Fisica de Radiaciones 2
Segundo parcial
25/10/2022

Prueba 2,5 horas de duracién

1. Se tienen iones de nedn (23Ne*'°, Mo= 18617,7 MeV/c?) cuya energia cinética es 800 MeV.
¢Podrias estimar el tiempo en el cual son detenidos si inciden en tejido blando (musculo
esquelético en este caso)? En caso afirmativo, halla dicho tiempo indicando qué
suposiciones estas considerando para arribar al valor en cuestién.

2. Una fuente de °Y de 3,7 x 108 Bg se encuentra en un recipiente con blindaje plomo
(Z = 82) que permite absorber particulas beta, cuyas energias maxima y promedio son
2,28 MeV y 0,94 MeV, respectivamente. Estime la tasa a la que es irradiada la energia por
bremsstrahlung y la tasa de fluencia de fotones a 1 m de distancia de la fuente.

3. Considere una particula de masa M con energia cinética T que colisiona con otra particula
de masa m en reposo.

a. Calcule la maxima energia cinética T’ que la particula de masa m puede tener luego
de la colisién, en funcién dem, My T.
b. Si m<<M y T<<Mc?, obtenga la expresién aproximada de a en funciéon de my la
velocidad incidente v de la particula de masa M.
c. Use la expresion apropiada, a o b, para calcular T’ en los siguientes casos:
i. Pion incidiendo sobre un electrén con T=70MeVyconT =2 MeV.
ii. Positrén incidiendo sobre un electrén con T=0,15 MeV y con T = 150 MeV.
Compare y explique los dos valores obtenidos.



Appendix B.2, Data Table for Compounds and Mixtures®

Density Electron density I

Material (g/em’®y (10% e/g) (eV)?
A-150 plastic® 1.127 3.306 65.1
Adipose tissue

(Fat, ICRP) 0.92 3.363 63.2
Air 1.205 x 107* 3.006 85.7
Bone, cortical (ICRP)* 1.85 3.139 106.4
Calcium fluoride, CaF, 3.18 2.931 166
Carbon dioxide, CO, 1.842 x 1073 3.010 85.0
Cesium iodide, Csl 4.51 2.503 553
Lithium fuoride, LiF 2.64 2.786 94.0
Lucite, (CsHg0,), 1.19 3.248 74.0
Muscle, skeletal (ICRP) 1.04 3.308 75.3
Mylar, (C,,HOy), 1.40 3.134 78.7
Nylon, type 6

(C¢H,,NO), 1.14 3.299 63.9
Polycarbonate

(C16H1405). 1.20 3.173 73.1
Polyethylene (C,H,), 0.94 3.435 57.4
Polyimide (CqyH,;gN,O5) 1.42 3.087 79.6
Polypropylene (C;H.), 0.90 3.372 59.2
Polystyrene (CgHy), 1.06 3.238 68.7
Polyvinyl Chloride

(C,H,Cl), 1.30 3.083 108.2
Pyrex (borosilicate glass)” 2.23 2.993 134
Silicon dioxide, SiQ, 2.32 3.007 139.2
Silver bromide, AgBr 6.47 2.629 487
Sodium iodide, Nal 3.67 2.571 452
Teflon, (C,F,), 2.20 2.890 99.1
TE gas (methane-based)’ 1.064 x 1073 3.312 61.2
TE gas (propane-based)’ 1.826 x 107° 3.314 59.5
TE liquid (no sucrose)® 1.070 3.313 74.2
Water, H,O 0.9982 3.343 75.0

“Data from Berger and Seltzer (1983)

*See compositions in Appendix B.3

‘Assuming T = 20°C., P = 1 atm., and Charles’ Law for gases applies.
“Iis the mean excitation potential for stopping power, see Chapter 8.



