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Geometry of Pion detector

PMT shielding

radial thickness of
Concrete and Lead

*Concrete/lead radius extend 16, 21, 26, 30, 35 cm
*keep concrete at 16 cm, extend lead only to 26 cm
*keep lead at 16 cm, extend concrete only to 26 cm
«fix downstream face of donut, then reduce lead thickness

Concrete
Lead donut (Pb absorber)




Geometry of Lucite detector

pionDetectorLucitePMTDiameter = 2.54 cm
ﬁ

A

pionDetectorLucitePMTHousingHeight
¢ =7.5¢cm
A

pionDetectorLuciteLightGuideHeight
=20cm

pionDetectorLuciteReflectorDepth

—2 54 cm pionDetectorLuciteReflectorwWidth=40 cm

A

pionDetectorLuciteReflectorHeight
=20cm

pionDetectorLuciteOutsideWidth = 45 cm

v

pionDetectorLuciteWedgeHeight = 1.27 cm

pionDetectorLuciteHeight = 7cm

pionDetectorLucitePlaneThickness = 2.54 cm



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

(21 cm concrete and upstream Lead )
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T->Draw("sqrt(hit.vx**2+hit.vy**2):hit.vz>>h1(100,23800,26000,100,600,2200)")



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

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

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

Rates

GHz/pA Rate of electrons Rate of pions Pile REUS @1 DUl (i R.ate 9 [FDUEINES UAET Pile
electrons pions

/Detector

ey e (1.2140.01) x 1073 (5.76 £ 0.08) x 107 0.48% (2.134+ 0.006) x 102 (5.087 £ 0.008) x 10~*  2.38%

Lead at 16cm

Concrete and (4.84+0.08) x 10~* (5.86 + 0.08) x 10°° 1.21% (9.26 + 0.03) x 1073 (5.092 + 0.008) x 10~*  5.50%
Lead at 21cm
Concrete and (2.34+0.05) x 10~* (6.13+0.08) X107  2.62% (6.18 4+ 0.02) x 1073 (5.059 + 0.008) x 10~*  8.18%
Lead at 26cm
Concrete and (1.70 + 0.04) x 10~* (6.05+0.08) x10™® 3.56% (4.60 + 0.02) x 1073 (5.149+ 0.008) x 10~*  11.19%
Lead at 30cm

(1.56 + 0.03) x 1074 (6.24+0.09) x10° % 4% (3.25+0.02) x 1073 (5.179 + 0.008) x 10~*  15.93%

Concrete and
Lead at 35cm

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



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

Rate of electrons*(10/-4)
Rate of Pions*(10/-6)

15 20 25 = 2 =

concrete/lead radius (cm) Outer radial of the Lead (cm)

Rate of photons from electrons*(10/-3)
Rate of photons from pions*(10/-4)

15 20 25 15 20 25
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Comparison of rates at the Lucite for 5,000,000 events (High energy particles, hit.p>2*MeV)

Rates

GHz/uA Rate of electrons Rate of pions Pile RS @I PGS WOl R.ate Oif [PrTBS El Pile
electrons pions

/Detector

Concrete and (1.28+0.02) x 103 (1.543+0.005) x 10~* 12.05% (2.134 + 0.006) x 1072 (5.087 +0.008) x 10°*  2.38%
Lead at 16cm
Concrete and (1.594+0.05) x 10~* (1.587 +0.005) x 10~*  99.8% (9.26 +0.03) x 1073 (5.092+0.008) x 10~*  5.50%
Lead at 21cm
S 8 (6.22+0.28) x 107> (1.626+ 0.005) x 10~* 261% (6.18+ 0.02) x 1073 (5.059+ 0.008) x 10™*  8.1%
Lead at 26cm
Concrete and (4.591+0.19) x 107> (1.581+0.005) x 10~*  344% (4.60 +0.02) x 1073 (5.149 + 0.008) x 10~*  11.19%
Lead at 30cm

(3.69+0.15) x 107>  (1.567 + 0.005) x 10™*  424% (3.25+0.02) x 1073 (5.179+0.008) x 10~*  15.93%

Concrete and
Lead at 35cm

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
11



Comparison of rates at the Lucite for 5,000,000 events (High energy particles, hit.p>2*MeV)
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Concrete and Lead at 26cm
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Concrete and Lead at 35cm
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The origin location of all the secondaries anywhere for 5,000,000 events
(16 cm concrete and 26 cm upstream Lead )

