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Modifications made around target

 Left all previous detectors alone

* The hope is to remove them at
some point later

* Added:

* sphere detector around target
* Plane DS of the target lead wall

* Plane DS of US toroid (should be
made kryptonite)

* Plane US of the sbs bunker

* Plane around moller and entrance
of the hall (hamed Compton)

* Plane detector at the moller
polarimeter detector location

* Use US outside shielding detector
to evaluate harp/BPM radiation

Q\\\‘ Stony Brook University Ciprian Gal



Updated geometry: Config2

Outside Concrete Shield
US: 5542, DS: 5543, Left: 5540, Right: 5541, Top: 5556
StartOfHall

(5500) MolPolTar MolPolDet
(5501) (5502)

 Geometry updated by Sakib with replacement of the material of the Pb wall to concrete and increase from
40cm to 65cm (maximum)

* Remove upstream wall
* 2m hole on the room
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Extended change (Config3)

* Decided to take a look at a configuration that doesn’t
have any shielding US of the center of the target

* The (brown) inner bore of the DS concrete is barite
(36-50.5 cm)

* While this may turn out unrealistic | figured it would
be instructive

* SBS bunker analysis pending
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tput from V1-V2 configurations

hits per electron on target

Fit
1.0004
0.9988
0.9936
1.0162
1.0047
0.9693

uncert
0.0052
0.0052
0.0016
0.0146
0.0079
0.0170

Black: gamma
Red: e- and pi-

Blue: neutrons
Magenta: “e+/-” E>1MeV
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* The ratio of rates at the MD
doesn’t show any significant
discrepancies

PolO fit results show no
difference
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hits per electron on target
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Fit
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* The ratio of rates at the MD
doesn’t show any significant
discrepancies

PolO fit results show no
difference
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rate for allPZ y
2000

US electronics definitions

1000

1. Compton: entire 1.9m disk at entrance to hall (z=-26m) =

ypmny

2. Moller polarimeter tgt: R<20cm atz=-16.5m

3. Moller polarimeter det: (X,Y)=(0,0)-(10,20)cm; 20cm oo
wide 30cm tall; at z=--9.5m _earzy
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Beamline Moller polarimeter target
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* The Moller polarimeter target location

doesn’t see a large dose overall

* Photons dominate, we need to evaluate

what kind of risk they pose
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Next steps

e Evaluation of the HE neutron rate at the hall roof
will give us a feel for the increase at the boundary
dose

* A proposed drop of approximately 1.25m of the roof
will increase the rate through the hole. Will need to be
evaluated

* Understand the increase in R2-3 (including
primaries?!)

e Possible solution would be to reduce the inner radius of
the barite (would probably reduce US doses)

* SBS does increase in config3 will need to evaluated

 The beam right side (where a lot of electronics live) will
need to fleshed out in the simulation
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Other stuff
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Config 4 (from default/configl)

e asdf
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What is the radiation level around the target?

e Look at 5530

e Radiation levels are based on
energy deposition so it would
be hard to estimate what
effect we would have without
a preliminary design

* However we can take a look at
the spectrum of particles and
get an idea

* Other questions:

 for a 4in OD Viton o-ring located approximately 1m above and below the center of the
target what would be the radiation seen over the lifetime of the experiment?
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Total lonizing Dose back of the envelope calculations

e Simple G4 simulation:
https://github.com/cipriangal/simple-tid

e Setup has 4 volumes (2x2 cm transversely):

* Purple: “shield” material in front of material you
want to calculate TID

* White: two 1 mm thick pieces of material for
which TID is done

* Green: 1 cm thick piece of material for which
TID is done

* Inputis needed for the spectrum of the
gammas, electrons, positrons and neutrons
that impact the material (or zone where the

Front ilmm  Middle 1cm material is located)

* Thisis generally obtained from the main remoll
simulation

e Simulation samples from these inputs and
puts particles uniformly on the surface of the
shield leaving G4 to do the rest of the
tracking

| e Qutputis a console text with energy deposition
* Materials, thicknesses and species needs to

be modified by hand in the appropriate
source files

Black: gamma
Red: e- and pi-

energy distribution first half allPZ em

Blue: neutrons
Magenta: “e+/-” E>1MeV .«

5 MW |
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https://github.com/cipriangal/simple-tid

Questions looking for answers

* What are the radiation levels around the target?

e Can we have a 2m hole through the shielding on the top of the target?
e Can we replace the lead wall with heavy concrete?

e Can we remove fully or partially the shielding US of the target?

