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ABSTRACT

197y was measured and the

The {e,n) cross section for
results analyzed using the known {y,n) cross section and DWBA
virtual pheoton spéctra. The (y,n}) cross section contains an
E2 component exhausting 66 26 percent of the isoscaltar E2
sum and ar M1  component in the ‘threshold region with a strength
of 18.9+1.2 MeV.mb. It is shown that the electrodisﬂﬁegraﬁon

cross section is very sensitive to M1 absorption and the

technique can be used for other nuclei.
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The location of M1 strength in medium and heavy nuclei
has been a long standing and major problem in nuclear structure
physics. Recently a broad resonance has been observed in (p,n)
experiments(1), which 1is generﬁ]dyﬁaécepted as a Giant Gamow-
Teller resonance and would imply apreciable sirength for a giant
M1 :state in the target. This MY} state has been confirmed in
several é;ses by_(p,p?}.experimentsﬁz)b Some. of these M1 states
have also been ob.served in {e,e') exp_eriment‘s_(S}, but for reasons
yet not understood the resuﬂts_from-electron and hadron. .
exp&niments_are not always. in agreement. The distrjbution of
M1 strength. in medium and heavy nuclei is still centroversial.

In-this paper we present evidence for .Ml strength in
]QFAU. The technique described here is very sensitive to MI
strength, relies in the well understood e}ectromagﬁeticinteraCtion_r
and can be used for other nuclei.

We have measured the (e,n) cross section for 197Au. The
experimeﬁt was iritially planned to measure the E2 strength . in
the neutron channel, using a technique already described in
previous papers(4’5). In a heavy nucleus like ]97Au , the
Coulomb barrier strongly inhibits charged particle emfssion.
Sincé the isoscaiar EZ resopance is at aﬁ excftation'energy
bellow the Coulomb. barrier for protons and aIﬁha'paftic1es, the
neutron. channel must contaim nearly all of thé: EZI absorption.

The experiment was first performed using a Zl-mg/cmz_ gold
target, by.defecting-the-emitted ne@tfoné in four BF3 counters.

Since we could not explain the measured cross section.in. terms

of the expected El . and EZ ‘;ompdnehts, ‘we repeated. the

measurements in a completely independent experiment, in order to
ruie out instrumental errors. In the second experiment, the

(e,n) cross section was measured by residual activity. The goid
targets were 1.5 mg/fmz thiék. The cross section was measured.
following the 356 keV y-ray activity from the 6.18 days decay of
196Au IQGP

to t, using. a Ge(Li) detector. In this second

experiment, the photodisintegration yield, produced by the
bremsstrahlung from a 0.717 g/_cm2 cepper radiator was aiso
measured. _' . .
Since the energy éca]e of the electron Tinear accelerator
from Universidade de Sao Paulo, wﬁére both experiments. were
performed, could be a common source of error, ft was checked by
measuring several (y,n) and (y,Zn) thresholds. The {v.n} threshald

1970 §s  8.030.03 MeV,

derived from the presént experiment for
The agreement with the calculated value of 8.08 MeV s well
within the 1% feso1ution df our electron beam,

The measured (e,n} cross section (triangles and open circles)
and the phctodisfntegration yield (full circies) are shown in
Fig. 1. The triangles refer to the measurement performed by detecting
the meutrons, while the circles are the results obtained by .

residual activity. The uncertainty in the absolute scale.is 12%.

The electrodisintegration cross section o (EO) may be

e,x
obtained from the photonuclear cross section Sy x(E) through
an intégral over the virtual pheton intensity spectrun NAL(EO,E,Z)
Eo-m
_ Al AL dE
o y(Eg) = ooyt ey £ ()
; . L : . .
0 o



In Eq. (1), E, stands for the total electron energy and E
sténds'for the ‘excitation energy of multipotarity AL ; In the

same. spirit the phbtodisintegration yield is:

1] .
VoxlEo) = "rJ 1oyt ek e e S 2

where N, is the number of nuc1ei/cmz'in'the copper radiator,

.K(EO,E) is the bremsstrahlung cross section'for tupper and AEO
is. the electron energy loss in half the radiaior'tﬁickness.

-F{g. 2 shows EI., E2 and M1 DWBA virtual photon .spectra
.for-an-e1ectron of kinetic energy 11 MeV.scattered by a gold
nucleus. . . . .

" The full curve. Y in Fig. 1 resu1ts from- ca1cu1at1ng the
'iﬁtegral_df.eq. {Z)IQSing for UY,E. the results from Saclay(ﬁ).
The ratio of measured to ca1culated.photodisintegration yield
" has the a#erage value of Ry = 0.99: 0.02. Thus our absolute
scale coincides witﬁ that of the (y,n) measurement. If we use
'Livermore-data(7) for the (ysn) cross .section, the #verage-vahm
of the ratio is Ry . 1.13£0.03.  In this case we should multiply
the {y,n) ¢ross section from Livermore by 1.13 to make ﬁbth
absulute'values compatible. Aftér that, the analysis that
f01¥0w5'bélow-w6u1d be the same, leading to the séme conclusions.