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

(26 cm concrete and 16 cm upstream Lead )

Electron Pion
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The origin location of all the secondaries anywhere for 5,000,000 events
Fix downstream face of donut, then reduce lead thickness, (10 cm lead thickness and 30cm Concrete thickness)
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T->Draw("sqrt(hit.vx**2+hit.vy**2):hit.vz>>h1(100,23800,26000,100,600,2200)")



The origin location of all the secondaries anywhere for 5,000,000 events
Fix downstream face of donut, then reduce lead thickness, (10 cm lead thickness and 20cm Concrete thickness)
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Comparison of rates at the Lucite for 5,000,000 events

Rl Rate of photons from Rate of photons from

electrons pions

GHz/uA Rate of electrons Rate of pions
/Detector

e AT (2.34+0.05) x107* (6.13 £+ 0.08) x 107° 2.62% (6.184+0.02) x 1073 (5.059 + 0.008) x 10~ 8.18%

Lead at 26cm

16 cm concrete (2.90 + 0.05) x 10~* (6.01+ 0.08) x 107° 2.07% (7.74 + 0.02) x 1073 (5.135+ 0.008) x 10~* 6.63%
and 26 cm
upstream Lead

26 cm concrete (1.90+ 0.01) x 1073 (5.98+ 0.08) x 10~° 0.31% (3.120 + 0.006) x 102 (5.111+ 0.008) x 10~* 1.64%
and 16 cm
upstream Lead

Concrete and (1.21+0.01) x 1073 (5.76 + 0.08) x 10~° 0.48% (2.134 + 0.006) x 1072 (5.087 + 0.008) x 10~* 2.38%

Lead at 16cm

20cm Concrete (3.22+0.02) x 1073 (8.83+0.10) x 107° 0.27% (5.720 + 0.708) x 1072 (7.336 + 0.009) x 10~* 1.28%
and 10cm Lead
thickness

30cm Concrete (1.36 + 0.01) x 1073 (8.29+0.10) x 107° 0.61% (2.785 + 0.005) x 1072 (6.919 + 0.009) x 10~* 2.48%
and 10cm Lead
thickness

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



Comparison of rates at the Lucite for 5,000,000 events

Rl Rate of photons from Rate of photons from

: Pile
electrons pions

GHz/uA Rate of electrons Rate of pions Pile
/Detector

Concrete and (6.22+0.28) x 1075 (1.626 + 0.005) x 10™*  261% (6.18+0.02) x 1073 (5.059 + 0.008) x 10~* 8.18%

Lead at 26cm

16 cm concrete (8.07+0.30) x 107> (1.5724+0.005) x 10°*  195% (7.74+0.02) x 1073 (5.078 + 0.008) x 10~* 6.56%
and 26 cm
upstream Lead

26 cm concrete (2.10+0.02) x 1073 (1.620+ 0.005) x 10~*  7.71% (3.120 + 0.006) x 1072 (5.212+ 0.008) x 10~ 1.67%
and 16 cm
upstream Lead

Concrete and (1.28 4+ 0.02) x 1073 (1.543 + 0.005) x 10™*  12.05% (2.134 4+ 0.006) x 1072 (5.087 + 0.008) x 10~* 2.38%

Lead at 16cm

20cm Concrete (2.83+0.02) x 1073 (2.678+ 0.006) x 10~*  9.46% (5.720 + 0.708) x 1072 (7.336 + 0.009) x 10~* 1.28%
and 10cm Lead
thickness

30cm Concrete (6.16 + 0.07) x 1073 (2.189 + 0.005) x 10~* 3.55% (2.785 + 0.005) x 102 (6.919 + 0.009) x 10~* 2.48%
and 10cm Lead
thickness

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 20
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26 cm concrete and 16 cm Lead 16 cm concrete and 26 cm Lead

T->Draw("hit.x:hit.z >>h(100,24855,24885,100,1110,1200)","hit.det==8001 && hit.y>-250 && hit.y<250 && (hit.pid==11 || hit.pid==-11 || hit.pid==13] | |
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20cm Concrete and 10cm Lead thickness
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30cm Concrete and 10cm Lead thickness
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