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Typical neutron spectrum 
behavior:
• Evaporation and 

spallation  peak: 
neutrons are produced 
inside showers induced by 
cosmic rays.

• Thermal peak: neutrons 
produced by evaporation 
and spallation are 
moderated by 
atmosphere.
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Typically, cross section for 
neutrons is proportional to 1/v
⟶ contribution of thermal 
neutrons to the production rate 
could be important to consider.



Reactions involving neutron, 26Al and 10Be
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Black/Grey elements are the stable ones with the isotopic abundance



Reactions involving neutron, 26Al and 10Be
Production 26Al:
• 27Al(n,2n)26Al
• [25Mg(p,𝛾)26Al]

Destruction 26Al:
• 26Al(n,𝛼)
• 26Al(n,p)
• 26Al(n,𝛾)

Cross section measured at nTOF

Production 10Be:
• 9Be(n,𝛾)10Be
• 10B(n,p)10Be
• 13C(n,𝛼)10Be

Destruction 10Be:
• No experimental measurement, 

only predictions
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Some useful tools
Experimental Nuclear Reaction Data (EXFOR)
https://www-nds.iaea.org/exfor/

National Nuclear Data Center (NNDC)
https://www.nndc.bnl.gov/sigma/index.jsp?as=29&lib=endfb7.1&nsub=10
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https://www-nds.iaea.org/exfor/
https://www.nndc.bnl.gov/sigma/index.jsp?as=29&lib=endfb7.1&nsub=10


Production Rate
2 POSSIBLE APPROACHES:

1. Measurement of the different components and than calculation of production rate (same 

approach used for muons) (“Indirect method”)

2. Direct measurement of the production rate @nTOF (“Direct method”)

1- Indirect method
1. Measurement of the neutron flux at the site
2. Measurement of the  cross sections for main 

production process
3. Evaluation of the abundance of the elements 

involved in the production of 10Be and 26Al

2- Direct method
1. Measurement of the neutron flux at the site
2. Measurement of the production rate:

A. Collection of some samples of the rocks at 
the site

B. Measurement of the 10Be and 26Al 
concentration

C. Irradiation of the samples with a neutron 
flux tuned to be equal to the one measured 
experimental (@nTOF)

D. Measurement of the new concentration of 
10Be and 26Al

Count of thumb: to simulate 5 Myr of irradiation 
by neutron flux it’s necessary about 30 days of 
irradiation at nTOF (realistic timescale for the 
use of nTOF detector)

6



7

Outlooks

1. Evaluation of Pros and Cons of the two approaches

2. Evaluation of the best way to measure the neutron spectrum:

I. Bonner spheres for the whole spectrum

II. Scintillator, more precise measurement but only parts of the 

spectrum

MAIN QUESTION: Is the contribution of neutrons truly important for our purposes?
Few comments:

Inside Balco’s code the contribution of neutron to the production rate is calculated 
through scaling schemes that moves the production rate calculated at some reference 
site to the interest site (ref. Balco et al. (2008)).
High uncertainty derived by this method

If the answer is YES, some possible steps to do:

Studies on the contributions of different 
part of the neutron spectrum to the 
production rate. Focus on a specific part 
of the spectrum with more precise 
measurement.