* Can we optimize (reduce) the shielding without significantly increasing the
radiation levels for the electronics?

q\\\‘ Stony Brook University



Summary

* What are the radiation levels around the target?

energy distribution second half allPZ em

phi[deg]

1 =100

TEA I

=

J

sk

|.‘..‘.I
0

10’

I

— =
ﬁ—

o*

Radiation (dmvde by thickness) [rad]

Total particles
at 1m vertically

over tgt for  particle per e-
Expenment ontarget first Tmm
4 96E+18 4 11E-04 5. 85E+03
4 36E+18 3.61E-4 4 89E+02
1.04E+16 8. 60E-07 1.24E+03
6.05E+16 5. 01E-06 4 OTE+02
7.99E+03
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mid 1cm

6.63E+03
2.12E+02
1.31E+03
4 07TE+02
8.86E+03

last Tmm
6.21E+03
4 70E+02
1.27E+03
3.56E+02
8.30E+03

Ciprian Gal

rate for allPZ y (hit angles)

%10
- —1
L e e e
100} —o.8
501
- —0.6
o
_sof- 0.4
- 0.2
‘150} i
- L I 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 0
0 20 40 60 80 100 120 140 160 180
thetaldeg]

* The TID for Viton after 2cm of
Stainless steel is approximately
4kRad over the entire life of
the experiment (factor of 2
from taking both top and
bottom)

* The photons are the largest
contributor

* The positrons are under-sampled
creating an overestimate

20



* Can we have a 2m hole through the e e L | s
shielding on the top of the target? E osf
U_E_ 1.6e-06 1.2e-05 0‘45_ 6.5e-06
dSSSSHEynpyGo g )3 osE
"o Config2
1000§ 1: :;%000 BT R 5 At liinbim M 300‘60_“‘ ““‘:?S‘I‘r’ré;]‘ 73%;00 —20000 —10000 0 10000 20000 altljo‘ool miéﬁeéﬂ:;
: : « While we see an increase of
Z about factor 4 from the
e e R T target the overall increase is
- only 1.4 times
(0]
YPE T Holeus  hole ds J— J— survive ~* The DS half of the hole
(%) (%) (%) allows about a factor of 2
em 422 14.44 4.11E-05 5.00E-08 0.12 more HE neutrons to pass
g 9.49 18.43 0.97E-05  5.60E-07 0.56 than the US half
h 11.44 18.60 3.67E-05  1.07E-06 2.91 ) ,
ep 0.72 20.13 | 3.98E-05 4.00E-08  0.10 If possible we should cover
the DS half
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Summary

e Can we replace the lead wall with heavy
concrete?

e Can we remove fully or partially the
shielding US of the target?

1']—1 =

Full bunker
Config2
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o o 5 ) at aat i i
=.’.31*:5}ﬂ n.,‘i'dﬁ :\Qdﬁt‘fzﬂm F""ﬁ wﬂ AL

S
VT oo

,.'gj.‘-
Loc
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10 - n_pzGO o | d555SHE vz _n_pzGO
— ‘ H Ei 367 0.35 : Entries 2787
Mean -3676 i Mean  -3739
F i StdDev  716.3 " StdDev  697.4
1= i : 0.25
8= 4 26.06 5 | 02 8.9e-07 . 8.9¢-06 8e-05

i 8.6e-06 | 2|6e-05

06— 0.15

04— 0.1

02

L il obaale 1w 0T T Y T TANTTATTRA TR 1
_9000 —6500 -6000 —-5500 —5000 —4500 —4000 —3500 —3000 —2500 —2000 —9000 -6500 -6000 -5500 -5000 -4500 -4000 -3500 —3000 -2500 —2000
vz[mm] vz[mm]

* The Pb wall creates quite a large
prompt radiation field inside the
bunker through splashback

* |f we look upstream the
increases in radiation due to the
removal of the upstream wall are
almost balanced by the
replacement of the Lead

* Downstream we see very small
effects due to this replacement

o * We need to look at the MD region

L e, L v

g o AT i sl -
3 q‘ﬂtﬂ ?‘ﬂ‘t"*ﬂ *1':#1 riﬂ';'ﬂ A
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Todos

* Implement a reasonable semicircle covering the DS half of the hole above the
target chamber

 Evaluate the changes due to the Config2 geometry downstream of Collimator1/2
* Look at the MD region
* Look at the Hall walls

* Implement a mixed material replacement for the Pb wall

* We will probably still need high Z at close to the beamline (shield it to allow for easy access
to the targe chamber)

e Could we combine the Pb wall and Downstream bunker wall?

e Use barite concrete for the downstream wall?!

* Evaluate the increases at the SBS bunker and through the sides of the target
bunker shielding

Q\\\‘ Stony Brook University



Spherical detector: theta vs phi (all pz) hits/eot

rate for allPZ e-/pi- (hit angles) rate for allPZ e/x E>1 Thit angles) ate for allPZ vy (hit angles)

%10 x10°®
6 - 0 et (R

§ Integral 0.7072 .{!E Integral 0.4039 § Integral 0.5767
& a a
120 140 160 180 100 120 140 16 : 1‘80 100 120 140 160 10
theta[deg) theta[deg) theta[deg]
rate for allPZ neutron (hit angles) . rate for allPZ primary e E>1 (hit angles) rate for allPZ e+/pi+ (hit angles)
g : ‘- g 150 B | Integral0.0003801 §
- : - & &
100
50 )
0 o
50
-100
150 .
20 6 - 80 100 V 120 10 160 180 60 r‘ l80 = L10!)l ' l1:0l ' l140l ! 160 ) l‘I 50 180
theta[deg] theta[deg) theta[deg]

