Calculation of Activation and Dose Rate for the ATLAS Calorimeter Test
A.L. Hanson and G.A. Greene

The LAr target was modeled with the MCNPX, ORIGEN2S, and MircoShield computer programs.  MCNPX is a general transport code that follows a multitude of particles and calculates spallation products.  ORIGEN2S uses the spallation products that MCNPX calculates along with the calculated neutron spectra and calculates isotopes generated by neutron activation.  The ORIGEN2S code then determines the activity of each isotope as a function of time.  It also provides photon spectra as a function of time.  MicroShield uses the gamma spectra to calculate the dose rate.  While MCNPX can be a detailed model, the geometry available in MicroShield is rather simple, so once the gamma ray spectra is calculated, bounding geometries are used for the MicroShield calculations.  

The transport and activation calculations were based on an irradiation of the cell with 1.44E15 protons at 24 GeV incident on the face of the cell.  The beam was 1 cm diameter and the irradiation was one hour in length, as prescribed.  All dose rates will scale with the total number of protons delivered to the target.  

The first three figures presented below are drawings of the apparatus made from the MCNPX model.  The yellow is Lexan.  The foam is included assuming the material is Lexan, but with the density at 0.03 g/cm3.  The foam was not analyzed for activation, but was included since the space must be accounted for.  The hydrogen will also provide some thermalization of neutrons.  The green is the stainless steel, purple is liquid argon, and pink is aluminum.  In Fig. 3 the blue is the copper.  All stainless steel was 302, all aluminum was assumed to be 6061 and the copper and argon were assumed to be pure.  

The dose rates were calculated for the entire assembly with two bounding geometries.  The first assumed all of the activity was located in the aluminum target and the second assumed it was all uniformly dispersed over the size of the stainless steel box.  Since argon is not a shielding material available in MicroShield, aluminum was used with a density of 1.4, the density of liquid argon.  The dose rates were calculated at two different points, one four inches from the box surface (because of the 4 inch foam insulation) and the second 12 inches from the surface of the foam.  A plot of the dose rate for these two distances and the two geometries are shown in Fig. 4.  From Fig. 4 there is no discernable difference in the dose rates from the two geometries.  

Dose rates were also calculated for just the aluminum cell, which contained the Lexan, argon, copper and stainless steel foils.  The dose rates as a function of time are shown in Fig. 5.  The numbers on the cell surface are not reliable for this type of calculation.  

Tables 1 through 5 shows the major isotopes contributing to the overall activity (in Curies) of the isotopes generated in the aluminum cell.  The isotopes are listed according to the parent material.  Table 6 shows the major radioisotopes generated in the Ar bath. 

Figure 1. Model: top view.
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Figure 2. Model: midplane view.


[image: image2]
Figure 3.  Model: expanded view of cell.
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Figure 4.  Dose rate vs. time for the entire assembly for the two bounding cases. 
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[image: image5.emf]LAr Cell - Dose Rate vs. time
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Figure 5.  Dose rate vs. time for the aluminum cell. 
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[image: image7.emf]Dose Rate vs. Time for the Cell Only
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Table 1.  Curies of radioisotopes created in the Ar within the cell after 1 hr of irradiation with 1.44E15 protons at 24 GeV.

	
	
	
	
	
	
	
	
	
	
	
	

