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The first (p,n) polarization-transfer measurements for delta production on a nuclear target are
presented for th&C( p, 1) reaction at ®and 795 MeV. Polarization observables are used to extract the
spin-longitudinal, spin-transverse, and spin-independent partial cross sections. In the spin-longitudinal
channel, fair agreement is found between experiment and a model which includes a strongly attractive
residual interaction. A large unexpected enhancement in the spin-transverse cross section is observed.
[S0031-9007(96)00416-4]

PACS numbers: 25.40.Hs, 14.20.Gk, 24.70.+s

A prominent feature of double differential cross sec-for the(p, ) reaction on natural C (98.9%C) and CD.
tion spectra resulting from thép,n) and (*He, ¢) reac- Differential cross section spectra were measured fos,CH
tions at sufficiently high beam energies is a broad peakCD,, C, and’Li. The proton beam energy was 795 MeV
attributed to excitation of thA resonance [1]. This peak with a beam current between 20 and 40 nA and a typical
appears at a significantly smaller value of energy lospolarization of 0.65. The scattering angle wa&safid the
w, the difference between projectile and ejectile energiesjeutron flight path was 200 m. Cross section measure-
for nuclear targets compared to the proton target. Thesments were normalized to thei(p,n)’Be(g.s. + 0.43-
charge exchange reactions excite both the isovector spihdeV) transition at O [, (0°) = 27 mb/sr] [9].
longitudinal §§ - §) and spin-transverseS (X §) nuclear A formal definition of the expressions we use to ex-
responses. In contrast, electromagnetic probes excite thiact the partial cross sections from our data is set forth
A resonance through a predominantly spin-transverse coin Refs. [10,11]. These cross sections are defined with re-
pling. Cross section data taken using these probes revegpect to a set of center-of-mass unit vectors and represent
little energy shift in theA resonance peak position in nu- the cross section for flipping the nucleon spin along each
clear targets compared to the proton. This suggests thaf these vectors. The vectdr is normal to the scatter-
collectivity in the spin-longitudinal channel, arising from ing plane,g is in the direction of momentum transfer, and
an attractive pion field [2] could be responsible for the shiftp = § X 7. At 0° these partial cross sections may be ob-
seen using th€He, 1) and( p, n) reactions [3,4]. Thisin- tained from the PT observables and the unpolarized cross
terpretation is also supported by recent theoretical resultsection(l,) according to
[5,6] and by several experiments which are discussed be-

low. Measurements that can isolate the spin-longitudinal Iy = %Iu(l + 2Dyy + Dp1), 1)
component of the nuclear response foproduction will
contribute significantly to our understanding of mesonic I, = %I,,(l — 2Dyy + Dyp), 2
fields in the nucleus [1].

Details of the nuclear spin response may be investi- I, =1, = %Iu(l - D), 3

gated through measurements of polarization-transfer (PT)
observables [7]. We report the first measuremettpofz)  wherel, I,, I,, andI, correspond to the spin-independent,
PT observables for tha resonance in nuclear targets [8], spin-longitudinal, and two spin-transverse partial cross
from which separate spin-longitudinal and spin-transverseections, respectively. [These relations can be obtained
partial cross sections have been extracted. from Egs. (12)—(15) in Ref. [10] by settirg), = 7/2.]

The data were taken with the neutron time-of-flight We compare our data to the results of a finite-nucleus
(NTOF) Facility at the Los Alamos Meson Physics Fa-calculation that uses the distorted waves impulse ap-
cility. The PT observable®yy andD;; were measured proximation (DWIA) [7]. Delta production is treated
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using the isobar-hole model, and nuclear correlation§ABLE I. The ratio of partial cross sectiong,, to unpolar-
are accounted for in the Tamm-Dancoff approximationized cross section/,, over a 100 MeV bin around the delta

resonance peak as determined through Egs. (1) and (2) for the
ghnrotl:}%h ,: Eaglie;,?lﬁqggzlld;golnl;[g;%c?r?né’gcﬁg Stif)?ls hydrogen data from Ref. [13] and for our carbon data.

