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Abstract

The cross sectionsfor the knockout reactions Clz(n',n—nJcll

12, + + o ,.11
and C" " (7 ,m n+m p)C°" were measured over the energv range of 30
to 90 eV by an activation method, and commared to existing cal-

. . s -.12 +.12
culations. In this energy range, the ratio o(w C"7)/o(n C°"Y of
the cross sections is £ to 3 times smaller than the corresponding
ratio 7or pions on nucleons, contrarv to the expectations of the
impulse approximation, Such a behavior has nreviocusly been known

onlv near the energy of the (3,3) resonance.
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The knockout reactions of the type AfW,MNIB constituce a major
. : : 2 :
compcaent of the pion-nucleus reaction cross sectxonl' ), These reactions have

Jreviously been studieds-G) ~rer the energyv range of 50 to 1300 MeV. The exu.-

; - R 2. 4 il
tation function of the reactions C1 (n*,nN)Cl‘ has a pcav near the energy »f

the (3,3) resonrance in the wN cross sections’6]. This feature led to imnulse

e .o.1,5-9 . .
appreximation interpretat.ons” ’ ) of the knockout reaction Lased on the idea

of quasi-free scattering of pions from individual nucleons within the nucleus.

In the plane wave impulse approximation (PWIA) calculation fer

the A(n%,m)B reaction in nuclei, the free #N reaction cross sections appear

1,6)

explicitlv™’ 7. The ratio Rf{A} defined by

{A(~7,7 R)B)

v(A(ﬂ*,n+n+n°p)B}

R(A;

can then be compared to the corresponding ratio R(N) for free wN reactions,

wherel ())

qer L o(iTn T n) sle3/2 12

h s’ n nTnen®p) [£(372yv 263723 % + 2| E(3/2)-£01/D) |7

“te sysbol £{T) is the g-mucleon scattering amplitude for isospin T. By svmmetry,

. 1 :! . +
ara can renlace o(m¥n) by availabie datall"‘) for a(n-p). Around T1T = 180 MeV,

+he mp phase S)ift513’14) show almost no T=1/2 scattering compared to T=3/2, so

that R(N} = 3. A similar ratio is then expected tor R{A).
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W12

Recder and Markowitz>) investigated the C (1"w"n)C1 reaction

in the energy range of 50 to 1900 MeV by analyzing the g activity of the

1
1>sidual nucleus C‘l. Chivers et a16] measured this activation cross section

for Clz(n_,ﬂ'n)cll around 120 and 180t MeV, and for lefﬂ*,w+n+nap)c11 tetween

< and 280 MeV ; they found R(Clz) around T" = 180 MeV to be equal to 1.0 * 0,1
ather than the ratio of 3 predicted by the impulse approximation. Chivers et ale)

and Plendl et 3115'16) also swudied the kneckout reaction around T1T = 180 MeV for

other targets. Thare have been no determination of R(A) at low pion energies.

Theoretical attempts have been made to explain the difference

between th: predicted and measured R(Clz) values at 180 MeV, as well as the shape

73

-~ 12 .

i tir excitition curve for o(m C°7) up through the (3,3) resonance. X¥olybasov
. s : .9 . . :

c.rriea ocut a PWIA calculaticn, to which Selieri ) added kinematic corrsctions.

-
Bdlkarcvl') as well as Kolyhasov and Smorodinskayals) madified the calculation

~—

-
i/

of Kolybasov'’ by including higher order pion rescattering processes., In the

7,18 . : .
above calculutlons7‘9‘1”l ) the magnitude was normalized to the experimental

results around T, = 180 MeV, but there are considerable differences in the
8)

<:gpe of the excitotion curve at lower energies., Bertini © considered

clfecis of absorp-ion and a diffuse nuclear surface within the framework

of 4 Monte Cario direct knockout calculation. Hewsonlg) got improved

wurTIament fo R(Clz] at T = 180 MeV by including the effects of charge

~xuerAange on the fina) state interactions of the ocutgoing neutron with the residual

Y
meleus, RobsonZ(’ further investigated the final state interactions and found

that K{A} is very sensitive to compuund nucleus formation in the final state.