* Theta, phi are on the sphere centered on the target (R=700mm)
* This does not contain the fwd scattering angles that would go through the lead wall (angle <7deg)
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Spherical detector: theta vs phi (all pz): hits*E/eot

rate”E for allPZ e-/pi- (hit angles) rate*E for allPZ e/x E>1 (hit angles) rate”E for allPZ vy (hit angles)

— — _ x10 —
g g ' §‘
] Integral 2.849 S 450 Integral 2.832 - | —o-2 = Integral 0.5035
& & ‘o &
0.18
100 o ._' 0.16
50 St 0.14
o : £ .12
¢ i 0.1
50 T o 0.08
0.06
-100 '
; 0.04
150 i 0.02
120 140 160 180 120 140 160 180 ° 160 180
theta[deg) theta[deg) theta[deg)
rate*E for allPZ neutron (hit angles) rate*E for allPZ primary e E>1 (hit angles) ,
. & i x10 -
{g R Integral 0.0455 [ Sk g 150 B “1Integral 0.03073 §
| P . . a a
; 100 §
50 PR el et A i iy I R MR
0
L], 7T T AR EPETAN S IS RRIITSIEN IRSRRRSTS RIS STRRRIS] A
-100
150
140 160 180 B T R T R T R T R TR 160 180
thetaldeg) theta[deg) thetaldeg)

* This does not contain the fwd scattering angles that would go through the lead wall (angle <7deg)
e Clearly dominated by small angles and electromagnet radiation
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Spherical detector: allPZ US half

Black: gamma

energy distribution first half allPZ em Red: e- and pi-
§ e E Blue: neutrons
£ 0 Magenta: “e+/-” E>1MeV
10° _
0 :ﬂ_'_‘--lqa

1 l|| L | | 1 L L L
10" 10*

 This contains the entire sphere (expect the primary electrons before hitting the
target — so they are not double counted)

* This is the downstream half of the sphere

* We can see that while the neutrons are several of orders of magnitude down
compared to EM they are not completely negligible
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Spherical detector: allPZ DS half

energy distribution second half allPZ em

5 = = :
S — Black: gamma
. 0! = :
£ — Red: e- and pi-
10° =
— Blue: neutrons

Magenta: “e+/-” E>1MeV

] L L L L) L Ll L L LLL 1 | T N} 1 [ ] 1 L L | [ I 1 Ll 1 | N T 1 L1 11l L 1 L1l 1 L1 L1l
10° 107 10° 10° 10° 10" 10°? 10" 1 10 10° 10’

* This is the downstream half of the sphere

* To get a better picture we would need some information of regions that are of
concern from the target group

e @Silviu: what theta, phi region is worth looking at and what kind of power absorption can
we assume so that we can estimate in units of “rad”

Q\\\\ Stony Brook University Ciprian Gal
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erical detector: theta vs phi (outgoing): hits

rate for pzLO y (hit angles)

Integral 0.3543

rate for pzLO e-/pi- (hit angles)

rate for pzLLO e/x E>1 (hit angles)

phi[deg]

rate for pzLO primary e E>1 (hit angles)

Integral 0.0003676

phi[deg]
phildeg]

1

1 : L 1 L
80 100 120 140 160 180

160 180
theta[deg) theta[deg)

q\\\‘ Stony Brook University Ciprian Gal

phi(deg]

phi[deg]

-100

160 180

theta[deg)
rate for pzLO e+/pi+ (hit angles)
, Integral 0.003579 |: 2
- -‘1'60-I : ‘180
theta[deg)

0.2

0.15

0.1

0.05

0
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Spherical detector: theta vs phi (i

rate for pzGO e-/pi- (hit angles)

Integral 0.08872

phi(deg]

rate for pzGO neutron (hit angles)

SRR ] Integral 0.004158

phildeg]

160 180
theta[deg)

Q\\\‘ Stony Brook University

40

30

20

10

0

phildeg]

phildeg]

rate for pzGO e/n E>1 (hit angles)

i80 Integral 0.01118 :
RN 0.14

100

-50 0.06
-100

-150

20 40 60 80 100 120 140 160 180
theta[deg]

rate for pzGO primary e E>1 (hit angles)

150 Integrah .258e-05

100

50

LR B

50

-100

TTTT

150

Ciprian Gal

619%

phi(deg]

phildeg]

ncoming): hits

rate for pzGO vy (hit angles)

150 Integral 0.2224

100

{

160 180
theta[deg]

100 120

20 60 80 140

rate for pzGO e+/pi+ (hit angles)
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Viton o-rings:

ate for alPZ  (hit angles * Look at the spherical detector with fiducial cuts

phildeg)

. e B A i R<35mm (@700mm) which should be equivalent
N B to 10cm at 1m

—— e Look at the energy spectrum for the two halves

NN | of the detector
wf | | * Sum them to evaluate energy deposition in Viton

theta[deg]

energy distribution second half allPZ em

*‘ Tt . F'IT i % |
T 1 T TR WK Tty W‘ l‘iwwmnmwmw ) Black: gamma
1 0 T;O M1 Red: e- and pi-
T Blue: neutrons
Magenta: “e+/-” E>1MeV

