Dose – Contrast - Resolution Relationship

Hartmut Sadrozinski 11/1/02

1) Dose D = Energy Deposit/Volume
1 Gy ( =100Rad) = 1J/kg = 6.24 *1012 MeV/kg = 6.24 *109 MeV/g

2) Define Voxel of Volume d3 and density  

Dose in Voxel DV = N*<E>/(*d3); N = # of protons, <E> mean energy loss

Total Dose = n*DV ; n = number of imaging settings in pCT = 20cm/d

3) Mean Energy loss per proton  <E> = 
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4) 
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for one 200 MeV proton, 1mm Voxel: Dv=4.53/0.01 MeV/g = 453*100/6.24 *109 [cGy] = 7.2*10-6  [cGy]

5) Energy loss is measured with an ideal calorimeter with a resolution of 2%, including the natural spread due to energy straggling, or 4 silicon planes
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for 4 planes of silicon

6) The mean energy <E> in a voxel is determined with a precision of
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7) Significance of signal SV in one Voxel of object O vs. background b:
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8) Assuming a needed significance of  SV = 3, 

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9) Combining 4) and 8)   Energy per Voxel 
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10)  With 5) 
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Table 1: Number of Protons into a Voxel and the resulting Dose for two Resolutions

	E
	DE/dx
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	N(0.5cm,0.1)
	D(0.5cm,0.1)
	0.02*E
	N(0.5cm,0.1)
	D(0.5cm,0.1)

	100
	7.29
	9.2
	0.161
	
	
	
	

	150
	5.45
	16.7
	2.7*106
	0.95
	3
	8.7*104
	0.03

	200
	4.53
	23.5
	7.8*106
	2.3
	4
	2.3*105
	0.065

	250
	3.95
	33
	2.0*107
	5.1
	5
	4.6*105
	0.12


1 for Al 5cm.

11) With n = 20cm/d different settings, the total dose for n different measurements  with 3protons each in a voxel of side dimension d is 
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(see Fig. 1 for 200 MeV protons)
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pCT: Contrast - Resolution -  Dose
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Fig 1. Total Dose for 2-dim pCT in a voxel of diameter d as a function of the density difference giving a 3 std signal. The proton energy is 200MeV, the number of settings is 20cm/d, and the number of protons is calculated for a 4 layer silicon detector and an “ideal” calorimeter with 2% energy resolution). With the present Si system, we can resolve 5mm voxels with 0.15 g/cm3 density difference at a dose of 1 cGy. With a 2% calorimeter, this number becomes 0.03cGy

References

[1] B. Keeney et al., “A Silicon Telescope for Applications in Nanodosimetry”, to be published in IEEE Trans. of  Nucl. Sciences .
_1097720225.unknown

_1097720615.unknown

_1097720984.unknown

_1097723620.unknown

_1097724121.unknown

_1097720827.unknown

_1097720491.unknown

_1097644759.unknown

_1097719405.unknown

_1087386233.unknown

_1097644293.unknown

_1087380463.unknown

