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J%ADrake, et. a1Bx=19.08 ' M e V|Crf 35 v — 2 DEERE L 1B DNC D% B35 Thde T 0rsay

[ ABishop and Isabelle DERERK «DF —2DE=177~19.9MeV Dfif

SHOE— 2T T B 1 F 12, 1Fp12 L~ L TWh,

1 (a)Squared form factor for

Table 186MeV
leved in !%0.
Eq(Mev) f(deg.) Qe (Sm™1) IF 12
2500 35.0 0.75 (441+06)x10~*
" 40.0 0.85 (7.0£1.0)x10™*
" 60.0 1.24 (7.74£05)x10~*
" 80.0 1.59 (49+05) x10™*
" 100.0 1.89 (38+13)x10™*
" 1350 227 (4.0+1.9)x107*
1390 " 1.25 (3.0£06)x1073
1765 " 1.59 (2.2+04)x1073
Table 1 (b)Squared longitudinal and transverse
form factor for 186MeV level in !80,
Gorr (1) L (gegg) 12 WFp (gegp) 12
1.24 (43%£0.9)x107% (4.0£1.0)x10~*
159 (1.0£0.9)x10—* (3.3£1.0)x10—*
1.89 (2.0£0.7)x10~%*
227 . (6.3+3.0)x10—5%*

* 1) 17= 0 %0205 Lco

level in %0

IFT (Qefl)‘2

(25%0.7)x10™*
(2.7£1.0)x107*
(6.91£0.5)x10™*
(9.5£05)X107*
(1.25%0.13)x1073
(1.73+0.19)x 103
(49%£0.6)x10~3

Table 2 Squared form factor for 19.1MeV
Ey(MeV) 0 (deg.) Gegs (fm™1) |F |2
2500 35.0 0.75
# 400 0.85
" 60.0 1.24
” 80.0 1.59
v 100.0 1.89
” 135.0 227
139.0 ” 1.25
1765 " 1.59

(4.7+0.4)x10~3

(42F12)x10~*
(4.3+1.6)x10%
(8.3£06)x10—*
(7.910.4)x10~*
(65107)x107*
(2.73£0.30)x107%
(7.7£0.9)xX107*
(7.4£0.6)x107*
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J”=2+’6®6&,ﬂ5\bh502, 1F(q) 12 OFKMER 1 F(q)1? ORKELFIERL X &
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¥frldisospinT=1T»59, stanford R Saska tchewan |CkI} 5ERTH,
19.1Me V#(72: 5 18.6Me Vi%ﬁ%ﬁ}%ﬁ’f‘é EWEEORMBEE TS o I3 0 53186
Me VIEGIORBENH s 5 DI , WEOERIBR FHEA OEHE TS 5T (2)X0bHE0%
ok, IFLI? ORB%ER CELEHThok L, IFr(B2)PHIF7(M2)1% X b2

DA RDEOREN TOER TS o ek E 2 615 (IREIICR LT, KT 53T
o TFr (M2)x(gR)? Fr(82)<(qR)® THho CZTREMN¢ETS L) o THITH

LT orsay IC) BEB TR H#E OBIE 8 A Tlhko Saska techewanThorsay
TREERE 425 LD gRE1 Tl 2L (B2)oc(qR)?, Fr (M2)< (qR2THBE LICL 5o
HE, 186Me VAT J™=(2+):T=(1) TH b, 191MeVEAF S "=2— ;T=(1)T
»->T, Stanford N Saskatchewan CIHHBEDSI %, Orsay CEAMERSTA X
Fr LTk &lk b, - (R %ua%)

z E T B
1) G.R.Bishop and D.B. Isabelle, Phys. Lett. 1(1962)323,
2) @¢.J.Vanpraet, Nucl. Pnys. T74(1965)219,
3) T.E.Drake, R.M.Hutcheon, V,W, Stobie, G. A,Beer and H. S.
Caplan, Phys. Rev. 163(1967)947,
4) G.R.Bishop, in /“Nuclear Structure and Electromagnetic
Interactions” ed, by N. MacDonald, (Oliver and Boyd,

BEdinburgh and London, 1965).
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1
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c=4.28F
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ke, EBiiesz > HEREBOEMHESD
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YO %Ak,

(DWBA) g=095F
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WRFOZE T AHEFE E20BECONTE 3M, H4MICT T, F3ME L2EEL Tk
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B, MEEMO X 512 7 4 —20EH TEHHRAF 2E B0 ¥ — 23 CTEBHICKRD T
hidz b 2n, : - (/ML IESE)

s £ X W

1) R.Helm, Phys. Rev., 104, 1466(1956).

2) T.A.Griffy, D.8S.0Onley, J..T.Reynolds, and T, C.Biedenharn,
Phys. Rev., 128, 833(1962).

3) D.8.0nley, T.A.Griffy, and J, T.Reynolds, Phys. Rev.,
129, 1689(1963). '

4) D.8.0nley, J.T.Reynolds, and L.E Wright, Phys. Rev.,
134, B945(1964).

5) 8.T.Tuar, L.E.Wright and D. S, Onley, Nucl, Instr. Meth.,
60, 70(1968).

6) Y.Torizuka, Y.Kojima, M. Oyamada, K.Nakaharsa, K.Sugiyama,
T.Terasawa, K. Itoh, A, Yamaguchi, and M.Kimura, TUEL-4A,
January 1969, Laboratory of Nuclear Science, Tohoku

University.

7) L.J.Tassie, Australian J, Phys., 9, 407(1956).

MCalc &k B WU T Fu A

BB I3 &N T Ca OEWEATIC & AIERMHE EBRE AS T A ¥ —Eg=250
MeVTOREVwmomentum transfer il TIT oko SHOER TN O d O ¥ A7 O
2nd aiffracti ont TOWRFEE S LKA, Fig., lICSpectrum® —f| %
T~ BZFié;. 20C (e, /) TREINTCEMETR Lk, MOAEREEEndt® Table
C6T) LY, TORREE CORMADER D) 28BLALOTH A,

3.74MeV 37 MUF 449MeV 5~ ¥FIICDNTD. W. B, A. ENTEIT\, BEERIER % K
o D.W. B. A, ICH\ B EREHH BEHIEHE & I\ 7o 2SR IEIC & b 5 BICIASIC
half density radius%®i /I Ladhida bR BARENLERL D A
PCH 2 T & BT IRE T 282 HHHEE CHBT A EEETH A L2 RLT WA,
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Fig. 1
2na Ry 3rd 37 ¥ATOWTEMIFFEN % 9r
. . — 8.57,2%
diffraction pattern® =3 EZR L ___"Ei“g%gg _ 3.‘.,2:(:.,%-)
o COEBMIEGL1let R Sanderson® 8 g T T
——7.69,3_
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particle-hole mode 1 TEHAIICIEFH B ; S N
A o ggi:;: 6.95(17)
K bo THLBEAIC L BEBEMEE 0,, OIHTD ey e
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. 3 s5f
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particle many-holelEE TFHIT 5 HEE gz.- 5.90,2% 5o90.2"
w —_— 374,37 ————— 3.74:3
BRI S parity B OEBRME L X4 2 281H 5 —— 3.35.0"
o . = 3r
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K Bornif 8l (D.W.B.A)IC&LD
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c&ihalf density radius, t{Zskin thickness Td»b, FHMEMI THEER
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B 04y

| Pu (T)=0,Y (0, ¢) ™’
ICFermi B DA

o (ry=F, v " (dopsdr)

& A IUIIEERFE O O WAL TS L n®) 3.74Me V 37, 449MeV 5~ % C OB %
FI7 D, W, B. A.9) THEATL 2o Bt Targe t B COBEIRSS £5 T Ey=249.8 3 MoV
Tflofco c&tkparameter & LTERMEICE k% (o, 1) ERDZo —IHTit T 5
(e, t)@%ﬁ’C’Eo=183MeV©data%‘_’E0=25OMeVVCﬁ%ﬂSLkO 3.74Me VHEEATITHS L
TRAH T AL F—603MeV T oo {Enmomentum transferdfTo Yale ) OH
SEVDDB, THNBEBRICLTE=250Me VICHEIL Ui, MMHEL O ERD b HEREER
co=3650F, t,=2280F (Yale, ’69)7), ¢q=3602F, t,=2531F (Stanford,
165)8) 935 5> T B ATBMICHE T BBICEENSD (co, to) THEDE e (g,
o) ELTY2leDYIEE LAETitTAcld3.74MeV Tl eo® 87%, 4.49MeV L 75
BICx B, Bbhjebest fitOW#HE Fig. SRUFig. 41CRLk, DO