[ H’H h m.wm:ﬁ”lﬂ’ln

| | LIII 11 ﬁlrhtr!W ™ | f]'_’r' WVW Wl,
1 1 R A 1
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Total Iomzmg Dose back of the envelope calculations

* Used the simulation setup we used
for the TID calculation at the MD
PMTs

e The “shield” here is 2cm of Al

* We sample electrons, positrons,
photons and neutrons from the
energy spectrum sum of US and DS
(top and bottom)

Front Imm Middle 1cm Back 1Imm

Black: gamma
Red: e- and pi-

Blue: neutrons
Magenta: “e+/-” E>1MeV

q\\\‘ Stony Brook University



Total lonizing Dose back of the envelope calculations

1J [MeV]

6.24E+12

Density of Viton[( 1.8
13 Surface of target

gamma

22 electron

24

27 positron

32 neutrons

Viton with 2cm
of Al in front

gamma
electron

neutron

4
5
6 | positrons
7
8

Sum

Q\\\‘ Stony Brook University

Config n-events radiation[Gy] RMS [Gy] Per N
Front [dz=1mm] 5000000 7.24E-07 5.83E-09 1.45E-13
Mid [dz=1cm] 5000000 7.97E-07 3.75E-09 1.59E-13
Back [dz=1mm] 5000000 7.31E-07 6.49E-09 1.46E-13
Front [dz=1mm] 5000000 5.96E-08 2.21E-09 1.19E-14
Mid [dz=1cm] 5000000 6.07E-08 2.21E-09 1.21E-14
Back [dz=1mm)] 5000000 5.89E-08 2.44E-09 1.18E-14
Front [dz=1mm] 5000000 5.08E-05 6.08E-08 1.02E-11
Mid [dz=1cm] 5000000 5.34E-05 6.18E-08 1.07E-11
Back [dz=1mm] 5000000 5.27E-05 7.05E-08 1.05E-11
Front [dz=1mm] 5000000 2.50E-06 3.34E-08 5.00E-13
Mid [dz=1cm] 5000000 2.49E-06 1.41E-08 4.98E-13
Back [dz=1mm] 5000000 2.16E-06 3.40E-08 4.32E-13
Total e on tgt 1.21E+22
Energy deposited for entire run [MeV]
first 1mm mid 1cm last 1mm
3.23E+15 3.56E+16 3.26E+15
2.33E+14 2.38E+15 2.31E+14
4 74E+14 4.98E+15 4 92E+14
1.36E+14 1.35E+15 1.17E+14
4.07E+15 4.43E+16 4.10E+15

E deposit per
particle [MeV]

6.51E-04
7.16E-03
6.57E-04

5.36E-05
5.46E-04
5.29E-05

4.57E-02
4.80E-01
4.74E-02

2.25E-03
2.24E-02
1.94E-03

Energy deposited for entire run [J/cm2]

first 1mm
2.03E-02
1.47E-03
2.99E-03
8.56E-04
2.56E-02

 Calculate the mean energy deposition per
particle for a 5e6 event sampled simulation

Use that together with the information of
the total number of particles per electron

on target and the total electrons delivered
to get energy deposition over the surface

for each particle species

Energy deposited per particle on surface [MeV]
Total particles at

1m vertically
ower tgt for  particle per e-
mid 1cm last 1mm first Tmm mid 1cm last Tmm Experiment  on target
2.24E-01 2.05E-02 6.51E-04 7.16E-03 6.57E-04 4 96E+18 4 11E-04
1.50E-02 1.45E-03 5.36E-05 5.46E-04 5.29E-05 4 36E+18 3.61E-04
3.14E-02 3.10E-03 4.57TE-02 4.80E-01 4.74E-02 1.04E+16 8.60E-07
8.52E-03 7.39E-04 2.25E-03 2.24E-02 1.94E-03 6.05E+16 5.01E-06

2.79E-01 2.58E-02 4.86E-02 5.10E-01 5.00E-02



otal lonizing Dose back of the envelope calculations:Al

Viton with 2cm

of Al in front Total e on tgt 1.21E+22
2 Energy deposited for entire run [MeV] Energy deposited for entire run [J/cm2] Energy deposited per particle on surface [MeV]
Total particles at
3 1m vertically
ower tgt for  particle per e-
first 1Imm mid 1cm last 1mm first 1mm mid 1cm last 1mm first Tmm mid 1cm last Tmm Experiment  on target
4 |gamma 3.23E+15 3.56E+16 3.26E+15 2.03E-02 2.24E-01 2.05E-02 6.51E-04 7.16E-03 6.57E-04 4 96E+18 4 11E-04
5 |electron 2.33E+14 2.38E+15 2.31E+14 1.47E-03 1.50E-02 1.45E-03 5.36E-05 5.46E-04 5.29E-05 4.36E+18 3.61E-04
6 | positrons 4.74E+14 4.98E+15 4.92E+14 2.99E-03 3.14E-02 3.10E-03 4.57E-02 4.80E-01 4.74E-02 1.04E+16 8.60E-07
7 | neutron 1.36E+14 1.35E+15 1.17E+14 8.56E-04 8.52E-03 7.39E-04 2.25E-03 2.24E-02 1.94E-03 6.05E+16 5.01E-06
8 Sum 4.07E+15 4.43E+16 4.10E+15 2.56E-02 2.79E-01 2.58E-02 4.86E-02 5.10E-01 5.00E-02
Viton with 2cm : :
1 (]
of Al in front 1Gy= 100 rad The TI D for V|t0n IS
2 Radiation (divide by thickness) [rad] a p p roxim ate Iy 7500 rFa d over
Total particles at . .
3 im vertically the entire life of the
ower tgt for  particle per e- .
Experiment  on target first 1mm mid 1cm last Tmm expe rl ment (fa Ctor Of 2 from
4 gamma 4.96E+18  4.11E-04 1.13E+04 1.24E+04 1.14E+04 ta kmg both top and bottom)
5 electron 4 36E+18 3.61E-04 8.16E+02 8.32E+02 8.07E+02
6 positrons 1.04E+16  8.60E-07 1.66E+03 1.74E+03 1.72E+03 e The la rgest contri butor will
7 neutron 6.05E+16 5.01E-06 4.75E+02 4.74E+02 4. 11E+02 b h t
8 Sum 1.42E+04 1.55E+04 1.43E+04 € p otons
Q\\\‘ Stony Brook University



