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GAMMA -SPECTRA FROM RADIATIVE PION CAPTURE IN CARBON

James A. Bistirlich, Kenneth M., Crowe, Anthony S, L. Parsons ,
Paul Skarek**, and Peter Truoel®*¥

Lawrence Radlatlon Laboratory
University of California
Berkeley, California

Augu_st 1969

We have completed an experlment at the Berkeley 184- 1nch

'cyclotron set up to.study radlatlve capture of plons on nuclei, i.e.,

the process n N(A, Z) - yN (A, Z-1).

This'procesé is believed to be theoretically well understood, and

a number of authors have made very detailed predictions, mainly making’

use of the close relation of the matrix elements governing this process
with the ones appearing in muon capture, The analogy with the latter

process should manifest itself in the excitation of collective states in the

!

residual nucleéus, namely AT3 = -1 analogous states to the giant reso-
nances in the parent nucleus, as observed in inelastic electron scattering.
The lack of experimental information, however, did not allow until now,
to check these models in detail. The expected fine structure in the energy
spectrum requires a high resolution and" therefore, low efficiency de-
tector, which in connection with the low pion intensities available make

the experlment rather time consummg.

Our experimental set up, ‘as shown in F1gure 1, included a large
51ze 180° -pair-spectrometer, It consisted of two 18")( 36" C-magnets
with a common poletlp of '18”>< 86" and a 43" gap, allowing a maximum
field of 10 kG, known to an accuracy of 0.2% throughout the volume. The.
y-rays were converted in a 0.0045" thick gold foil, inserted between two
sets of four-gap, thin (0.0005") aluminum plate spark chambers to detect

the electronpositionpairs. Thetrigger signal was givenby a stopped pion, a
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_treutral particle ehtering the spectrometer and the electron positron pair detected
in two of the six trigger counters in front of the magnet., The tracks are
recorded optically and the p1ctures are belng measured on semi- automatlc
scanning machines. We were able to obtain 10 000 events showing a pair
for each‘of the elements, 4I_—Ie, ' 6Li, 12C, 16 Mg and 40Ca In addl_
tion, the properties of the spectrometer were stud1ed exten51vely u51ng

a l1qu1d hydrogen target. The reaction © p - ny w1th pions at rest
allows a2 measurement of the resolutlon and provides, also an 1nde- ‘
pendent calibration of the energy scale. The spectrum from mesonic
capture T p - 1-ron serves as a check on the low energy cut off in our
‘eff1C1ency curve. The resultmg spectrum is shown in Figure 2 together B
with the eriergy dependent efficieriey of our spectrometer as given from
.a Monte Carlo calculation. Our energy re‘_solutidn is 2 MeV (FWHM).
" The Panofsky ratio obtained from these data by use of the calculated re-
lative efficiency agrees with the known value within our statistical errors.
The same holds for the total capture rate on hydrogen, Including the.
efficiency our total solid angle was 3.8% 10-‘-1 sterradlans, resulting in

an event rate of 50 - 100 per hour, We obtained the following rates for
radiative pion capture with the emission of a y-ray with energy_greater
than 50 MeV relative to the total capture rate: 4He 1.40%, 6L:'L 2.07%,

2¢ 1.68%, 24Mg 2.74%, and 40Ca 2.20%. The estimated systematic

error is 10%. While our value for carbon agrees with the one glven by
Davies Et_a_.l._z of 1. 65: 0. 1%, we dlsagree w1th their value for 6L1 of

3.3+ 0.2%,

So far, we have been able to scan only a small sarhple of our ‘
data, concentrating on hydrogen and'.carbon. The carbon spectrum, v
_ including 25% of our total data for this element, is shown in Figure 3"a.
We compare our result to a 31mp1e phase space calculation, assummg
B +n + y final state and a prediction by use of a Fermi gas model.
Both calculations give no representation of our data, the Fermi gas
model has already been shown to give too high absorption rates by

Anderson _e_t_al.3 Finally, we compare our result with the predictions
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of the giant- resdnance model by Kelly and Uberall. 1 We have folded the

