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(î g : %^JA#) 

13. ^-s^^J^^ct't^?gtBM ^ B IE ----- 195 

14. "Nb(D^n^^?n^ic^^^^g^$^^l:b Ma#93 210 

15. 2E3l^'<.^tt'^?a$gTa^cW; 

- ^ B ^ (^^MO^M) - B^QB^ 228 

16. JM^<3$#f!=9m B S ^ - 240 

17. E ^ # ^ g ^ ^ 3 ^ - ^ < D ^ F 8 W^^ngA 273 

is. 7^-M?g%a%Ls<^7--37 n # ^ ^ ^ 
19. ^t5, JoJ^n^O^ J^B^^l^ 281 

!l! 



JAERI - M 8769 

Contents 

(Chairman: Ryuzo NAKASIMA) 

Opening Address Kineo TSUKADA 1 

ENSDF-Its Structure, Contents, and Use in Applied Research 

M.J, MARTIN 2 

Evaluation System of Nuclear Structure Data (ENSDF) 

Tsutomu TAMURA 17 

(Chairman: Kichinosuke HARADA) 

Gross Properties of Low Frequency Nuclear'Excitation Via Quasi 

Rotational and Gamma Band Mitsuo SAKAI 36 

Structure of Vibrational and Rotational Nuclei 

Takaharu OHTSUKA .. 48 

(Chairman: Kazusuke SUGIYAMA) 

On the Uncertainties of Neutron Cross-Sections for Reactor 

Dosimetry Masaharu NAKAZAWA and Aklra SEKIGUCHI . 66 

Report on Nashville Conference (International Symposium on 

Future Directions in Studies of Nuclei Far from Stability) 

Kazuo HISATAKE go 

Brief Review on Activities of Japanese Nuclear Data Committee 

Shigeya TANAKA m 

(Chairman: Kazuo Hisatake) 

Theories of Nuclear Masses and Beta-Decay Half-Lives 
Masami YAMADA 115 

Estimations of Experimental Beta- and Gamma-Decay Half Lives 

Zyun-itiro MATUMOTO . 134 

(Chairman: Toshio KATOH) 

Precision Measurements of Gamma-Ray Intensities 

Yosei IWATA, Yasukazu YOSHIZAWA 

Toshio KATOH, Tetuzo KAKU 

Yasuo IINUMA, Jian-zhi RUAN 

Toshiyuki KOJIMA and Yasushi KAWADA ... 155 

IV 



JAERI - M 8769 

12. Gamma-Ray Production from Neutron Interaction and Nuclear 

Structure Study Kazusuke SUGIYAMA ... 174 

(Chairman: Hiroyuki MATSUNOBU) 

13. Level Density and Neutron Cross Sections Tadashi YOSHIDA .. 195 

14. The Isomeric Cross-Section Ratio in Double Neutron Capture 

of 9 3 ^ Toshiaki SERINE ... 210 

15. Present Status of Two Successive Neutron Cross Sections-Use of 

a Chart of the Nuclides (Half-Life) Kazuaki NISHIMURA .228 

16. Recent Topics on Decay Power Kenji TASAKA 240 

(Chairman:- Kokichi UMEZAWA) 

17. Biological Application of the Nuclear Data 

Kensuke KITAO 273 

18. Actinide Incineration and Nuclear Data* Hideo KUROI 

19. Concluding Remarks Kichinosuke HARADA . 281 

* Only orally presented 

V 





JAERI - M 8769 

1. ^ ^ 60 # 

Opening Address 

Kineo TSUKADA* 

#^ fĉ /c -?r(i, %^^^'^?^-^^^^D^^'^gn^^S^^B^^^t ^ ̂  <!:̂ ^ .̂O 

T, gH^^gf^na^^M-^^s^, ̂ ariii^^aT^^^a^^ic^rng,^^^/;^, ^ 

^^ {i <1 Ôlc ̂  ̂  / c ^ T ^ §. <1 ti,^M^#^l3^- ̂  ̂ p^^^^jg L /;^^T^ 6. 