14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

32

gamma

electron

positron

neutrons

Config

Front [dz=1mm]
Mid [dz=1cm]
Back [dz=1mm]

Front [dz=1mm]
Mid [dz=1cm]
Back [dz=1mm]

Front [dz=1mm]
Mid [dz=1cm)]

Back [dz=1mm]

Front [dz=1mm]
Mid [dz=1cm]
Back [dz=1mm]

Q\\\‘ Stony Brook University

n-events

5000000
5000000
5000000

5000000
5000000
5000000

5000000
5000000
5000000

5000000
5000000
5000000

radiation[Gy]

3.75E-07
4.25E-07
3.98E-07

3.57E-08
3.74E-08
3.43E-08

3.79E-05
4.02E-05
3.88E-05

2.14E-06
2.14E-06
1.87E-06

E deposit per

RMS [Gy] PerN particle [MeV]
5.24E-09 7 50E-14 3.37E-04
4.40E-09 8. 50E-14 3.82E-03
6.04E-09 7.96E-14 3.58E-04
2.07E-09 7. 14E-15 3.21E-05
2.03E-09 7.48E-15 3.36E-04
2.12E-09 6.86E-15 3.08E-05
7.10E-08 7.58E-12 3. 41E-02
7.19E-08 8.04E-12 3.61E-01
7.96E-08 7.76E-12 3.49E-02
3.02E-08 4 28E-13 1.92E-03
1.36E-08 4 28E-13 1.92E-02
3.52E-08 3.74E13 1.68E-03

Black: gamma
Red: e- and pi-

Blue: neutrons
Magenta: “e+/-” E>1MeV

Ciprian Gal

o =0

otal lonizing Dose back of the envelope calculations: SS

* |t looks like the spectrum for the
positrons is suffering from low
statistics

* This may lead to artificially “large”
values of energy deposition per

article (2-3 orders of magnitude
arger than e-,gamma)

* We need a higher stats simulation

* At this point | guess the positron
radiation dose is a conservative
estimate

energy distribution second half allPZ em
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Viton with 2cm

1 of Stainless

steel in front Total e on tgt 1.21E+22
2 Energy deposited for entire run [MeV]

first 1mm mid 1cm last 1mm

4 gamma 1.67E+15 1.90E+16 1.78E+15
5 electron 1.40E+14 1.46E+15 1.34E+14
6 positrons 3.54E+14 3 75E+15 362E+14
7 neutron 1.16E+14 1.16E+15 1.02E+14
8 Sum 2.28E+15 2 53E+16 2.37TE+15

Total particles
at 1m vertically
over gt for
Expenment

4 96E+18
4 36E+18
1.04E+16
6.05E+16

particle per e-
on target

4 11E-04
3.61E-04
6.60E-07
2.01E-06

Q\\\\ Stony Brook University

first 1mm

mid 1
1.05E-02
8.80E-04
2. 23E-03
7.33E-04

1.44E02 1.

Energy deposited for entire un [J/cm2]

last 1mm
1.12E-02
8.46E-04
2 28E-03
6.40E-04
1.49E-02

cm
1.19E-01
9.22E-03
2. 36E-02
7.33E-03

60E-01

Radiation (dmvde by thickness) [rad]

first 1mm
5. 85E+03
4 89E+02
1.24E+03
4 OTE+02
7.99E+03

mid 1cm
6.63E+03
9. 12E+02
1.31E+03
4 07TE+02
8.86E+03

last Tmm
6.21E+03
4 70E+02
1.27E+03
3.56E+02
8.30E+03

Ciprian Gal

first Tmm

otal lonizing Dose back of the envelope calculations: SS

Energy deposited per particle on surface [MeV]

Total particles
at 1m vertically

over tgt for  particle pere-
mid 1em last 1mm Expernment  ontarget
3.37TE-04 3.82E-03 3.58E-04 4 96E+18 4 11E-04
3.21E-05 3.36E-04 3.08E-05 4 36E+18 3.61E-04
3 41E-02 3.61E-01 3. 49E-02 1.04E+16 8 6OE-07
1.92E-03 1.92E-02 1.68E-03 6.05E+16 5.01E-06
3.64E-02 3.85E-01 3.69E-02

* The TID for Viton is
approximately 4kRad over
the entire life of the
experiment (factor of 2 from
taking both top and bottom)

* The SS almost improves things
by a factor of 2

* The photons remain the
largest contributor
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What is does the lead wall do?

