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NIEL dose for the SBS Bunker electronics

We evaluate the NIEL factors by looking at different particle species
reaching the front/back side of the SBS bunker.

The front of the SBS bunker (iron block) was simulated at the exact
same size by adding vacuum planes to the front and back of the block.

Simulation ran with 5M e-/e+/gamma/neutron beam generator events.
Beam generator’s energy is taken from the energy distributions of
Det5510 in Config4.

Redo the same study by adding a 6.35mm crack to the iron block.
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Energy Distributions

d5510__energy_allPZ_g
Entries  1232169
Mean   0.2649
Std Dev     2.323
Integral  0.01232
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d5510__energy_allPZ_g
Entries  1232169
Mean   0.2649
Std Dev     2.323
Integral  0.01232

d5510__energy_allPZ_em
Entries  14406
Mean    2.056
Std Dev     5.943
Integral  0.0001438

d5510__energy_allPZ_em
Entries  14406
Mean    2.056
Std Dev     5.943
Integral  0.0001438

d5510__energy_allPZ_n
Entries  12661
Mean    2.284
Std Dev     12.19
Integral  0.0001242

d5510__energy_allPZ_n
Entries  12661
Mean    2.284
Std Dev     12.19
Integral  0.0001242

d5510__energy_allPZ_ep
Entries  1496
Mean    8.751
Std Dev      23.3
Integral 05− 1.496e

d5510__energy_allPZ_ep
Entries  1496
Mean    8.751
Std Dev      23.3
Integral 05− 1.496e

e-/pi-
gamma
neutron
e+/pi+

, Config4
z

DetNo: 5510 , Energy distribution all p

h_kEnergy_Dist_ExitvF_Primary_neutron

Entries  4701951
Mean    2.426
Std Dev     12.65
Integral  0.0001167
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h_kEnergy_Dist_ExitvF_Primary_neutron

Entries  4701951
Mean    2.426
Std Dev     12.65
Integral  0.0001167
h_kEnergy_Dist_ExitvF_Primary_ep
Entries  3911779
Mean    10.12
Std Dev     25.97
Integral 05− 1.17e

h_kEnergy_Dist_ExitvF_Primary_ep
Entries  3911779
Mean    10.12
Std Dev     25.97
Integral 05− 1.17e

h_kEnergy_Dist_ExitvF_Primary_gamma

Entries  4782147
Mean   0.2757
Std Dev      2.45
Integral  0.01178

h_kEnergy_Dist_ExitvF_Primary_gamma

Entries  4782147
Mean   0.2757
Std Dev      2.45
Integral  0.01178
h_kEnergy_Dist_ExitvF_Primary_em
Entries  1812829
Mean    3.585
Std Dev     9.594
Integral 05− 5.215e

h_kEnergy_Dist_ExitvF_Primary_em
Entries  1812829
Mean    3.585
Std Dev     9.594
Integral 05− 5.215e

Primary gamma
Primary e-
Primary neutron
Primary e+

Energy distribution

h_kEnergy_Dist_ExitvF_Primary_neutron

Entries  4526435
Mean    2.424
Std Dev     12.65
Integral  0.0001124
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h_kEnergy_Dist_ExitvF_Primary_neutron

Entries  4526435
Mean    2.424
Std Dev     12.65
Integral  0.0001124
h_kEnergy_Dist_ExitvF_Primary_ep
Entries  3889836
Mean    9.997
Std Dev     25.75
Integral 05− 1.164e

h_kEnergy_Dist_ExitvF_Primary_ep
Entries  3889836
Mean    9.997
Std Dev     25.75
Integral 05− 1.164e

h_kEnergy_Dist_ExitvF_Primary_gamma

Entries  4601823
Mean   0.2753
Std Dev     2.434
Integral  0.01134

h_kEnergy_Dist_ExitvF_Primary_gamma

Entries  4601823
Mean   0.2753
Std Dev     2.434
Integral  0.01134
h_kEnergy_Dist_ExitvF_Primary_em
Entries  1804903
Mean    3.563
Std Dev     9.512
Integral 05− 5.192e

h_kEnergy_Dist_ExitvF_Primary_em
Entries  1804903
Mean    3.563
Std Dev     9.512
Integral 05− 5.192e

Primary gamma
Primary e-
Primary neutron
Primary e+

Energy distribution

Energy_n
Entries  5000000
Mean    2.296
Std Dev     12.31
Integral  0.0001242

8−10 7−10 6−10 5−10 4−10 3−10 2−10 1−10 1 10 210 310 410
Energy[MeV]

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

2−10

1−10

1

C
ou

nt
s 

pe
r 

el
ec

tr
on

 ta
rg

et

Energy_n
Entries  5000000
Mean    2.296
Std Dev     12.31
Integral  0.0001242

Energy_ep
Entries  5000000
Mean    8.813
Std Dev     23.56
Integral 05− 1.496e

Energy_ep
Entries  5000000
Mean    8.813
Std Dev     23.56
Integral 05− 1.496e

Energy_g
Entries  5000000
Mean     0.27
Std Dev     2.401
Integral  0.01232

Energy_g
Entries  5000000
Mean     0.27
Std Dev     2.401
Integral  0.01232

Energy_em
Entries  5000000
Mean    2.082
Std Dev     6.119
Integral  0.0001438

Energy_em
Entries  5000000
Mean    2.082
Std Dev     6.119
Integral  0.0001438

Primary gamma
Primary e-
Primary neutron
Primary e+

Particle Gun's Energy distribution

h_kEnergy_Dist_EntervB_Primary_neutron

Entries  6255
Mean   0.1135
Std Dev    0.07127
Integral 07− 1.554e
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h_kEnergy_Dist_EntervB_Primary_neutron

