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Study on Secondary ' Electrons (1)
(On the Energy Spectrum of Secondary Electrons Produced
in Matter by 320 kVp White X-rays.)

By

K. Hoshino, T.Inada, K. kawashima Y.Takaku
S. Sakata and H. Matsuzawa.
Physics Division, Naitonal Institute of Radiological Sciences

The energy loss of monochromatic energy electron (624 keV) in medium and the
secondary electron spectrum generated in various medium by 320 kVp x-rays were mea-
sured with the double-focusing magnetic beta-spectrometer having high resolution.

In this paper, only the energy spectrum of electrons emerging into the same direction
as the incident x-ray beam is described.

1) Average energy loss of 624 keV electron in polyethylene foils agrees with theore-
tical one.

2) For the various medium (Pb, Cu, Al and Lucite) exposed by whith x-rays, the :
forward energy spectrum of electrons is not so different each other, but the electron flux
(the total number of electrons passing through unit area) increases rapidly with increa-
sing atomic number of medium.

3) The average LET of these secondary electrons by 320 kVp x-rays in Lucite is
estimated at 0.73 keV/w.

4) The calculations of the secondary electron spectra are carried out by the appro-
ximation procedure which takes into consideration of the initial electron spectrum genera-
ted by 320 kVp x-rays, the effective volume for the electrons capable of passing through
the area of inerst and the effect of the slowing-down of electrons. These calculated
results are compared with the experimental ones and are in good agreement with them
for the recoil electrons in the Compton process in Lucite. Therefore in practice, it
seems to be more reasonable to estimate the secondary electron spectrum by our appro-
Ximation procedure.
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Table 1. Mean L.E.T. values in water
(keV per micron of water)?.
Mean L.E.T.
Radiation T
Gray® | o Jéuha;::a” Burch?”
200 kVp X 25 1.79 PT |
220 kVp X 2.6 1. 48 24.4
Cof® 0. 36 0. 254 19.6
25 MVp X ;
(betatron) 0.28 0.202 18.4

—%f\v, #EH?, Bruce ORY vF L —¥
Y e AT YN A—F —%H W TIT2RH,
IALDEEITE -2 32N F — g (3 Co®,
Csl97 o gm) 2R b, WEXAEIT 57 —5
FRNT A,

D Eos#gn b, @it X L oTtHE
TE2WETOART Y LB IV RN X 8%
2 EBEY 2B L MAD . Thbb, B
DIFREZ R OERARERHE « 2_T A2
— 7 —FRMEL, %7 624KeV OE—z XL
—ETH (Ba¥m OKAPEBEHRET) OXY =
FU Bz 3R —EEIIOVWTERZH

Fig. 1a. Schematic diagram of beta-spectrometer construction.
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Fig. 1b. Schematic diagram of magnet, with bafiles and diaphragm
(vertical cross section).
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Fig. 2. Schematic diagram of sample supporting
device (vertical cross section).
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Fig. 3. Schematic diagram of G-M tube, (1): metal tube, (2): plastic tube.
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Fig. 4. Energy loss spectrum for 624 keV elec-
trons after passing through polyethylene

foil of O-79.7 mgfcm?.
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Fig. 5. Energy loss of electrons as a function of
foil thickness for polyethylene.
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Table 2. Differential cross section for lucite
as a function of photon energy (6=5°)

Photos | Differential cross section™
Helectr teradi
gy | ppRimleeni
(keV) K-shell | Compton recoil
250 4.39 . Ju2® 2. 24 +.10°%
200 4.99 . 1072 2. 27 1053
150 6.44 » 10728 2.34 - 1072
130 7.59 . 1028 2.39 . 1072
100 T 15305 22 2.48 » 10728
80 b (e 2.56 » 1072°
60 3.08 » 10727 2.66 - 1072®
40 T E o8 015 2. 79 = 1072®

* ) The angle between primary photon beam
and direction of secondary electrons is a-
ssumed to be 5.

Table 3. Differential cross section and electron energy for copper as a
function of photon energy (6=5°).

B e | Blectron energy (keV)
(-Eigrvg::)y %‘g’}t}gﬁlﬁcmc in Compton recoil K-photoelectron Eﬁ;ﬁ?g;ﬂ
250 0.98 « 107 6.48 - 1072 241 123
200 1.12 « 107 6. 58 « 1072 191 38
150 T, 3T sl 032 6. 78 » 1072 141 b6
130 1..60 - 107 6.92 - 107 121 43
100 2.40 - 1072 7.19 « 1072 91 28
80 3.49 - 10 T2 e 10724 71 19
60 Rl 2e 1072t 7.70 « 1072 51 10