1 g (ﬂlFt2|2-lF§xp|2)z
N—2 = 4 IFezxpl2

ZZ

B4 6 KU1 THD, Fig. TIC3.74MeV 37 [Cfit T AEBEMEE0,, ¥mli, #
EREOhalf density radius L YHMAINWC EZCh bERAKERL V[ <
BoTnbr L ERL Tnb, FICC OR#i L REERHERB (EL, 1)

B(EL, 1) =(2L+1)(./"rvL,0L(r) r2dr)?
DK% B, 3.74MeV 37 (X 295W. U., 449MeV 5~ [L 305W. U. &% o%ko Table L
ICHOBRr % &7 B(EL, 1) RUChb%Weisskopt B TEbLi, B, W. B, A. O
BREIRFEE 2 —%FH Lk,

3= EAL(C X F D particle-hole & &Y
629K 6.58MeV 3~ OMTEMIT 1st 37 Lk VoA ER L%k, BIbLFig. 61C

AFPRCdiffraction min, 2\ momentum transferfllic&E b, 2nd 4if -
fraction minZKE WV, ZOMREFEMEEE %G %D, W, B. A, TRHAEEH 1
Kz\no MILHEREE LB Teld 40588, LI 505HE VOIMMKRIES & o T—HE 9
BETDL, CNIBEZ LWHEE % & o AFTICHER S5 L5 4 5o
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IFI® ' Gillet & Sanderson(67) Transition Charge Density
. -t ,—\\
1074 t /t—\t o= 0.533f fir // %, Liquid drop model
/,’ \\+ \\ Co=3650fm
/ \ \ t0=2280fm
I \ ¢ =087co
! \ t =105to
i \
1075 ! \‘ ! \ I 2 3 4 5 6 .t 8 fm
\
V1
il ! Particle-Hole model('64)
! ,' \ ftr
v P \ 2nd3” Ist3”
1074 * + + P
* S VALY = s S T
~ L
3rd 3”
fir Particle-Hole model(’67}
1057 /\ 2nd3”
] AN - 7 8 fm
A \, /
0
Fig. 6 Pig. 7
Table 1. Reduced Transition Probabilities
Ex I B(EL)e?F22 | B/BW.Uu. | Yale | M.I.T. | I.N.S.
(MeV) (e, ¢e/) | (a,a’) | (p, P
8.4 (4+,57) 2.1(47)
8.4 2+ 18+4 04 0.7
7.9 (41) 2.7
7.9 2+ 40+8 1.0 1.7
6.9 1~
6.58 3~ (16£05)x103 2.4
6.29 3~ (20+06)x108 3.0
5.90 1—
561 2+ 1414 04
525 4+ (3.4+0.2)X10* 3.2
525 2t 16L5 0.4
449 5~ (5.09£0.70) X108 305 5.7 5.3
3.90 2+t 117£30 3 2.0 2.7
3.74 3— (1.97+020)x10% 295 31.7 17.0 18.0
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Gillet &y Sanderson?) {dparticle hole EAICHNC4Ca O parity
AT ORMIIBEA % ETE Lan, FICLBICREL TWwksingle particle energy IC
#LWEBREZ A, XWood-Saxon potential%F@L Toscillator length
parametor a=+Muw/ % EKkE{ (0533fm.) LCEMESEHEE L%, 3= % frid
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+<flafa, | i><j MY, 1), ><@,(r)1j,(gr) 19, (r)>}

FICKFOAROKE 2RO EICHT s BERVELRICHT 2MEY) %753~ €D
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TS 0L BRICHEER THBEREEER 57 2 D0 3= ORERFOBKIHEGEEZBN T
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EREHEEICHIET 5 DoRkobh b, cOMTEaillets 1) [0 5 TEHEL %o

027
O JT D)

+ < WYy ><flafa,li>}

cO (M) P <)Y 1 ><flafa,li>

COEREFig. TIGRT. chb*0Ca® 3~ OREM OERBHMEEOESIT “node 7%
Hoc b Thbo 18t 3— 0O, I AfmiICAkE peak %L, WMEA LLITNE, X,
D 1st 3= DO, ORAOILOEEMNef fective KNUDILERFICILLTNnELESE
i 2nd Rof 3rd 37 BUOFERSZ VORI IBEST RELZL ObN b, FEHE
Hsnode EHODIL 2s, 2pTh 0L hbOBEETAERNAENWEESL bILL,

Gerace Green BEEH & O b 8

400y Offkdouble magic nucleildEEEMNEETLTHA 9 LlEBauer
ot. al. IC Lo TIM Ik, ?) BETIX 0T (335MeV), 27 (3.90MeV), 4+ (520Me7)
BI(T+1) Oz AN F—FFHRLAEF LELONTND, X ca -FHIRICH 5K E NLER
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Gerace R Green18)718) 340 gn Ok T 3 )L ¥ — VAT % BRSO % SOHSAIIREE & & T8
T ryy¥LHEOmany-particle many-holefREEQEESELTHBEL IS E LAk, T
DEEINLEHEINAZB(EL) OEKRUERERY Table 2.CRL%Ak, EhbLRCHFparity
WATICH L TRER B R (50 L B4 b, CNUREHOFEIISingle Particle
Energy (SPE) DL Y HLHNENIND 5 TGeraceFELSPEC2DDset (FNTH
IR )EE >TRHEL TS B(EL) [d SPEICEBRICHI T { A28, HHC 3 ~HAIL S,
P.E.OTIL Ao EHRICINIE 2nd 3 ML 3p -3AREINT Y 50%ER L Tnbo —
FiE parityBAI T, 390Me V2T M DOT5W. U j3E% 4p -4 A REED6 0%, fi IC
2p-éﬁ>b§,€!§@ 10%RUBRET band 8 ATHE SN DEHN, EREZ~3.0W. U. T
K Eho HIT520MeVOt, 562Me V2T, 654Me V4T ¥R DFRSY Y XEMREEST Tld 7 s &
W oREY BB, Gerace GreendzhbO¥fI% 8p -8 OZEW band & LTB(EL)
HEE Lo CHICL 5 & 56 1MoV 3HEHE 0.17W. UV L THEEREIX 04+01W. U. T
3.9 0Me V2t LEIREBRMEOHFANK E o (G LF)

Table 2.

E_ (theory) E;(exp.) JT Exn(p-h)
& parity %47

pair present

B(EL)T)th B(EL,T)

00 MeV Ground OF 0p-04
3.5 MeV 335Mev 0F  4p-4h
39 MoV 390Mev 2  4p-4h 0.75W. U. 3.0TLOW. U.
5.25MeV 525MeV 47T 4p-4h
51 MeV 520Mev . 05  8P-84 »
55 MeV 5.61Mev 27 8p-8h 0.17W, U. 0.4+01W. U.
7.2 MoV of 2p-2+h

#¥ parity ¥41 .
3.78MeV 3.74MeV 37 1p-1A 27.2(230)*W.U. 3509+0.4W, U.
6.62MeV 6.29MeV 33 3p-34 1.9(05)W. U. 24+0.7W, U,
6.93MeV 6.58MeV 37 1p-14h 2.7(3.5)W. U. 3.0£1.0W. U.
45 MaV 449MeV 57 1p-1h 204(18.0)W.U. 30.5%+30W. U.
8.75MeV 5% 3p-34A 0.64(0.66)W, U.

