HOKKAIDO UNIVERSITY

Title BIMVEFICL B9 —4 v b OHBEHRS & hiEFIREDFRBRRN
Author (s) BXH, EFB; ANR, &RA
Citation b E AR T RIS, 66, 63-73
Issue Date 1973-03-30
Doc URL https://hdl. handle.net/2115/41116
Type departmental bulletin paper
File Information 66 63-74. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




M 10 MeV BT K % 2 —% v - OFIBHE
& R IE O 2 EER

7 A | SO < | S N N U O <1 i
(WA 474E 9 A 30 HEH)

Semi-empirical Expressions for Photon and Photo-neutron
Production from Targets Bombarded with Electrons

Masakuni NARITA, Yasutomo OzawA
(Received September 30, 1972)

Abstract

The photon production efficiency of a thick target, mamely, bremsstruhlung is obtained
as a function of incident energy FE, and atomic number Z, that is

800 ZE,
C=1- E()/In 1+800>

Using an approximated photon spectrum, a semi-empirical expression for neutron yields per

unit length from targets bombarded with an electron can be expressed as

Eo Eo EO—E!
Y(E, Z)= o >

7+800' " E, L,

where n is the atomic density, o, is the giant resonance integral and E; is the threshold

energy of (7, n) reaction.  The present estimated yields agree fairly well with experimental
values at several tens of MeV for both Ey-and Z-dependence.
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JLHRTESL, RO FETEVOT, 2~7 0 FWEE LTI D, Be i EDEGEFHSD
bDhs, U, Ph n8@CETHEOLOXFMT 5, D & Be OFALHBIKH NS Vi
%< DINBEBEDIOND, BOLEV=FAFLL > TEY, i D 11 22~140 Mev 12d7-
of(nn)&u@%mhm&<Wbufu%@fmmhmﬂﬁkbf&<ﬂﬂéh%o

—J7, @ Z TTHEE - M, S ONE L £, 10 MeV w5 E T MM TE
EAED, BWTLHEEM B, Lk, OB, G,n) B, 14~22MeV © & & A Wik
DECRA IR H Y, WEARMT D G 5 )28, =0 & Ll T34 OB T ik 8
K, D=2 F 30 MeV~60 MeV P —TRAHR R Z L &R LTV Do ZOERIBO C~

7R, LEGHE, BiEoRZEAE, ko ks TthdD,
. nm) RICOE RIS & — 7 = 30
E,=37A~15 (MeV) (15)
r,m) BOLO LE V= A
E, =324 (MeV) (16)
25 MeV ¢ Gr, ) BOG oo Ry Wi
mm=§o a(/e)dkz().()ﬁ()»z(ég 21 40.8%) an
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COCHL, BTETO MEN S O AR FH L O, il TR R sy £ L A o
¥ By OBME LTS,
3.2 HERXYOSPUFREOHEER
LEVINGER (3" E TN T Al ZONTHEFAEL, BT - XTHAr—Frp v
MR =y PP ETIEOHEAET Lic, COMRC LD L v BAKELCBRIINS
FCeOTHE (Track length) 2VHBE Z N D, THEIETHREEOTHMIZE - TOBESTH D,
=X By CAS LB T TRAE LI+ 7C k 05 =3 F % L DT ORI
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kb SR, B OTRCHILAT S 2 LN D D IULE T O = Ao ¥ T ORI A A
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i
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Lish, LL, SoRNCE é " eI ELE 6 e B¢ Ey=25MeV TOAEH &£ —3
L., YoEoy, Z) 0 Z (E454E, Z o> TR T 458 % KT, BARBER HDYEIRIC X

FES, bk EE 2 A mm—aawwwzn,, ERE By v VRO L —F Loy,
BARFER B, ZDMHAUEET Do BHHRAGOHIEY N2 T,

2 Ey, kYo {S:(Sr+ S} E,[R; (18a)
ELTHININC IR E — BT DS AR Lo 2T b (EXFO G, ) BUSO G = 7 0¥ T
H 5o
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BARRER BO#ERA LHEFE S D Z LUk, KTOMML kY & k2 ORMICflT 5 L ThH
Do I ITIL, %mtmL(I@A&XYX«7rwaLmeL R R E A RS B, 6
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@1&7*”W%Tﬁ%§WMéh5i?@&@ﬂ%u%bf@&Qﬁofbé&ﬁ%¢éo

SOREDID S &, WAL D Ok TR

Y(Ey, 2)=n(Z) S' ()N, O)dk—n(/)a,EL”/ (in é) L“EOE') 19)
BN, 22T nZ) ik, BrES Z Oz—ry FMEOFTEILY, ok X G, n) JIG
DEIHHE, o 12RO X 3 ICEHEI I L MBS OELECH D

o= "otk (1~ k[E )k / g k(1L — k[ E)dk (20)
Bt
COJMERES 0k, LR A ER ) SIE D, B A B CRE LT
ar=onl’[dk (20a)

ELRTBHRBO, T HBOMTH D, on ZLBORKHECH S, b LERBTED
bBitd,

33 o DRELPFUHFNE

HN BT R %f4 % BARBER & GEORGE OHERA{HI® L NATHANS!D L0 4, O LD\ T, ar

7 {mb) xi0~?