1973^, ̂ 'J^s^ (Symposium on Application ofNuclear Data in Science and 

Technology ) ̂ t^t^H^f&J-DTic, ̂ #^rf-"-^ <D4X̂  . =^{SE^^y^^^^{C3§^^ 

LT, IAEA^'L^T^T, %3^10^{iKDnMTfi^^"r^^Nuclear Data Sheets/I^ 

<D^A^4^-^^f ̂ ^^L^o^^T^^^-t^^^^^^^tL/--:. ̂ ^gic^^?^^ttfc# 

M^t^<W#^f:bfL/c<, ̂ tmH, #{C^#!a^X##^^Sf(D#^#(D^^^^§^^ 

A^^, iR^^c^iC^I^^^^IM^^. ^(D^o^nncDYH 1977^J: 9 ORNLO Nuclear 

Data Project ̂ '^^&^0, ^ B^^^Vn^B^^St^^^fC^^, ^*g*<T^A=118 

-129^$!J9^t^tL, gm^^^±^"U^%-. ̂ [Hl, ORNL^O^^^gic^^t^/c^, Dr, 

Martin ̂ B 3 t i , ^^^^{C^O^^^^^ttfc^^T^^e )5}A{i^^W^^"e^ 

Evaluated Nuclear Structure Data File H-o^t^t^^ic^-i-r^a. ^^'-7#n 

^fD/5K!^^ < 0ggg^gr<DW^#7^#Rnt 6 J: 5 ic ̂  ̂  /c ̂  ̂  ii ̂  ̂ '-7Sg^(7)^n^#<!: ̂ ' 

^^ia^^^-^$PT^^^^O-g^{Cr?^T^ up-to-date ^^<^^^%^^W^tL§ 

^, M0^^^^T^^^$tLf^^'-^-/5^¥B&!OK^:^t&^^^fS]^&^. ^ H ^ M L ^ 

^ ^ ^ ^ ^ < , ^^l^{c&^^Mm^ax^^/L-e^<^^^5-3. JENDL^glic^/c^-r^ 

^oj:5^a^^#^^5^o^r3<^-r^<±-r^^ir^6To 3^, B!^^^^-a^#& 

^ BAJHSf- Atomic Energy Research Institute, Nihon University 
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2. ENSDF(?)^, ^^^J:^l^MW^^^{f^W^lt 
(Invited Paper — Japanese Nuclear Data Committee Nuclear Data Workshop, 

Tokai-mura Ibaraki-ken, Japan, December 10-H, 1979) 

E N S D F - ITS S T R U C T U R E , C O N T E N T S , A N D U S E IN APPLIED R E S E A R C H * 

Murray J. Martin 

Nuclear Data Project 
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830, U S A 

I. I N T R O D U C T I O N 

The availability of evaluated radioactive decay data is of prime importance in a wide 

range of applied fields, such as medical practice or research, health physics, industry, nuclear 

power, and environmental impact studies. I wish to discuss a computer-based system for 

obtaining the energies and intensities of both the nuclear and the subsequent atomic radia

tions from radioactive nuclides in a format suitable for direct use by researchers in the above 

fields. 

Applied researchers are not usually in a position, whether by training or by consideration 

of time involved, to seek out the best nuclear decay data for the particular nuclides of 

interest to them. Furthermore, even if such could be done, the result would be duplication 

of effort on a large scale, and the resulting proliferation of data sets would result in confu

sion in a field where standardization is an essential ingredient. Such evaluated standardized 

data sets are available as outputs from the Evaluated Nuclear Structure Data File designed and 

presently maintained by the Nuclear Data Project of the Oak Ridge National Laboratory.' 

II. N U C L E A R D A T A P R O J E C T 

The activities of the Nuclear Data Project (NDP) can be broken down into three categories. 

It functions as a documentation center, a data evaluation center, and as a data center. 

* Research sponsored by the Division of Basic Energy Sciences, U. S. Department of Energy, under contract 
W-7405-eng-26 with Union Carbide Corporation. 

By acceptance of this article, the publisher or recipient acknowledges the U. S. Government's 
right to retain a nonexclusive royalty-free license in and to any copyright covering the article. 
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A. Documentation Center 

The first and most basic activity is that of scanning. Journals, reports, etc., are scanned 

for relevance to nuciear structure physics, and keywords are assigned. The assigning of key

words is an important step, since all subsequent searches and retrievals of the data files are 

based on these keywords. 

After the scanning is completed, relevant keyworded articles are entered in a computer 

base to form the Nuclear Structure References File (NSR). From this reference file are pro

duced many user-oriented outputs. Among these are the following: "Recent References," 

published quarterly with a yearly cumulative volume; searches and special bibliographies on 

request; reference lists for evaluators as they begin new A-chains with monthly updates as 

needed. 

As a documentation center, the N D P functions as a "library of last resort" by providing 

evaluators copies of articles which are unavailable at the evaluation center outside of Oak 

Ridge. 

