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 Measurements of Absorption Coefficients of 17 Mev and
6.1 Mev r-Rays in Several Elements.
Yoshiaki Uemura

The y-ray absorption coefficients of Pb, Sn, Cu, and Al were measured for
the 17.6 Mev and 6.1 Mev y-rays produced at the first proton resonance
of the (Li-p) and (F-p) reactions respectively.

The experimental arrangement used is shown in Fig. 1. In order to obtain
the homogeneity of y-rays, a filter to absorb the x-rays from the target
by proton bombardment was not used near the target and each sample
used ‘had a diameter which was enough to cover the outside of the canalizing
lead slit. Therefore, to detect the y-rays, a thick lead plate was used in
front of the window of the G-M counter of end-window type. The thickress
of the plate was 7.5mm and 5.9mm for the 17.6 Mev and 6.1 Mev y-rays
respectively.

To exclude the stray radiation, a set of canalizing lead slit and plug
was placed upon the lead counter which was housed in a large lead box.

Then the difference of counts with and without the lead plug for each
sample is taken to be the true decrement of the y-rays through the canal
due to the absorption by the substance.

Furthermore, in order to monitor the y-ray intensity, a 6.5 mm lead
counter shielded by a lead cylinder was placed in such a position that
suffers no effect by the conditions of the sample.

The absorption coefficients obtained under these conditions are given
as follows :

7-ray source ! Pbsa Snso Cuag Al

(Li-p) y-ray | 0.58+0.02 0.34+0.01 0.28+0.01 0.062+0.007
(F~p) y-ray | 0.50+£0.01 0.23+0.01 0.27.+0.01 —_—

Analysing these experimental data, the absorptior due to the creation
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of electron pairs seems to be proportioral to Z2 in the caseA of the 17.6 Mev
7-rays. However, it is to be noted that the absorption ccefficient of ‘Al.
for the 17.6 Mev j-rays is fourd tc be larger than the theoretical value.
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Fig.1. Arrangement for measurements of

absorption coefficient by means of plug method. Il SR O LA BRI Fig.l ©
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o =1 2¥ ~ RSk 3 O-C FERIEE B FRANZE=F X ~ ric X
OB ERIC YRR, 4 CZOMEOLEH AR EERTIT L, cOKIAKE
WL, HEEH 3.5mm RS EMBE= I Y ~ROOHAC L 2 & Bbi3itkifiick
BTEMELNZ. ThE D ZOWBEHEERL TR 3L, B=fA¥ ~RoRELEL T
7 e U XRCKBZ L OO0 L5 THB.

FKC y BIEOEETECEZ 10mm Ok 7 1A s ~LLTANSZE, COE=51%
—EAEEARCBEK ENTLES B FTH 2 E=a X ~ ROl 3L 1
DONBE=F3 1 ¥ ~ b OFCEL THIHFCHNMIN 2. 7 BIROE (et <(H
i& Compton AL X Y HEORAEE ZF2WM I E2LNEOT, WMTRIET 2 IR
TS E BR b, X oTHE 7 117 -~ EARSD —HhseEG, H

O-C OFi= 4 A¥ —ROSENT BIREEHAL, = 4% ~ECT 23 MREE X BT
WHET 2 e RO, WMEHCHT 3R EERIIE I N 2 HROERCH L Ty i d .,
7 BIEagho < 1Y B © EEE PRGNS N R AL ol A I &
BAED Compton S kiR Ofes e b, O-C iHERICET 3 7 WOLKE
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Oflic ZRIWBIR T B3 72T 40, T0mm O} O% ML 2.  HHROME X HEO TH
PSP ZR T L Cla) UMl e d 3 & 5 i iciile 3% & b —5EifiEk 309mm & L Z%.
z OFFEHEEERO B W I HORROFF LR 3 BRIEHETH 5 .

ST LROFIL B HEEEOD L CC OMEREITOTRBL 2 7Y + BOFL, Hb A-
Zone OBIELISTORS X b B x ORMEE D% 1 #7248 O-C FHBECADOTHRS OO X
5T, FCHBPDEIRIE B2 EWEDL > T3 . CORI DB 2D B OFLEFF
HOERE 27mm, # 2 112mm © Pb-Plug AL O-C i¥& otz MEL, ch
Z [3] OFEH & T B KL HBRD e, CORREC OFR= 4 1% ~ 7 AR ORI OME
HhELTRCHH TS 5 BrB8BL &,

3 Plug # A % I & 3 B %

WL TIX4S Pb-Plug Z#HAEF, £k LiiEOIlicE %, Z0gat 0,
10, 20, 30mm (40, 70mm) &Ll A0 S-C iHE O R 100 iTxid 3 O-C
AL 2. TOIMKIEIX Table 1,2 O DECIBF M D TH 3.