40 1.51 - 10°% 8.08 « 107 31 5.4

20 4.80 « 10-** 8. 57 « 1072 ik 1.5

) The angle between primary photon beam and direction of secondary electrons is assumed to be 5°.
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(Table 2) D132, FRIOYE L LT (Table
3, Tri=zvas, BEOKEE)ZETHS.
REDEX 1 2 WETORAMEL D B s K&
{FEAZ(Pb: 0.1mm, Cu: 0.1mm, Al: 0.5mm,
A lmm, VY4 b 1mm),
XinFad EE R EX- 3007 fv, 320
kVp BESiXA% BEX R 7407 -
2.0mmCu + 0.5mmAl, HfGEix 3.0mmCu
TH5. XERIMBIUHORY Y + TRED,
ZEmC B 3RHE Z 3mmg L7z, SRR
£ —SE e T0cm T/ 2. s, Fig 61
Fig. 6. X-ray spectra obtained with 320-KVp

tube potential, added 2.0 mm Cu and 0.5
mm Al HVL ==3.0mm Cu.
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Fig. 7Ta. Energy spectra of secondary electrons
for O 5, which are produced in various
materials by 320 kVp white X-rays.
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Fig. Tb. Energy spectra of secondary electrons
or O 5, which are produced in lucite or
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FHIFIVX—RBRVEDL 2\ & R I ERH
5. Iz, VY4 PHROLETX, 2KREFZR
7 P VOEPRE E L TO0.73keV /i 23455 h 7=,
RIT, Th b OEBEHR 2 FERABTLE &
L, L¥4 FicowTix Fig. 8, glicowTix
Fig. 9 OfRZE7:. L7 OHE HRC Ly
37:0, HHEEOF—DBRETREILEIZ LI
H#&{t (normalization) Uz-. T{UEIELE, &
Fig. 8. Energy spectra of secondary electrons at
the emerging surface which are produce-
d in 1 mm lucite by 320 kVp white x-rays
(8=0°). The dotted curve was calculated

for Compton electrons after due consid-
eration of the slowing down of electrons.
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Fig. 9. Energy spectra of secondary electrons at
the emerging surface, which are produced
in 0.1 mm copper foil by 320 kVp white
x-rays (#<:5°). Curve 3 corresponds to
curve 1 in Fig. 12, which shows the rel-
ative number of initial electrons per unit

volume at the instance of production.
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5. 2 REFAARY MIVOBELIFHE

T OWTEINTHED L 220 C, Z s Tizn
P4 B LI OWTEE R [T,

Jbif b :Table 2 W2RTME, 6==5° Tix
Compton ZEROBASUFTERED HEFRD Zhiz
HLTEZLLAE. L =io T, <5
DHEF~BH & h 32 KETFREET 22 Ly
3. 37, TN ZhOREFZRIALX—-ITHT 3
Compton ZROMSWTE B X VRBEFET = %
AE—1X 0=0 °~5° [ THA EEL VDT,
DUFoatsix 0=0° & UCHEBL 7. BouE
Hib JURBETF 3L ¥ —13 Nelms pfE® 2
Eaie

ET, 320kVp X#zk-oT 0= 0° oFMH
~lEH &3 Compton EBET o f:80 %<
7 Pk, Fig6 OXER 7 b A4 ErERL
(Table 2) #3FL, BEBETFILE —3 M0
LTskdaZ tBTEs. WAE, 200keV o
HTCrx, BOWTERE232. 27 X 10%cm?/electron,
EBET = 2 V¥ —z2388keV, 100keV Y7
ZThF 1 2.48X10 ) cm?/electron, 28keV......
&xTH%. Table 4 @ (2)37-1x Fig. 12 @
Curve 1 iz, Compton FET 0 HHD 2T }
N (BN odE) 257, 2k, B
E1mOAY A4 + FTCIEXBEREORE D 227

b DL BT & 2FEE (Fig. 6) TH B0
b, BANCIHEET 2 Compton ETDEEE &
VZRT MVELY A4 PRT—EEEIB L0
TE3.

Wiz, Zh b Compton HFD 3% emer-
ging surface 2\ T & 3 DITOWTHZ
3. INRBEBTOREIKET 2TH5 5.
B2, AR X — 150keV DEFiz em-

o 71
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Table 4. Slowing-down electron distribution at the emerging surface for Compton electrons
produced in lucite by 320 kVp white x-rays (0=0°).