# S.P.E, (Single particle energy)I & L&,
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NEUTRON SEPARATION ENERGY
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1) Pb, Bi

Energy distributions and angular distributions of photo-
protons have been measured with a broad range magnetic specto-
meter system using the (e,e'p) reaction on 209Bi and 208Pb.
Examples of the results are shown in figs. 1-4. 1In fig. 1, a
result of proton spectrum from 207Pb(e, e'p) is added. The
yield curves have also been obtained and preliminary results

°

are shown in fig. 5.
09 (0]

The energy distributions from 2 Bi and 2 8Pb seem similar,

i.e. they show a strong proton group around 11 MeV as shown in
. R 209 _ .
the results of 30 and 40 MeV irradiation. In the case of Bi,
a sudden increase in the proton yield is found around Eeez 18.7
MeV which corresponds to the El IAS of the ground state (2g9/2
209 , .

neutron state) of Pb. Most protons through this IAS leave

. 208 . .
the résidual nucleus Pb in several excited states. They seem
contribute mainly to the proton groups around 11 MeV mentioned
above. The corresponding angular distributions are isotropic,
which is not contradict to the contribution through IAS.

. 208

The yield curve on Pb suggets a broad resonance on proton
emission around 26 MeV. Cameron et al.l) observed 0o(§, p) +
oY, np) of Pb, and the (¥, np) reaction seemed to mainly
contribute to a cross section around this erergy. Protons around

11MeV in 208Pb seem to be emitted in this energy region. The

nearly isotropic angular distributions of this proton group is’
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also accord with those for (¥, np) reaction through compound
nuclei.

The angular distributions of high energy protons show
strong asymmetry around 90°. This indicates that a strong
interference exists between E1 and E2 absorption in high energy
region. The ratio o(E2)/0(El) is estimated more than 70%.
Existence of such strong E2 absorption is in good agreement with

s . 2)

a prediction by Morinaga ’.
The radiative width can be calculated from proton yield
' . 209_. "
for ground IAS (EX = 18.7 MeV) in Bi. TUnder the assumption
r'=]*p,T} is determined as ~200 eV. The W.u. for El transi-
tion in this state is 15.7 keV. The single particle radiative

width for the present spin-flip type transition (2g9/2 - 1h )

9/2
must be reduced and estimated as ry(sp):z.SO eV. Therefore the
[~
enhansment factor is estimated as 2 ?’ZS;; y:i 400. This value
]

is surprisingly large.

References
1) A.G.W. Cameron, W. Harms and L. Katgz, Phys. Rev., 83, 1264L
(1951).

2) H. Morinaga, Z. Physik 188, 182(1965).



40 -

Fig.
Fig.

Fig.

Fig.

Fig.

Figure Captions

20 207
Examples of energy distributions on 8Pb and Pb.

09
Examples of energy distributions on 2 Bi.

: 0
Examples of proton angular distributions on 2 8Pb.
Proton groups are indicated in an added enérgy distri-
bution which corresponds to the integrated one over
whole angle. For the groups B, C, D, the continuous
parts are subtracted.

. . . 209 _,
Examples of proton angular distributions on Bi.

: : (@) 209
Proton. yield curves for (e, e'p) on 2 8Pb and Bi.
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CRLNABLOIC1242MeV 7D compton peak M FICIZR 51z n, D. De
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FRED, XA IS WEERS CEPIBINLE, 'tiom,, - 51 Png OBAED log F i
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BICR I, HAERTHETE 530 Tho T BT FEEM~OREEHC, D
core DFEIC LB EELbNDEM~DHEOHH Y DB BETWA T EHD o B 1 H
#0.272MeV 72T ~D 1 BROKME I A WERLL, 1.056MeVHEEAIE 12+ ik
3,2 LEL b A, 151 2MeVHEEAIIL, 1.812Me VAL ILIC, 72T BAI~ND 17 BR
DOHLHELY, 3/2TRE5/2T EELZLND, MmO SBETHOIALTOMOE AT B
PEO Log fLIEE, THOBBORFL D, 1/2~5/202C 2 HOMITL 5 bh b,

§2 '8:Ndy, 0 # {15 i

l‘égNdM@EF'I&—FN 820Omagic number%fFDeven-evenEThb, HIEZ T

Omachine timeT, naturalX{fenriched targetZMWniERT, s58mg0
— 5l gy — oo Nd 5o DBEOBIC, '(oNd g, OF LA 2T L YIEFBREND 1576
MeV 7MY (0F) & TN Tnk 22 IMe VEEAL D L 1 IS ~OBR ICHEL 35 064 0
MoV rifEM L% %, FICHE L 24 7) SEoOnachine time ICRNTR

Ge(Li)—NaI(T1)CXAr-r coincidence, magnetic f-ray spectro-
meter ICXARNKLEREFORELITH, FHC 221 6MeVEAILI 0T THHZ LERETE
oo WK, 1.576MeV MALIL 55 Pras ® A~ BEEND, 221MeVEMOFEIMEIL 2 b
BENLRCTh?) 5iPmgy DT FENLEENONTWAEDL oKD TH b,

142 g DERIAR D L9ICL%o 7-7 coincidence HEEREEOEAICH, 10ng D
4 am% By max =50MeV CRE L, RHZREFIEHBROSEESICE, sngd**sn %
Ey max =60MeVTHRHFL (7, 2n) KIETIEo7%o 71O BRI 60min TS 5,

36cc Ge(Li)MMERL 370X 37 NaI(T1) ZHWTHIE LA 1576MeV rifigate
O coincidence spectrum%s 5KMICIRT, ERERODHREHEIZ62nsec THEA L
o 0.642MeV 7 KIAIEHICE  coincidence L, 1.576MeVERL cascade BRI
BT EWBD D, —FH, 06~09MeVHEIKOMD rffid coincidence LW, THHD T -
BOPCE' " PnOBRNHMOBR THH T HITIN TV ELTRERD 5,

Magnetic f-ray spectrdmeter'@fﬁufgu‘c l42gm 142 py 142 Nd OFREEIC
P9 2.2Me VIFTO AT 7O X <2 b v %8 6 HICRT, A&iﬁ(ﬁ%% 1A40min 25
L0RMOX~Z7 A THY, BABEHE 3 A 30mindb 154}&5@;@; b AT S Do 2.216
Mevfﬁuﬁ%ﬁtﬁ% O PRBERBFHIEE ICE e Shk, 2216MeV 728 B 8] &
NEWCLEEDYC, COBRIL B0BR T L LEND B, Thib2216MeVEAILOT

LITEAN B, AEOmachine time T, 0640MeVE2, 1576MeV E2 ZEBOW
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EBEHE L5 TERNHIE X ATEET S 5 ko KELFEOMachine time T, 2.216MeV
AT 5 OBBODEHERD BFETDH %,

204 5o OFEEER 1576 MeV 21 KU 22 16MeV 0F MefT~, g1 Pmgy 5 b O S BB
BHCELD, 5iPmg OEEREORE Y, SYFE, 1T THHLELLNE,

BoNT gr8mao— o1 Pmgs = 50N d sy OMIBLRE L 7THICHS

BRIC, c0EBRRTOICHK Y, pHERNAZKEN) =7 »Z7nachine group®H
# KU R, 1. EREOF «ICEHZE L E 3
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§2 Decay of '“La
. - 136
2-1. ABSTRACT: The isotope of 9.5min. ILa has been made by
the (¥, 3n) reaction on lanthanum induced by the 60-MeV brems-

. R, . 136
strahlung. The gamma radiations following the decay of the La
have been investigated with a 36-cc Ge(Li) detector, and the
following radiations (indicated by keV unit with relative
intensities in parentheses) are observed; 551.0(W), 734.0(0.7),
759.8(15.6), 787.5(1.0), 817.2(10C.0), 1270.0(2.0), 1306.4(3.6),
1320.0(13.8), 1492.3(2.4), and 1573.7(5.5). A decay scheme with

+ + +
levels at 817.2(2 ), 1573(2 ), 1604 (( )), 2087, 2123, 2137 and
2309(keV) has been proposed.
2-2. INTRODUCTION
The level structure of the neutron defficient barium iso-
topes is of particularly interesting for establishing the collec-
tive properties in so-called new deformed region. As an example,
134 . ' + oot + .
Ba is known to possess the 2 , O and 4 states at about twice
. + - 13
the energy of the first 2 state. The level scheme of Ba has
1 -
been investigated from the decay of 36Cs by several authorsl) 5)
+ +
however, the existence of the O and 2 states are still uncertain
. ‘ ] . + +
in the two phonon energy region. If the O and 2 triplet
+ . 136 .
members are there, the B decay from the 9.5-min. La (assuming
+
the ground state spin is 1 ) to these states would be allowed.