Entries  6255
Mean   0.1135
Std Dev    0.07127
Integral 07− 1.554e
h_kEnergy_Dist_EntervB_Primary_ep
Entries  187
Mean   0.4988
Std Dev    0.1148
Integral 10− 5.595e

h_kEnergy_Dist_EntervB_Primary_ep
Entries  187
Mean   0.4988
Std Dev    0.1148
Integral 10− 5.595e

h_kEnergy_Dist_EntervB_Primary_gamma

Entries  0
Mean        0
Std Dev         0
Integral       0

h_kEnergy_Dist_EntervB_Primary_gamma

Entries  0
Mean        0
Std Dev         0
Integral       0

h_kEnergy_Dist_EntervB_Primary_em
Entries  0
Mean        0
Std Dev         0
Integral       0

h_kEnergy_Dist_EntervB_Primary_em
Entries  0
Mean        0
Std Dev         0
Integral       0

Primary gamma
Primary e-
Primary neutron
Primary e+

Energy distribution

h_kEnergy_Dist_EntervB_Primary_neutron

Entries  39127
Mean   0.5049
Std Dev     4.067
Integral 07− 9.72e
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h_kEnergy_Dist_EntervB_Primary_neutron

Entries  39127
Mean   0.5049
Std Dev     4.067
Integral 07− 9.72e
h_kEnergy_Dist_EntervB_Primary_ep
Entries  932
Mean    1.836
Std Dev     8.153
Integral 09− 2.789e

h_kEnergy_Dist_EntervB_Primary_ep
Entries  932
Mean    1.836
Std Dev     8.153
Integral 09− 2.789e

h_kEnergy_Dist_EntervB_Primary_gamma

Entries  188
Mean   0.5971
Std Dev     1.044
Integral 07− 4.633e

h_kEnergy_Dist_EntervB_Primary_gamma

Entries  188
Mean   0.5971
Std Dev     1.044
Integral 07− 4.633e

h_kEnergy_Dist_EntervB_Primary_em
Entries  42
Mean    2.946
Std Dev     9.814
Integral 09− 1.208e

h_kEnergy_Dist_EntervB_Primary_em
Entries  42
Mean    2.946
Std Dev     9.814
Integral 09− 1.208e

Primary gamma
Primary e-
Primary neutron
Primary e+

Energy distribution

Left: Energy Distr. from remoll-Config4 geometry sim (top). Particle Gun’s energy(bottom).
Middle (without 6.35mm crack in the iron block): Energy of primary particles that leave front
volume (top). Energy of primary particles that enter back volume (bottom)
Right (with 6.35mm crack in the iron block): Energy of primary particles that leave front volume
(top). Energy of primary particles that enter back volume (bottom)
Each distribution is normalized to the integral of the energy distributions of corresponding
particle types in remoll sim.

19 Apr, 2021 3/13



Particle Distributions

Top: Particle distributions for different primary particles that leave front volume.
Bottom: Particle distributions for different primary particles that enter back volume Each
distribution is normalized to the integral of the energy distributions of corresponding particle
types in remoll sim.
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Particle Distributions with 6.35mm crack in the iron block

Top: Particle distributions for different primary particles that leave front volume.
Bottom: Particle distributions for different primary particles that enter back volume Each
distribution is normalized to the integral of the energy distributions of corresponding particle
types in remoll sim.
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Summary

Particle NEIL NEIL Moller NEIL Moller/Area

Electron 0 0 0
Positron 0 0 0
Neutron 2.76915E-09 3.3506715E+13 1.5384167E+08
Sum 2.76915E-09 3.3506715E+13 1.5384167E+08

NEIL values for the bunker without a 6.35mm crack

Particle NEIL NEIL Moller NEIL Moller/Area

Electron 2.152089E-12 2.6040277E+10 119560.50
Positron 1.254773E-12 1.5182753E+10 69709.610
Neutron 3.8991715E-08 4.7179975E+14 2.1662064E+09
Sum 3.8995122E-08 4.7184098E+14 2.1663957E+09

NEIL values for the bunker with a 6.35mm crack

The total electron on target for MOLLER is 1.21E+22.
Area=217800 cm2
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Backup
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MOLLER Target Shielding Redesign

Config1

Config4Pb wall 
(40cm)

Removed US wall

2m hole on the roofLowered by 60"

Additional inner 
barite plug

Removed Pb/concrete 
 wall

Inner bore of the DS concrete  
is barite
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Geometry
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2D Position XY distributions

Top: Position XY distributions for different primary particles that leave front volume.
Bottom: Position XY distributions weighted by energy for different primary particles that leave
front volume.
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2D Position XY distributions with 6.35mm crack in the iron block

Top: Position XY distributions for different primary particles that leave front volume.
Bottom: Position XY distributions weighted by energy for different primary particles that leave
front volume.
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2D Position XY distributions

Top: Position XY distributions for different primary particles that enter back volume.
Bottom: Position XY distributions weighted by energy for different primary particles that enter
back volume.
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2D Position XY distributions with 6.35mm crack in the iron block

Top: Position XY distributions for different primary particles that enter back volume.
Bottom: Position XY distributions weighted by energy for different primary particles that enter
back volume.
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