Some remarks on the treatment of secondary reactions in the evaluation of isotopic reaction cross sections
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Introduction 
Reaction cross sections often are evaluated in a thin-target approximation. If the reaction probability is not very small, this treatment is not sufficient for obtaining high-precision results. The following remarks refer to the experimental program performed at GSI, Darmstadt, to determine the formation cross sections of residual nuclei in fragmentation reactions.

The target is not transparent, neither to the projectile nor to the reaction products one wants to measure. Therefore, the effective primary-beam intensity reduces along the target according to the reaction rate. In addition, the reaction products themselves may undergo consecutive nuclear reaction. Both effects have to be corrected for in order to extract reliable formation cross sections. Considering the attenuation of the primary beam is rather simple. It will not be discussed further. The exact consideration of multiple reactions requires the knowledge of all reaction cross sections involved. We will discuss an approximate treatment which allows to correct the data on the basis of available experimental information.

Case of fragmentation residues
We only correct for two-step fragmentation reactions. This accounts for the bulk part of secondary reactions for systems like 208Pb+1H and 197Au+1H which involve only nuclei with low fissilities. 

The measured apparent isotopic cross sections 
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 due to fragmentation, calculated in the thin-target approximation as
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, the number of observed isotopes, attributed to fragmentation,

nt, the number of target atoms per area and

Np, the number of projectiles, 

have to be corrected for two main effects: Firstly, the primary production 
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We assume that the processes, connecting the apparent cross sections 
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, only depend on the mass of the nucleus:
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In this case, the effect on the mass distribution is described by the same function ffrag(A) 
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with 
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The full problem can be expressed by the following equation:
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(tot(A) is the total reaction cross section, Apro is the mass of the projectile, and 
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 is the probability to produce isobars with mass A from an initial fragmentation product of mass Ai. All cross sections are assumed to be constant across the target thickness. Of course, 
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is just an abbreviated notation of 
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We further assume that, for a given mass loss (A = Ai - A, the value of 
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 scales with the total reaction cross section of the primary nucleus (tot(Ai):
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This allows to determine the correction from the fragmentation cross sections measured for the projectile by inserting the following expression in equation (4) for 
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The total reaction cross section (tot(A) may be estimated from empirical systematics or theoretical calculations. 

All quantities are defined to solve the implicit equation (4) in order to determine the isobaric fragmentation cross sections
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. Equation (3) serves to define the correction factor ffrag(A) to correct the apparent isotopic cross sections 
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 for secondary reactions with equation (2) and to determine the true isotopic cross sections 
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Case of fission residues
We only correct for two-step reactions with fission as the first step and fragmentation as the second one. This accounts for the bulk part of secondary reactions for systems which involve only nuclei with low fissilities. The treatment is rather similar to the case of fragmentation residues. For clarity, we prefer to formulate the full problem again.

The measured apparent isotopic cross sections 
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 due to fission, calculated in the thin-target approximation as
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, the number of observed isotopes, attributed to fission, have to be corrected for two main effects: Firstly, the primary production 
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includes additional population by fission, initially forming heavier nuclei, followed by fragmentation. 

We assume that the processes, connecting the apparent cross sections 
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 and the true values 
[image: image28.wmf](

)

Z

A

fis

,

0

s

, only depend on the mass of the nucleus:


[image: image29.wmf](

)

(

)

A

f

Z

A

Z

A

fis

fis

fis

app

×

=

)

,

(

,

0

s

s








(8)

In this case, the effect on the mass distribution is described by the same function ffis(A) 
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with 
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The full problem can be expressed by the following equation:
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(tot(A) is the total reaction cross section, Apro is the mass of the projectile, and 
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 is the probability to produce isobars with mass A from an initial fission product of mass Ai. 

We further assume that, for a given mass loss (A = Ai - A, the value of 
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This allows to determine the correction from the fragmentation cross sections measured for the projectile by inserting the following expression in equation (10) for 
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Again, the total reaction cross section (tot(A) may be estimated from empirical systematics or theoretical calculations. 

All quantities are defined to solve the implicit equation (10) in order to determine the isobaric fission cross sections
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. Equation (9) serves to define the correction factor ffis(A) to correct the apparent isotopic cross sections 
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Conclusion
A procedure is described which allows to correct for the effect of secondary reactions in a thick target in the evaluation of precise isotopic production cross sections. Approximations allow to solve the problem with the knowledge of the measured isotopic production rates.
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