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NRE/MP Radiation Detection & Protection  
 
Answer 4 of the following question. 
 

 
1. In proton radiotherapy, an attenuator is used to reduce the proton energy.  The proton energy from 

such a machine is 250 MeV.  The desired exit energy for the proton is 150 MeV. 
a. How thick must the aluminum attenuator be? 
b. What is the dose rate in tissue due a 150-MeV proton beam with a fluence of 1010 protons per cm2 

per second? 

2 



NRE/MP Radiation Detection & Protection – Cont’d. 
 
PSTAR: Stopping Powers and Range Tables for Protons 
 
MUSCLE, STRIATED (ICRU)                                                  
 
Kinetic   Electron. Nuclear   Total     CSDA       
Energy    Stp. Pow. Stp. Pow. Stp. Pow. Range      
MeV       MeV cm2/g MeV cm2/g MeV cm2/g g/cm2      
 
1.000E+00 2.583E+02 2.122E-01 2.585E+02 2.465E-03  
1.250E+00 2.208E+02 1.734E-01 2.210E+02 3.515E-03  
1.500E+00 1.939E+02 1.469E-01 1.940E+02 4.725E-03  
1.750E+00 1.734E+02 1.277E-01 1.735E+02 6.090E-03  
2.000E+00 1.572E+02 1.130E-01 1.573E+02 7.605E-03  
2.250E+00 1.441E+02 1.015E-01 1.442E+02 9.267E-03  
2.500E+00 1.332E+02 9.212E-02 1.333E+02 1.107E-02  
2.750E+00 1.240E+02 8.439E-02 1.241E+02 1.302E-02  
3.000E+00 1.161E+02 7.790E-02 1.162E+02 1.510E-02  
3.500E+00 1.033E+02 6.758E-02 1.034E+02 1.967E-02  
4.000E+00 9.323E+01 5.973E-02 9.329E+01 2.477E-02  
4.500E+00 8.512E+01 5.355E-02 8.517E+01 3.039E-02  
5.000E+00 7.842E+01 4.857E-02 7.847E+01 3.651E-02  
5.500E+00 7.279E+01 4.445E-02 7.284E+01 4.313E-02  
6.000E+00 6.798E+01 4.099E-02 6.802E+01 5.024E-02  
6.500E+00 6.382E+01 3.805E-02 6.386E+01 5.783E-02  
7.000E+00 6.018E+01 3.550E-02 6.022E+01 6.589E-02  
7.500E+00 5.697E+01 3.329E-02 5.700E+01 7.443E-02  
8.000E+00 5.412E+01 3.134E-02 5.415E+01 8.343E-02  
8.500E+00 5.156E+01 2.961E-02 5.159E+01 9.290E-02  
9.000E+00 4.926E+01 2.807E-02 4.928E+01 1.028E-01  
9.500E+00 4.717E+01 2.668E-02 4.719E+01 1.132E-01  
1.000E+01 4.526E+01 2.543E-02 4.529E+01 1.240E-01  
1.250E+01 3.782E+01 2.063E-02 3.784E+01 1.847E-01  
1.500E+01 3.263E+01 1.737E-02 3.264E+01 2.560E-01  
1.750E+01 2.879E+01 1.502E-02 2.881E+01 3.377E-01  
2.000E+01 2.583E+01 1.325E-02 2.585E+01 4.295E-01  
2.500E+01 2.155E+01 1.073E-02 2.156E+01 6.423E-01  
2.750E+01 1.995E+01 9.802E-03 1.996E+01 7.629E-01  
3.000E+01 1.859E+01 9.027E-03 1.860E+01 8.928E-01  
3.500E+01 1.642E+01 7.800E-03 1.642E+01 1.179E+00  
4.000E+01 1.474E+01 6.872E-03 1.475E+01 1.501E+00  
4.500E+01 1.342E+01 6.145E-03 1.342E+01 1.857E+00  
5.000E+01 1.234E+01 5.560E-03 1.234E+01 2.246E+00  
5.500E+01 1.144E+01 5.079E-03 1.145E+01 2.667E+00  
6.000E+01 1.068E+01 4.676E-03 1.069E+01 3.119E+00  
6.500E+01 1.003E+01 4.333E-03 1.004E+01 3.602E+00  
7.000E+01 9.473E+00 4.039E-03 9.477E+00 4.115E+00  
7.500E+01 8.982E+00 3.782E-03 8.986E+00 4.657E+00  
8.000E+01 8.548E+00 3.557E-03 8.552E+00 5.228E+00  
8.500E+01 8.162E+00 3.358E-03 8.166E+00 5.826E+00  
9.000E+01 7.817E+00 3.180E-03 7.820E+00 6.452E+00  
9.500E+01 7.506E+00 3.020E-03 7.509E+00 7.105E+00  
1.000E+02 7.224E+00 2.877E-03 7.227E+00 7.784E+00  
1.250E+02 6.136E+00 2.326E-03 6.139E+00 1.155E+01  
1.500E+02 5.396E+00 1.956E-03 5.398E+00 1.591E+01  
1.750E+02 4.859E+00 1.689E-03 4.861E+00 2.080E+01  
2.000E+02 4.452E+00 1.487E-03 4.453E+00 2.618E+01  
2.250E+02 4.133E+00 1.329E-03 4.134E+00 3.202E+01  
2.500E+02 3.876E+00 1.202E-03 3.877E+00 3.827E+01  
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NRE/MP Radiation Detection & Protection – Cont’d. 
 