1
Therefore, we have investigated the decay of the 36La, and the

13
vibrational behavior of low-lying excited states in 6Ba are
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' discussed together with the already known neibouring nuclei.
- 2=3. EXPERIMENTAL PROCEDURES
The 136La activities were produced by irradiating
lanthanum metal (99%) with the bremsstrahlung from the SOO-MeV
électron linear accelator at Tohoku University. The isotopes
which may be produced by this irradiation of natural lanthanum
are tablated in Table 1. No chemical separation was made for
the 136La, since the yield of 136La can bevmaximized by choosing
the proper irradiating time and maximum energy of bremsstrahlung.
Thus, the samples was irradiated for ten minutes. The gamma
spectrometer used consists of a 36cc lithium drifted germanium
detecter, a low-noise pulse amplifier and a 1024-channel pulse
height analyzer. The energy resolution of this system is 5 keV
FWHM for the 1.33-MeV gamma ray of 6000. Energy calibration was

8 60 22 5 54
performed using gamma rays from 8Y, Co, Na, 6 7n, Mn,

5
13703, 133Ba and 7Co.

2-4, EXPERIMENTAL RESULTS AND DECAY SCHEME FOR 186La

The three gamma ray spectra were obtained by measuring for
four minutes after four minutes from the end of irradiations, and
were added up. This spectrum is shown in Fig. 1. The decay of
the intensity of main peak in this figure is shown in Fig. 2.
The relative intensities of the gamma rays whiéh were obtained
from the Fig. 1 have been summalized in Table 2 with their energy

13
values. A proposed decay scheme of 6Ba is shown in figure 3



Tablé. 1

R?ﬁ‘é&'@” Product Half-life Eg'fa"r}\%ig ray

138

f.n Ld 11x10'Y 142 MeV
f.2n La” exidyY no.r
£,3n ¥ 95m ?

s, P Ba® stable

t.pn Ba”  stable

r.p2n Bd*®  stable

. 4n  La™  195h 01~ 09
yod  Cs®  3x10Y  no.s
r.P3n  Bd*®  stable

550 La™  67m

foan  Cs'* 20y

r,a2n Cs™  stable

. 6n  La™  40h

4 Tn La®  45h

Table 2 Energies and relative
intensities of Y rays
from 136La, measured
in this study.

Energy Relative
(ReV) intensity
511.0 29535
551.0 \A
734.0 0.7
759.8 156
7875 1.0
8172 100.0

1270.0 2.0

1306.4 3.6

13202 | 13.8

14925 2.4

15737 55
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+ .
with the excited states of 0.817(2 ), 1.573(2%), 1.604((07)),

2,087, 2.123,

these states are also indicated in the figure. Beta transitions

2.137 and 2.309 MeV.

The transitions between

deduced from the decay scheme are summarized in table 3.

-

T 1T oo

COUNTS PER 4 MINUTES

L

T 1 T T TTT

0

17:20

T T T

[

104

Lo 111l

10

Lol 4 il

O

0 10 20 30_40 50
- ——— DECAY TIME(min.) —=—
Fig. 2
Table 3. Summary of the P transitions deduced from the
decay scheme
Level in Intensity(%)
5 Eﬂ+ v Logft Forbiddenness
136 B (MeV) Vas ¢
0.00 1.88 40.7 56.9 4.5 allowed.
0.82 1.06 0.1 1.1 5.9 allowed.
1.57 1.33 0.5 5.9 allowed.
1.6 0 1.30 0.03 6.9 allowed or lst
2.08 0.82 0.05 6.5 allowed or 1lst
212 0.78 0.1 6.1 allowed or 1lst
214 0.76 0.5 5.4 allowed
231 060 0.1 5.9 allowed
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2=-5. DISCUSSION

In this working, some new low-lying states in 136Ba have
been found and particularly interesting states are at 1.573 MeV
and 1.604 MeV which are about twice the energy. of the first 2%
excited state.

1) The 1.573 MeV level.

The crossover transition from this level to the 0% ground
state was observed in the gamma ray spectrum. The spin and
parity of this level is assigned as 2% (see Fig. 4). This is in
agreement with the result of reference 3. A interesting system-
atic trend as seen in the figure 4 are obtained for some low-

@
lying states of even barium isotopes. The gamma ray branching
ratio for the de-excitation of this second 2% state has been
experimentally determinedto be I(27' - O+)/I(2+' -‘2+) = 0.32.
From this value we obtained the ratio of reduced transition

probabilities as following,

B(E2 32t — 2t ) [1573\° 62 stepover
e . > ~100
B(E2327' =07 ) 0817/ 1402 oscover
1 +
where § was the E2/ML mixing ratio for the 2% - 2 transition,

and was assumed to be much greater than 1. This value of 100 is

in agreement with the systematics of the ratio of reduced tran-
- . X . 6)

sition probabilities for medium-weight nuclei.

2) The 1.604 MeV level.

This level decays only by the 787.5 keV transition to the
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1* La 1* La 10m
—p— 95mM
136
CS 13d 060(01%€,59)
223 () 2309 070(05%E54)
214 (5) | ={-2137
2.06 ~ (&) == =-é=i% 2 078(01%E.61)
iz X
i A 2| & 082(005%€,65)
187 + 29 918 £ .
T i €2 (%,) -—-]—-"l—Fb e P P -imm 1.30(003%¢€,69)
e8s § 3 3°7 1.33(05°%€ 59)
EXs K I8 »
i ,06(0.1%8%11°4€ 59!
B e ———— 2‘ T ‘ i il 0817 1.06(0.1°% 1:€,59)
g
g
N f 188(407% , 56.9°%45)
0 - o 0 0
136 136
- Balgo 5Baw
. (A) (B)
Fig. 3
. +
first 2 state. No crossover tran-
sition from this level to the ground
|20
state was observed in the gamma ray
measurement. From this evidence and
. 36 . + —143
low spin of La, the spin of O
could be assigned to this level. 10
4 =Q91-
Beside these two states, some -3 —GB1- -082-
. . ~060-
higher excited states are proposed |
—0.46-
136 . . 2 —035-
for La as seen in the figure 3. '
The gamma rays feeding from these Loo
o By ek, ok, e

levels can also be seen in the

spectrum (see Fig. 1). However, no

gamma ray coincidence measurement

Low-lying excited states
of the even-even Ba isotopes.

Fig. 4
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using Na(Tl)-Ge(Li) detectors has been performed, since the half=-

life of 136

La is short and the gamma transition is weak for the
coincidence measurement. Thus, the proposal of these levels is
somewhat speculative. However, the log ft values and intensities

of the beta rays feeding to these states (see Table 3), spin

values of these states may be considered to be less than 3.
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CAPTION
Table 1; Possible reaction mode on La by irradiation of the 60-
. 136
MeV bremsstrahlung. As seen in the table, La by the
. 134 .
(¥, 3n) reaction and La by the (§, 5n) reaction could

be produced by the 10-minutes irradiation. The 60-MeV
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bremsstrahlung has enough energy to cause lsgLa(Y, 3n)

136 )
La reaction but not for the 13gLa (X, 5n) 134La
reaction.
) 136 . .
Fig. 1; Gamma ray spectrum of La obtained with a 36-cc

Ge(Li) detector by adding the results of 3 runs. Each
peak is labelled by its energy in keV unit.
Table 2; Energies and relative intensities of gamma rays from

1361, The efficiency of the Ge(Li) detector used has

already been corrected.

Fig. 2; The decay curves of the gamma ray peaks. The solid
lineé correspond to the half-life of 10 min. and the
closgd circles are the experimental poin?s with its
statistical errors.

Fig. 3; The level schéme (A) are refered frdm Ref. i, 2, 3,
4, and 5. Proposed decay scheme in present work are
giveﬁ at (B).

Fig. 4; Low-lying excited states of the even-even barium
isotopes. Data are refered from Reference 7 and the

present work.

