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Comparison of hits at the Lucite plane for 5,000,000 events

(without shielding)
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(with downstream shielding)
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(with inner radial shielding)
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Changing the radial and longitudinal thickness of Concrete and Lead

The origin location of all the secondaries anywhere for 5,000,000 events

2200

2000

1800

1600

1400

1200

1000

800

600

Moller

sqrt(hit.vx**2+hit.vy**2):hit.vz

: -:3'.-‘;"""":3'_-'""-:-".:":' '-.-"."-."-:.-"" :l::_'.:-."

|
26000

2200

2000

1800

1600

1400

1200

1000

800

600

Pion

sgrt(hit.vx**2+hit.vy**2):hit.vz

|II-I'|i_.-'I_t_'.I_|III|I_II|I-II|III|III

ST T

u

R R AR

AR

|
28000



Comparison of rates at the Lucite and PMT for 5,000,000 events (Low energy particles, hit.p<2*MeV)

Rates
GHz/uA Rate of electrons Rate of pions Rate of photoelectrons Rate of photoelectrons
/Detector from electrons from pions
Concrete and (1.12 4+ 0.04) x 10~* (7.93+0.30) x 1077 0.71% (1.96 + 0.03) x 1073 (7.54+0.03) x 107> 3.85%
Lead at 16cm
Creraie sl (7.88+0.32) x 1075 (6.95+ 0.28) x 1077 0.88% (1.55+0.02) x 1073 (7.46 +£ 0.03) x 107> 4.81%
Lead at 21cm
Concrete and (6.10 + 0.38) x 1075 (7.30+0.29) x 107  1.20% (1.43+0.03) x 1073 (7.43+0.03) x 1075 5.20%
Lead at 26cm
Concrete and (6.03 + 0.90) x 1075 (7.72+0.30) x 1077 1.28% (1.36 + 0.02) x 1073 (7.34+0.03) x 1075 5.40%
Lead at 30cm

(4.56 +0.21) x 1075 (7.89+0.31) x10~7  1.73% (1.24+ 0.02) x 1073 (7.89+0.03) x 1075 6.36%

Concrete and
Lead at 35cm

Note: Inclusion of electron, positron, pion, and (anti) Muon (hit.pid==11, -11, 211, -211, 13, -13)



Comparison of rates at the Lucite and PMT for 5,000,000 events (Low energy particles, hit.p<2*MeV)
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Comparison of rates at the Lucite and PMT for 5,000,000 events (High energy particles, hit.p>2*MeV)

Rates
GHz/uA Rate of electrons Rate of pions Pile NEUS @i PICIOEIEEHTE REUS OT PTDIDE DUTEns Pile
/Detector from electrons from pions
Concrete and (4.89 + 0.28) x 1075 (4.63 +0.08) x 10~¢ 9.47% (1.96 + 0.03) x 1073 (7.54+0.03) x 107> 3.85%
Lead at 16cm
Concrete and (2.37+0.19) x 1073 (4.69+ 0.08) x 10~° 19.79% (1.55+ 0.02) x 1073 (7.46 + 0.03) X 1075 4.81%
Lead at 21cm
Concrete and (1.69+0.12) x 1075 (4.70 + 0.08) x 10°° 27.81% (1.43+0.03) x 103 (7.43 +0.03) x 1075 5.20%
Lead at 26cm
Concrete and (1.76 £ 0.16) x 10> (4.66 + 0.08) x 107 26.48% (1.36 + 0.02) x 1073 (7.344+0.03) x 1073 5.40%
Lead at 30cm

(1.09 + 0.09) x 1073 (4.81+0.08) x 10~° 44.13% (1.24 4+ 0.02) x 1073 (7.89+0.03) x 107> 6.36%

Concrete and
Lead at 35cm



Comparison of rates at the Lucite and PMT for 5,000,000 events (High energy particles, hit.p>2*MeV)
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Changing the radial and longitudinal thickness of Concrete and Lead and shifting Lucite inward

sgrt(hit.vx**2+hit.vy**2):hit.vz
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v Concrete/lead radius extend 16, 21, 26, 30, 35 cm

v" Shift Lucite inward and make it shorter (7, 6 and 5 cm)

v' Keep lead at 16 cm, extend concrete only to 26 cm

v Fix downstream face of donut, then reduce lead
thickness




Comparison of rates at the Lucite and PMT for 5,000,000 events (Low energy particles, hit.p<2*MeV)

