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Water moderators 
Hydrogen and   
moderators 





TS1 target 
Steel Helium 

Instruments 
channels - 18 neutron beamlines implemented at 

various angles; 
-  vertical offsets allowing different 
beamlines to point to different 
moderators; 
-  the space between the instruments 
channels was filled with steel shielding; 



!  Then I checked by 
how much to shift 
the reflector in 
order to have the 
beamlines see the 
corresponding 
moderators; 

•  I asked Ali to check this for me by looking into 
the ISIS MCNPX model which contained the 
neutron instruments’ channels; 

•  Reflector position adjusted – beamlines started 
to “see” the moderators, but only parts… 

!  As in the engineering drawing, I pointed the 
neutron beamlines to the (0,0) point; 



!  Solution: each instrument beamline channel should have a different 
angle in order to fully face the moderators, so the beamlines should 
no longer be focused in the same point in horizontal plane; 

!  Small (different) rotations applied to each beamline: 
◦  Each beamline faced its corresponding moderator; 
◦  But several volumes overlaps; 
◦  Add additional logical volume operations (such as intersection) to avoid the overlaps; 

!  Finally … all the beamlines in place, having correct angles in order 
to face the moderators, and no overlapping volumes whatsoever. 





GEANT4 



!  Increase the proton beam current to increase the power to 1 MW 
and beyond; 

!  As a figure of merit use the flux of useful neutrons reaching the 
instruments; 

!  Monitor the increase in heat deposition and reduce the target 
plates thickness as needed; 

!  Determine at what point during the power increase the target has 
to be changed to a liquid target; 

!  Consider also a rotating solid target and continue to monitor the 
temperature rise; 

!  At every step, consider the neutron pulse width, which should be 
kept at the present value; 



!  Monitor the increase in heat deposition and reduce the target 
plates thickness as needed;  

!  For each new power on target configuration run an optimization 
study of moderators + reflector configuration; 

!  Determine at what point during the power increase the target 
has to be changed to a liquid target; 

!  Consider also a rotating solid target; 
!  For each new power on target configuration run an optimization 

study of moderators + reflector configuration; 

!  0.5 MW – 5 MW in 10 steps 
!  Approx 4 weeks / new optimization study  (!!)  ~ 40 weeks starting Jan’14 

!  1.5 MW (?) – 4.5 MW in 4 steps 
!  Approx 4 weeks / new optimization study    ~ additional 16 weeks 





HEBT-S1:  100 m long (collimation system + space for  
                        additional cryo-modules) 

HEBT-S2:  brings the beam from underground (1.6 m above  
                       the ground) 

HEBT-S3: - includes the expansion system to provide the  
                         beam footprint at the target 
                       - peak current density is minimal 

HEBT-S2 

HEBT-S1 

HEBT-S3 

Beam profile at the  
target surface 



Element Length 
(mm) 

Aperture 
(mm) 

Streng
th (T) 

Dipoles 1570 40x80 (gap) 1.47 
Quadrupoles 400 or 800 40 (radius) 0.48 
Octupoles 800 25 (radius) 0.35 

-  includes a large number of magnets with associated power supplies 

-  both normal conducting and superconducting magnets considered  

These magnets and the 
collimator are exposed 
to a high radiation level 
from back streaming 
neutrons ! 



Experience with radionuclide inventory from accelerator components have shown that 

the gamma-emitting isotopes are dominant along with relatively short-lived beta 

isotopes ! 

7Be 46Sc 44Ti 51Cr 54Mn 59Fe 56Co 

57Co 58Co 60Co 65Zn 75Se 84Rb 85Sr 

88Y 95Zr 94Nb 95Nb 106Ru 109Cd 111In 

113Sn 125Sn 124Sb 125Sb 125I 132Cs 134Cs 

137Cs 133Ba 139Ce 141Ce 144Ce 152Eu 154Eu 

153Gd 160Tb 161Tb 169Yb 172Hf 182Ta 185Os 

192Ir 198Au 199Au 203Hg 210Pb 207Bi 228Th 

239Np 241Am 243Am 170Tm 
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-  isotope yield was calculated for each magnet separately 

-  plots show the total amount of each isotope in all quadrupoles and octupoles  

-  results are for 3x108  POT 

-  51Cr, 54Mn, 59Fe and 60Co are predominant in the magnets 
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-  high isotope rates  found in the Cu parts: 51Cr, 54Mn,59Fe, 56Co, 57Co, 58Co, 60Co, 65Zn 

-  isotopes found in the tungsten coating: 169Yb, 172Hf, 182Ta 



Isotope Half life Decay  mode fSv h-1 Bq-1 

46Sc 84 d β- 283 
44Ti 63 y EC - 
51Cr 28 d EC 4.3 
54Mn 312 d EC, β+ 114 
59Fe 44 d β- 147 
56Co 77 d β+ 350 
57Co 272 d EC 17.5 
58Co 70 d β+ 131 
60Co 5.3 y β- 340 
65Zn 245 d EC, β+ 76 



Isotope Half life Decay mode 
85Sr 65 d EC 
88Y 107 d EC, β+ 

109Cd 463 d EC 
111In 3 d EC 
113Sn 115 d EC, β+ 

125I 59 d EC 
133Ba 10.51 y EC 
139Ce 138 d EC 
153Gd 240 d EC 
169Yb 32 d EC 
172Hf 1.8 y EC 
182Ta 114 d β- 
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!  paper submitted 
to PRST-AB; 
!  received minor 
corrections from 
referees 
!  done 