§3 Beta- and Gamma-rays from Protactinium Isotopes

3=-1. Abstract: Beta- and gamma-ray spectra following the
decay of protactinium isotopes produced by the photonuclear

reactions on natural uranium have been studies. The recoil
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method for removing the fission products from the irradiated
uranium sample has been ﬁsed to simplify the chemical separation
procedure for protactinium.
3-2., INTRODUCTION

It seems to be vefy interesting to study the level structure
of uranium isotopes not only for the reasons in nuclear physics
but also for the characteristic nature of these isotopes iﬁ
nuclear power projects. From the point of view in nuclear
spectroscopy, uranium nuciei aré considered to be well deformed
and, thus, to have relatively large moment of inertia. Therefore,
many collective states as well as intrinsic states are expected
~at rather low excitation. Most of these levels in uranium iso-
topes were investigated from the alpha decay of plutonium iso=

1),2)

topes by many authors. On the other hand, heavy isotopes

of ‘protactinium are expected to decay by beta emission to uranium
isotopes.

The decay of the isotope 237Pa was studied by Takahashi and

Morinaga in 19593) from the 288U(Y, p)237Pa‘r€abtion induced by

the 25-MeV bremsstrahlung. They had reported the falf life and

. N — -+ . — ‘
beta ray end point energy as Tl/2 = 39 _.3 min. and EF max =2.30

+ 0.05 MeV, respectively. By using the (d, £) reaction on 38U

induced by the 26-MeV deutrons, the half life and beta ray

energy of 236Pa were measured as Ti/2 = 12,5 + 1.0 min. and

%smax = 3.35 % 0.10 MeV by Wolzak and Morinaga in 1963.4)
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The decay of 235Pa was observed by Meinke and Seaborg in 1950,5)

and the half life and beta ray energy were determined as Tl/2 =

5 :
23.7 = 0,5 min. and E = 1.4 MeV. In their work, 23 Pa was
pmax

produced by the 238U(d, dn)235Pa and 288

5

U(P;d)zs Pa reactions
induced by the 19-MeV deutrons and 9.5-MeV protons, respectively.

In the present work, the heavy isotopes of protactinium have
been produced by the photo-nuclear reactions on uranium by using
the bremsstrahlung from the 300-MeV electron linear accelerator
of Tohoku University. Then, the bata and gamma rays following
the decay of these protactinium isotopes have been studied by
using a 8OO-mm2 Si(Li) beta detector and a 36-cc Ge(Li) gamma
detector.
3-3. EXPERIMENTAL PROCEDURES

In this work, the 35-MeV bremsstrahlung was used to produce
237Pa and 236pq by the (i, p) and (¥, pn) reactions on 238U, and

235

the 60=MeV bremsstrahlung was used to produce Pa by the (X,P2n)

. 238 .
reaction on U, respectively. The bremsstrahlung of such

. - . s . 238 .
energies also causes the photo-fission reaction on U and yields
many annoying fission products. These fission products have
various half lives and different chemical behaviours which will
complicate the chemical separation precedure for protactinium.
In order to avoid this difficulty, a physical separation technique
6)

to remove the fission products f£rom the irradiated sample was

employed in addition to the specific chemical procedure to
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separate protactinium. The sample for irradiation was a mixture

of highly purified (99.98%) natural uranium oxide and amorphous
graphite. Both materials were grained and meshed to the size
of about 10 g in diameter and mixed by the weight ratio of 1
25, This sample of about 500 mg was enclosed in a lO-mm‘diameter,
water cooled Pylex tube‘for irradiation. During the irradiation,
the photo spallation products can not leave the UO2 phase
because of its low recoil energy, however, the photo fission
products should be embedded into the graphite’phase because of
its extremelyvhigh recoil energy. After the.irradiation, the
saMple was dissolved into hot diluted. nitric acid and the
graphite carrying fission products was separated by filtering.
Then, the filtrate was boiled and dried‘to remove the 2.05-min.

15O activities. The assay was dissolved into the diluted

solution of lithium carbonate so that the 20.3-min. l:LC
activities from the graphite could be driven out when the solu-
tion was made acid at the next step. Thus, the 8N nitric acid
was added again. The code~position method with manganese di-
) - R ) . 7)

oxide precipitate from nitric acid solution of UO2 was, then,
used to separate protactinium activities. After adding about

5 ml. of the saturated solution of Mn(N03)2 to the nitric acid

solution, a few drops of the O.1N KMnO, solution was added for

4

making the precipitation of MnO2. The precipitate was filtered

and dried onto a filter paper for later counting. The time to
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complete this procedure was about 15 minutes.

The beta activities were measured with a SOO-mm2 Si(Li)
beta detector mounted in a vacuum chamber and cooled by dry ice-
alcohol coolant. The saﬁple, thus prepared, was placed in the
vacuum chamber at a distance of 1.8 cm from the detector. For
correction of the gamma-ray contribution, a 5-mm thick aluminium
absorber can be inserted between the sample and detector. The
resoultion of the Si(Li) detector used is 11 keV for the 624-keV
C8137 line at the operating temperature.

The gamma-ray spectra were measured by using a 36-cc Ge (Li)
gamma detector with a resolution of 9 keV for the 1.332=MeV COGO
photopeak. The pulse height spectra were recorded with an 1024
channel analyzer.

The half lives of the activities were obtained from the
analysis of beta- and gamma-ray. spectra and from the separate
measurement with a G-M counter, as well.

3-4, EXPERIMENTAL RESULTS

First, the decay of beta activities from the chemically
separated protactinium isotopes have been followed for 3 days
after the 30-minutes irradiation with the 60-MeV bremsstrahlung.
The Kurie Plot of beta-ray spectrum obtained at about 38 minutes
after the irradiation is shown in Figure 1. As seen in the
figure, 6 components with end point energies of 3.305, 2.630,

2,325, 2,000, 1.785 and 1.510 MeV have been observed. The decay
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curve for the 3.305-MeV and 2,630=MeV components is shown in

Figure 2. The half lives of these components have, thus, been

= 59

H+

determined to be T =11.6 = 1.0 min. and T 5 min.,

1/2 1/2

respectively.

The gamma-ray spectra have been measured for 30 hours after
the 15-minutes irradiation with the 35-MeV bremsstrahlung.
Figure 3 shows the gamma-ray spectra, thus obtained, with the
energy values given in MeV unit. The energy calibration was

performed with the gamma-rays from 57Co, 133Ba, 22Na, 13708,

54 65 6

0] 88
Mn, Zn, Co and Y sources. By using the method of weighted

least square fit, all calibration points were found to be on a

straight line within 0.03 % of the fitting error. The decay

s

—— —— 2 < |:.10: \
m ® £
N 5 3 1 e © .Y
2 .
~ 1510Mev e:_, \
x| a 8 Esm=3.305 MeV
S B e e 0 \ T=11.6 1.0 min.
(=
\ zZ101
. 3 F A
5 3 1 TSe @ o [
\‘N"\:J?SMW

Epnax=2.630 MeV
Ty,=59+5min.