of quasielastic responses [12]. The residual interactiofRatio H C

contains delta holeAN 1) couplings withgyy = 0.6 and 0318 + 0.004 0.284 + 0.006
gan = gaa = 0.4. The calculated residual interaction ;’ /1 0.326 = 0.002 0310 = 0.004
in the spin-transverse (rho) channel is mildly repulsive, n/[ 0.326 + 0.002 0310 + 0.004
which results in a decrease in the magnitude of the calcug,/y, 0.030 * 0.005 0.100 * 0.006

lated A resonance spin-transverse cross sectignt( 1,,)
and produces a small shift in the peak of this cross section

to higher energy loss. The spin-longitudinal (pion) inter-

action is strongly attractive causing an increase in the magare effectively included in the two transverse terms, indi-
nitude of the calculated spin-longitudinal cross sectigh ( cated by the double primes on the coefficients in Eq. (4).
and a shift in the location of the peak of theresonance The dependence of the polarization observables on the
to lower energy loss. The correlations considered in théelative strengths of the partial cross sections can be
spin-longitudinal channel are closely associated with thebtained from Eqgs. (1) and (2). A purely spin-longitudinal
presence of an enhanced pion field in nuclei [2]. cross section/{, = I,) would yield values of+1 for D,

For the distorted waves calculations the following formand —1 for Dyy, while a purely spin-transverse cross

for the nucleon-delta transition amplitude has been used:section results in values of 1 and 0 forD;; andDyy,
respectively.
—B'o-aS-a+&'a-pS-p _The carbon and_hydrogen cross section data are shqwn in
R R Fig. 1(a). The solid curve represents the full DWIA finite-

+ o0 ¢S -q, (4)  nucleus calculation for carbon [7]. The difference in the
peak position between carbon and hydrogen is 55 MeV.
WhereS IS avector Spln operator for the transition ofaspln To produce the shift in the peak of the calculated carbon
2 target nucleon to a splé-delta and is a generalization spectrum the value qfy in the residual interaction was
of the Pauli matrices. We have usel = B’ = § =  setto 0.4. This is larger than the value of 0.33 used pre-
tnadanal(A2 — m2)/(A2 — ? + ¢*)* and J,ya =  viously in Ref. [7]. The value of 0.4 is, however, still in
800 MeV fm’. The strength paramete, and the cutoff agreement with an analysis [15] of the exclusive pion pro-
massA/, are adjusted to reproduce thel(p,n) double  duction cross section measured in the(*He, r77+)'2C, .
differential cross section measured during this experimenteaction [16]. The latter reaction is very sensitive to the
The theoretical results displayed in all the figures werespin-longitudinal response function. While in Fig. 1(a) the
calculated with the value of;, set to 0.69 and the value shape and peak position of theresonance cross section
of Al set to 650 MeV. The values aP;; and Dyy  are well reproduced by the result of the calculation, the
from 0° PT measurements of thel(p, n) reaction [13]are  magnitude of the calculated carbon cross section is signifi-
very close to—%. This value can only be obtained from cantly smaller than what is observed.

Eq. (4)ife”, B”, andés are equal in magnitude [7]. Such  The measured and calculated PT observables for carbon
a transition is a purely central spin-dependent excitatiomre compared in Figs. 1(b) and 1(c). The solid curve
with one spin-longitudinal and two spin-transverse parts. represents the full DWIA calculation while the dotted line,

