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TO DO LIST:

• Define and write a proposal to use the neutron 
beam at n_TOF (1-2)

• Establish contact with an AMS laboratory(1-2)
• Building shielding for the neutron detector (3)
• Calibration of the neutron detector (3)

• Are Bonner Spheres avalilable? Which is the 
hypothetical time scale for the calibration? (4)

• Theoretical study on the contribution of protons and 
the intermediate spectrum of neutrons

• Developing simulations (5)

Production of 10Be and 
26Al by protons

From last presentation…

Same ingredients as for the production 
rate by neutrons
• Proton flux
• Cross section
• Target nuclei



Production of 10Be and 26Al: proton flux

I used the PARMA code to calculate the proton flux: https://github.com/WeiMXi/PARMA/tree/master

With this tool, I reproduced the 
calculations done for the neutrons to 
check my correct understanding of the 
program…

…And I found P26 ∼ 21 atoms/g/y
(Same results of Per’s calculations)

https://github.com/WeiMXi/PARMA/tree/master


Production of 10Be and 26Al: proton flux
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Production of 10Be and 26Al: reactions of interest and threshold

For 26Al ⟹ Lowest threshold at 18 MeV

For 10Be on Si ⟹ Lowest threshold at 74 MeV

For 10Be on O ⟹ Lowest threshold at 37 MeV



Production of 10Be and 26Al: cross section
Look at EXFOR to search reaction and references: 
10.1016/S0168-583X(96)00409-0

https://ui.adsabs.harvard.edu/link_gateway/1997NIMPB.123..324S/doi:10.1016/S0168-583X(96)00409-0


Production of 10Be and 26Al: Si(p,x)26Al cross section
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• Plot of cross section in Table 1 
(previous slide)

• Fit (from 30 to 500 MeV) to find a 
relation between cross section and 
energy:

𝑓 𝑥 = 𝐴 % 𝑥!"

A = 472.0 ± 54.3
B = 0.54 ± 0.02



Production of 10Be and 26Al: 26Al production rate

⟹ 𝑃#$ = 1.96	𝑎𝑡𝑜𝑚𝑠/𝑔 0 𝑦

Now I have all ingredients:

• Proton flux

• Cross section

• Na/(28+16*2) = Si target nuclei

8

Now as I have the flux and the cross section I can estimate  the p26 -value for 
spallation neutrons

(p-value= flux(n/sec/cm2) * cross section(cm2)* Si atoms/ gr )

 
I will use as flux 12 neutrons/hour/cm2  and  20 mb as cross section

p26 ( spallation) = 21 /atoms /g /year

cf granger table 2 from   exponential fits

P10 =4.5 at the surface

P26 = 4.5*6.8 = 30.6 atoms/gr/year at sea level

The contribution 
of Part I and Part II
to the p-value
remains to be estimated

3. Target nuclei per gram

If the target is Si in quartz this is trivial using Avogadros number

Observe 21 atoms/g/year
represents the spallation 
contribution and 30.6 is the 
total contribution

Value calculated by Per for spallation due to neutron:

(calculated from 30 to 500 MeV)



Production of 10Be and 26Al: Si(p,x)10Be cross section
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Fit (from 30 to 500 MeV) to find a relation between cross section and energy:
𝑓 𝑥 = 𝐴 ) 𝑥!"

A = (2.27 ± 0.31)・10-7

B = -2.4 ± 0.03



Production of 10Be and 26Al: O(p,x)10Be cross section

Fit (from 30 to 500 MeV) to find a relation between cross section and energy:
𝑓 𝑥 = 𝐴 ) 𝑥!"

A = (7.7 ± 1.5)・10-3

B = -0.84 ± 0.04

10 210 310 410
proton energy (MeV)

3−10

2−10

1−10

1

10

C
ro

ss
 S

ec
tio

n 
(m

b)



Production of 10Be and 26Al: 10Be production rate

⟹ 𝑃*+ = 0.08	𝑎𝑡𝑜𝑚𝑠/𝑔 0 𝑦

Now I have all ingredients:

• Proton flux

• Cross section

• Na/(28+16*2) = Si target nuclei

• 2*Na/(28+16*2) = O target nuclei

(calculated from 50 to 500 MeV)

Cf Granger table 2 from exponential fits:
P10 = 4.5 at the surface



Production of 10Be and 26Al: Concusions

• Contribution of protons at the 10Be production rate is the 1.75%

• Contribution of protons at the 26Al production rate is the 8.54%

The contribution of protons to the production rate, especially for aluminum, can be 

taken into account during rock dating calculations because it contributes a non-
negligible percentage. Unlike neutrons, for protons, there are more experimental 

values available for both flux and cross-section, so it is not a priority to perform 
measurements to improve these values.