Rates Rate of electrons Rate of pions Pi/e Rate of photoelectrons Rate of photoelectrons Pi/e
GHz/uA/Detector P from electrons from pions

Radial thickness (1.12+ 0.04) x 10~* (7.93+0.30) x 1077 0.71% (1.96 + 0.03) x 1073 (7.54+0.03) x 1073 3.85%
of Concrete and

Lead at 16cm -7cm

Lucite

Radial thickness (1.04 + 0.04) x 10~ (6.88+0.29) x 1077 0.66% (1.88+0.03) x 1073 (7.63+0.03) x 10> 4.06%
of Concrete and

Lead at 16¢cm —

Shifted 6cm Lucite

Radial thickness (1.36 £ 0.20) x 10~* (6.45+ 0.28) x 1077 0.47% (1.65+ 0.04) x 1073 (6.75+0.03) x 1073 4.09%
of Concrete and

Lead at 16cm —

Shifted 5cm Lucite



Comparison of rates at the Lucite and PMT for 5,000,000 events (High energy particles, hit.p>2*MeV)

Rates . . Rate of photoelectrons from Rate of photoelectrons :
Rate of electrons Rate of pions Pile . Pile
GH z/uA/Detector electrons from pions

Radial thickness of
Concrete and Lead
at 16cm -7cm
Lucite

Radial thickness of
Concrete and Lead
at 16cm =Shifted
6cm Lucite

Radial thickness of
Concrete and Lead
at 16cm —=Shifted
5cm Lucite

(4.89+0.28) x 1075

(3.79+ 0.20) x 107>

(3.60+ 0.63) x 107>

(4.63+0.08) x 107

(4.20+0.08) x 10°°

(3.56+0.07) x 10~°

9.47%

11.08%

9.89%

(1.96 +0.03) x 1073

(1.88+0.03) x 1073

(1.65+0.04) x 1073

(7.54+0.03) x 1075

(7.63+0.03) x 107>

(6.75+0.03) x 107>

3.85%

4.06%

4.09%
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Comparison of rates at the Lucite and PMT for 5,000,000 events (Low energy particles, hit.p<2*MeV)

Rates Rate of electrons Rate of pions Pi/e Rate of photoelectrons Rate of photoelectrons Pi/e
GH z/uA/Detector P from electrons from pions

Radial thickness
of Concrete and
Lead at 16cm -7cm
Lucite

Radial thickness
of Concrete and
Lead at 16cm —
Shifted 6cm Lucite

Radial thickness
of Concrete and
Lead at 26cm —
7cm Lucite

Radial thickness
of Concrete and
Lead at 26cm —
Shifted 6cm Lucite

(1.124+ 0.04) x 10~*

(1.04+ 0.04) x 10~*

(6.10 + 0.38) x 1073

(6.02+0.35) x 107>

(7.93+0.30) x 1077

(6.88+ 0.29) x 1077

(7.30+0.29) x 1077

(7.09+0.29) x 1077

0.71%

0.66%

1.20%

1.18%

(1.96 + 0.03) x 1073

(1.88+0.03) x 1073

(1.43+0.03) x 1073

(1.31+0.02) x 1073

(7.54+0.03) x 1075

(7.63+0.03) x 107>

(7.43+0.03) x 1075

(7.724+0.03) x 105

3.85%

4.06%

5.20%

5.89%

11



Comparison of rates at the Lucite and PMT for 5,000,000 events (High energy particles, hit.p>2*MeV)

Rates . . Rate of photoelectrons from Rate of photoelectrons :
Rate of electrons Rate of pions Pile : Pile
GHz/uA/Detector electrons from pions