Ll

..\'\...
T, 2000 eV
4 3 2 0-‘ % 55 g.%"
3 2 T \\\
“'\\'\.(@} 2325 MeV
R B —h
\H%‘“ 2630MeV
1o P S
500 700 800
T e, - 3.305MeV
Rt R .
o 7% ey o0 %6 700 10 200 0300
CHANNEL NUMBER TIME(min)



84

800~

e e, €810

0G0 — =g

K
3],

o

o'~" ° s s E : b
099Z—w. 3" s - ]
o. o.... ."E i ,.3E . :
D i @O -
\.".i:'. \: :t H ~ .. 4
Lez— 3 Hez—w et ,i
o oele ot
:.‘. U‘! ., * : .: s
Lorz—g¢ LT — )’ o,
LorZ— et e
ezoz-c':.'.';" EZO‘Z-—*.-.".; ' . :*; . d
?‘2 o:.::’ ¢ :.E ’
|r88'l_ ° :'. ::o.
5'79[‘—":‘. 5 :o e
) el yeLl- "
SSLL- SSLL-o
g s?}{‘l 3 :'::. ELQ‘L—’.:“:’ :
£ &0 kA
o . .o %
S 88si=t o Wi
§F o ozgioa? % 2, |
oo oS Y
b é‘ o BSYL— Y £
$ ;30 :‘?
eSEL—¢ 4 o
ng;“& 3’: 0921 - ss®
9 - 2, %
Ty : kX
86 LL-¢ . »
6SIL—g* ,.{ 63‘7'{!-'0‘ ]
yzbl—- } % | %
e
20— i) ZIo'L- -.-f? AT
7760 ... & 7760\, . N 6960 — -f
Y€60 — “"‘ €60 ~ ‘ogs 7160 — oy
LS ;
-_—-, - ‘.'. b o ee
€60 oot E6L0— w 9[’1.‘90 cade
9SL0~ "o 9GLD o ® g — o e0 T WY
WEO = 4 90— Ty
9690 — « . s s‘:
zm_:{ { 6590—s1 & v
2650 — =
2 f} 1€601. ., : "..‘
{ 0150y

.
a3
=
Sans?
S
O
[0 et
wJ
-
w
o
™~
i
o
0
o

107

10 [

Fig.



curves of the 0.308-MeV and 0.592-MeV gamma rays are shown in
Figure 4. The half lives and relative intensities of the gamma
rays have been summarized in Table 1 together with their energy
values.
3-5. DISCUSSIONS

As seen in Figuresl and 2, the 3.305-MeV beta-ray has been
found to decay with a halflifeof 11.6 % 1,0 minutes. This
activity had also been observed in the reference 4 by bombarding
the natural uranium with the 26-MeV deutrons. Figure 5 shows
the beta decay energy systematics between the protactinium and

236

uranium isotopes. The experimental point for the Pa seems

to be somewhat higher than the value expected from the system-
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Table 1.

Energies, Relative Intensities and Half Lives of

Gamma Rays

Energy Relative Half
(MeV) Intensity Life

Energy Relative Half
(MeV) TIntensity Life

Energy Relative Half
(MeV) Intensity Life

0.073 4.8
0.077 1.8
0.126 0.03
0.150 128 22.8m
0161 46 22.8m

0.183 155 123m
0.193 355 123m

0212 7.4 123m
0225 1.2
0279 22
0.308 1000 22.8m
0333 472 5.7m
0.356 3.6
0408 125 12.3m
0.435 8.9 123m
0453 3.9 123m
0.474 8.7

0.484 118 -
0507 23.8

0531 1.7
0547 5.6
0.592 43.0 12.3m
0625 3.8

0.642 273 123m
0659 105 16.4n
0.680 3.5

0.696 15.8

0714 8.4

0.744 217 16.4h
0.756 205 .
0.793 395 22.8m
0814 1.4

0839 59.3 12.3m
0852 15.6 12.3m

0876 6.5
0884 10.6
0914 4.9

0.934 56.9 22.8m
0944 402 22.8m

0969 2.5
0975 2.7
1.012 53.3 12.3m
1.032 1.4
1.124 8.9 12.3m
1159 16.1 5.7m
1.186 4.6
1.198 4.7
1.205 1.2
1.247 3.2
1.256 6.7
1.260 3.2
1.297 0.2

1305 6.4
1.345 3.3
1.353 1.3
1415 1.3
1.520 125 12.3m
1.532 8.4 12.3m
1552 1.3
1588 5.2 12.3m
1603 24 12.3m
1.659 1.5 12.3m
1673 2.9 12.3m
1.714 0.8
1.746 1.8 12.3m
1.755 1.6 12.3m
1.830 1.6 123m
1.845 3.3 228m
1.881 1.3 5.7m
1938 0.9 5.7m
1.959 0.6
1.980 0.3
2.003 1.4
2.023 19.8 12.3m
2101 1.5 5.7m
2311 1.1 22.8m
2640 0.4 22.8m
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atics. However, we inclined to assign this 12 min activity to

be due to the decay of 236Pa or its possible isomer.
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Captions

Fig. 1. Kurie Plot of beta ray spectrum measured at about 38
minutes after the 30-minutes irradiation with the 60-MeV
bremsstrahlung. Curves B, C, D, E and F correspond to
the Kurie Plot after subtracting the 3.305, 2.630, 2.325,
2.000 and 1.785 MeV components, respectively.

Fige. 2. Decay curve for the 3.,305-MeV and 2.630-MeV components.
Contributions from the background and long lived activi-
ties has already been subtracted.

Fig. 3. Gamma-ray spectra obtained with the 36-cc Ge(Li) detec-
tor after the 15-minutes irradiation with the 35-MeV
bremsstrahlung. Spectra A, B and C have been measured
ét about 19 minutes, 1.2 hours and 21 hours after the
irradiation, respectively.

Fig. 4. Decay curves for the 0.308-MeV gamma-ray (Curve A) and
0.592-MeV gamma-ray (Curve B). The 0.308-MeV gamma-ray
was found to build up with a half life of approximately

5.2 minutes first and, then, decay with a half life of



23,5 minutes.

Fig. 5. Beta decay energy systematics between the protactinium
and uranium isotopes. The estimated values and
experimental points were obtained from the references 8
and 2, respectively.

Table 1. Energies, relative intensities and half lives of the
gamma rays observed in this study. The relative inten-
sities in Column 2 have been normalized at the end of the
irradiation and the efficiency of the Ge(Li) detector
used has already been corrected. The half lives listed
in Column 3 are the averaged half lives for the gamma

rays considered to decay with the same half life.
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BMIREM AT AL, BR(290K) CHNT v 3 =0144¢ %20 X ALI( O =
395 °K) OREICHIT B/ 52 =01TAL DI (¢, Mgo( 6 =750~890° K) D~/ 3 =
011~0108 X h K ENETH B,

1) A, RS

vo0l. 2(1969)No. 1, 81



g1 %
) ot v ] FAEE (°K)
#® o | PERE oo s Al g .
( °K ) 20=90"% | 20=158"%
123 30gH;B03/ 1H,0 5RTgM
496+12 468+10
292 " 3 30
113 bt 7K 5 30
Ti0y 9 600+39 460t 6
292 " 4 18
107 10gH3B05/ 1H,0 4 05
405+10 492+ 5
290 " 5 10
152 10gH3BOg 1H,0 8 30
Ti00.8 528+ 2 523+ 6
293 " 4 52




HEPFHE Vol. 2 No. 2 Dec. 1969 117

I—5 & & % WOs o & & i 7

B EE  REBET . & B T A E
MRS - (IE $H - AR S
EL RT-mE REE TE™
FEARBE T ANILH ESE" « KA —¥E"

=} =)
W%@ﬁﬁKkMTEMEﬁﬁﬁﬁ%%O@T%%m%ﬁﬁﬁf%b,ﬁ%%ﬁ%ému&ﬁ
FEEOTREELTIBMIN 2 BORELERVBELN THE W,

RALORE RREEFITOBR AR E I N A B TERC, 2 CEE LA LICEERE TR non
polar T& h BFEMEOTREMER a LI bEIFE TH S & DN Tin b,

—75, WO3 [LWOsx & 5 ZHOIEMFERVHEDOS OHHEEL, MKz W0, E£2 bh
5 DEBIT L,
&AHC@%%K%¥@ﬁﬁ&%B,é%Kaxmbﬁﬁwﬂ%%ﬁﬁﬁ&Mﬂ&%«ékb
{100}, {200} REWKHEL L% OME % H~ro

£ R &L FER

%ﬁéhfméﬁﬁwihd (mo)(om)uﬁﬁ&%f%b(um)ﬁ%éhfméo
XS T HBEE (200) O =5 T%éo¢ﬁ%mﬂbfdt@k@ TICHRIND,
REE T2 BRI €2 WO, BRE AN, Scmdx5emd Al By 7+ (CHEA LIBSIE 255
P oo

