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I recently received and read the nice BDX experimental results from JLab. 
 

 
Figure 1 - From "Measurements of the muon flux produced by 10.6 GeV electrons in a beam dump”​ [1]​. 

 
Coincidentally, through Andrea, I became aware of a muon production model for JLab. 
 

https://www.zotero.org/google-docs/?Ju3HiQ


 
Figure 2 - From "Probing leptophilic dark sectors at electron beam-dump facilities” ​ [2]​. 

 
I wanted to see, for myself, whether these two results were consistent. 

 
1) I calculated the range of a 10.6 GeV muon in the dirt. 
 

a)  Kinetic energy top of Al = 10.6 GeV, Momentum = 10.7 GeV/c, R/M top of Al = 50,000 g 
cm^-2 GeV^-1 from, 
 

https://www.zotero.org/google-docs/?GEMRfG


 
Figure 3 - Range energy graph from Particle Data Book ​ [3] 

 
Note I use the C curve for this calculation. 
 
b) Length of Al beam dump = 325 cm from this diagram 

 

https://www.zotero.org/google-docs/?fEFZsC


 
 
Figure 4 - From "Measurements of the muon flux produced by 10.6 GeV electrons in a 
beam dump” ​ [1] 
 

with density 2.699 g/cm^3.  R/M decrease of Al beam dump = 8301.992 g cm^-2 GeV^-1. 
Note that I assume the muons are produced at the beginning of the dump.  Note also that all 
measurements below were taken from this diagram. 
 
c) Concrete shielding = 550 cm, density = 2.4 g/cm^3, R/M decrease of concrete = 12493.09 
g cm^-2 GeV^-1 
 
d) Remaining R/M in dirt = 50000 - 8301.992 - 12493.09 g cm^-2 GeV^-1 = 29204.91 g 
cm^-2 GeV^-1 
 
e) Real range in dirt with density 1.94 g cm^-3 = 1590.59 cm.  Note that Dirt to Well 1 = 1410 
cm and Dirt to Well 2 = 1730 cm so this is consistent with the measurements, the muons 
ranged out somewhere between the wells. 
 
f) I’m ignoring the water and air in the dump. 

 
2) Well 1 is 180.5895 cm upstream of the calculated end of range or, in the strange units of 
Figure 3, 3315.816 g cm^-2 GeV^-1.  Using Figure 3 this corresponds to a residual momentum 
of 0.80 GeV/c for a kinetic energy of 0.70 GeV. 

https://www.zotero.org/google-docs/?kKF8xS


 
3) The muons which just make it to Well 1 started out with 10.6 - 0.7 GeV = 9.9 GeV.  So to get 
the muons passing the Well 1 position I integrate Figure 1 above from 9.9 GeV to 10.6 GeV. 
This gives me 4.9e-09 per EOT.  I am ignoring straggling in this calculation. 
 
4) 1 microA is 6.25e+12 EOT Hz.  So I predict 30,457.15 Hz uA^-1 at the location of Well 1. 
 
5) These are spread out in a 2D Gaussian of width, 

 
 
Figure 5 - From "Measurements of the muon flux produced by 10.6 GeV electrons in a beam 
dump” ​ [1] 
 
sigma = 45.09 cm.  A normalized 2D Gaussian has an amplitude of 1 / ( 2 * pi * sigma^2 ).  So I 
would predict a central density of 89,000 Hz uA^-1 / ( 2 * pi * sigma^2 ) = 2.4 Hz uA^-1 cm^-2 
 
6) Figure 2 above seems to indicate a central density of 2.5 Hz uA^-1 cm^-2, 5% bigger. 
 
7) To do a better job I would include the water and air in the dump.  I would make a better guess 
as to where the mean muon production location would be for the highest energy muons.  I 
would include straggling.  And finally energy deposition in the detector. 
 
Bottom line - The BDX muon model and the BDX muon measurements seem to agree to 5%. 
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