Radial thickness of  (4.89 + 0.28) x 1073 (4.63+0.08) x 107 9.47% (1.96 + 0.03) x 1073 (7.54+0.03) x 1075 3.85%
Concrete and Lead

at 16cm -7cm

Lucite

Radial thickness of  (3.79 + 0.20) x 1073 (4.20+0.08) x 107 11.08% (1.88+0.03) x 1073 (7.63+0.03) x 1075 4.06%
Concrete and Lead

at 16cm =Shifted

6cm Lucite

Radial thickness of  (1.69 + 0.12) x 1075 (4.70+ 0.08) x 107° 27.81% (1.43+0.03) x 1073 (7.43+0.03) x 1073 5.20%
Concrete and Lead

at 26cm —7cm

Lucite

Radial thickness of (1.58 +0.11) x 107> (4.28+0.08) x 10~° 27.08% (1.314+0.02) x 1073 (7.724+0.03) x 1075 5.89%
Concrete and Lead

at 26cm =Shifted

6cm Lucite

12



Changing the radial and longitudinal thickness of Concrete and Lead and shifting Lucite inward

PMT shielding

Radial thickness of
Concrete and Lead

v' Concrete/lead radius extend 16, 21, 26, 30, 35 cm

v Shift Lucite inward and make it shorter (7, 6 and 5 cm)

v' Keep lead at 16 cm, extend concrete only to 26 cm

v" Fix downstream face of donut, then reduce lead
thickness

13



Different radial and longitudinal thickness of Concrete and Lead
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Comparison of rates at the Lucite and PMT for 5,000,000 events (Low energy particles, hit.p<2*MeV)

zi!tjj A Rate of electrons Rate of pions Pi/e Rate of photoelectrons Rate of photoelectrons

/Detepcltor > from electrons from pions

R-T of Concrete (6.10 +£ 0.38) x 10735 (7.30 £ 0.29) x 1077 1.20% (1.43+0.03) x 1073 (7.43 + 0.03) X 10-5 5.20%
and Lead at 26cm

R-T of concrete at (1.49+ 0.24) x 1074 (7.72+0.30) x 10”7 0.52% (2.08+0.04) x 1073 (7.82+0.03) x 1075 3.76%
26 cm and Lead at

16 cm

L-T of Concrete at (9.64+1.06) x 1075 (1.04 + 0.04) x 107° 1.08% (1.92+0.04) x 1073 (1.003 + 0.004) x 10~ 5.20%

20cm and Lead at
10cm (R-T at 26)

Comparison of rates at the Lucite and PMT for 5,000,000 events (High energy particles, hit.p>2*MeV)

Rates

GHz/uA Rate of electrons Rate of pions Pi/e Rate of photoelectrons Rate of photoelectrons

/Detepcltor P from electrons from pions

R-T of Concrete (1.69+0.12) x 1073 (4.70+0.08) x 10°° 27.81% (1.43+£0.03) x 1073 (7.43 + 0.03) x 10-5 5.20%
and Lead at 26cm

R-T of concrete at (5.73+0.56) x 10~° (4.78 £ 0.08) x 107° 8.34% (2.084+0.04) x 1073 (7.82 +0.03) x 1075 3.76%
26 cm and Lead at

16 cm

L-T of Concrete at (2.61+0.18) x 1073 (6.33+0.09) x 10°° 24.25% (1.92 + 0.04) x 1073 (1.003 + 0.004) x 10~* 5.20%

20cm and Lead at
10cm (R-T at 26)

R-T : Radial thickness L-T : Longitudinal thickness 15



Changing the aluminum thickness in the Showermax wall

Aluminum thickness should be 20 mil thick, or 0.5 mm




The origin location of all the secondaries anywhere for 5,000,000 events

(16 cm concrete and upstream Lead - 7cmLucite)
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The origin location of all the secondaries anywhere for 5,000,000 events

(16 cm concrete and upstream Lead - 7cmLucite)

Moller
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Comparison of rates at the Lucite for 5,000,000 events (Low energy particles, hit.p<2*MeV)

Rates : . Rate of photons from Rate of photons from .
GH 1/uA/Detector | "E0IE 0N | Raleotpions

Showermax with (1.12 £ 0.04) x 10~* (7.934+0.30) x 1077 0.71% (1.96 + 0.03) x 1073 (7.54+0.03) x 107> 3.85%
aluminum

thickness=3.302 mm

Showermax with (1.26 + 0.07) x 1074 (7.69+ 0.30) x 107 0.61% (2.07 +0.03) x 1073 (7.10+ 0.03) x 10> 3.42%
aluminum

thickness=0.5 mm

Comparison of rates at the Lucite for 5,000,000 events (High energy particles, hit.p>2*MeV)