We report here measuremecnts of the cross sections o the
rezctions Cl%ﬂ—,ﬂ_n)Cll and Clz(ﬂ+,ﬂ*n*nop)cll in the energy .nnge of 30
0 90 MeV. The seconuary nion beam from the Saclay electren linear accsle-
rator was used. The data were ocbtained by anaiysis of the 20.4 min G+
activity of Cll, so that the cross section to the sum of all the bound
staves of C11 is obtained. Tvpical beam intensities on target were about

-
ix'o " plons per second. The hcam had an energy spread of $10%, and also

contained protons, positrons and muons., The nrotons were stopped by alumi-
nun absorbers. We found that the positrons (and pessible neutron background)
caused no significant effect by carrying out measurements with a beam consis-
wunly of posiirens {obtained b stopping *he pions in an absorber).
nuficant contribution to the cross section from the muons is expacrted.

‘e piov hetr was mondtored by measuving  the integrated electron cu.srent

cident on the pion production target, and its intensity was determined

1)

. . : 2 C s
from previously measured values of the pion yields Variations of Leam
intensity with time were mcnitored with a small plastic scintillates placed
directly behind the target. This detector was alsoc used to measure the beam
ca £ . . o 12 . L. . .
vonfile for each onesgy, The targets consisted of graphite disks, 3 cm
2
in dianeter, with thicknesses ranging from 0.8 to 4.0 gm/cm”™. lrradiations
. . il
were carried out for a period of one to two half-lives of the 77 -2ctivity.
N + .- . : L
ihe oy cays Irem the 6 anudiiilation were measured in coincidence by twe
dal (1) deteciors in a shielded arca. The decay curves were recorded in a

multiscaler for a period ¢t several half-lives, and all showed the charac-

teristic <0.4 min. activity.
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In Fig. 1 we present our experimental data along with the results
of Rzeder and Markowitzs) and of Chivers ot a16), and compaxr~ them with the cal-
. - . . 8) .9) +.12 N
culations of Bevtini and of Selleri™’, Our results for o(r C °} at 70 ana 90
MeV are consistent with the results of Ciivers et al at 83 MeV. Our results for
c{w_Clz) are consistent with those of Reeder and Markowitz, considereing their quoted
uncertajinties in the incident energies of about +8 MeV, except at 50 MeV.

N
1“] is higher than the data

Comparing to theary, Bertini's calculation for o(w C
Lat the shape is similar, Selleri's calculation of the shape for c(w'clz) agrees

. + i . L. .
with the cdata at all energies. For o(m Clz), Bertini's calculation is in fair agree-

ment with the data at low energies, but not at energies above 140 MeV,

The experimental ratios R(Clz) from our data and that of Chivers et
alé) are shown in Fig., 2. The ratios deduced from the pion-proton cross sect:ansll’lzl'
and the ¢al-ulation of Bertini for C12 are shown for comparison. Berrini's rai.c i3
similar to the pion-proton ratio over the entire range shown., Tais can be expecteds)
since the absorption factors for © and " are approximately equal. We see that s
ratio R(Clz) is considerably smailer than the corresponding R(N) (by a factor of 2

to 3), not only at 'I‘1r = 180 MeV, where this has previously been known6J, but at

iovesr energies an well.
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Figure Captions

12 . . 11 ~12
Fig, 1 : Activation cross sections for the C %« ,7 n)C " ana ~ (w+,w+n+n°p)cll

knockout reacticns as a function of pion energy. The present data,

5) 63

and of Chivers et al

9)

are shown. The dashed curve is the PWIA calculation of Selleri™’,

along with the data of Reeder and Markowitz

while the solid lines .are smooth curves drawn through the values

calculated hy Bertinisl.

--12 +~12
ig. 2 : Cross section ratios o(n C ") /o(n Cl ) as a function of pion energy

for the reactions Clz[n',n"n)c11 and Clz(n+,n+n+w°p)cll.

i1

The experimental points are from our data and those of Chivers et alé).

The solid lines are smooth curves drawn through the ratios deduced
frem the calculated points of Bertinfgfor c(ﬂ'Clz) and U("+612)‘

The dashed line is a smooth curve drawn through the ratios deduced

from the pion-proton cross sections.
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