30° RTE {200} lE~355F 4% »FMCHLDN{100} 1 680F 5 4 ([CHLLRL
BFTasb, (K1) EEERE(100} CEED 95 peak@RREANAE 5% LL

{200} OBE  HBAINE (, SEIOER CIIH L kR HFBbhidhoke HILIK, £
BHOBHNROZT I NS,



118

COUNTS
* WO3s POWDER
600 | . 26=33°
. 12ﬂA,252MeV
0 16ﬂsec/Ch
2hr
400 4
o
S
|
S R % B % B Ly

CHANNEL



B BHFIH% Vol.2 No. 2 Dec.1969 - 119

M—6 A RBEBHITE DA A S5 ONFIIPIEE (4)

mEHHE  LWER - FHEN
TR - EHRRA
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W —1 BEBEECIA»ERICONSE

By B R BRE—
TREEED - 52 ER
e o T HE

1 250MeVHIBIGRSICELD (7 , n ) RIGOBE W ERE (FEER)

BT A0 TR L BIBRRIS OICE %05 DI, (B4 0L B OITE W5+
BEEO (1, n YNIGOWNREDHMETH L CE R, T, COEELZL (17, n)KIG
OUEEICH + AEBEEE & T 5 BRI CTU T OEBRE1T 5 720

EFESHR 605 812 TOMO 1 ABOTERE A —F » PE LEAZFAVFE—250MeV Dl
BES TR L, BEMECLs T (7. n) RIGOHE 2 BAMTEEERD 7o BEBEOLE
il SR EE R D, 5ICBarbert ) 2Rk 120 (1, n)'' CRIGORAKEROME ,
0.084£0.01 MeV-barns %HWTHEH '
e BRI & Lo
BOnNKEERTESZICH LBR S L
B10 & 510k B HBOZIDIC, Goll- 100¢
Mann 62 2SRRI & L T8
WTR R OFRRR R IR ERREF 2R AL TR
Wi BB E R PICE L oo HEAERR
CEWnWTHEE IR {—FLTW» %, BT
BFEBREIEC, #c®Tau(r, n)

e Experimental

¥ A @ ¥ (MeV-barn)

— Theoretical

196 4y 220371 (7, 1 )20201C |35 N M:CI
. Foe

WEMEL h e, [ 't

X R

i 00l
1) W.C. Barber, W. D. Gearge,

G 10 20 30 40 B0 60 70 80
R3%&% (2

D. D. Reagan, Pnys. Rev., 1 (7, n ) RIC OB R
(Ermax =250MeV)
98, 73(1955).

2) M. Gell-Mann, M. L. Goldberger. W. E. Thirring., Phys. Rev

ty

95, 1612(1954).



124
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L 3D LoD, WEREITIEHEEENW TR THT ENRE LD EE o 7

OEWCLEB < H300mg 2250k Lf200MevEIBEEAcRE L, (7, 4pxn) KIG
THEUBHSEME 27 > Y 2 2B BRIELT, WRERE Lo AERICTEREH 743, 44
(neta stable ¥ L{fground state), 46, 4T LF48D6FND =% 7 ¥ 7 o8
FERRH I Nk FNEROIEE M (7, 2 ) Mn RGO BICH 3 2E0E & LR
%ﬁ&ﬁ&éﬁi&ﬁ@ﬁ%ﬁwﬁ LT7my b, MADLD Y OFEEBL, cOBERIFT 200 %
IV 250MeVORFICONTH Sc(stable) KHGTAMEICE—2% B T 728RE LB
e, 8 e ORI FIET 110E v,
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Bt vy a 28—y %150, 200 LU 250MeV HIEEH TRH L, P2cs(r. 2pan)
RIGICE > TERT 53 v BEEE A HHEL TENTRORE LR D%, 150MeV TIHIBIT,
126 7 124 T g p (X123 T O ARREAMRH ANy, 200MeV I ETCIH A LOMICT 20T B &
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N

TBETDLLENTE by
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FLBWELR M InD
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LIZBE I ND 0 TR aEr it CE—7 Lk bHRAMME b 5o — B ICHREUS
DERD EHRACAMCHABLL 52328 (1, p), (1, 2p) &\ sl A R IGDER 4
BT LD EER TE L NAE WE L ITHEIE S DR TH ), SHE CEBRE %1 5T ETH 5,

X Bk
1) G. Rudstam and SORENSEN J. Inorg. Nucl. Chem. 1966, vol. - _

28. pp. 771—794.

4 (71, n)RIBICE DHBMFERLL (EERLE)

MBI s E, (7, n)RICORRIEEERLICET BB 217 > o EBRE HUICRIE S
HICOWTIE, %81 LA TH Y Huiz enga & Vandenvosch 2) OEEHUE ik WiC
BENAC Y 5 b7 55 4 = 2R, ) TRV o EHICON THE, HROBE
BB b ICH 7210 ¢ Vi LB BT\, MBICE U v 5 L8 A% 3 0 4% 30MoV # BiES TR
SLT 8250, 1391920 ORRIMHER 2187, BRER 2IGR L, R, 12081 O f
FEBHER (ME) 0 F — 4 2FM L 3D TH 5,

R2 EBERLACY 7, b 4755 2 =2 —OFEE

Er(max) . B (= & Oe
St | WBEERE | 0 exp a 5
MoV (a) (v) cal
Sgec 20 0.154001 2.540.1 2.72 2.71 092
55 Mn 45 0444001
tge 30 0.79+0.01 >5 3.05 2.6 4 >1.89
81py 40 0.324+0.01 >5 3.75 3.63 >147
82g5¢ 30 0.574+0.01 3.140.2 376 3.75 0.82
107 p o 30 0.06-+0.01 2.240.1 4.26 438 050
118 T p 30 0.724+0.05 2.94-0.1 4.43 445 0.65
Mbog 30 0.2440.01 3.140.2 468 4.67 066
121gyp 30 0.13-40.02 3.140.1 4.57 4.55 0.68
12274 20 0.3740.00 >5 443 4.34 >1.15
128 g 30 0.13+0.00 2640.1 4.55 461 0.56
1301 g 30 0.26+0.00 4.040.2 4.54 456 0.88
18409g 30 0.30+0.00 2.440.1 5.56 5.4 4 0.44
192 g 30 0.92+0.01 >5 554 5.6 0 >0.89
198 g g 30 0.05+001 3.440.5 5.17 5.10 0.67




129

856, 0By, l2l7e, 19104 COWT, 58D TOX—EHERL K E CETFhT,
ETSUEDEER 5 TWwh, T T, BEAEE B L7cs 20O BIEER ICRELEE LK
KICL 2T, ACZ N5 b 4735 A— 2 HEH ks

2
02 = Jrjget =m? eget=00888eaet A3

CORIGEA LA B TR R 2B L% Camoron & Nowton OFES) TR
Wi, Thbld, &4, 518E), D) IKHIET LD THh b, MEPEHLBE LTI 86 % B
W, KEZEABRBONE V, Texp /0 cal F5EHY) TONZERIGE > b0 L, ¢ OIE
M2bREFNEP8e, 0Br, 121Te, 19108 200D/ V—T1C5H NT by 0 cal OE
HICA NG BBETEI D 0 cal ~DOFE, T2 BLEMNEOELD 0 cal ICH L 10~30 BT
EBRDNBDTOexp /0cal DENVWEE L BICIT0cal LVIF, ¥+l S Huizenga &
Vandenvosen?) OBMVHAFICHEMAD 5 LEDND, COFETH, Rodxt JhiE
NORERICGH 3T AAGHNEI GO B EEZE L TW A, ChICHE 2. TAMGEOES, 2 2IC
DT, FRRPREEZEHMERBICHK » CRESERE L OBPEN LE 2 27 b, BHEED = ¢~
%,é&&@ﬂﬁy%.%#,ﬁtf%é#%.&Eﬁ%iﬁmm%éﬁmﬁﬁm&%KEﬂéo'
B> TENEND Oexp OEDPHEICITREDTZ WETTH B, LA, ERFERIC LN, +h
THBREUEERLEE LR 2, MO, vV /g, 4230 2BBRETIEL bhb,
121 Te OHWETFIRHBED A ¥ < EBE 4L Tauadwpole £ S Bk Oexp Ny =3~ 4T3.2
F02&% b, Pse, By, YlosZHTIEBETH B, £ o, ﬁ77$ﬁ%20)multip,ola—;
rity, multiplicicyBXDWTIHAEHRANWELEbHNSs

3L fak
1) BEAESSE vol.2 (1) 1969.