Rates : : Rate of photons from Rate of photons from :

Showermax with (4.89+ 0.28) x 107> (4.63+0.08) x 10~° 9.47% (1.96 + 0.03) x 1073 (7.54+0.03) x 107> 3.85%
aluminum

thickness=3.302 mm

Showermax with (5.17 + 0.40) x 1075 (4.41+0.08) x 107 8.53% (2.07 +0.03) x 1073 (7.09 +0.03) x 1075 3.42%
aluminum

thickness=0.5 mm

T->Draw("1","(rate/5.95e13)*(hit.det==8001 && hit.p<2*MeV && (hit.pid==11 || hit.pid==-11 || hit.pid==211 || hit.pid==-211 || hit.pid==13 || hit.pid==-
13))")

T->Draw("1","(rate/5.95e13)*(hit.det==8000)")

Note: 5.95e13 comes from 85*14*1079*50 to be in the unit of GH z/u A/Detector/simulation 19



Changing the Lead donut support thickness

<!-- Donut top support -->

- <quantity name="donutTopSupportThickness" type="length" value="0.75" unit="in"/>

+ <quantity name="donutTopSupportThickness" type="length" value="0.01" unit="in"/>
<quantity name="donutTopSupportWidth" type="length" value="1524.000" unit="mm"/>
<quantity name="donutTopSupportOuterRibDistance" type="length" value="1397.000" unit="mm"/>
<quantity name="donutTopSupportinnerRibDistance" type="length" value="705.033" unit="mm"/>

<!-- Donut bottom support -->

- <quantity name="donutBotSupportThickness" type="length" value="0.75" unit="in"/>

+ <qguantity name="donutBotSupportThickness" type="length" value="0.01" unit="in"/>
<quantity name="donutBotSupportWidth" type="length" value="1828.800" unit="mm"/>
<quantity name="donutBotSupportOuterRibDistance" type="length" value="1701.800" unit="mm"/>
<quantity name="donutBotSupportinnerRibDistance" type="length" value="841.685" unit="mm"/>

20



The origin location of all the secondaries anywhere for 5,000,000 events

(16 cm concrete and upstream Lead - 7cmLucite)
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The origin location of all the secondaries anywhere for 5,000,000 events

(16 cm concrete and upstream Lead - 7cmLucite)
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Comparison of rates at the Lucite for 5,000,000 events (Low energy particles, hit.p<2*MeV)

Rates : . Rate of photons from Rate of photons from :
GH 1/uA/Detector | "°0IEeEONS | Rale ot pions

Donut Top/Bot (1.12 £ 0.04) x 10~* (7.934+0.30) x 1077 0.71% (1.96 + 0.03) x 1073 (7.54+0.03) x 107> 3.85%
SupportThickness =
0.751in

Donut Top/Bot (1.22 +0.03) x 1074 (7.24+0.30) x 1077 0.59% (2.03+0.03) x 1073 (7.52+0.03) x 1075 3.70%s
SupportThickness =
0.01in

Comparison of rates at the Lucite for 5,000,000 events (High energy particles, hit.p>2*MeV)

Rates : : Rate of photons from Rate of photons from .

Showermax with (4.89 + 0.28) x 1075 (4.63 +0.08) x 107 9.47% (1.96 + 0.03) x 1073 (7.54+0.03) x 107> 3.85%
aluminum

thickness=3.302 mm

Showermax with (5.214+0.67) x 1073 (4.65+ 0.08) x 107 8.93% (2.03+0.03) x 1073 (7.524+0.03) x 1073 3.70%
aluminum

thickness=0.5 mm

T->Draw("1","(rate/5.95e13)*(hit.det==8001 && hit.p<2*MeV && (hit.pid==11 || hit.pid==-11 || hit.pid==211 || hit.pid==-211 || hit.pid==13 || hit.pid==-
13))")

T->Draw("1","(rate/5.95e13)*(hit.det==8000)")

Note: 5.95e13 comes from 85*14*1079*50 to be in the unit of GH z/u A/Detector/simulation 23
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