PSTAR: Stopping Powers and Range Tables
MUSCLE, SKELETAL (ICRP)

Kinetic
Energy
MeV

9.500E-02
1.000E-01
1.250E-01
1.500E-01
1.7S0E-01
2.000E-01
2.250E-01
2.500E-01
2.750E-01
3.000E-01
3.500E~01
4.000E-01
4.500E-01
5.000E-01
5.500E-01
6.000E-01
€.5S00E-01
7.000E-01
7.500E-01
8.000E-01
8.500E-01
9.000E-01
9.500E-01
1.000E+00
1.250E+00
1.500E+00
1.750E+00
2.000E+00
2.250E+00
2.500E+00
2.750E+00
3.000E+00
3.S00E+00
4.000E+00
4.500E+00
5.000E+00
5.500E+00
6.000E+00
€.500E+00
7.000E+00
7.500E+00
8.000E+00
8.500E+00
9.000E+00
9.500E+00
1.000E+01
1.250E+01
1.500E+01
1.750E+01
2.000E+01
2.500E+01
2.750E401
3.000E401
3.500E+01
4.000E+01
4.500E+01
5.000E+01
5.500E+01
6.000E+01
6.500E401
7.000E+01
7.5S00E+01
8.000E+01
8.500E+01
9.000E+01
9.500E+01
1.000E+02
1.250E+02
1.500E402
1.750E+02
2.000E+02

Electron.
Stp. Pow.
MeV em2/g

8.461E+02
8.412E+02
8.048E+02
7.589E+02
7.122E+02
€.685E+02
6.312E+02
5.990E+02
5.T08E+02
5.456E+02
5.022E+02
4.558E+02
4.346E+02
4.075E+02
3.837E+02
3.628E+02
3.444E+02
3.279E+02
3.131E+02
2.998E+02
2.87TE+02
2.767E+02
2.666E+02
2.573E+02
2.200E+02
1.932E+02
1.728E+02
1.567E+02
1.436E+02
1.328E+02
1.236E+02
1.1S8E+02
1.030E+02
9.295E+01
E.486E+01
7.819E+401
7.25BE+01
6.779E+01
6.364E+01
6.001E+01
5.681E+01
5.397E+01
5.142E+01
4.912E+01
4.704E+01
4.514E+01
3.772E+01
3.254E+01
2.872E+01
2.577E+01
2.150E+01
1.990E+01
1.855E+01
1.63BE+01
1.47iE+01
1.339E+01
1.231E+01
1.141E+01
1.066E+01
1.001E+01
9.452E400
8.961E+00
8.529E+00
8.144E+00
7.79%E+00
7.489E+00
7.208E+00
6.123E+00
S5.3B4E+00
4.B49E+00
4.442E+00

Ruclear
Stp. Pow.
MeV em2/g

1.641E+00
1.572E+00
1.304E+00
1.118E+400
9.807E-01
8.753E-01
7.914E-01
7.231E-01
6.657E-01
6.168E~-01
5.386E-01
4.788E-01
4.315E-01
3.930E-01
S.611E-01
3.342E-01
3.112E-02
2.913E-01
2.73%E-01
2.585E-01
2,4947E-01
2.325E-01
2.214E-01
2.114E-01
1.727E-01
1.464E-01
1.272E-01
1.126E-01
1.011E-01
9.177E-02
8.407E-02
7.760E-02
6.732E-02
5.951E-02
5.336E-02
4,839E-02
4.42%E-02
4.084E-02
3.791E-02
3.538E-02
3.317E-02
3.123E-02
2.951E-02
2.797E-02
2.659E-02
2.534E-02
2.055E-02
1.731E-02
1.497E-02
1,.320E-02
1.069E-02
9.768E-03
8.996E-03
7.773E-03
6.849E-03
6.124E-03
5.541E-03
5.062E-03
4.660E-03
4.319%E-03
4.025E-03
3.769E-03
3.545E-03
3.346E-03
3.169E-03
3.010E-03
2.867E-03
2.318E-03
1.949%E-03
1.683E-03
1.482E-03