	
	1.0hr
	15.0mi
	30.0mi
	45.0mi
	1.0hr
	2.0hr
	5.0hr
	10.0hr
	1.0d
	2.0d
	4.0d

	Cl39
	1.10E-04
	9.11E-05
	7.56E-05
	6.27E-05
	5.20E-05
	2.46E-05
	2.61E-06
	6.20E-08
	0
	0
	0

	S37
	1.65E-04
	2.06E-05
	2.56E-06
	3.19E-07
	3.97E-08
	1.04E-11
	1.44E-22
	0
	0
	0
	0

	Ar41
	7.06E-06
	6.42E-06
	5.84E-06
	5.31E-06
	4.83E-06
	3.30E-06
	1.06E-06
	1.59E-07
	7.84E-10
	5.97E-14
	7.37E-22

	Cl38
	3.13E-06
	2.37E-06
	1.79E-06
	1.35E-06
	1.02E-06
	3.34E-07
	1.17E-08
	4.37E-11
	0
	1.41E-22
	5.73E-26

	Cl40
	2.56E-04
	1.14E-07
	5.24E-11
	2.36E-14
	1.07E-17
	4.46E-31
	0
	0
	0
	0
	0

	Ar39
	3.58E-09
	3.59E-09
	3.60E-09
	3.60E-09
	3.61E-09
	3.62E-09
	3.63E-09
	3.63E-09
	3.63E-09
	3.63E-09
	3.63E-09

	S35
	4.41E-11
	4.40E-11
	4.40E-11
	4.40E-11
	4.40E-11
	4.40E-11
	4.40E-11
	4.39E-11
	4.37E-11
	4.34E-11
	4.27E-11

	H3
	2.92E-11
	2.92E-11
	2.92E-11
	2.92E-11
	2.92E-11
	2.92E-11
	2.92E-11
	2.92E-11
	2.92E-11
	2.92E-11
	2.92E-11

	P33
	3.17E-13
	3.17E-13
	3.17E-13
	3.17E-13
	3.17E-13
	3.17E-13
	3.16E-13
	3.14E-13
	3.09E-13
	3.01E-13
	2.85E-13

	Si32
	1.86E-17
	1.86E-17
	1.86E-17
	1.86E-17
	1.86E-17
	1.86E-17
	1.86E-17
	1.86E-17
	1.86E-17
	1.86E-17
	1.86E-17

	S38
	1.35E-17
	1.27E-17
	1.20E-17
	1.13E-17
	1.06E-17
	8.31E-18
	3.99E-18
	1.18E-18
	3.86E-20
	1.10E-22
	5.70E-26

	Ar37
	1.96E-19
	1.96E-19
	1.96E-19
	1.96E-19
	1.96E-19
	1.96E-19
	1.95E-19
	1.94E-19
	1.92E-19
	1.88E-19
	1.81E-19

	P32
	1.88E-20
	2.82E-20
	3.76E-20
	4.70E-20
	5.63E-20
	9.38E-20
	2.06E-19
	3.91E-19
	8.99E-19
	1.74E-18
	3.30E-18

	Total
	5.43E-04
	1.21E-04
	8.58E-05
	6.97E-05
	5.79E-05
	2.83E-05
	3.68E-06
	2.25E-07
	4.48E-09
	3.70E-09
	3.70E-09


Table 2.  Curies of radioisotopes created in the SS within the cell after 1 hr of irradiation with 1.44E15 protons at 24 GeV.

	
	
	Decay Time

	
	End of Irr
	15.0mi
	30.0mi
	45.0mi
	1.0hr
	2.0hr
	5.0hr
	10.0hr
	1.0d
	2.0d
	4.0d