Q\\\‘ Stony Brook University Ciprian Gal

e Look at 5547 (before the wall)
and 5531 (after the wall)
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Hits/EOT with pZ>0 (before wall

rate for pzGO y

Integral 0.3017

rate for pzGO e-/pi- ’ rate for pzGO e/n E>1 .
g B Integral 0.1652 E— r g C
= 1000 :_ - ‘ o 1000 :—— “““ = 1000 .__
500 |— 500 |— 500
ofF ol ok
500 ~500 [— ~500
1000 |— 1000 | 1000 |-
B 1 K A -
rate for pzGO primary e E>1
F £ E - Integral 0.0006524 £ L
= L ntegral 0. N
= 1000 = 1000 = 1000
500 |—-- 500 |- 500
oF of oF
500 500 500
-1000|— ~1000 |- 1000 |-
C 1 C 1 i 1 L ' 1 1 1 L 1 L 1 1 L i L ' 1 1 1 C 1
1000 500 0 500 1000
x[mm)

* The detector has an acceptance hole to not count particles t

\\\‘ Stony Brook University Ciprian Gal

x[mm)

nat are not stopped
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Hits*E/EOT with pZ>0 (before wall

rate*E for pzGO e-/pi- rate*E for pzG0 e/n E>1 rate*E for pzGO y

x10

E— N g © g N Integral 0.6791
- 0.9 - B §
= jo00[— = 1000 - = yo00|-
C 0.8 C C
500 — 0.7 500 |— 500 —
- 06 - -
o 0 o
~500 — ~500 [— ~500 [~
1000 |— 1000 |— 1000 |—
- C C ; ]
1000 500 0 500 1000
x[mm)
rate”E for pzGO primary e E>1 .
x10 -
£ C £ - Integral 0.07392 £ C
N i ntegral 0. 0.18 L
; 1000 - : 1000 B 00 000000000 00s000 s sasenasasesaseresasesersserers seren " aseras : ‘ooo —
N C 0.16 C
- - 0.14 -
500 [— 500 500
C C 0.12 E
o 0 0.1 P
- - 0.08 -
-500 (— 500 - 0.06 500
" 5 0.04 N
-1000 [— 1000 - : .02 ~1000
[ 1 L l 1 L 1 1 l 1 1 1 1 1 L L 1 L l 1 1 1 L l 1 1 0 1 1 1 1 't L ' 1 1 ' 1 1 1 L | 1 1 1 l 1 1 O s 1 L ' L 1 1 1 1 L L L 1 1 1 l 1 L 1 1 L 1
1000 500 0 500 1000 1000 500 0 500 1000 1000 500 0 500 1000
x[mm)] x[mm)] x[mm)

* As expected the high energy particles are forward peaked (perhaps it would allow us to
make a different thicknesss wall radially to at least reduce mass)
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Hits*E/EOT wi />0 (aft |
rate”E for pzGO e-/pi- p rate*E for pzGO e/t E>1 rate”E for pzGO y :
g__ 1| Integral 2.361|: E; 1000; ........ In{egré\? 2558 0.00 é -
i - 0.00°
500 : 500
L 0.0t
9 ; 0.00t og
-500 z 0.00t ~500 +
; 0.00( :
1000 (— : ‘ 1000
0 . al i o
1000 500 0 500 1000
x[mm)
rate”E for pzGO primary e E>1 , rate*E for pzGO e+/pi+
- — x10 -
£ Integral 0.02765 g C Integral 0.1149 s € C Integral 0.1994
= = 1000__ .................. e e s i L 1000_—' ——— —
C 0.2 C
500 - " soo:
C 0.15 s
of 0 :
" 0.1 E
-500 : ~500:
2 0.05 -
-1000 : -1000 :
| S . B i ¥ = 7000
x[mm)] x[mm)
* The gammas and the neutrons seem to be most affected