Total
Stp. Pow.
MeV em2/g

8.477E+02
B.428E+02
£8.061E+02
7.600E402
T7.132E+02
6.694E+02
6.319E+02
S.998E+02
§.718E+02
5.462E+02
5.027E+02
4.663E+02
4.351E+02
£.079E+02
3.841E+02
3.632E+02
3.447E+02
3.282E+02
3.134E+02
3.000E+02
2.8B0E+02
2.770E+02
2.668E+02
2.575E+02
2.202E+02
1.934E+02
1.729E+02
1.568E+02
1.437E+02
1.329E+02
1.237E+02
1.159E+02
1.030E+02
9.301E+01
B.491E+01
7.824E+01
7.262E+01
6.T83E+01
6.368E+01
6.005E+01
S.684E+01
$.400E+01
5.145E+01
4.915E+01
4.707E+01
4.517E+01
3.774E+01
3.256E+01
2.874E+01
2.5TEE+01
2.151E+01
1.991E401
1.856E+01
1.63BE+01
1.472E+01
1.389E+01
1,231E+01
1.142E+01
1.066E+01
1.002E+01
9.456E+00
B8.965E+00
8.532E+00
8.147E+00
7.802E+00
T.492E+00
7.210E+00
6.125E+00
5.3B86E+400
4.850E+00
4.444E+00

for Protons

CSDA
Range
g/cm2

1.484E-04
1.543E-04
1.846E-04
2.165E-04
2.50SE-04
2.867E-04
3.251E-04
3.658E-04
4.08SE-04
4.532E-04
5.4988E-04
6.521E-04
7.632E-04
8.819E-04
1.008E-03
1.142E-03
1.284E-03
1.432E-03
1.588E-03
1.751E-03
1.922E-03
2.099E-03
2.283E-03
2.473E-03
3.527E-03
4.7492E-03
6.111E-03
7.632E-03
9.299%E-03
1.111E-02
1.306E-02
1.,515E-02
1,974E-02
2.485E-02
3.048E~02
3.662E-02
4.326E-02
5.039%E-02
5.800E-02
6.609E-02
7.466E-02
8.368E-02
9.317E-02
1.031E-01
1.135E-01
1.244E-01
1.852E-01
2.567E-01
3.387E-02
4.307E-02
6.440E-01
7.64%E-01
8.950E-01
1.182E+00
1.50SE+00
1.862E+00
2.251E+00
2.674E+00
3.127E+00
3.611E400
4,125E+400
4.668E+00
5.240E+00
5.840E+00
6.4968E+00
7.122E+00
7.802E+00
1.158E+01
1.59S5E+01
2.085E+401
2.624E+01

Projected
Range
g/fcm2

1.345E-04
1.404E-04
1.703E-04
2.020E-04
2.357E-04
2.717E-04
3.099E-04
3.503E-04
3.928E-04
4.374E-04
5.325E-04
6.354E-04
7.461E-04
B8.644E-04
9.903E-04
1.3124E-03
1.265E-03
1.413E-02
1.568E-03
1.731E-03
1.901E-03
2.077E-08
2.261E-03
2.451E-03
3.502E-03
4.713E-03
6.080E-03
7.597E-03
9.260E-03
1.107E-02
1.301E-02
1.510E-02
1.968E-02
2.478E-02
3.040E-02
3.653E~02
4.316E-02
5.027E-02
5.787E-02
6.595E-02
7.449E-02
8.350E-02
9.298E-02
1.029E-01
1.133E-01
1.241E-01
1.84BE-01
2.563E-01
3.381E-01
4.299E-01
6.429E-01
7.836E-01
8.936E-01
1.1B1E+00
1.503E+00
1.859E+00
2.248E+00
2.6T0E+Q0
3.122E+00
3.606E400
4.119E+00
4.662E+00
5.233E+00
5.832E+00
6.459E+00
7.112E+00
7.792E+00
1.157E+01
1.593E+01
2.082E+01
2.621E+01

Detour
Factor

0.9064
0.50%6
0.9228
0.932%
0.9410
0.9477
0.9532
0.9578
0.92617
0.9650
0.3703
0.9744
0.9776
0.9801
0.9822
0.9839
0.9853
0.986S
0.9875
0.9884
0.9892
0.9898
0.9904
0.9910
0.9929
0.99%41
0.9948
0.9954
0.9958
0.9962
0.9964
0.99¢66
0.9969
0.9971
0.99873
0.9374
0.9975
0.9976
0.9977
0.9978
0.9978
0.9979
0.9979
0.997%
0.9980
0.9980
0.9981
0.9982
0.9982
0.9983
0.9983
0.9984
0.9984
0.9984
0.9985
0.9985
0.9985
0.9985%
0.9986
0.3%8¢6
0.9386
0.9986
0.9986
0.9986
0.9986
0.9987
0.9987
0.9987
0.9%87
0.9988
0.9988