In a recent calculation, Ray [14] has indicated additional—%, corresponds to the calculation performed without
terms to those in Eq. (4) may contribute significantly tonuclear correlationsuf,, = 0). For bothD;; and Dyy
the spin-independent and spin-transverse cross sectiorgound 200 MeV energy loss, a significant difference
Of these additional amplitudes, the magnitude of the spinexists between the results for the full calculation and
independent term is the largest and is as large as the maghe results obtained from the calculation with no residual
nitude of each of the vector amplitudes shown in Eq. (4)interaction ¢,n = 0). This difference arises from the
Application of Egs. (1) and (2) to the hydrogen data fromincrease in magnitude of the calculated spin-longitudinal
Ref. [13] may provide a test of this assertion. In Table Iresponse with respect to the spin-transverse response
we show the fractional contribution from each spin chanvesulting from the effects of the residual interaction used
nel to the hydrogen and carbon cross section summed abat the full calculation. However, the experimental PT
the peak of the\ resonance. Each Of the spin-dependenbbservables are not described well by the results of either
partial cross sections contributes abgmf the cross sec- calculation in this region of energy loss.
tion. The spin-independent carbon cross section is quite A possible reason for the disagreement between the data
small implying only a weak contribution from this addi- and the results of the full calculation can be seen by com-
tional term. The strength of the additional spin-dependenparing the measured and predicted partial cross sections.
amplitudes cannot be assessed; however, these amplitudEse spin-transverse cross section shown in Fig. 2(b) is not

4489



VOLUME 76, NUMBER 24 PHYSICAL REVIEW LETTERS 10uNE 1996

L L B L B LR
08 | C 0° 795 MeV (a) -

,>-\ —~~

> >

V]

= -
=

2 5

g B

= E
._.=

'_'U"

=

(V)]

=

~

wn

~

el

£

+

'_Q.

0 100 200 300 400 500
w (MeV)

FIG. 2. The (a) spin-longitudinal and (b) spin-transverse
partial cross sections for carbon are compared to the results
of the DWIA calculations with (solid line) and without (dotted
line) correlations.

—08 _ _ attributed mainly to extra strength in the transverse chan-
o ] . . ] nel. The extra transverse strength also tends to dominate
00T 200 300 400 00 the spin observable®)yy and D;;, and thus masks the
expected signature of correlations in the spin-longitudinal
» (MeV)
channel.

FIG.1. In (a) the double differential cross sections for A study of deuterium and carbon using 1@32],) reac-
2C(p, n) (dark histogram) andH(p, n) (light histogram) are s determined the ratio of the isovector spin-transverse to
shown. Below this appears the values for (B); and . I ! . .
(©) Dwy for 2C(j,7). The dark curves presented in these spln-lo_ngltudlnal partial cross section [17]. The ratios for
figures correspond to the result for the full (correlated) DWIA deuterium and carbon wete71 = 0.09 and2.99 = 0.23,
calculation that includes the residual interaction described in theespectively, and were reported to be constant over the re-
text, while the dotted line in (b) and (c) represents the resulgion of the energy loss spectrum dominated byAheso-
from the same calculation with the residual interaction set t9yance. In a 35 MeV bin at the peak of theresonance,
zero (uncorrelated). we find a ratio ofl.68 * 0.14 for our deuterium data and
2.15 = 0.06 for carbon [8]. The ratio for théH(p, 1)
reproduced by the results of either our full (solid) cal-reaction is consistent with that of tRéi(d,2p) reaction.
culation or by our calculation performed witk),, set to  However, for our carbon data, this ratio rises substantially
zero (dotted). The peak of this partial cross section apwith decreasing energy loss.
pears at 30 MeV lower energy loss than the prediction, and The results presented here for tie resonance are
the magnitude of the cross section is substantially smalleslosely related to and consistent with a recent report on the
than the prediction. Conversely, the shape and magnitudgpin decomposition of thguasielasticscattering cross sec-
of the observed spin-longitudinal cross section are repration using the p, n) reaction [18]. In that article, the spin-
duced reasonably well by the results of the full DWIA cal- longitudinal and spin-transverse responses were compared
culation, although the calculated cross section at an enerdy results of a DWIA calculation that employed resid-
loss greater than thi& resonance peak is too low by about ual interactions based on the + p + g’ model. The
15%. The partial cross section data therefore reveal thatalculated spin-longitudinal response was found to agree
the larger-than-expected cross section in Fig. 1(a) can beasonably well with data, while in the spin-transverse
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