Kic= 1Yt BiC Plug 23AL Zone A © 7 HOBKEIEF jid F U IR BEL 7.
zikfE Table ©F ()W FTZ. O Plug ZIBAL 2 & ZOFHKIAIZBRBIIR O
e84 Lilp,r), F(p,) »wFhok 23 Plug Offt 3 (1) MOEKEOKI 2 ~4 % TH
D7,

BNCR~7eqn ¢ 2 v v 1B OFl &l O-C HkEcli 2z A-Zone kX330
EL, L L VT B O% B-Zone X 33D L4133 &, Plug OFIBAD—
HOMERIZ (A+R)Zone it 33 ©OTH b, Plug B HBAL A0 MEMIE (Pb-Plug
¥ZEBL7ZYDO+R)-Zone CX33DOTH5. cEONEH L b A-Zone O KO FHEIE
% RD B CRERRIKITE O E OB E T kY Pb-Plug OFBBEEMeLEN S 3. T2l
FELUEE LT (A+B)-Zone €& 3 W5 b&omm { Rd 3 HMEFok. £IHKO
0, 10, 20, 30mm © 4 PUSEARICHTR/MEFREEC & b 35 1P L CORBREBRREM L,
KT ik DB RBREOH 13EHL < ik L TREHEIC Pb-Plug %5581 T O-Cat¥k
BREFIWEEHNL e, zOBEE T wmHomdE Iy TETE,
Ehix

x, through Plug ,

. -7/ a1y X ~T/pp-11.2
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Table 1. Measurement for F (p,y) y-rays

(CaF2+-H) 350Kv.

59mm Fb-G-M Counter

Method of Meas. Thickness 82. Pb 50. Sn 29. Cu
- 0 1734445 1734445 173445
10 1080-+4-4.1 136.54-6.3 127.34+-45
0-C Counts per 20 73.3-+44 108.0--5.3 103.04-5.6
S-C 100 Counts 30 304423 87.14-3.7 76.44-3.7
CA+B)-Zone
40 2804-2.2 62.44-3.7 61.44-4.1
70 8.15--1.00 34.14.2.2 30.94-1.6
@ 0 4.05--0.52 405-4-0.52 4.054-0.52
With Pb-Plug, ditto (1) 10 3.014-0.60 _ —
(Pb-Plug+B) - Zone 30 1.934-0.58 — -
70 0.934-0.48 1.154-0.61 0.474-0.62
Approximate Value 7/ cm~-1 l
@ (Cal. from (A+B)-Zone) 048, 028 | 0%
Total Abs. Coefficient T cm-1
B e ety 0.50,-0.01» 0.23,4-0.006 |  0.2674-0.009
(5) Density ¢ (by Takemura) 11.3;4 7.31 839
@ t/p cm?/gr 0.044, 0.031,4 0.030,
(7) No. of Atoms /cm3 3.302 x 1072 3.709 x 10° 8420 % 10°
8 Abs. Cross-Section, o om cm? 153x10° % | 0623x107 2 | 0317x10° %
@ OCatom/Z cm? 187x10° % 125%x10°%° 1.09x10” %
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Table 2. Measurement for Li(p.y)y-rays.

