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The angular distribution of 14.0 MeV electrons scattered by thin Al and Pb foils has been measured,
since the beam flatness is important on the high energy electron therapy. These distributions measured

were almost completely shown the Gaussian distribution. The root mean square scattering angles,

V&, were obtained and were compared with the theoreies of Williams and Rossi. In our experiments

the 1/#* obtained have the experimental errors of about 4%, and 19, for 5° and 10°, respectively.

For Al foils of 0.5 mm to 3.0 mm the experimental values of 1/¢* are 5.49° and 12.43° and are 30%,
to 10% higher than those predicted by Williams. Although, these values are 4%, to 9% lower than
those calculated from the theory of Rossi. The 1/8* obtained with Pb foils of 0.1 mm to 0.3 mm are 9.62°
to 18.05° and are 149, to 189 higher than Williams, and are 14%, to 7%, lower than those theoretically

calculated by Rossi.
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beam) DHEELAEN T2 IE L.

R= 3 F —BTR O BELER 2 v Tk W»
<")ﬁ\6‘:) ﬁ%ﬁz &‘5 . Fowler 51’233)"51 TLl(p,
7)®Be FUGD THR W X 0T Rtk X8 KRBT

(0.5~17MeV) o C, Al, Pb 1z X % =8
BUANY vBHERCTRG, EOR S AL
BFO =N F 2RO ARTEL, HELH
ESAi% S, %7-, Slausky and Crane® % [/
Beix HEET ZRBEF ( 0.5~17MeV) o C, Al,
Pb iz X % BELERBR R T ot

Kulchitsky and Latyshev®}3 2.25MeV BT %
Fw, Al, Fe, Cu, Mo, Ag, Sn, Ta, Au, Pb
@ scattering foil o\ vt HE%S GM 9 v v
£ —TREELT\v5. %7, Hanson 57%15.7
MeV BEFHiD Be, Au It X 5 MALAES % E
BER CHIE L.

EF#o #iEle ©uvTid Goudsmit and Saun-
derson®, Williams®?10, Moliére!®), Snyder and
Scott!® I ¥ % Rossil®1d LOEHNHL. BF
AL BET 5 LR ORIz Sh b 5
fE & BHERfE & DRI E K ot L& S h
TWwab.

B4 1114.0MeV BT D Al, Phic k% Bl
BNy B cllE L, PHEEREAoV B
3R, Williams 35 X0t Rossi o FZG{l & Hoilk
Li=.

EBRHE

N—x—brv (B BT-15 7 5Ho14.0
MeV BFHIES12em D 72 ) 54 bic it
Jz4mmé D% F LT narrow beam ) L scat-
tering foil W FEE I AL &2,

BFHRD =3 V¥ — 13 BF0 ERHRE Rp(e/
cm?) Lo RaF— T(MeV) @ BAfRE Rp=
0.52T—0.308 b Rdizc. 77 v Aik72 Y
4 b (EE: 1.1g/em®) % F\, MBEHF10X
10cm® 0 ffC & 4 v — FUBEES (20mmgx 1
mm) X HES I mm o FEEEE A EE L,
R726.33mm %fHf-. Rp= 1.1X6.33 (g/cm?)
ELTHEHLT 18.97MeV 1B 5Hhi-. DX
S5ILT, BFHRO =F A+ —1314.0MeV 13

HARESEM S #37% 73

SELT:.

scattering foil } ~N—% —} r v RS
BLOMEMEI0cm ©HD . B CGREM: @
Ve ET. 4 mmgX10mm) % scattering foil s
B11.2em B UicHEgEC R P BBi S ¥, BELE
TOWMESFME v a—- 2 —iEf L. FoiRE
% Fig. 1a &R Lie.