	Mn56
	1.30E-05
	1.22E-05
	1.14E-05
	1.07E-05
	9.97E-06
	7.62E-06
	3.40E-06
	8.87E-07
	2.06E-08
	3.24E-11
	0

	Co58m
	1.31E-06
	1.28E-06
	1.26E-06
	1.24E-06
	1.21E-06
	1.12E-06
	8.95E-07
	6.13E-07
	2.12E-07
	3.45E-08
	9.08E-10

	V52
	7.83E-06
	4.89E-07
	3.06E-08
	1.91E-09
	1.19E-10
	8.20E-14
	2.91E-28
	0
	0
	0
	0

	Co60m
	1.13E-06
	4.20E-07
	1.55E-07
	5.76E-08
	2.13E-08
	4.02E-10
	0
	9.67E-20
	9.67E-20
	9.67E-20
	9.67E-20

	Fe53
	4.83E-07
	1.44E-07
	4.25E-08
	1.25E-08
	3.69E-09
	2.79E-11
	0
	0
	0
	0
	0

	Cr49
	1.03E-07
	8.07E-08
	6.31E-08
	4.94E-08
	3.86E-08
	1.45E-08
	7.56E-10
	5.54E-12
	0
	0
	0

	Cr55
	7.33E-07
	3.92E-08
	2.10E-09
	1.12E-10
	5.99E-12
	6.68E-16
	3.64E-31
	0
	0
	0
	0

	Si31
	3.67E-08
	3.43E-08
	3.22E-08
	3.01E-08
	2.82E-08
	2.16E-08
	9.78E-09
	2.61E-09
	6.44E-11
	1.13E-13
	0

	Al28
	2.83E-06
	2.73E-08
	2.64E-10
	2.54E-12
	2.46E-14
	4.31E-22
	1.97E-22
	1.67E-22
	1.05E-22
	4.74E-23
	9.66E-24

	Cr51
	2.68E-08
	2.68E-08
	2.68E-08
	2.68E-08
	2.68E-08
	2.67E-08
	2.67E-08
	2.65E-08
	2.61E-08
	2.55E-08
	2.42E-08

	Co61
	2.95E-08
	2.67E-08
	2.40E-08
	2.16E-08
	1.95E-08
	1.28E-08
	3.63E-09
	4.44E-10
	1.24E-12
	1.83E-17
	3.20E-26

	Ni57
	1.82E-08
	1.82E-08
	1.81E-08
	1.80E-08
	1.79E-08
	1.75E-08
	1.66E-08
	1.50E-08
	1.14E-08
	7.17E-09
	2.82E-09

	Co62m
	1.97E-08
	9.33E-09
	4.42E-09
	2.09E-09
	9.90E-10
	4.98E-11
	4.29E-15
	0
	0
	0
	0

	P32
	4.76E-09
	4.75E-09
	4.75E-09
	4.75E-09
	4.75E-09
	4.74E-09
	4.71E-09
	4.66E-09
	4.53E-09
	4.32E-09
	3.92E-09

	Co58 
	3.82E-09
	3.95E-09
	4.08E-09
	4.20E-09
	4.33E-09
	4.80E-09
	6.02E-09
	7.53E-09
	9.63E-09
	1.05E-08
	1.05E-08

	Fe55
	3.18E-09
	3.18E-09
	3.18E-09
	3.18E-09
	3.18E-09
	3.18E-09
	3.18E-09
	3.18E-09
	3.18E-09
	3.18E-09
	3.17E-09

	Mn54
	2.74E-09
	2.74E-09
	2.74E-09
	2.74E-09
	2.74E-09
	2.74E-09
	2.74E-09
	2.74E-09
	2.73E-09
	2.73E-09
	2.72E-09

	Co57
	1.46E-09
	1.46E-09
	1.46E-09
	1.46E-09
	1.46E-09
	1.46E-09
	1.47E-09
	1.48E-09
	1.49E-09
	1.51E-09
	1.53E-09

	V49
	1.43E-10
	1.45E-10
	1.46E-10
	1.47E-10
	1.48E-10
	1.50E-10
	1.52E-10
	1.52E-10
	1.51E-10
	1.51E-10
	1.50E-10

	Co60 
	3.20E-11
	3.47E-11
	3.57E-11
	3.60E-11
	3.62E-11
	3.63E-11
	3.63E-11
	3.63E-11
	3.63E-11
	3.62E-11
	3.62E-11

	Fe59
	2.36E-11
	2.36E-11
	2.36E-11
	2.36E-11
	2.36E-11
	2.36E-11
	2.35E-11
	2.34E-11
	2.32E-11
	2.29E-11
	2.22E-11

	Total
	2.87E-05
	1.48E-05
	1.31E-05
	1.21E-05
	1.14E-05
	8.85E-06
	4.37E-06
	1.56E-06
	2.92E-07
	8.96E-08
	5.00E-08


Table 3.  Curies of radioisotopes created in the Lexan within the cell after 1 hr of irradiation with 1.44E15 protons at 24 GeV.

	
	
	

	
	End of Irr
	15.0mi
	30.0mi
	45.0mi
	1.0hr
	2.0hr
	5.0hr
	10.0hr
	1.0d
	2.0d
	4.0d

	O15
	1.93E-06
	1.18E-08
	7.14E-11
	4.34E-13
	2.64E-15
	3.59E-24
	0
	0
	0
	0
	0

	H3
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	1.99E-11

	C14
	4.93E-25
	4.93E-25
	4.93E-25
	4.93E-25
	4.93E-25
	4.93E-25
	4.93E-25
	4.93E-25
	4.93E-25
	4.93E-25
	4.93E-25

	Be10
	1.78E-26
	1.78E-26
	1.78E-26
	1.78E-26
	1.78E-26
	1.78E-26
	1.78E-26
	1.78E-26
	1.78E-26
	1.78E-26
	1.78E-26

	Total
	2.68E-04
	1.18E-08
	9.14E-11
	2.04E-11
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	2.00E-11
	1.99E-11


Table 4.  Curies of radioisotopes created in the Cu foils within the cell after 1 hr of irradiation with 1.44E15 protons at 24 GeV.