B. Data Evaluation Center 

As a data evaluation center, the N D P , along with centers in the U. K., Japan, The 

Netherlands, U. S. S. R., West Germany, Sweden, and most recently France, is staffed by com

petent physicists with communication skills. Each center provides, to varying degrees, library 

and document support. The N D P has provided the basic evaluation tools and techniques, i.e., 

computer analysis programs and evaluation experience. As the new centers progress, they will 

probably develop additional analysis tools which can be fed back to the whole network. The 

N D P has provided the presently adopted set of standards and conventions for data evaluation. 

Again, in the future all centers will become involved in deciding on modifications to these 

standards and conventions. 

Additional leadership roles assumed by the N D P involve new-evaluator training, design of 

A-chain review procedures, and publication of Nuclear Data Sheets. ̂  

- 3 -
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C. Data Center 

The core of the NDP's data center function is the Evaluated Nuclear Structure Data File 

(ENSDF). I will discuss this file in more depth later, but basically it consists of a set of 

evaluated data sets for each mass chain, including adopted level and decay schemes for each 

nuclide in that mass chain. 

E N S D F contains reliably evaluated data on all mass chains, with a present goal of revisions 

on a four-year cycle. The N D P data center has developed programs to provide for flexible 

retrieval capabilities from E N S D F with varied display formats. The Nuclear Data Sheets are 

produced directly from ENSDF. Later in the talk, I will .give some examples of output for

mats geared to special requests. 

At the present time, the N D P is responsible for maintaining E N S D F and for distributing 

copies on a regular basis to the other evaluation centers. 

HI. E N S D F 

As mentioned above, E N S D F is built up of evaluated data sets. Data sets are entered for 

each nuclear reaction (usually one set for each reaction type) and for each radioactive decay. 

From these are constructed adopted levels data sets. 

Some of the problems to which the E N S D F file can be applied are the following: 

Adopted Levels — These data sets are perhaps of most use in the field of basic research 

or for the investigator of level property systematics. However, reactor development research 

also has need of these data sets to study and evaluate neutron scattering. They are also of 

use to evaluators. 

Reaction Data — These are of most interest to basic researchers but again are of use to 

evaluators and for the study of systematics. 

Decay Data — Radioactivity data sets constitute the most widely used portion of the 

E N S D F file for applied users. These data sets are used for: 

1. internal dose calculations 5. fission/fusion reactor shielding 

2. decay heat 6. accelerator shielding 

3. actinide burn up 7. basic research 

4. environmental monitoring 

- 4 -
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I wiH discuss in more detail item (1) above, but first let m e describe the E N S D F file as 

it pertains to nuciear radioactivity. 

The E N S D F data sets are organized in the foliowing fashion: 

1. Identification record, i.e., 2 0 1 A U B- D E C A Y , along with pertinent references and the 

data on which these data were entered into the computer file 

2. General information, such as Q-values, decay scheme information, and general comments 

3. Listing of unplaced radiations 

4. Decay-scheme-formatted data consisting of: 

a) levels 

b) a-radiation to the level 

c) ^'-radiation, e-decay to the level 

d) y-radiation (including ce) from the level 

e) specific comments on any of the above items 

Figure 1 shows a typical decay data set in the form in which it is entered into the 

E N S D F file. 

For radioactivity data sets, the level record contains the following information, when known. 

1. energy 5. certainty 

2. spin, parity 6. static moments 

3. half-life 7. decay modes 

4. isomerism 8. configuration 

The gamma record contains: 

1. energy 6. total intensity (optional) 

2. photon intensity 7. certainty 

3. multipolarity 8. conversion coefficients (experimental or theoretical) 

4. mixing ratio 9. conversion ratios 

5. total conversion coefficient 

- 5 
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B. Status 

As of September 1979, E N S D F contained 1950 adopted levels data sets, 1850 decay 

schemes, and 3020 nuclear reactions for a total of =290,000 card images or = 10^ data items. 

Stated in a slightly different way, E N S D F contains a total of 41,000 nuclear levels (38,000 

confirmed), 21,000 levels with J, 7r assignments (9000 with certain J or nj and 7200 levels 

with lifetimes. New or revised data sets are added at the rate of =1000 per year. 

These data sets are retrievable in several ways: 

1. by nucleus (A, Z, N ) 

2. by class (odd-A, even-N = 200-214, etc.) 

