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ATMOSPHERIC PRODUCTION RATE OF 36ci

Y. Parrat, W. Hajdas, U. Baltensperger, H.-A. Synal, P.W. Kubik (PSI), H.W. Gaggeler (Univ. Bern & PSI)
and M. Suter (ETHZ)

Using experimental cross sections, a new calculation of the atmospheric production rate of36CI was carried
out. A mean production rate of 20 atoms m2s' was obtained, which is lower than mean 36C/ deposition
rates.

Cosmic rays produce long-lived radionuclides in the
atmosphere by interactions of protons and neutrons
with nitrogen, oxygen and argon. 36CI is produced
through (n,X) and (p,X) reactions on "°Ar and through
a (n,p) reaction on ^Ar. Its long half-life (3.0-105 years)
makes it very useful for a wide range of applications
e.g in geophysics, hydrology or solar physics. Its pro-
duction rate is however not constant due to modula-
tions of the galactic cosmic ray flux by the solar activ-
ity. Moreover, the production by low energy solar
cosmic rays could become important during sporadic
solar flare events. ^Cl production rate calculations
[1,2] were carried out with spallation models [3] and
did not agree with worldwide measured deposition
rates [4,5]. This underestimation of the ^Cl input was
the reason for a measurement of reaction cross sec-
tions to proceed to an improved production rate calcu-
lation. A gas target technique [6] was used to measure
the cross sections of the reaction 40Ar(p,X)36CI in the
15-600 MeV energy range. The method was tested
successfully by irradiating nitrogen gas targets: cross
sections of the reactions N(p,X)10Be and N(p,X)7Be
agreed very well with literature data. Using the ex-
perimental cross sections and a Monte-Carlo simula-
tion of the nucleonic cascade in the atmosphere [7], a
calculation of the production rate of ^Cl was carried out.
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Fig. 1: Atmospheric production rate of ^Cl. Symbols
are calculated production rates, whereas the
line is a fit through the calculated data.

The latitudinal dependence of the ^Cl atmospheric
production rate during a period of mean solar activity
is shown in Fig. 1. A global production rate for 36CI of
20 m'V was obtained, which is in good agreement
with an early estimate by Oeschger et al. [2], but

higher by a factor of two compared to that of Lai and
Peters [1]. A deposition rate model, which is based on
the fallout of bomb-produced 90Sr [1], was obtained. It
is compared with the model of Lai and Peters [1] and
with measured values in Fig. 2. The new model agrees
better with the measured values, but still underesti-
mates the measured deposition rates by a factor of
about 1.5.
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Fig. 2: 36CI deposition rates models compared with
measured values from the Swiss Alps and
from Greenland.

Due to the lack of solar cosmic rays energy spectra in
the atmosphere, the 36CI production rate induced by
solar cosmic rays has not been calculated. However,
high cross sections for the reaction ""A^p.X^CI
measured in the 15-25 MeV energy range could lead
to a non negligible production of ^Cl through solar
cosmic rays.
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