	
	
	

	
	End of Irr
	15.0mi
	30.0mi
	45.0mi
	1.0hr
	2.0hr
	5.0hr
	10.0hr
	1.0d
	2.0d
	4.0d

	H3
	1.41E-04
	4.84E-05
	1.66E-05
	5.72E-06
	1.97E-06
	2.75E-08
	8.41E-11
	4.50E-20
	0
	0
	0

	V52
	7.58E-06
	7.48E-06
	7.38E-06
	7.28E-06
	7.18E-06
	6.80E-06
	5.77E-06
	4.39E-06
	2.05E-06
	5.52E-07
	4.02E-08

	V53
	9.16E-06
	3.39E-06
	1.26E-06
	4.66E-07
	1.73E-07
	3.25E-09
	0
	4.73E-27
	4.73E-27
	4.73E-27
	4.73E-27

	V54
	8.80E-07
	8.22E-07
	7.67E-07
	7.16E-07
	6.69E-07
	5.08E-07
	2.23E-07
	5.62E-08
	1.20E-09
	1.62E-12
	2.85E-17

	Cr51
	2.50E-07
	2.25E-07
	2.03E-07
	1.83E-07
	1.64E-07
	1.08E-07
	3.06E-08
	3.75E-09
	1.05E-11
	4.81E-16
	8.41E-25

	Cr55
	1.66E-06
	2.16E-07
	2.81E-08
	3.66E-09
	4.76E-10
	1.34E-13
	3.18E-24
	0
	0
	0
	0

	Cr56
	2.60E-07
	1.23E-07
	5.83E-08
	2.76E-08
	1.31E-08
	6.58E-10
	7.88E-14
	1.01E-16
	7.58E-35
	0
	0

	Cr57
	2.17E-06
	3.48E-09
	6.56E-10
	3.10E-10
	1.47E-10
	7.38E-12
	9.38E-16
	1.01E-18
	0
	0
	0

	Cr58
	1.98E-10
	2.20E-10
	2.28E-10
	2.31E-10
	2.32E-10
	2.33E-10
	2.33E-10
	2.33E-10
	2.33E-10
	2.33E-10
	2.33E-10

	Mn53
	5.35E-11
	5.35E-11
	5.35E-11
	5.35E-11
	5.35E-11
	5.35E-11
	5.35E-11
	5.35E-11
	5.35E-11
	5.35E-11
	5.35E-11

	Mn56
	6.87E-12
	6.87E-12
	6.87E-12
	6.87E-12
	6.86E-12
	6.86E-12
	6.85E-12
	6.82E-12
	6.76E-12
	6.66E-12
	6.45E-12

	Mn57
	2.82E-12
	2.82E-12
	2.82E-12
	2.82E-12
	2.82E-12
	2.82E-12
	2.82E-12
	2.82E-12
	2.82E-12
	2.82E-12
	2.82E-12

	Total
	1.63E-04
	6.06E-05
	2.63E-05
	1.44E-05
	1.02E-05
	7.45E-06
	6.02E-06
	4.45E-06
	2.05E-06
	5.53E-07
	4.05E-08


Table 5.  Curies of radioisotopes created in the Al can after 1 hr of irradiation with 1.44E15 protons at 24 GeV.