It is impossible to fit the electrodisintegration data
using the {y,n) cross sectiant®) and assuming only E1 and E2

multipeles.,  To illustrate this, the curve E1+E2 in Fig. 1}

shows the calculated electrodisintegration cross section, using

Eq. (1) with the (y,n) data( ), assuming it has an E2 component
represented by a LorentZ1an shape peaking at the exc1tat10n
energy of 10.8 MeV, with - a‘wydth of 4 MeV and exhausting one

E2 sum. In Fig..3 we show the ratio ef the measured {e,n)

_ cross section to the calculated - ET1+E2 . curve {circtes). In contrast

the friangles show  the ratio. of measured to calcuiated {(e;n) cross

section far ]81Ta.

We are presently measuring.-this cross section
and a prelxmxnary analysis was carried. out using the (y,n) cross
section from ref. 9, multiplied by. 1.04 and an E2- .component
exhausting 80 percentrof'the-isoscalar E2 -sum, . The factor 1.04

was necéssary to merge our absb]ute,sca]e_with—that of .ref. 9.

The large departure_frpm=rl.0 in.the calculated ratio for. the-

lower energy points in 197Au is . indicative 6F thé existence of
another multipole and it could only be M1. It is easy.to show
that an E3 or higher L _cbmponent exhausting one sum would
produce no measurable change in the calculated cross section.

The enhancement of .the. E3 virtual photon spectrum(g) relatively
te. E1  is not enough to. compensate for the corresponding decrease
of E3 photpabsdrption re]ative1y'to E1. The same holds for
higherrmuttipo]es, for the electron energies used here.

An . M1. resonance in ]97Au located.at the excitation
energy of 8 HMeV with a width of ~ 3 MeV has been observed in
a 180°-é1ectron scattering experiment. The results are published
in the review article of L. Fagg(]o), but the width T = 144 eV
is quoted as doubtful value or- ambiguous assignement.

We fitted the ]97Au (e,n} data assuming that the (y,n)

cross sectien contained an E2 component, represented by a



Lorentzian shape, with.peak poéition at - 10.8 MeV: and a width
of 4 MeV :, gs- observed by Pitthan: et a12(1]);-p1us-an M
component with: a constamt cress section between 8.1 and 9 MeV.
Since we are-fitting an' integral  measurement, we are sensitive
to the locatien and strength, but not to the detziled shape of
the:  E2.: and ~“M1. componentsi - The resu]t.ﬁf this fit is shown
by. curve . ET+E2+M1. in. Fig. 4. The . E2 component exhausts

66 +26 percent:of the. EWSR- {one E2 sum = 0.22 22 A_1/3

The M1. component has an integrated cross section of 18.9zx1.2 MeV.mb.

The errors are the: statistical uncertainties of the fit. Because

the Ml-;specttuﬁ~is-mubh bigger-than the - E1 "'and E2 at the

tip: (see:Fig: 2}, around:-10-MeV' the M} - component contributes

to half of  the observed cross section. This is shown by curve
M1 in Fig. 4, which is the M1 "contribution to the calculated
EV+E2+MT  curve.

In order to comparerour reésult-with the M1 strength
' 10}

observed in the: (e,e'} eXgeriment‘ we -have- to compute the

radiation width Tl :-

241

T 20 BUK ' . _ .
JUY(E)dE = (wE)7 7T T r _ : (3) .
where IO and- ;K éréuthe'sbins of initial and final states.
In the (e,e') work, T was calculated. assuming that the statistical
factor g = {ZIKfI)/(ZID+1) was the .same as for a- ot > 1%

_197A

transition, that is g = 3(12). Since u has a {3/2)+

ground state, there are several possibilities for the final states-

but the experiment is unable to‘distingﬁish them. - If we use

ub/Mev). .

g=3 1in Eq. {3) we obtain [ = 119%8 eV. Our value shouid be
smaller than the value derived from the (e,e') experiment, since
we are observing the fraction of M1 strength that decayé by
neutron emission. Our resulis implies that nearly all {y,n)
cross section between the threshold and 2 MeV is MI.

19700 should be further

The present results suggest that
investigated by (e,e') éxperiﬁents-and other probes used to

study. M1 states. The techhique employed here may be very

useful to locate M1 strength which is spread cut and above

particle emission threshold.
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Figuye 1

Figure 2
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FIGURE CAPTIONS

Measuréd {eyn) cross section veréus.the electron kinetic
energy. The arrow indicates the (vsn) threshold. The
open circles-are the results obtained by residual activity
and the triangles refer to the measurement performed
by detecting the neutrons. The full circles show the
photodisintegfation yield measured by residua]_activity.
The curves E1+E2  and Y are the electrodisintegration
and:photodisfntegration yields, respectively, obtained
using the {y,n) cross section from ref. 6. It was
assumed that the. (y.n}) cross section contajns_an E2
component which exhausts one”" E2 sum {see text).

E1 , E2 and M1 vwvirtual phdton-spectra produced by
an electron of kinetic energy 11 MeV scattered by a
gotd nucleus. _

Ratio .of measured to calculated (e,n) cross section:
Circles: ]gyAu - the calculated {e,n) cross section is ‘¢urve

1S]Ta--the calculated (e,n}

E1+E2 of Fig. 1; triangles:
cross section has an E2 component exhausting 80
percent of the EWSR.

Measured {e,n) cross section. The fuill curve | ET+E2+M]
results from fitting the data assuming that the (y,n}
cross section contains also E2 and Ml strength.

The curve .M1. shows the contribution from - M1 strength.
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