3,2 state in '’N, but by a mixed Fermi plus
Gamow-Tsller transition to the 1/2° ground state.



EXPERIMENTAL METHOD

The measurements vere made on the 240 m zero-degree flighc path of
the WNR Target-Twc facilicy at LAMPF. Neutrons wvare detected in a
25 cm x 50 cma x 7.5 cm thick plastic scintillator coupled at both endas to
a RCA C31024 phototube, as was used in previous measurements. (ref. &4).
The intrinsic time resolucion of this syscem is about 300 ps FWHM. For
beam energies less than 800 MeV, the last sections of the LAMPF linac are
turned off and normally act as a passive drift section. Over this drifc
space, the normal beam energy spread (4E/E = 0.1l%) slews into a time
spread that i{s much larger cthan the intrinsic resolucion of the datector.
This width seriously limited previous ssasurementcs at energies below 800
MeV. The present measuresents wers mads by tuning one of the unusaed
lirac cavicies to adjust cthe phase space of the beam tc produce a cime
focus at the detector position. (See ref. 5.) Wicth this technique, beam
pulse widths of 300 ps vere observed at the target position. The effact
of this bunching scheme is shown in Figure 1.

The ''C target vas made from amorphous carbor, enriched to 89% in '‘C
and encased in a 0.005 cm thick nickal cell. The '*C thickness was 170
mg/cm®. This Ls the same target as was used in the TRIUMF measurements.
(ref. 1) Figure 2 shows the time spactrum for '‘C(p,n) at 492 MeV. A
spectrum at 590 MeV was not obtained because of exparimental
difficulties. The dominant feature of the spectrum is the 1° Camow-
Teller stace at 3.95 MeV excitation. The IAS at 2.31 MeV appears as a
small shoulder on the larger GT pesk. Neutron yields were obtained by
ficcting an asymmetric Gaussian line shape to the data. The peak-shape
parameters vere obtained from isolatad states in '°C. Special care was
taken to insure that the yilelds obtained for the IAS were not sensitive
to reasonable small changes in the fitting parameters or procedure.
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Fig. 1. Buncher on ve. buncher off for “C(p,n) at 492 MeV,
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Fig. 2. Zero-degree time spectrum of ''C(p,n) at 492 MeV (128
ps/chan). The curve fitted to the 1' GT state and the 0 IAS
is showm.

The 1C target wes a 209 ag/cm’ self-supporting foil cousisting of
13¢ anriched to 99% mixed with 15% binder enriched to 908. Figure 3
shows the spectra obtained at both energies. The 1/2° gs ard 3/2° state
at 3.51 MeV are well resolved. Neutron yields were dateruined by simply
sunming counts.

RESULTS

Taddeucci (ref. 1) has given an expression for the cross section of
a given type a (a = GT or F):

o(q,w) = o(E,A) F (q,0) B(a) (1)
where ¢ is the "unit cross section" and depends on mass and bombarding
energy, B is the beta-decay transition strength that contains the nuciear
structure information, and F, is a factor that describes the shape of the
angular distribution [F (q = O, w = 0) ~ 1].

The unit cross section is the factor of primary interest, and may
be written approximately as

A D 2
accr - K(EP.O)N‘" 'Ja"

. Dy 2

by = R(E,, OND[J | (2)

where K 1s a kinematic fector, N° is the distortion factor, and Jq and
J, are the volume integrals of the spin-flip (V, ) or non-spin-£flip (V)
{sovector central {ntersction, We note that

SCT - UGT(Q w» Q,w= 0)/5(0?) and GF - ar(q - o’w - 0)/3(?) ‘ ()



Table 1. B’s used in determining o
(from ref. 1)

B(CT) B(F)

Be(p, n)N 2.31 MeV (0+) - 2.0
3.95 (1+) 2.76 .

Bep,n)N g (1/2-) 0.20 1.0
3.51 (3/2-) 0.83 -

Table 2. Measured Values of R?

¢ 492 MeV 9.4 %0.7
3¢ 492 MeV 13.8 £ 2.3
$90 MeV 11.4 £ 0.7
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Flgure 3. Zero-degree energy spectra for ’C(p,n) at 390 and 492 MeV,



The ratio of these unit cross sections is defined as R3,
R? = 5op/0p (4)

wvhich, in the factorized approximation, may be written as

1912 NP
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r

We alect to compare valuas of R} to calculated values. R? can be
determined directly from the data, while eq. (5) involves an
approximation. We prefer to lump the uncertainty in calculating the
distortion factors and other reaction details into tha theorecicsl
calculations and report numbers more closely related to experiment.

For the pure transicions in !*C(p,n), R? can be obtained diractly
from eq. 3. However, for the mixed transitions in 3C, wve need to use
the incoherent sum of the cross sectiuns, and obtain

2 B, (F)

R™ = (6)

The values of the beta decay transition srtrengths wve used ars those
suggested by Taddauccli (raf. 1), and are obtained from J decay for all
transitions except ’C(p,n)!’N(3.51). The valus of the latter was
determined by a comparison of (p,n) data to the ground state or 15.1 MeV
transitions. The values of the B’'s are shown in Table 1. Tablae 2 shows
the valuss of R? that ve extracted from the data.

The measured values of R? are compared to cslculactions for '*C(p,n)
in figure 4. The data points at 200 MaV and belov are from ref. 1 and 2,
and those between 200 and 450 from ref. 3. The calculations ars
described {n detail in & recent paper (ref. 7). Briefly, the
calculactions are non-relativistic DVIA and include direct and axchange
terms explicitly with central, spin-orbit, and tensor parts for each
intearaction. Results using two nucleon-rnucleon interactions are shown.
The first used a free t-mstrix interaction based on Arndt’'s SP84 phase
shifts’. The second is an unpublished® densiiy-dependent G-matrix
{nteraction (HM86) based on the Bonn potentiall’. The G-matrix
calculation wvas extended to 300 MeV using the 425 MeV g-matrix. This ia
not, of course, well justified, but used for comparison,

The density-dependant G-matrix interaction vas used to include the
relatively strong wedium effects on the short range processss that
contribute to V.. The results reproduce the date well up to 300 MeV, but
the trend of the data above that seems to follow more the trend of the
t-matrix calculations. Ve note, however, that the Bonn potontial used in
the G-msatrix calculation was only fic to the N-N data up to 100 MeV, and
that above 300 MeV even the zero-density G-matrix calculations differ
significantly from the t-mactrix calculations'. A similar govd
reproduction of the lower energy ratios vas obtained by Horowitz!! in a
relativistic calculacion for the ratio |J, /J, | that included only Paull
blocking as a sedium effect. Cross section calculations vere not
presented, hovever, so a direct comparison to our data cannot be mads.

Also shown in Figure & asre our R? valuas for '’C. We observe that
the ratio is somevhat different in valus from that measured for '‘C, but
follows a similer trend with energy.
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Fig. 4. Values for the ratio R? = g_/o, measured in the *C(p,n)
reaction from 100 to 600 MeV. Daca from !C(p,n) at 492 and
590 MeV, and C(p,n) and *N(p.n) &t 800 MeV are slso showm.
The solid line {3 the result of a G-matrix calculation using
the Bonn potential, and the dashed line is a calculation
uaing a t-patrix interaction.
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