	
	
	

	
	End of Irr
	15.0mi
	30.0mi
	45.0mi
	1.0hr
	2.0hr
	5.0hr
	10.0hr
	1.0d
	2.0d
	4.0d

	Mg27
	5.12E-03
	1.71E-03
	5.68E-04
	1.89E-04
	6.31E-05
	7.78E-07
	9.95E-11
	2.84E-20
	0
	0
	0

	Na24
	2.31E-04
	2.29E-04
	2.26E-04
	2.23E-04
	2.21E-04
	2.10E-04
	1.83E-04
	1.44E-04
	7.44E-05
	2.39E-05
	2.47E-06

	Cu62
	1.59E-05
	5.48E-06
	1.88E-06
	6.48E-07
	2.23E-07
	3.12E-09
	1.41E-12
	7.53E-22
	0
	0
	0

	Mn56
	2.68E-06
	2.51E-06
	2.34E-06
	2.19E-06
	2.05E-06
	1.57E-06
	6.99E-07
	1.82E-07
	4.23E-09
	6.68E-12
	0

	Al28
	1.36E-04
	1.31E-06
	1.27E-08
	1.22E-10
	1.18E-12
	1.02E-20
	1.09E-24
	9.27E-25
	5.83E-25
	2.63E-25
	5.36E-26

	Cu64
	8.81E-07
	8.69E-07
	8.57E-07
	8.46E-07
	8.34E-07
	7.90E-07
	6.71E-07
	5.10E-07
	2.38E-07
	6.42E-08
	4.67E-09

	Co60m
	1.06E-06
	3.92E-07
	1.45E-07
	5.37E-08
	1.99E-08
	3.75E-10
	2.77E-13
	6.57E-22
	5.21E-28
	5.21E-28
	5.21E-28

	V52
	3.82E-06
	2.39E-07
	1.49E-08
	9.32E-10
	5.82E-11
	1.47E-14
	5.24E-29
	0
	0
	0
	0

	Ni65
	1.02E-07
	9.51E-08
	8.87E-08
	8.28E-08
	7.73E-08
	5.87E-08
	2.57E-08
	6.51E-09
	1.38E-10
	1.88E-13
	7.75E-17

	Cr55
	1.01E-06
	5.37E-08
	2.87E-09
	1.54E-10
	8.21E-12
	0
	0
	0
	0
	0
	0

	Cu66
	2.87E-07
	3.74E-08
	4.87E-09
	6.34E-10
	8.25E-11
	2.53E-14
	5.99E-25
	0
	0
	0
	0

	Cr49
	4.50E-08
	3.52E-08
	2.75E-08
	2.15E-08
	1.68E-08
	6.30E-09
	3.30E-10
	2.42E-12
	4.94E-15
	2.79E-25
	0

	Fe53
	9.46E-08
	2.82E-08
	8.33E-09
	2.45E-09
	7.23E-10
	5.46E-12
	0
	0
	0
	0
	0

	Co61
	2.82E-08
	2.53E-08
	2.28E-08
	2.05E-08
	1.85E-08
	1.22E-08
	3.45E-09
	4.22E-10
	1.18E-12
	1.18E-17
	2.06E-26

	Co62m
	2.98E-08
	1.41E-08
	6.68E-09
	3.17E-09
	1.50E-09
	7.54E-11
	8.71E-15
	8.77E-18
	0
	0
	0

	Cr51
	1.12E-08
	1.12E-08
	1.12E-08
	1.12E-08
	1.12E-08
	1.12E-08
	1.12E-08
	1.11E-08
	1.09E-08
	1.07E-08
	1.01E-08

	Ti51
	1.60E-08
	2.64E-09
	4.34E-10
	7.13E-11
	1.17E-11
	8.55E-15
	3.35E-24
	0
	0
	0
	0

	Sc49
	2.12E-09
	1.77E-09
	1.48E-09
	1.24E-09
	1.03E-09
	4.98E-10
	5.62E-11
	1.48E-12
	0
	0
	0

	Mn54
	1.53E-09
	1.53E-09
	1.53E-09
	1.53E-09
	1.53E-09
	1.53E-09
	1.53E-09
	1.53E-09
	1.52E-09
	1.52E-09
	1.51E-09

	Fe55
	6.06E-10
	6.06E-10
	6.06E-10
	6.06E-10
	6.06E-10
	6.06E-10
	6.05E-10
	6.05E-10
	6.05E-10
	6.05E-10
	6.04E-10

	H3
	4.72E-10
	4.72E-10
	4.72E-10
	4.72E-10
	4.72E-10
	4.72E-10
	4.72E-10
	4.72E-10
	4.72E-10
	4.72E-10
	4.71E-10

	Co58
	6.82E-18
	6.82E-18
	6.82E-18
	6.82E-18
	6.82E-18
	6.82E-18
	6.81E-18
	6.80E-18
	6.76E-18
	6.69E-18
	6.56E-18

	Total
	7.17E-03
	1.95E-03
	8.00E-04
	4.17E-04
	2.87E-04
	2.14E-04
	1.84E-04
	1.45E-04
	7.46E-05
	2.40E-05
	2.49E-06