0.0350

0.0800
0.0450
0.0300
0.0530
0.0600

0.3500

0.4000
0.4500
0.5000
n.5500
0.6000
0.7000
b.B000D
0.%000

1.0000
1.2500
1.5000

3.5000

4.0000
4.5000
5.0000
5.5000
6.0000
7.0000
5.0000
9.0000

10.0000

35.0000

“0.0000
A5.0000
50.0000
55.0000
50.0000
70.0000
30.0000
90.0000

STOPPING POWER

COLLISION
MaV enlsg

8.42BE+00
7.357E+00

J182E+00
L179E400

4
4
3
3.4H3E+00
3.208E+00
2.997E+00
g-lll‘*ﬂﬂ

2.237E+00
2 087E+00

1.964E+00
1.738E+00
1.583E+00
1.47T1E+00
1.387E+00
1.269E+00
1.193E+00
T1.140E+00

1.102E+00
1.07&E+00
1.053E+040
1 .037E+00
1.0Z6E+00
1.009E+00
1.000E+00
9.957E-01

9.93%E-01
. %6E-01
1.004%E+00Q
1.01&%E+00
1.024E+00
1.044E+00
1.063E+00
1.080E+00

1.095E+00
T.108E+00
1.120E+00
1.132E+00
1.142E+00
1.160E+00
1.175E+00
1.189E+00

1.201E+00
1.226E+00
1.266E+00
1.262E+00
1.27TE+00
1.299E+00
¥ .318E+00
1.332ZE+00

1.383E+00
1.356E+00
1.365E+00
1.374E+00
1.381E+00
1.395E+00
1.406E+00
1.415E+00

RADIATIVE
MeV enlsg

2.045E-02
2.251E-02
2.421E-02
2.368E-02
693E-02

-ITHE-02
00E-92
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6.015E-02
6.460E-02
6.70E-02

7.380E-02
7.781E-02
4.228E-02
8.677E-02
9.132E-02
1.005E-01
1.093E-01
1.193E-01

1.290E-01

3. 999E-01

4.582E-01
5.17&4E-01
5. TTIE-01
6.379E-01
6. 991E-0
8.233E-0
9.495E-01
1.07TE+00

206 E+00
5353E+00
A70E+00

40ZE+00
6.132E+00
&.865E+00
7.603E+00Q
8.345E+00
5.836E+00
L138E+01
1.284E+01

TOTAL
MeV cmi/g

5.4M3E+00
.379E+00
.SBSE+00
LITIE+00
. SB0E+00
«TA3IE+00
LZ13E+00
3.812E+00

3. A9TE+00
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2.279E+00
2.130E+00

2.008E+00
1.785E+00
1.633E+00
1.324E+00
1.842E+00
1.329E+00
1.257TE+00
1.209E+00
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1.668E-01
2.074E-01

2.494E-01
2.924E-01
3.381E-01
3.804E-01
4.250E-01
5.149E-01
&.050E-01
6. 949E=01

7.843E-01
1.004E+00
1.219E+00

5.705E+00

6.133E+00
7.102E+00
T.954E4+00
8.T713E+00
9.399E+00
1.059E+01
1.1&61E+01
1.250E+01

1.329E+01
1.399E+01
1.463E+01
1.521E+01
1.57T4E+01
1.6TOE+*01
1.7S3E+01
1.828E+01

RADIATION
YIELD

7.214E-03
§.349E-03
9.461E-03
1.055E-02

1.162E-02

. 761E-01
-$0SE-01
045E-01
177E-01
S04E-01
S43E-01
.765E-01
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7.457E-01

DENS.EFF.
CORR.
C(DELTA2

ITIE-02
.AB%E-02

2

3

L]

5.437TE-02
6.426E-02
7.442E-02
8.47T9E-02
$.529E-02
1.166E-01
1.380E-01
1.593E-01

1.80%E-01

3

3

&

S.TA3E-01
6.631E-01
T.4TYE~-01
§.289€-01
9.061E-01
9.798E-01
1.050E+00
1.182E+00
1.304E+00
L] 17E+00
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