2) J.R. Huizenga, R.Vandenvosch, Pnys. Rev., 120,1305,1313,
(1960)

3) A.CGilbert, A.G.W. Cameron, Can. J. Pays. 43,1446 (1965).

T. D. Newton, Can. J. Pnys. 34, 804(1956).
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OKRELERZDTEENSEHT ENTEL DD, AEOHBHEIIIRINDCLICE 2o TOH
LIS ASERE IR B O TRER OMBITICY » TEA GO KGR, SR 7 EOARE H b
LT A Et LT S8 CRIRM 2 ERSEEHEHL2ICT AT LR IER X MBE L % %0
ABhgE TR TR Vv F —2840, 45, 60% XU 65MeV OFIFEBHRT vy 2a2BH L, (7, xn)
TH L BHSE v v 2R L O (7, 2pan) RIGTEL 52 vEREEABIE LT, Tht
NORIGIRR 28t L, WM & LTHWBICHS 2 L TR0 T3 VX —EfN L+ v v
LLAVEOREREEANCERE R Lo KT ANVE—% 405 L0 45MeV & LTHR
HLUEekE (7, 4n) 2 TR VY 2BEE LU (1, 2p), (7, 2pn) KX A3 Ix X Uf
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Abstract

Chemical Effects Associated with (Y, n) Reaction in

Potassium Chromate

5

The initial retention of lCr produced by the ', n)
reaction with an electron linear accelerator is strongly
affected by the bremsstrahlung-dose rate and is higher than
that observed in the (n, ¥ ) reaction. Even in the solid
solution of the potassium chromate in potassium chloride

. s . 51 . .
matrix, the initial retention of Cr is very high, ~75 %.
i 49 51, .
No isotope effect between Cr and Cr in the initial re-
tention was found.

In the thermal annealing reaction, a rapid increase in
the retention with heating time is observed, but the pseudo-
plateau value is independent of the temperature below 120°C.
These observations suggest that radiation anneéaling during
irradiation has a very important role in determining the

. . ) ., 51
chemical behavior of the recoil Cr atoms.
The experimental results can be interpreted reasonably

on the '"crystal defect'" model proposed by Maddock.

1 #% =

194 04EICLipby' ) # 7pilliard-balls model %M LTLR EELaly
Do b7 b AEEICDNT, 85 O ARETATE fen BICT 3 8F5 ) 7 41, Fikh
ERBDER T &, B P L ORISR ICRETH BT L, X LICARERE +55 or
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(a) Initial retention

78 nBR 7Y Y ACONT, FIBHIRT A v % —, C— A8 (ERE) & L D HRHEE % 5
2T, ¥0r L CritonTEFRAPID initial retention(Ro) #Rv>AKEE %
Table TICE LDTRT, KEBEOHPEA T, *°Cr L 5'Crdinitial retention
WRUTH Y, AEDREAOAZN. (1, n)RIETE, (n, TYRIEOBE LB LT,
initial retention W&, LA d4MHEOMINEEICHEEICE % > TWha,

(v) EW7=—) s (Isocnronal annealing)

FK 4 5oV (~50 1) BUBHOHT 2 85 0] 8 L7c 7 5 A7 ) 7 AlCoNT,  FEmE
TOEMmMET =~ » 2|, CrD) Ty g v T ) Yy IREICELTT 2 b L7k
RMNFig. 1 IGRINTW S,
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Table I

Initial retention

values of K,CrOy4

Ry (%) Irradiat ion condition
No. 5zcr (7, n)'cr %cr(r, n)PCcr MeV #A Time (m)
1 74 - ) 30 50 ~60 20
2 75 - 30 50 ~60 40
3 77 - 30 50 ~60 60
4 79 - 30 50 ~60 120
5 76 - 45 50 ~60 40
6 82 . 84 45 50 ~60 120
7 94 - 45 120 120
8 82 - 60 40 ~50 120
9 88 - 60 40 ~50 180
10 84 : 86 62 50 ~60 120
11 95 95 65 140 180
5°Cr(m rYlcor 1.3x10'%2n/cm®/ sec for 10min
GQSjOA”) in water-cooled hole at 25T

5o
(c) BRT=—Y>7/
(Isothermal
annealing)
2K 30MevV(50~60u4) fl
SR T 4 08 RS L 72508HC
SwnT, 1527, 1857, 228
L2770 cTERBT=—) ¥
I ET% o T,

Fig. 2IKR b BIHIC, 7
=—1) Y HRT, BRI ES
A &EFNICG I EFNTW BP0
CEBRICHEM T 588 (%77

F—EA) KR T RS-

100
z L
Z 90
=
z
w
—
il
o
80
| } 1 1
0 50 100 150 200
TEMPERATURE ( °C)
Fig. 1 Isochronal(6nr. Jannealing of

(r, n)

reaction in potassium

5t cr produced by the

chromate.
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in tne s80l1lid solution of K,
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Fo THEBOBR LAKEBOBRIEFRCELFT Thb, COARKER LT, BBEEEBWT

ko nERERE, 2LDOMNTable IITH L, B—HE T, BEHUELCLI-T, V7
Y g YBEREBLTEDPHALBIGRINTNS.

Table II Apparent retention values for 5'Cr in the
solid solution of X,Cr0Og; - KC1

15min(60MeV) 30min (60MeV) ,
No. of 150 150
order moie% Ro(%) R (%) mole®d Ro(%) Ry (%)
g 100 98 98 1 94 96
2B 1 90 90 2 92 91
(0] .
31k 2 89 90 4 87 86
Lo}
4 4 83 84 100 96 94
~
571 100 90 90 2 78 79

150 . . . °
R4h . % retention after 4hrs neating at 150(

Ry : Initial retention

4 £ =

(r, " VRIS X » TRBEFBAR® T 3 v ¥ —1, (n, 7)KSOHSICH LT,
#1000fEKE VN, TOX 5%%%@1@2\»#‘—%%okﬁ%mﬁmfﬁmovwﬁﬁéﬁ*;f: L
3, ERCREH LT T 25, MEAE L TRNPCEBIGET T28BT=—V >~ 7%
E0ih b, EFEHarbottle!?) I, Zra@rn)van (n, 7)) FHECENTY, RBEE
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BICAKELCwETEhs, BET ORHB T=—Y > 7OEBIER CE A W L2 REL
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Table. 1 Solubility of UOxA, in organic
solvent, 25C

Solvent Solubility, M7
n-Hexane 1.0x 10-3
n-Heptane 1.2x 10-°
Cyclohexane 1.4% 10-5
Benzene ) 20% 10-2
Toluene 15 % 10-2
Isopropyl benzene 2.9x 10-3
Monochloro bengzene 2.0x 10-2
O-Dichloro benzeno 1.0 x 10-2
Trichloro benzene 32% 10-3
Me thylene chiloride 7.0%x 10-2
Chloroform 2.7 x 10-2
Carbon tetra chloride 7.8 X1 0%

¢ BAEEAR, OABEHEE 7 A—4—%53, (1)RN%2JIELCLTEL OBEFEF TOxv—
FOEBRE Tyo,n, ER W, EHBE Sz (EN7 7 7Y 3 ¥FER) LOBMK #FPig. 2 CRT,
KR OBEHEICDONWTIT slope -1 DEMBERETRL, U02 A, OB BE ORAINETEREE <5
A—42 T TE b, n ~hexane, n-heptane, cyclohexane, CCl, THEH
Pk ERBOFNER e * V- b OBREOK 5 WEE T, BIFRTO U024, / Ha 058
KEL, FEICHFTHKOEEIER T2 B0, BEEEDO/Z\Wn-noxane EOEE TEA
AF IFECEE T 220K E2BOTNEET L IO LETEI NS,
AEICHE L CBRERTFEIRD bhABHEICE > T, ZORZADThBR B LN 5T L3t

WLAARETEIN S,

B’ 2N
1) HRen, SKEHE, HEE—, BISET, SEFE®SE,  vol. 1(No. 2),
133(1968).
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