JHV 7z scattering foil |3 E & 0.lmm~ 3 mm
o Al 7 9ff#E L 0.lmm~ 0.3mm o Pb 3
BETHD. WEIXS—2 - r vHHOLRER
BT = & - TR Uledt B {778\, narrow beam
0 centering |37 f A A BYLHECHERE L.
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BELEFHREN T © LR % Fig. 2 1w iR
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RDBIIL, Fig. 1b RLE X 5ie, HEifc
L% E A & AR LCHE L.
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o, RRERHGA b IEEE & EAER EhEE 3 180
mm/min o,
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Fig. la. Arrangement for measurements of the Fig. 1b. Relation of I(#) to I (x). I (x) is the
measured intensity of the scattered electrons,
and I(@) is the angular distribution for the
scattering of electrons.

electron scattering.
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Fig. 2. Examples of the measured intensity of electrons scattered by the air (thickness is 11.2cm)

and the Al foils (0.1lmm and 0.3 mm).
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Fig. 3. Graph showing the Gaussian disir >ution

converted to the equation of I(t)=e- ;;.: from

(o) =:e—‘%, where t is equal to §/s and I (t) is
the value which was multiplied the normal Gau-
ssian distribution byy'27. If the curve is a stra-
ight line, the angular distribution for the scatte-
ring of electrons represent completely the Gaus-
sian distribution.

B) CRIET 2 t IEBRNMEL v R, 0 2
B t il 7= » FhE, 100) 2EHS
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HEG% Fig. 3md. +IC, 0—t HED
BANEFECERL, t=1 (0=0) L7k 0 {f
ZRET B LRD B SEHAFREEAD VT 238
bh%. Table 1 i i-ERELZD L 5 FE
JETRDIbDTHS.

BEF RS 2T o Williams %5 k0 Rossi
OEHRIKD L H5Chs.

Williams qys£1010

P= EEZP%F—Q—&‘ tlog [4n:Z‘f’Nt(i_)2}

mg?
P Q%Q‘i t, (ERRHT BELR)

cfE L

AREZRERESHEE #37% H75

P lem® g E A TR
P AL RFE S

: Bl EE (cm)

P ASMEF o EEhE

P AT ORE
BFOEME
EBFoBIER

P50 FER, 1'1=~2%-
: ASHEFOMER) = F ¥ —

CCC, EREBHITROHBY TH 5.
T=14.0MeV, myc®*=0.511MeV, e=4,803%
107%%su, [*=0.99876, pr=mc?8?=2 3218%
10~%erg, mc?=14.5]1MeV, [eV=1.602]1 X
10~*2erg, -m]:—c=2.426:2><10"1°cm, (N)ar=
6.007%10%, (N)pp=3.29610%%, d=11.2cm
ChBERALT 07 #5185 &,

« B 63( i “i)gmt_
Al': §°=0.013563 10.4472+ 0. 4342945) ¢

~ lugrm t i

Dl + pE— ! 2 S Ar e

_l ]) . 6 0.2784-9(12.304-7'{ 0'4342945 ) t
BRI, F ORI (597 ) ThB.
Rossi 31 ;

280 , myoc® -

e >1 ok

Hﬂ'gﬂlm‘ﬂﬂ-mz

A
7 22 o myc?\? 137 pec
pr=16eNa et ( e ) €713 )
S e ()
280 , moc?
A o -1 okr%
5 5 21 (202 gl 40 £
-ﬁz—ﬁlﬁmNa-M;- re (-B—pc—) log| 1967, ("E)
ceves (2)
ekl OB

Na: 745 Feif
Ma: [FFRADHE 1 =0 BE
1o : LR R
o iBELAEDOHE (g/cm?)
L E B (cm)
ZOC, ERERIKRDLS5THS.
Na:=6.025X10%, (Ma)ar=26.9875=(A)a,
(Ma)er=207.19=:(A)ps,
1.=2.818 % 10" 8cm
Thbrd (DARRATZE & B TROLS
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Table 1 Root mean square scattering angle of 14.0 MeV electrons passing through Al and Pb foils.

Scattering foil e (degree) zatia

(mm) experiments géil:';ms’ Rossi’s theory Wif][?:r.ns’ Ri:s;.)i":s

air 112 1.83 1.15 1.41 1.59 1.30
0.1 2.54 1.98 2.85 1.28 0.89

0.2 4.06 2.67 3.78 1.52 1.07

0.3 4.55 3.31 4.51 1.37 1.01

0.5 5.49 4.23 5.71 1.30 0.96

Al 1.0 7.51 6.13 7.95 1.23 0.94
15 9.07 7.64 9.69 1.19 0.94

2.0 10.95 8.95 11.16 1.22 0.98

2.5 11.76 10.11 12.46 1.16 0.94

3.0 12.43 11.34 13.63 1.10 0.91

0.1 9.62 8.46 11.17 1.14 0.86

Pb 0.2 14.64 12.44 15.73 1.18 0.93
0.3 18.05 15.82 19.24 1.14 0.94

Table 2 Electron energies which the equation of —%ﬁ% . —r-n‘p;c'i =1 is satisfied for any

materials, where this equation had been given by Rossi.

