Radiochemistry #6 (Q & A) 2017.6.7

Questions & Answers

(1) Calculate the number of ion-electron pairs produced by an alpha-ray with 5 MeV
energy, which completely stops inside a material. JEE)TR/LF— 5 MeV D o #f
PYVETP CRAICHIET D TITEY B A A=A FOKE2RKD &,

A. 5MeV /30 eV (or more precisely, 34 eV : W-value) = 15 000. 15 000 pairs.
The first ionization potential is around 10 eV. But only 1/3 of the energy transferred

to the matter contributes to ionization, the rest causing excitation. So, the number is

(5MeV /3)/10eV =15 000.

(2) What is the most important reaction process for X-rays at 100 keV in carbon
target? And how about in lead target?  fRFEAEAIH D 100 keV D XHUZXFT 5 K
JGEEE LTh o & bERR LGOI, o, SEERIOEEILLE 5 2,

A. The graph in the slide shows that at the photon energy of 100 keV, the cross
section o for Compton scattering is the largest for the carbon target, and that for p.e. =
photoelectric effect is the largest for lead target. N.B. « . means the cross section for
pair production under the nuclear electric field, while « . is that under the electric field
of atomic electron. [ : BB I R 7 D = R F—H K2 DT, HEEIR,
RENE IRE LT AN Lo T, ]

(3) The half-value thickness of the air is 69.2 m for a gamma-ray of 661 keV emitted
after the decay of a cesium-137 nuclide. Calculate the cross section for Compton
scattering for this gamma-ray, and compare the result with the values found in the graph
in the copy of the slides. Cross sections for photoelectric effect and for pair production
are both negligible. &I 7 A 137 EFEOAREE (L) (2> TR EN D 661
keV D y BUZHONT, ZRPTOHRERIT 692 m THD, ZOy KT L=
YT CHELORISHTEEZ R L. AT A RO 3 =TT 2K bR
ST & bR &, 7272 U OEERRE AR AR O SO A ISR T E D,

A. u=no. 692/In2=100m. x=0.0100m™" =1/(100 m)=1 /(10000 cm).
The number density of the air is n = 1 mol / 22.4 L = 6.02X 107 / 22400 cm’. Then



+ ..., but

0=3.7X10" cm’ = 3.7 barn (for air). 0,y = 0,c + O compon + O

pairp.
since Compton scattering dominates, 0, ~ 0 compon- 1€ graph for the carbon target at
661.7 keV reads that o ¢y, = 2 barn. (SRSEEEHNCHOWT O T T 7 OAfHHA
661.7 keV £HiLD & Z HDOMEOFEAZ R & 2 barn FRETH D Z &3 070
Do) ZERUT T DEHAMEIT 2 (518 5 25, MHANED Z&a2BERLH L, FEAE-
TWDHLEEAD,

(4) The range of a charged particle is calculated by integrating the reciprocal (i.e. the
inverse value) of the stopping power. For a wide energy range of the order of keV and
MeV, the stopping power is inversely proportional to the square of the velocity.
Calculate the integral and find the energy (E) dependence of the range (R) of heavy
charged particles.  fuf Bl T OTRFRIFFHILRED W ZFE DT 5 2 L TH LN D,
ZOMIEEE, keV ° MeV & o 7o = R/ F—FEIT BN T, HED 2 3| ITK
WOl 5, Moaitid s LIk y, EOmER 2 L TRIER) O = 1L
F—(EYRAFMEZ R D I,

A. ~dE/dx=k/v’. E=mv*/2.

R= [} (-dE/dx) "dE= [, v’/ kdE = [," (2E/ mk) dE = E* | mk.

The experimental observation shows more like E'® dependence, but the rough
consideration above (which assumes that v’-dependence is valid even for very-low
energy, which is not really correct) is not so bad. (FEERT — & (X E"” DI FHEEZ R L
TWDHOT, FHEMEITD LIED B, ZHTFHED o OERFENMEZ LT —
THRICKY D EREL TV DH0E T, ZOBRBEALT LHIELI RN &
EERAD L RIEFBRIEHEI2D,)