3. by reaction or decay 

4. by reference 

and in several formats: 

1. level or decay scheme drawings 

2. tables of nuclear properties 

3. tables of atomic and nuclear radiations 

4. computer files of nuclear properties 

C. Benefits 

To summarize, some of the benefits from E N S D F are: 

1. verification of new data 

2. tool for evaluation 

3. nuclear systematics 

4. standard evaluated data source 

5. specialized data collection 

6. publications copy (e.g., Nuclear Data Sheets) 
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IV. MEDLIST 

One of the most useful output formats for E N S D F data sets is generated by the program 

MEDLIST. Based on radioactive decay data sets as they appear in E N S D F and computerized 

tabulations of relevant Z-dependent atomic constants (e.g., fluorescent yields, x-ray energies, 

etc.), this program calculates the energies and intensities of the atomic radiations (x-ray and 

Auger-electron transitions). These transitions are then combined with the nuclear radiations, 

sorted according to radiation type (a, jS, 7, ce, etc.) and, within each type, arranged and 

numerically labeled in order of increasing energy. Uncertainties in all experimental quantities, 

including the atomic constants, are consistently carried through the calculations. Figure 2 

shows the 88Y EC decay data set as it appears as an output from the MEDLIST program. 

M E D U S T also calculates the distribution of decay energy among radiation types and 

compares the total value so calculated with the available decay energy. This output provides 

one check on the corrections or completeness of a decay scheme. 

The MEDLIST program has been applied to over 1500 decay data sets in the E N S D F 

file. Earlier collections of output from MEDLIST were prepared for use in both basic and 

applied research. ' 

V. S E A R C H A N D R E T R I E V A L CAPABILITIES O F E N S D F 

The versatility of E N S D F can be illustrated by the following examples of output generated 

in response to specific user requests. 

A. Tabular Listings 

1. Strong y-rays (I > 1%) from nuclei with A > 208 

2. Spontaneous fission activities (see Fig. 3) 

3. Gammas from n-induced reactions on nuclei with A = 45-60 

4. Strong a-rays (L,> 1%) from nuclei with A > 208 

5. Nuclear levels with T % > 1 s for A > 207 

- 7 -
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B. Graphical Displays (Three-Dimensional Displays) 

1. First excited 2+ state, E(2+) vs. Z, N 

2. Second excited 2 state, (E2 *) vs. Z, N 

3. E(2 )/E(2***) for even-even nuclei vs. Z, N 

4. Yrast states: (even J, n* = +) for Ce to Dy vs. J 

Figures 4-7 illustrate these examples of three-dimensional displays. The examples of tables 

and figures shown demonstrate how the E N S D F file can be used to provide visual representa

tions of a wide variety of extensive nuclear systematics. 

VI. S U M M A R Y 

1. The Nuclear Data Project at O R N L has designed an Evaluated Nuclear Structure Data 

File (ENSDF) to contain data related to nuclear structure physics. 

2. E N S D F contains adopted level data on over 1950 nuclei. Decay data are available for 

approximately 1850 nuclides and can be retrieved in a format designed with the applied 

user in mind. 

3. A variety of retrieval and display programs are available to extract and display the con

tents of E N S D F in formats convenient in the investigation of systematic trends in nuclear 

data. 

