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1) Experiment run condition:
30 uA, 11 GeV electron beam
12 amg gaseous helium3 target
~30 gauss holding field 
A1N:  <700 hours
D2N: <1000 hours

2) Geometry 

3) FLUKA simulation result

4) Conclusion
Everything is safe!
Far below radiation budget!
All electronics and equipment are safe!
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This talk will address this item: 



Radiation at Site Boundary
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Courtesy to Pavel

We are far below dose budget! 
Nothing to worry about!



Geometry: 3D view

Jixie Zhang, UVA A1N|D2N Radiation

stand

4

support disk

coil holder

target platform

target post

shielding 
for Det2

shielding 
for Det1

beam pipe & window

helium3 target cell



Jixie Zhang, UVA Helium3 Target Radiation

Shielding
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Det0, Det1:  NMR|EPR|PNMR
Add plastic layer in the inner wall 
and roof 

Det3, slow 
control rack

Det2, computer rack
Roof is not shown

Det0: 4“ thick lead at sides and top, with 2” 
plastic padding.

Det1: 4“ thick lead at sides and top, with 1” 
plastic top padding and 2” side padding.

Det2: 4” lead + 4”plastic + 2”lead at top, 13” 
thick steel in sides (left and down)

Det3: 26” thick steel at down side



CAD Model: Shielding at Det2(1)

Courtesy to Bert Metzger
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1000 hours of 30uA beam @ 11 GeV

New Physics: Add eN Contribution
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Courtesy to George and Pavel

Current release of FLUKA (version 2011) does not include electro-nuclear cross session, while 
the developed version (2017) does. Source_ea.f from Pavel is added to version 2011 to account 
for eN contribution. (Only works for thin target.)



Radiation Damage Chart (Approximate)  

   1E1  1E2  1E3  1E4  1E5  1E6  1E7  1E8  1E9  1E10 1E11  Gy
 1E12 1E13 1E14 1E15 1E16 1E17 1E18 1E19 1E20 1E21 1E22   n/cm2

!!! Assumption !!!
(depends on particle energy spectra)
1 neutron (1MeV) /cm2 ~ 3.3E-11 Gy

- no damage
- mild to severe damage
- destruction

Dose & Displacement Damage
Radiation Damage to Materials/Electronics

commercial COTS      hardened electronics

accelerators
Semiconductors  

Polymers

Ceramics

Metals and alloys

© Lockheed Martin

!!! A Rough Overview Only !!!
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1000 hours of 30uA beam @ 11 GeV

 1 MeV Neutron Equivalent Damage
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Electronics shows damage when the 1MeV-Neutron-Equivalent dose is accumulated to 
10^13 neutron per cm^2.

Det0 and Det1 is about 95 cm below the pivot. This area is pretty safe.



1Mev-Nu-Eq Damage @ Det1
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1000 hours, 11 GeV, 30uA e- beam

Not covered by shielding

Covered by  shielding,
Dose is reduced by ~75%! 

Det1

Det1

 shielding

Det0

Det0



Jixie Zhang, UVA A1N|D2N Radiation 11

1000 hours, 11 GeV, 30uA e- beam

1Mev-Nu-Eq Damage @ Det2 and Det3

Det3

Det2
Det2

 shielding

Det3



1000 hours,
30uA beam @ 11 GeV

Dose Rate from Activation @ 1 hour
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After beam is shut down for 1 hour,  dose rate is ~1 mrem/h at 1.1 m away from 
beam line.



Summary
1) FLUKA simulations have been performed assuming 1000 hours of 30 uA 

electron beam at 11.0 GeV on helium3 target.  The following shieldings are 
included:
Det0: 4“ thick lead at sides and top, with 2” plastic padding at top and beam side.
Det1: 4” thick lead at sides and top, 1” thick plastic at top and 2” plastic at beam side.
Det2: 4” lead + 4”plastic + 2”lead at top, 13” thick steel in sides (left and down).
Det3: 26” thick steel at down side.

 
2) Radiation damage after 1000 hours of beam time:  
    At Det0 and Det1 location, the shielding will reduce the 1-MeV-N-Eq. damage 
by 75%. The dose is ~6x1010 1-MeV-N-Eq/cm2. (Electronics will show damage 
when dose reaches ~1013).
    At Det2 and Det3 location, the 1-MeV-N-Eq. dose is below 1010

The designed shielding works very well! 

3) Dose rate from activation: 
After 1 hour the beam is shut down,  dose rate at the target area is  ~1 mrem/h at 
110 cm away the beam line.      

4) Dose rate at site boundary is also far below radiation budget.



Neutron Flux after Shielding
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11 GeV, 30uA e- beam
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CAD Model: Shielding at Det2(2)

Courtesy to Bert Metzger
Jixie Zhang, UVA A1N|D2N Radiation 15



1MeV-Nu-Eq. Damage Convert Rules  
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