CLi+H) 460Kv 7.5mm Pb-G-M Counter
Method of Meas. Thi;krgess 82. Fb 50. Sn 29. Cn 13. Al
o 0 119.94-3.4 119.94-34 119.94-3.4 119.94-34
10 584440 100.04-6.0 922456 117.24-6.5
0O-C Counts
20 40.34-25 61.5+3.1 748-+-3.8 10754438
per
30 26.7-424 463428 50.74-3.4 935-45.1
S~C 100 Counts B =+ e +3 +
CA+B)— Zone 70 25.4-0.75 14.94+1.6 17.84-138 *81.4-4-4.1
[€)) Ty - - i
With Pb-Plug, 0 4614046 4614-0.46 4.614-0.46 4614046
ditto (D
(Pb-Plug +B)-Zone 70 1.304-0.55 1654065 1.1841.15 4944084
(3) Approximate Value 7/cm~1
O CromCA B Zoned 051, 0.32; 0.27, 0.058,
(4) Total Abs. Coeff. tcm—-1 :
A Zome: Calo, equet 0.5754-0.018 | 0.33,--0.009 | 0.2754-0.011 | 0.062,4-0.007
(5) Density p (by Takemura) 11.3; 731 889 271
® t/p cm2/gr 0.051, 0.045¢ 0.030 0.0225
(7Y No. of Atoms /cm3 3.302x10°7 | 3709x10°% | 8420x 10" | 6.053x 10%
CS)AbS.Cross~Section,0'Agomcm2I 1.75x107% | 0906x10” % | 0331x10 % | 0.103x10” %
9 Catom/Z  cm? { 24x107%° | 181x1077 | 1.14x107% | 0702x10” %
* /a1 OEHIZTOL BT
B2 I, pyoge PSROB/EAE. HIB
Ix, B-Zone Ix, plug — Ix, through Plug =~~~ " (2
TH3. A-Zone ORIT X 25 Ix' A-Zone *
Ix, A-Zone Ix, (A+B) -Zone Ix, B-Zone
= I, cA+By-zone~ Lx, Plug — Loe™¥/Pbisn,Cualy® g7 T/pps L2 eresveneee ()

€k DAESCROEBND. F(pr) 7 MOBAICEHTO c Of#ffko ~§i% Fig.2 @i,

255
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Fig. 2. Absorption of (F-p)y -rays z Ol L 72 A-Zone ©OHDH ADTHS 7§D
in lead, plotted logarithmically. . ) ) }
, ROWIEL b R 7= 2B (FH 71X Tablel, 20 45(49

CaF, + H (350 ) WeREN T3, 1 Plug ARG 3 IEIE 0 &

300 59 MM Pb-Counter T 70mm OEE TIFoAD THHEOMy b, H1E
Q\ Element Pbez PlOEEFIC X OTHR 0, 70mm O SIS IF5 3 &
= ESHL, A Teo 0,70mm © & CHEEOFHLE ]
- 4 o

-] z OMFEC 7z Plug # AL IR 28O BUNE 1t
ZHBCEZ ¢ BROBK L HBRT 3 I5asHIZE S TTEEM:
ERLTHY, gEOWBIEDRAFHERYES
LOTHB.
cO Plug ¥ AT23HCL b 7L WEE OHE
EHIOSE /.5 i1 3. BI2IX (2) XL vkdA
B-Zone ©&H{EE (A+B)— Zone DOIFEHE Ok
ZROTHB L Figd o td2T, F(p,)-Cu
OEAREME, RKHOE 20N, WEOETH
BZOWARELCKEL, Mmx X 28 a3 L
REL DTS, LR 7 MBI ORH T EDYE
ot - B, Har B Ens EAnEL (ERsmEe /LT
0 10 20 30 70 mm.
Thickmess of Absorbey o vBEEZLNS. Ll C OB S HRsE
DIz —BE D THR AT 0,

L it

Loonl

o
-

Counts ot 0-C rounfep/foo Counts of S-C Cournter ——=

0
Q
W

LI

4 BIREICHT 3 ER

VL OREERO T T4 HERMNTE.O L THIEERE I DTR A, TN T ILOM ks
ERARE «OWET 2 BRECHEECERE S TR . T OWMEMIEE Table 1, 2 O
TH%.

GMHOIFTHREL Z LIET-WIHTERE Tatom LOBERE RS & Fig. 4 WREN 35D,

O atom=aZ +bZ2

OXTEINS. aZ ©IEIk Compton Wik L2 bz O T, BRI NED 7o OW
ERE  17Mev, 6.1Mev OFET 5 ¥ — 7 $SHOBAMNCTRTY, 2.6Mev 7O
TG B IR, TOMEAOKTHRBZO 2WCHPIL T3 LHENZ L5 THB. I

* 6.1Mev z3kr(f McMillan (3-3) & RSO RPECHD.
26D
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Fig. 3. Secondary effects of

elements for y-rays. Rz &
Ny F(p,r) 6.1Mev 7 #cf LTk tcu>Tsn
% % _ _B-Zon
k| K =G zesx190 ~ Li(p.7) 17.6Mev 7 $IC LTI Teu<Tsn

100 L0 p.0) @460 5™ Ph-(oun), ne ]
|+ 350%™ o) TP B A BEGRIHTTRINSRAD L—HLTo

3.