2. Sr-82 is made at the LANSCE accelerator at LANL using Rb as a target material.  It is formed by the 

85Rb(p,4n)82Sr reaction.  The decay product of 82Sr, 82Rb, is used in PET scanning applications 
a. What is the Q-value of the reaction? 
b. Targets of RbCl are placed in a proton beam to produce the 82Sr.  The target assembly has several 

target layers and, according to the Number 30, 2006 issue of Los Alamos Science, the Rb target is 
placed at a location at which the proton energy has degraded to between 45 and 65 MeV.  The 
protons are initially at 100 MeV.  According to a 2002 talk on radioisotope production at LANL, the 
yield of Sr-82 yield ranges from 0.05 mCi/microamp-hr for protons at 45 MeV to 0.29 
mCi/microamp-hr for protons at 65 MeV.  Assume that the production rate is 0.2 mCi/microamp-hr.  
If the target is placed in an 80 microamp beam current and contains 8 grams of RbCl, how long 
must it be irradiated to obtain 700 mCi of 82Sr. 

c. If all the 82Sr is immediately extracted, what is the photon dose rate in tissue at 1 meter from the 
specimen five minutes after it is removed?  Ignore air attenuation. 

 
Isotope Decay mode Energy of Photon Emitted Probability per decay 
82Sr Electron capture ---- ---- 
82Rb Positron emission (96%) 

electron capture (4%) 0.777 9% 

 
Elemental Atomic Masses: 
Rb 85.4678 amu 
Sr 87.62 amu 
Cl 35.453 amu
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NRE/MP Radiation Detection & Protection – Cont’d. 
 
3. At the end of last year, Po-210 was used to murder a former spy.  Po-210 decays by alpha emission to 

Pb-206 (stable).  
a. What is the kinetic energy of the emitted alpha particle?   
b. Po-210 is distributed uniformly throughout the body.  If an 80 kg man has 40 MBq of Po-210 

distributed throughout his body, what is his absorbed dose rate in Gy? 
c. What amount of activity of Sr-90 in secular equilibrium with its progeny Y-90 would lead to the 

same absorbed dose rate?  Both are pure beta emitters.  Ignore the dose rate due to 
bremsstrahlung.  The maximum beta energies for Sr-90 and Y-90 are 0.546 and 2.284 MeV, 
respectively. 
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NRE/MP Radiation Detection & Protection – Cont’d. 
 