* Note that this detector is slightly larger (200mm on each side)
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I |E/EO| ith pZ>0 (bef 1) Pb |
rate*E for pzGO e-/pi- rate*E for pzGO e/ E>1 rate*E for pzGO y
= 2000 = 2000 : = ; ;
& - E - - 0.00 E
3 C £ C Integral 3.329 [« E Integral 0.6776
1500 1500
1000 | 1000 |
500 |— 500 |—
= = 0.00t
oF L R T
- - .00t
500 " 500 e -
1000 |~ 1000 [ R I PRI ... 0N
~1500 | ~1500 [ .00t
2000000 1500 1000 500 O 500 1000 1500 2000 2009500 1500 1000 500 O 00 1000 1500 ¢ 500 1000 1500 2000
*[mm] *mm] x[mm)]
rate*E for pzGO neutron , rate”E for pzGO primary e E>1 , rate*E for pzGO e+/pi+
= 2000 - 10 g 2000 - x10 F 2000 .
£ - 0.07 E - Integral 0.07247 0.3 E o - Integral 0,1972 | 0.16
1500 1500 F : 1500 ‘
- 0.06 E e ' .25 - 0.34
1000 |- 1000 |- : b o : 1000 | 012
C 0.05 - - :
L 500 |~ 0.2 500|— 01
E 0.04 E E
°F °F 015 °E
500 | 008 500 F 500
- - . IR CoL 0.1 -
1000 |- : 0.02 1000 |- e, 1000 |-
1500 0.01 “1500 0.05 —1s00F -
2009006“‘1506'“1006'“5:;6'“n"“500"'1'006"1'506‘["] o 2002006“‘1506.“1006.“506..,0....500...{000‘..{506‘[.2.(100 o T o
xjmm xjmm,

* The gammas and the neutrons seem to be most affected

* Note that this detector is slightly larger (200mm on each side)
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yimmj

yimmj

It / EQOT with pZ>0 P |
rate for pzGO e-/pi- rate for pzGO e/n E>1 , rate for pzGO vy
2000 - . : : x10 E 2000 - —— - x10 3 2000 -
E B4 Integral 0.165 % E E ’:34’..%;@@%% Integral 0.1546 [ i € E Integral 0.3042
1500 |- : 1500 |- s 2 1PN 1500 |- 12
= 16 o F
1000 |- 1000 [ ‘6 1000 |- A0
E o - =14 a
500 ; ...... 12 500 :_ .................. SHT— 12 500 :_ .............. s
oF 10 0 ... 1 0 -
E E 10 E s
ook i 500 F 8 500
5 6 g 5 - 4
1000:__ 1000:_ YOIk I 1000:“ ““““““““““““““
E 4 - 4 &
1500 F 5 1500 [ , -1500 F 2
2000056~ 1500 U 2000060 -1500  -1000 500 0 500 1000 1500 2000 ° 200060~ 1500 1000 500 0 50 1000 1500 B
x[mm) x[mm] x[mm)
rate for pzGO neutron . rate for pzGO primary e E>1 rate for pzGO0 e+/pi+
2000 - ' ‘ 7P F 2000 F 2000 10
o Integral 0.002025 §% E; C Integral 0.0006448 g = /| Integral 0.005224 | : 2
1500 60 1500 | 1500 |- ; "
o 50 000 | 1000 |- -
CIT) SRR+ " 500 | 500 -
- 40 - E
D e i of of
F 30 o E
500 |- 500 |- 500 |-
= 20 - -
1000 |- 1000 |- 1000 |-
1500 F 10 1500 [ ~1500 F
2°°9006'“1506"'1006"'sod"'o'"'soo"'iooé"isod'l':a)]oo 0 2°°9006'"1506'“1006'“506'"o'"‘soo“'{ood"isod'('éoloo 0 2000560~ 1500 1000 -B0O 0 500 1000 1500
x[mm xjmm
 Th mm d th t m most affected
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* Note that this detector is slightly larger (200mm on each side)
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* The gammas and the neutrons seem to be most affected
* Note that this detector is slightly larger (200mm on each side)
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Hits*E/EOT with pZ>0 (before wall) — concrete wall
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e £d dS an e Neutrons see O De MOosSt arrecte

* Note that this detector is slightly larger (200mm on each side)
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Hits/EOT with pZ>0 (before wall) — concrete wall
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* The gammas and the neutrons seem to be most affected

* Note that this detector is slightly larger (200mm on each side)
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Hits*E/EOT with pZ>0 (after wall) — concrete wall
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Hits/EOT with pZ>0 (after tgt bunker) — Pb wall

nmmy

nmmj

rate for pzGO e-/pi- rate for pzGO e/n E>1 rate for pzGO vy
2000 - 0% 2 2000 ,;;08 g 2000p T T -
C : Integral 0.002649 E C Integral 0.002723 E L | Integral 0.02209 |.
1500 |- - - 5 1500 |- : . 1500 |- —
= _ . = . =
1000 | e , 1000 F . " 1000 -
- R S P 4 = : o 0o o
500 500 [ . 500 -
of ' of 4 o0
-500 2 -500 3 -500
1000 - : S TG e, : 1000 | e ; 2 1000 f-
= - : - . ' 3 = : L .
~1500 |- : ; -1500 |- 1 -1500 |-
=TT AT AT AT AR TR AT A =TT IR IR AT AT TR AT .’_1::..1:»5.. P TP RL T o I o heay e by Gkt 48
~2000550 " —1500  -1000 500 0 500 1000 1500 2000 ~2000566 1500 -1000 500 0 500 1000 1500 2000 ° “2000h50 1500 1000 50D 0 500 1000 1500 2000
x|mm] x|mm) x[mm)]
rate for pzGO neutron . rate for pzGO primary e E>1 . rate for pzGO e+/pi+ .
2000 ——— — _ o0 g 2000 - "O‘g z 2000 x10
o ) R B8 “ | Integral 0.002188 ; E - IntegralB.608e—05 ‘ E o Integral 0.001168 : 2.5
1500 | ‘ e I - : 0.16 1500 |- 0.8 1500 |-
1000 F 0.4 1000 | 0.7 1000 p— 2
E 0.12 - E e
500 500 |- 0.8 500 |-
3 o s 0.5 - 15
of: of of
- 0.08 - 0.4 -
500 [ 500 [ 500 1
E 0.08 E 0.3 E
1 B 1 - 1 -
it - 0.04 000 0.2 0L o.s
—150{): ’ 0.02 -1500 : 0.1 -1500 :
2009056~ 1500 1000 500 0 500 1000 1500 2000 ° 20000661500 1000 80O 0 500 1000 1500 2000 © 2000ho0 1800 1000 -BOO 0 00 1000 1500 2000 °
x[mm] x[mm] x[mm]