mateiral z A p(?%g—) m"; = E(MeV)
Al 13 26.9815 2.69 93.36 47.19
Fe 26 55.847 7.866 73.26 36.92
Ni 28 58.71 8.845 72.07 36.31
Cu 29 63.546 8.929 70.13 35.35
Ta 73 180.948 16.64 49.50 24.78
Pb 82 207.19 11.34 47.32 23.66

LRI, L, BRIV TEdnE
M HELEIE X hRDCEH Li-. Bint (5
CT V) ChB.
Al : 7=6,9375X10"% « pl
Pyt §7=3.2974X10™ « pl
284, 1 6°=0.0608227 X102
Rossi o3z T, (IDE=R AL F —¢{E
FEFE&ESO L, QUIE=3*A¥—CcBET
FBoBECEAS h s, B0 %f= 1 0%
HZ 2T o OBEFIE T 5 =5 F —
¥HHEL, “h¥ Table 2R L. Al 10
Pb 1wy LTk & D&% Mt EBFH=F L ¥
—1%47.19MeV 35 X UF 23.66MeV = 15 DT,
SHEE OERAWCiTiRot.

Table 10> Williams %5 X0 Rossi o B4l
BE X BMERTIoERRLTHS . 224,
DL X 5 SEHEFERELE % (D, HELEME
DRI X BEhE (60 &8, BEEHOE
Rlls

F=(0)aic+ (7)s
DEALTS. VEOBRELIZO X5 LTRD
bDThHD.

VECOWTERE L BREL B T2 L, %
Bfiin Al, Pb 035 & 4 Williams ofE X b
KEhoiz, Al i 0.2mm~ 3.0mm o fii[H
CTroit1.62~1.10chh, BERE kD
LR T HAERCHB. ¥z, Pb ©i20.1
mm~ 0.3mm T1.14~1.18C H b, EXicxrs
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FETRohisy. Rossi o BEREE N5 L,
Al ¥ 0.2mm~3.0mm ¢ 7o Hi31.07~0.91
Thh, EIwis FLERD ok, i,
Pb Ti3.0.86~0. 4 THE X X % HhnfER2 B o
hic.

LRV 235 ° P ETHhiE 5 2, Sk
Williams o fE ) b & Al -¢30%~10%, Pb ¢
1314%~18% K& hyof-. Fi-, Rossi ofik b
b Al C4%~92%, Pb CiX14%~ T %/NEd
ek

EREBLUEE

14.0MeV BT 0 Fo 4 o Bl £ © i Al
(0.5mm~ 3.0mm) X LT vV fE (11 e
I(o) fEInT HHELA, o 1 BRANEOK,
1(0) 13 HELARE O BFKfE) 1% 5.49°~12.43° T,
Williams o BEHE X b b 30%~10% k¥ <,
Rossi ofE L D4 4%~9% NEhDHo. Fi,
Pb (0.1mm~0.3mm) iz LTi9.62°~18.05°
¢, Williams 0 XD § 14%~18% K¥<,
Rossi @ F X b H14%~ 7 Y/NE oz,

Kulchitsky 5%02.25MeV EFHio Al (0.10
mm) ¥ X8 Pb (0.007mm) & X % $E Tk
1/2 1(o) fEi% 9.50° % X 0°9.70° (V97 =8.07°
¥ X 0'8.25°) ThH, Williams OFFHAEL D %
Fhih 3.7%, 10.6%/NEEEZB TS, ¥
7z, Hanson 57n15.7MeV ET4E o Be (2.65
mm) } Au (0.02mm) T X5 FEEci 1/e 1(o)
flEi34.25° £3.76° (V§7=3.27° L2.66°) #1§
T\T, Molitre EEHfEL b 8.6% L11.1%
INEOTEHRELTW5,