nitial electrons|( 1)| 10| 20| 30| 40| 50| 60| 70| 80| 90] 100] 110] 120] 130| 140] 150] 160] 170
( 23| 700/ 930{1100{1120(1080| 980| 870| 790| 710| 630| 560| 490| 400| 310{ 220 130 40
Slowing ~_ |(3)l0. 250. 85]1. 78}2. 95/4. 38l6. 02I7. 88J9. 92[12. 1/14. 5[17. 1]19. 8]22. 7/25. 6[28. 6/31. 8}35. 1| Total
down electrons . [(4)[ 18| 79| 196 330 473) 590| 686| 784| 859 914 958| 970| 908| 794[ 629| 413| 142| 9742
{(}i) 10 (tigs 18( 23| 28| 28| 27| 25| 22| 20| 18| 16| 14| 13| 10| 8 5 3| 1| 279
10— 20 0.60 56| o€ el 65 59 53] 48 43 38| 34| 30| 25 19| 13| 8 2 627 |
20— 30 0.93 102 104) 1000 91| 81] 73| 66| 58 52/ 46| 37| 29 20| 12] 4| 875
30— 40 1.17 131| 126| 114| 102| 93| 83| 74| 65 57| 47| 37| 26| 15| 5 975
40— 50 1.43 154| 140 124| 113 101] 91| 81| 70[ 57| 44| 31| 19 6| 1031
50— 60 .1.64 160| 143[ 129) 117 103] 92| 81| 65| 51) 36| 22/ 7| 1006
60— 70 1.86 162| 147 132] 117| 104] 91] 75| 58 41| 24| 8 957
70— 80 2.04 162| 145 129) 114) 100{ 82[ 64 45| 26( 8| 875
80— 90 2.18 155 137] 123) 107 87| 68 48 28/ 9 762
90— 100 2.40 | 152 134) 117| 96| 75 53| 31 10/ 668
100— 110 2.60 146| 127 104] 81 57| 34| 11| 560
110— 120 2.70 132| 108 83 59 35| 11| 428
120— 130 2.80 112 s7[ 62 36 11| 308
130— 140 2.90 90| 64| 38 12[ 204
140— 150 3.00 66| 89 12| 117
150— 160 3.20 42| 13| 55
160— 170 3.30 13 13

(1): Energy of initial electrons (keV).

per cc. (3): Range of initial electrons in lucite (mglem?).

(2): Relative number of initial electrons produced in lucite

(4): Relative number of emerging elect-

rons per cm?® for each initial energy. (5): Energy interval of slowing-down electrons (10 keV inte-

rval).

Fig. 10. Schematic diagram fo effective volume
which contributes to the resulting spectr-
um of emerging electrons for lucite.

2

f————Nr- 118 mg/cn

~4 Initial energy
S.- ef electrons:

150 keV
320 kVp R
L-rays B 100 keV
50 keV

erging surface #» 528.6mg/em? DINDERE I

RELZDORTRINEERT 32 THAI.
100keV Tk 14. 5mg/cm?2, 50keV T 4.38mg/

&&xtH 5 (Fig. 10). 721, EFL

(6): Range interval of slowing-down electrons (mgfem?® per 10 keV in lucite).

VA4 PAE BEC ELD D LRETZ. Ln
2T, BOPHIT I N X —12%F L emerging sur-
face METEAE 2 FMATE B LFE (HEHHE)
w, |Ao Compton BFR~Z bACIinb
DWE (=) #FLTELNLB (Table 40
(4), Fig. 120 . curve 2). LA L, ZhixE
DYHI T F N F—% F7v % Compton EF ¥
il (A1) emerging surface Z@EH7T 22>%
RIYPTTHSD. EEIIE, VY4 TR
X—2Kd30b, 2L AHc RN —5F—T
»>T?, emerging surface TIFREHOES
Wi T slowing down 27 FAL P ET 2T
b2,

ZhW X, BFHEAYA o3 EECCED
L L T slowing down Z 7 b A2k k
5. @2, 50keV o Fig. 11 (@) o k
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Fig. 11. Illustration which is necessary to cale-
ulate the slowing down distribution of
secondary electrons for lucite.

(a): Slowing down process of an electron
with the initial energy of 50 keV in
lucite,

'(b): Effective volume in lucite contribu-
ting to the electron spectrum at the
emerging surface, when secondary
electrons of 50 keV are produced
uniformly in lucite by 320 kVp x-rays.

(c): Slowing down spectrum of emerging
electrons, if they had the same initial
energy of 50 keV in lucite.
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face, Ao, BB T BHE5B0~40keV Dz F L X —
2AETHTHZ . BRAC, ArAs BCRAEL -
50keV DETFix Ao T40~30keV, AsrA; [T
FHE L7720 0i330~20keV ey o = R LXK

BAIREHBRE AR 228 45

—%FT 3 THA5I. Av-Ay 1k50keV FF
40keV BTk OMEE, A-Ar 1340keV B
30keV EF kOFER - BrTHZ. LR
2T, FAHENIAIC RBE LI R ¥ —50
keV o Compton EFiz Ao 2B TREK (c)
o slowing down 27 b L% BT 2TH5
) '
ZNEhOGE= XL ¥ —icov TR E
41T (Table 4), Jpac4it L7efE 2 AR
BA&Hy XU Fig. 12 @ curve 357, 3
z, Fig. 8 W VwCERE L 0 KB ZAGIC
Fig. 12, Various energy spectra for initial,
emerging and slowing down electr-

ons, when 1.0 mm lucite is irradi-
ated with 320 kVp white x-rays.
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Fig. 13. Initial electron distribution for O 5,
which is produced in copper foil by 320
kVp white x-rays. Curve 1 shows a sum-
mation of curve 2 and 3.
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