‘spectrum, which they obtained for 1s- capture using the model of Kamimura _

et 2_1_.4 and which includes the widths of the contributing states, with our

experimental resolution, as given by the hydrogen line. The result is
displayed in Figuie 3b. The relative stre'ngths'of the states appearing

in Zp-captur_é from the same model is indicated, also. We have omitted
their calculations based on an alternative model by Lewis and Walecka, 5
The detailed nature of the éxperirﬁerital spectrum is not described too
well by this model, fhe_'-generalifeatures, hoWever; besides the relative
strengfh of the matrix elements for the different states, seem to be pres-
ént‘." The 3 .MeV broad structure centered around 122 MeV correspé)nds
to excitation energies between 2,7 and 5.7 MeV in 1_2B and including a

sh1ft due to Coulomb energy of 1.7 MeV to 18 - 21 MeV in 12C This

_ group probably corresponds to the strong resonance seen in inelastic

electron scattering at 19.6 MeV (together with two smaller excitations
around 20.4 and 18.1 MeV, )6 ‘Both the Kamimura and the Lewis model
require a strong 2~ spin-isospin resonance in this region. The two peaks
at 118 and 116 MeV correspond to about 25 and 23 MeV excitation energy
1 C and can be associated with the glant dipole resonance at 22.8 MeV
seen in photoa.bsorptlon and its inverse reaction 11B (p, )12C, 7' a_hd
the peak at 25.5 MeV, also, seen in the latter process 'and in the reaction
11B(p, yi)izc. 7 Both states are well explained by the Kamimura model.
This model as well as the Lewis model does not give any account of a
dominant structure around 112 MeV (28 MeV in 120). There is, also,
no evidence in'any of the reactions mentioned before including inelastic
electron scattering. If we follow Kélly and Uberall's speculation, we
can attribute this to a positive parity state, arising from spin=isospin
oscillation in a giant quadrupole mode. Positive parity states are ex-
pected8 to contribute even stronger to pion capture than the negative

parity states, Wit_h our full data sample available we hope to arrive at

. more definite conclusions. We then will al'.so_be able to shed light on

the question, whether there is any stfucture visible around 105 MeV,
were both models place a J = 1 (p1/2 1/2 - state. This energy region

has not yet been 1nvest1gated by the other reactions. At present, however,
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the conclusion is allowed, that radiative pion capture as muon capture

»

o U A W

proceeds mainly through the excitation of collective states.
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| Figure 1. Experimental set-up..
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Figure 2, y spectrum for pion-capture on hydrogen. Solid line:
o calculated spectrometer efficiency, The theoretical yield
for mesonic capture has been calculated using the experi-
mental resolution given by the radiative capture, the
calculated efficiency and the Panophy ratio,

—

i
t
I
|




UNIVERSITY OF CALIF ORNIA

Lawrence Rad1at1on Laboratory ’
Berkeley, California

AEC Contract No. W-7405-eng—48 v
November 7, 1969
ERRATUM
TO: : ‘All rec1p1ents of UCRL- 19349
FROM: Techmca.l Informatlon Division
Subject:, UCR_.L-19349 "Gamma -Spectra from Radiative Pion
Capture in Carbon' by James A. Bistirlich, Kenneth M.

Crowe, Anthony S. L. Parsons, Paul Skarek, and
Peter Truoel, August 1969

Please change citation at upper left to read:

"'Proceedmgs of the Third International Conference on High Energy
Physics and Nuclear Structure, New York, September 8- 12, 1969."



, Fig\ire 3.

- UCRL-19349

HYDROGEN CARBON

1900 EVENTS

28

: A _— : _ (a)
60 - 70 | 80 20 100 o 120 130 .
: ' ENERGY (MEV) :
|5 -
133
4
4
5.? ' °
2
] 'n
]
:
" ' B
® El 3 :
a < ll' I
. il (b)
100’ no 120 B30 )

(2) y spectrum from radiative -pioh capture in carbon. The two
curves are a phase-space calculation assuming a B14ny final state
and a prediction from the Fermi gas model, For comparison, the

experimental resolufiion is shown, also. (b) Theoretical predictions
of Kelly and Uberall” folded with the experimental resolutions. '
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