Gl E = € X OTHIE 3 M 7281 & B T SCRR T Hb L 72
b OO~ EEY Table 3 CBFTHE 2. ThHE
2 LEx QMR R CHRHEL v/ BEERLT
. »3y bbb F Lilp,r) © Al OBRBEREKIEK & ¢,
G ZOWMBERIE 1.0x10-2cm? TH 3. «OFs 7
oSt X 3R W2 (e RO (7, p) Foff
FECX200ES PCRTESEBNL 2 EEOTEH
3.

-~ -

0 10 20 30 oM™
—Thickness of Absorber—=

5 ¥4 Fig. 4. Relation between absorption
cross-section 0 agonpand atomic

LIEBAs I E « 2 LTk ZHET 2 BED number Z for (Li-p),(F-p) y-rays.
BECELTROR O, IREFECHLREBL, L 10°tnZ

Geiger-Miiller EHEEIC X ) 2 OFBOKBEIES 25 :¢-—u (p,8) at 460 kv 1
THE TS 3 Tk B L3720 T—E4 Rl il L~ (p D 350 -

i s UCE HORTh . colEmicE | 20 G, ~alwbZ?
biteZ { OMOHFREROME L UKEFHE TR TR
LTS OTREE SBOERL vE o LE
T3,

K& 1 R ASEER PRI AR O 9 B B b LS
RIS I AL h L ks L3, FEad
RIS MBTE T L2 &I AR BRI L TR T o s N
BMOFERL2. LEELEKRK FTREX 0 ' 20 40 60 80
BBES, FRMAIGHRE, FMERETERE, FARIMEALD —— Atomic No. (Z) —
o B8 SRRSO CX L TR R 3. IR OAFIAHICE 2 Mg
W & 7 IR O S T 3 B e LT 5.

ARSI R BT X D bR O TH B
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Table 3. Total Absorption Coefficients for y-rays (cm~1)

v Li (p,) y-rays F (p,Y) Y-rays :
Observers Para- Remark
Pbgz | Snso | Cuge | Als Pbgz _ Snso 1 Cuzg “ Feze _ Al _ ffin
Lauritsen, -1 06 . : LiF+H 0.6 Mev.
Crane 1934 y Ioni.-Chamber
3-2) I 'LiCI+H 0.8 Mev.
Crane, 055 0.27 052 0.26 CaFy 1 08 Mev.
Others 1934 . oni.-Chamber
” . Ra=3=3 54+10%
3-3) 1.15Mev:
McMillan 049 0.24 0.27 0.073 Ioni.-Chamber
1934 .. Ra=31+6%
3-4
Delsasso, Oﬁronwuwwq c.mmnw.o‘\ 0.44-0.1 Wilson-Chamber
3-5)
: : 0.53 0.28 0.14 0.01 CaF2+H 3.4Mev
Haxby, Others . +0.08 4007 | 4007 | 4007 | UCy-Fission)
0.062 0.024
8-6) | 1.0.003 -0.003
cm?/g cm?2/g
McDaniel, Others (068> (0.065> Cyclotron
Hw% y-Ray Spectrometer
cm2/g
1947 0.74>
* Li+tH 046 Mev.
0.58 0.34 0.28 0.062 0.50 0.23 0.27
Arakatsu’s Laboratory y y ¥ CaFa-+H 0.35 Mev.
Zodo | —H0.02 | 4001 | 40.01| 40.007| +0.01| 30.01| 4001 P G M-Covnte
Theoretical Values. 0.773 0.348 0.302 0.056 0.500 0.257 0.273 0.074

* b oERAOHEEN CHANEE IV AASHEERLTH S,

4 Isn _ Lc€ T'snx (T pp—T' 5% logen ...
&Y Table2 OFEPUELRD 2L T/py—T/5n=0.251 2105, T/5p==0321 2L B T/py==0572 PR i1, % A-Zone
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Table 4. Results of R.L. Walker and Y. Uemura.

Cu

c Al Sn Pb
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