107 6 7
o 7r=0.482 [0r=0., 40
i o Experimental (BARBER)

- 5 —

10% P
r (@)
of sy

=
i ©
F w
-
B w
.
1%
b=
I (@)
o
=
o
¢

10 :—-4—/ L

- o ——+ O (NATHANS etal)
. e 0.40,
F Caloul f
GRS )
I © «®* —C ( Caloufated trom) |
"' BARBER's data
[ I S N T S N S
0 20 40 60 80 100 L
7 0 10 20 30 40 50 60
HEOE A SHEES o A HERED B 2 ELECTRON ENERGY (MeV)
fﬂﬁm—M%x&T%Bmmm& BTEH AHET= R FC L 5PREFNEOLE
GEORGE & OFEERfEL L < —33 5 {LDEE & FERE

* w(Z) (% (atoms/em®) I & B & cm B DR L 7e D, nlZ) & LT (atoms/em?® £y) THIULHHEK H D
WEE D,
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HIE PHETIURE T 5 lb0 7~ 2

TARGET En o r E, ar arlam Neutron Yield
z (MeV) mb) | MeV) | (MeV) (mb) Exp. Data
C 2. 86 | 3 87 | 29 0.34 1.9 10~
Al 19.2 12, 5. 145 6.2 052 43
Cu 17.2 79. 8. 115 417 053 | 140
Ta 15.7 397. 79 15 212. 053 | 181
wPb 137 640. 49 6.75 195, 040 | 208
WU 138 980. 6.6 5.97 482. 049 | 480

* Barber and George’s Data (n/electron/l radiation length)
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§ i 4 9 -Xﬁ T 8 u v P
o .o - 1 TTB: U o 150~
E T Q Rb T Ta {Pb 4 -
& v X I Au & i
o F T S F
2 o - -
aQ L Cu < 100 —
E [ > I Pb
s [ oo z [ —
= | . E P
x 1 z L ‘
_g Al I -° Cu
L /0
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| X nO s 4-0 . GIO s 8‘0 ‘9|2 C 1 | ¢ | L ] 1 | [ ]
0 2 | 2 3 4 5
%8 LR DR f%ﬁ- o TARGET THICKNESS (radlat‘ion length)
B BARBER LI k% i FEOB PETILRD & — o7y I XA
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BT Z TR ST e © BT %

LRG—FHXEDB IO or BT
(D2 2
MENL. or=04om & LB B O BH

B R THh B, BARBER 50D, DI 34 MeV ®O 3, NATHANS H D L, Dt 22 MeV O 5 — 2 ¢
Bho BEDT — 213 34 MeV ¥ CHEMIME LT 700 TORREXEIORT LB OXTH D,
Z T A o HEBREHRDIZLOT, BEECI on & 0don OMFTR LI, ZHIC X
BHEREW Z L BARBER OF — ZLE< o & 0dowm DR UTBZ LD b,
BARBER O F —~ Z DLW BHLEHXEA LM 1IED L 5 6,=(03~05)0m OMENITEAETH B,
HaDRRT ov=04 L L5 &, AR O O F IR AR
£ s W) @1)
NEHNRB, L L 2oL Nataans LOHEBR L KGHTH S Ta—8 Lt L L,
BARRER B OFEE T Z=29 & Cu, Z=13 & Al, Z=6 0 C TX z /b B —FA R LT
B, COMBEORIEHBOBET =L FOENGETHLOELEEL BRB, K Z FFET
(R FEELT 20 MeV SR e B DT NATHANS O 22 MeV OSEECLL, =3 A FOMHBEHO%

Y(E,, Z)=0. 4(1,,,(/)%(/)E
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BTG RN L BT & A= Rk LTl o724 T, BARBER H DS
S L b L Ch Do LOMBIMNEAD DB = 2L F LT CHEHATERVEE bR 5 O
W, RO BRI ERA, LEOCHELS $CEBHE B LT 2D ERH LI ETH D,

B8, FIFHRBEEEARTLOT, BEDISIZ BARRER HOFEHI L 5 DM
MORDIGIEMEA IR L TH D, 2N BIRBIHE—%L, Lo RBROFAELYRLT
WhH Az B,

R LAuE GEIRD spikFIuEE, @btk 4~y POEXCIT S, LsLah
HETFTLRELLBDOTLIL, RTFO=2AFR L& EUTIC o/, TR
T TINEDMNLEFIT 5, BArRBER & GEORGE (}, = v FsAvillssFEic LT, 6Jk
BHERU Rt &= v ¥O[G Lieh, on) FUSEY bRl Tw5, el TR
WX B TIE Yo(E, 2) (X B0 E L BUKSHETT /o, TO6ERELRE &0
TE D, SEENEFRIUT & BrpfEFINEOFBIL, kidd LEVINGER O ¥+ VHEFC LB D
Dz, FELD ORIVEREC L A5 HiEL H 5.2 FELD O ki tF o1 ans e, =27+
VI, A REE SRS X CHBR TV BDT, BLEDORE SHMA T KBEF
Thbo

4. » & K &

T it o ﬁbvﬁmﬂﬁﬂ%fi&vﬁ%@%ﬁ&wotvavﬁ:&ﬁl%kitmbm
HU by, DX 5 E X B OWEREA M, LUARAFE LCEET 5 s, M
A L, RO Z & MMMW%FW?%*&T%&&OVT%azéo;ufﬂ
SOLOBHCERTELTES NwﬁA%J Lo SThi ki, B Hadet+ 58
&@%ﬁﬂ@ﬂ@mw@%@mm&# BT RIEROPHEF 2~ 7y PORE I EHBBEHC
HETEh, LrLZoTRDBRAALDE, 1) HEHOE = ALF, 2) TOA7 b A
DHFALL, @) T RADENELE S HLTIOLDOTH - T, &0 MRk
FIH A T Uie il B,

7o 2 CRD BT T Wl ED B o g4 A o Tk, LanzL & HANSON <2 [ AWSON
12 & B I e K b 5,010
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