Results for Z=82  

Nucleus E(level) 
(MeV)  Jπ Δ(MeV) T1/2 Abundance Decay  

Modes 
200
82Pb 

 
   

0.0000 0+ -26.2433 21.5 h 4     • : 100.00 % 

201
82Pb 

 
   

0.0000 5/2- -25.2570 9.33 h 3     • : 100.00 % 

201m
82Pb 

 
   
0.6291 13/2+ -24.6279 60.8 s 18     IT • 100.00 %

202
82Pb 

 
   

0.0000 0+ -25.9336 52.5E+3 y 28    • : 100.00 %
• < 1.00 % 

202m
82Pb 

 
   
2.1698 9- -23.7638 3.53 h 1     IT : 90.50 %

• : 9.50 % 

203
82Pb 

 
   

0.0000 5/2- -24.7866 51.92 h 3     • : 100.00 % 

203m
82Pb 

 
   
0.8252 13/2+ -23.9614 6.21 s 11     IT : 100.00 %

203m
82Pb 

 
   
2.9492 29/2- -21.8374 480 ms 7     IT : 100.00 %

204
82Pb 

 
   

0.0000 0+ -25.1097 • 1.4E+17 y    1.4% 1 • ?  

204m
82Pb 

 
   
2.1858 9- -22.9239 67.2 m 3     IT : 100.00 %

205
82Pb 

 
   

0.0000 5/2- -23.7701 1.73E+7 y 7    • : 100.00 % 

205m
82Pb 

 
   
1.0138 13/2+ -22.7562 5.55 ms 2     IT : 100.00 %

206
82Pb 

 
   

0.0000 0+ -23.7850 STABLE   24.1% 1  

206m
82Pb 

 
   
2.2001 7- -21.5849 125 µS 2     IT : 100.00 %

206m
82Pb 

 
   
4.0273 12+ -19.7577 202 ns 3     IT : 100.00 %

207
82Pb 

 
   

0.0000 1/2- -22.4519 STABLE   22.1% 1  

207m
82Pb 

 
   
1.6334 13/2+ -20.8185 0.806 s 6     IT : 100.00 %

208
82Pb 

 
   

0.0000 0+ -21.7485 STABLE   52.4% 1  

209
82Pb 

 
   

0.0000 9/2+ -17.6144 3.253 h 14     •- : 100.00 %

210
82Pb 

 
   

0.0000 0+ -14.7283 22.20 y 22     •- : 100.00 %
• : 1.9E-6 % 
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NRE/MP Radiation Detection & Protection – Cont’d. 
 
4. Describe the three sets of neutron detectors used to cover the entire power range (including source 

start-up range, intermediate range, and power range) of a pressured water reactor (PWR), and explain 
why a particular set of the detectors is used for each power range.   

 
5. In a positron emission tomography (PET) camera, a ring of BGO detectors are used to detect the 

coincident events of positron annihilations.  Use the following data and the Attachment A to: (a) 
estimate the energy resolution of the photopeak for the 511-keV photons, and (b) estimate the 
camera’s efficiency for detecting the coincident events. 

 Data: thickness of BGO = 2 cm, light collection efficiency = 0.8, and quantum efficiency of 
photocathode = 0.25. 

 
6. To analyze a urine sample for suspected contamination with alpha-emitting actinides, 20 ml of the urine 

sample was fully evaporated and the solid content was precipitated and deposited uniformly onto a 
planchet disk of 2 cm in diameter.  The net weight of the solid content on the planchet disk was 
determined to be 1 mg.  The sample disk was then placed in front of a thin-window gas-flow 
proportional counter to measure alpha events.  The alpha background was determined to be 0.05 ±  
0.001 cpm.  

 
 a. If one recorded 8 alpha events in 1 hour, what is the total activity (in Bq) of the alpha-emitting 

actinides in the sample? (Be sure that you include uncertainty in the answer) 
 b. If one tries to count the sample for another hour, what is the probability that he or she will record 

fewer than 5 counts in that hour? 
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