® asar

q\\\‘ Stony Brook University Ciprian Gal 47



||.t:,/EEC)| .tll Zf () 'ft tet k) |< t |
rate for pzGO e-/pi- \ rate for pzG0 e/n E>1 . rate for pzGO y .
T 2000 _ x10 F 2000 x10 T 2000 — . — 10
E - { Integral 0.002711 E - Integral 0.002802 E C <l Integral 0.02207 [
= S 5 3 = 7 = = A
1500 F : : 1500 | : : 1500 [ : ;
1000 |- e s et T S S : : 4 1000 |- : P juui . o 1000 [~ —{10
s00f 500 F S 500 X
- 3 E F
of oF 4 o
- : 3 ¥
500 P 500 F 3 500 -
1000 |- ; e _ 1000 [ - 2 1000 |-
- oL _ ' . i E : - _ 3 2
1500 F : ~1500 [ 1 1500 [
~2000550 1500 1000 -B00 O 500 1000 1500 2000 ° ~20005650- 1500 1000 500 0 500 1000 1500 2000 °© ~2000565~ 1500 1000 500 0500 1000 1500 2000 ©
x[mm)] x[mm] x[mm]
rate for pzGO neutron \ rate for pzGO primary e E>1 . rate for pzGO e+/pi+ .
= 2000 — : : 00 F 2000 - 08 F 2000 x10
- o : TS | Integral 0.002144 | ' E C Integral.568e—05 £ C Integral 0.001192 25
L - : - 0.16 = - 0.8 - o
1500 | : : 1500 [ : 1500
1000 - o4 1000 | o7 1000 - g : 2
= 012 = 0.6 E 1 O '
500 500 F 500
o 0.1 E : ‘ 0.5 c 1.5
0F o oF
- o0.08 - ) I 0.4 e
500 F 500 F 500 1
g 0.06 . 0.3 :
1000 00 1000 s 1000 Ny
1500 F 0.02 ~1500 [ .1 ~1500 F
2000056~ T500 1000 500 0 B00 1000 1500 2000 ° 20000656~ —"1500 1000 500 O 500 1000 1500 2000 © 200060~ —7500  -1000  -B00 0 500 1000 1500 2000
x[mm) x{mm) x[mm]

e asdf

q\\\‘ Stony Brook University Ciprian Gal 48



Hits*E/EOT with pZ>0 (after tgt bun
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Table with integrals

Hits
Lead Concrete (C-P)/P
e- 2.65E-03 0.002711 2%
e E>1 2.72E-03 2.80E-03 3%
g 2.21E-02 2.30E-02 A%
n 2.19E-02 2.14E-03 -90%
primary E>1 8.61E-05 8.57E-05 0%
e+ 1.12E-03 1.19E-03 7%

* The simulations indicate that the Pb wall is producing quite a large number of low

Lead
1.18E-01
1.59E-01
7.18E-02
1.26E-02
2.06E-02
4.15E-02

Hits * E
Concrete
0.1197
1.62E-01
7.87E-02
1.62E-02
1.95E-02
4.24E-02

(C-P)/P
1%
2%

10%

29%
-5%
2%

energy neutrons which we don’t see when we replace it with more concrete
* This could lead to increases at the MD region and the hall wall (should we include this in

the boundary dose estimate?)

* For EM it seems that we have marginal increases if we just replace the Pb with

concrete
Q\\\‘ Stony Brook University



Q\\\‘ Stony Brook University

Ciprian Gal

* Evaluate the high energy
neutrons on the roof of the
bunker and see the effect of the
2m hole

* Naz and Sakib are working on a
simulation that has:
* No US wall

* Replaces the lead with simple
concrete

* 2m hole on the top of the bunker

* Look at the spectra and number
of hits at the front of the SBS
bunker and the “Moller”

oIIIarimeter and entrance in the
a

* Look at the side of the bunker
and evaluate what kind of
reduction we have and if we can
reduce the thickness

52



Backup
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Current configuration around target

* Flat detectors around the target and outside of the
bunker

* Leave these in place for now, but add additional detector
* Has holes for primary beam

* There is no detector between Target Pb wall and concrete

, * No targets upstream of the target
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Spherical detector: allPZ DS half
p energy distribution second half allPZ em
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Spherlcal detector: allPZ US half

energy distribution first half allPZ em
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