EFHoBELAES HREC S W TUIASET
WRoOKES (b)), FHEHFROBORES (5) B X
UL A— g () M@y, &
HigEH scattering foil oHuly% O FLrAEE (0)
PUNET I X b e JER T B Zkici
% . Kulchitsky BoOZEE: ¢t b=1.5%2.5mm?,
s=0.4mm¢, d=387.5mm ¢ 0=36.6' TH 5.
-, Hanson BHoif13 b=2.03mmg¢, s=0.80
mmg¢, d=254mm ¢ ¢=10.1" TH%. 4D
41t b= 4 mm¢, s== 4 mm¢X]10mm, d=112mm

HORE 2B RE MR BT B15

Thh, BEEFED AT 0=12°33", fincE
EAR (EREOBEIIM) ik ¢=1k1°1"T
Hote.

B O K Z IRV ERS 2 5% TRAT
hbEBRTAE, VE=2.5° 5% 10° ot ¥
TNTh15%, 4%, 1 BEREROEX v Lk
bz ki, Table 1107k Li-EEAMEILE
MEOKREERIBMEEZ LTV METHSE D
", FEE L DB DT L bV E>5C offi
Al LT 2o,

Fox 0 EEMTEFHEEIR O scattering foil 1
B 5 EER 2 85 0 HINCH B0 by FE
A7 &b 5° LERMECLTWS o kich
5. BlxE, AAmEEoEES BT-32 ~N—x —
b ® vi% scattering foil L FRAHEIJEE % - o FRpE
1X70cm THHN B, O REE oL
¥10cmg JEGHEF o T FHRARE © SEHEE S, 80% %
7oi%90% L LET SV E E 6.0° F7-138.8°
BER 5. L2 T, B4 ©4mmgx
10mm OEEFEEZAVTHE LTCbVEEIL 4 %
UTFoRETHEDhD Z 2tith.

¥R, VEEDEME L O RTs\WTETF
OEY = F N F — D WEREEI MBI 52, =
WEBHA X b 55 . Williams 35 X ¢F Rossi
OHESHRIT BT, B RdAaF —E T 8=
1THh 5 b, pr=pgpc= (T4mec?) g2=(T+
myc))=(T+4-0.511) MeV 2 515%. BFo=*
V¥ —ToOJERESY AT L s, BEHAH
o log [ ) oFLEHTEBDT, VEORE
Rig—AT/(T4myc?) THFRHL I h 5. Hlzi,
T=14MeV, 4T=+4 1 MeV r3 Iz oiso
VI DRERI T B b, 2o X5,
VEEDOWEL B T EFHi= ¥ — o JlE
BEXRIVEELSTHS. L L, EBeE
FHO=FZNF = TR~ hBH = H AT —
HiE LTWBDT, VEELoW»CERE LB
ME & o B B IR e oh L.

Rz o\ T, Williams o3¢ log [ ]
ozt t (scattering foil @ EX) % GA T
WHEDTtESEILCHAET S LALKEETY
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t FEIOMLEHC X D vVEEN? Bic b &5 FE
235 % . Rossi oA Cliklog [ ) HoPIL t i
BFEhTwins s Rossi oR0D X 5 ke FFidic
V. 2o BT Rossi RO HHFANRE
WIsThHD.
s

BT HRIERO scattering foil B3 % BEps
a5 HiYT, 14.0MeVET4 (narrow beam)
D Al, Pb i X % Bl SR & MR & T
e,

1. BFoMEERESMIITAL ERLhTE)

2. PHEFHELAE o vVFEEY RDVE>S©
DFEECEIER{E L LB L. %L, BEfoKX
EIRVFREC R BRIV =5°, 10° ©
LEXThTha%, 1 HBBEKE»DE.

1) Al (0.5mm~3.0mm) 1= %f LT ER{E I
V67 =5.49°~12.43° % H, Pb (0.1mm~0.3
mm) ZDWTIEY g% =9,62°~18.05° ‘Tt

2) Al 3% SEEEIX Williams o HEH{E
LD H30%~10%HK&E<, Rossi DFhXbd4
%~ 9 %NE ot

3) Pb i LTk Williams o {H 1 b 4 14%
~IB% K&, Rossi OLh X b 14%~7 %k
E ot

S8, BTHRIBIRRE O %M (broad beam) ¢
FEEAfTin\w, =FF — scattering foil, i
BEDBARE B e Licho.
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