Table 6.  Curies of radioisotopes created in the Ar bath after 1 hr of irradiation with 1.44E15 protons at 24 GeV.

	
	
	
	
	
	
	
	
	
	
	
	

	
	1.0hr
	15.0mi
	30.0mi
	45.0mi
	1.0hr
	2.0hr
	5.0hr
	10.0hr
	1.0d
	2.0d
	4.0d

	Cl39
	1.03E-03
	8.54E-04
	7.08E-04
	5.87E-04
	4.87E-04
	2.31E-04
	2.44E-05
	5.81E-07
	1.39E-10
	2.23E-18
	5.69E-34

	S37
	1.57E-03
	1.96E-04
	2.43E-05
	3.03E-06
	3.77E-07
	9.15E-11
	1.27E-21
	0
	0
	0
	0

	Ar41
	1.79E-04
	1.63E-04
	1.48E-04
	1.35E-04
	1.22E-04
	8.37E-05
	2.68E-05
	4.03E-06
	1.99E-08
	1.44E-12
	1.77E-20

	Cl38
	2.93E-05
	2.22E-05
	1.68E-05
	1.27E-05
	9.58E-06
	3.13E-06
	1.09E-07
	4.09E-10
	0
	2.20E-23
	6.44E-27

	Cl40
	2.42E-03
	1.13E-06
	5.05E-10
	2.31E-13
	1.05E-16
	4.40E-30
	0
	0
	0
	0
	0

	Ar39
	3.38E-08
	3.39E-08
	3.40E-08
	3.40E-08
	3.41E-08
	3.42E-08
	3.42E-08
	3.42E-08
	3.42E-08
	3.42E-08
	3.42E-08

	S35
	4.12E-10
	4.12E-10
	4.12E-10
	4.12E-10
	4.12E-10
	4.12E-10
	4.12E-10
	4.11E-10
	4.09E-10
	4.06E-10
	4.00E-10

	H3
	2.74E-10
	2.74E-10
	2.74E-10
	2.74E-10
	2.74E-10
	2.74E-10
	2.74E-10
	2.73E-10
	2.73E-10
	2.73E-10
	2.73E-10

	P33
	2.96E-12
	2.97E-12
	2.97E-12
	2.97E-12
	2.97E-12
	2.96E-12
	2.95E-12
	2.94E-12
	2.89E-12
	2.81E-12
	2.66E-12

	Si32
	1.74E-16
	1.74E-16
	1.74E-16
	1.74E-16
	1.74E-16
	1.74E-16
	1.74E-16
	1.74E-16
	1.74E-16
	1.74E-16
	1.74E-16

	P35
	1.00E-14
	8.27E-18
	0
	0
	0
	0
	0
	0
	0
	0
	0

	S38
	2.11E-18
	1.99E-18
	1.87E-18
	1.76E-18
	1.65E-18
	1.30E-18
	6.23E-19
	1.84E-19
	6.02E-21
	1.72E-23
	6.40E-27

	P32
	1.76E-19
	2.64E-19
	3.52E-19
	4.40E-19
	5.28E-19
	8.78E-19
	1.93E-18
	3.66E-18
	8.42E-18
	1.63E-17
	3.09E-17

	Ar37
	3.00E-20
	3.00E-20
	3.00E-20
	3.00E-20
	3.00E-20
	3.00E-20
	2.99E-20
	2.98E-20
	2.94E-20
	2.88E-20
	2.77E-20

	Total
	5.24E-03
	1.24E-03
	8.97E-04
	7.38E-04
	6.19E-04
	3.17E-04
	5.14E-05
	4.64E-06
	5.49E-08
	3.49E-08
	3.49E-08
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