- 8 -
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DATA SET 0002*7215 
201HG 201AU B- DECAY 72PA24 
201AU P 0 (3/2+1 26.4 3 16 12*"0 99 
201HG N 0.0191 30 0.0191 30 1.0 
201HG CG E(*) MULTIPLE PLACEMENT 
201HG C XKA AP 90, XLA AP 85, XLB AP 5"̂  IF I(542.6G)=100. 
201HG1C G SPECTRA GE(LI); B- PCIN; GG COIN GE(LI) SCIN; B-G COIN GE(LI) SCIN, 
201HG2C X-RAYS SI(LI) (72PA24). 
2011G G 352.3 2 19 4 
201HG L 0 3/2-
201HG t 1.58 (1/2-1 
201HG G 1.58 S 
201HG B 127E+1 10 82 5.7213 
201HG2 B EAV= 430 40$ 
201HG CB LOGFT IF 82% IB TO GS 03 TO 1.59 LEVEL. 
201HG CB IB FROM 92% IB TO FMR LOWEST STATES AND INTENSIFY BALANCE. 
201HG CB E OTHEPS: AP 1500 (52BU80) 
201HG L 27 1 5/2- - S 
201HG1CL THIS LEVEL IS EXPECTED TO BE FED; HOWEVER, IT IS NOT 
201HG2CL INCLUDED IN THE DECAY SCHEME PROPOSED BY 72PA24. 
201HG G 27 1 S 
201HG L 32.19 3/2-
201HG G 30.60 3 6.4 H1 48.3 315 AP S 
201HG2 G LC= 36.9 $MC= 8.60 $ 
201HG CG TI TI(30G+32G) AP 620 *̂ ROM XL (72PA24), TI(30G)/TI(32G)=1.04 10 
201HG2CG FROM 201TL EC DECAY (60HE05). HOWEVER, XL MAY BE PARTLY DUE TO INTERNAL 
201HG3CG CONVERSION OF THE UNOBSERVED 21-KEV GAMMA (DEEXCITING 5/2- LEVEL). 
201HG CG RI CALC FROM TI AND CC 
201HG G 32.19 3 7.2 11 41.6 305 AP S 
201HG2 G LC= 31.8 3MC= 7.40 $ 
201HG CG RI CALC FROM TI AND CC 
201HG B 6 AP 6.8114 
201HG2 B EAV= 420 403 
201HG L 167.49 (1/2)-
201HG G 135.3 2 18 5 M1 
201HG2 G KC= 2.83 $LC= 0.479 !MC = 0. 
201HG G 165.88 7 0.95 15 M1 
201HG2 G KC= 1.593 $LC= 0.269 SMC= 0. 
201HG G 167.44 10 53 5 M1 
201HG2 C KC = 1.552 SLC= 0.262 $MC= 0. 
201HG B 3.5 
201HG2 B EAV= 370 40% 
201HG L 543 
201HG B 1.2 1 6.6923 
201HG2 8 EAV= 230 40$ 
201HG CB E FROM (3-) (<*-42G) COIN ?=655 100 
201HG G 542.6 2 100 T^ *C 
201HG G 542.6 AP 100 LE *C 
201HG L 549.2 
201HG B 1.3 2 6.6523 
201HG2 B EAV= 230 40$ 
201HG G 517.0 3 69 7 
201HG t 552.8 
201HG B 2.1 3 6.4323 
201HG2 B EAV= 220 40$ 
201HG G 385.1 2 34 4 IE M1 0.1909 
201HG2 G KC= 0.1569 tLC= 0.0260 $MC=0.00604 $N+=0.00193 3 
201HG G 521.0 4 29 5 

1116 

0625 

0608 
6.I 

$N+: 

SN + = 

$N + = 
9615 

3.46 
= 0.0361 

1.944 
=0.02009 

1.894 
=0.01956 

Fig. 1. Sample data set as entered into ENSDF. 

- 10 
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ENSDF: 10/10/77 
Even-Even Nuclei 

First excited 2+ state 

Fig. 4. Energy of the first 2"** state of even-even nuclei as a function of Z, N. 
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ORNL-DWG 77-18633 

ENSDF: 10/10/77 
Even-Even Nuclei 

Second excited 2+ state 

Fig. 5. Energy of the second 2 state of even-even nuclei as a function of Z, N. 
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ORNL-DWG 7811852 

ENSDF: 3/20/78 
Even-Even Nuclei 
Ratio E(2+')/E(2+) 

1̂ 

Fig. 6. Ratio of energies of second 2 state to first 2*** state for even-even nuclei as 

a function of Z, N. 
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Yrast States: Even-J, PI-+ 

ENSDF: 79-10-09 

;. 7. Energy of the even J, ?r = + yrast states for Ce to Dy as a 
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3. ^ ^ - ? ( E N S D F ) ( O M i M X ^ A 

Evaluation System of Nuclear Structure Data (ENSDF) 

Tsutomu TAMURA+, Zyunitiro HATUM0T0+ and Tsutomu NARITA+ 

This report reviews the evaluation procedures and the bases for data 

selections for the Evaluated Nuclear Structure Data File which have been 

established in the evaluation activities in the Nuclear Structure Working 

Group. Application of evaluation and data-checking programs are also 

included. 

1. 3^Ai§ 

MB-f^^jgf-^ -77-i-^ (Evaluated Nuclear Structure Data File H*"F 

ENSDF &B§t) {iS###^bJtB^^*e#^CD^^i??M$^^^a^^^^-w^y-^^ 

^t3H^tcjS;t$fc;6ng^^gW^-y h 7-^-?g#^n^*r^6g$7 7- -f ̂ -e<&5. 

KD7 7-̂ (Dj!KiX%E§, ̂ , 7̂ --7yh, ̂ fO^FHtc-o^-riil978^o#^^^-?^ 

-<̂ o ̂ /c, ̂ [H]<DPf3^^M.J. Martin A^b^(D7 7 ̂ ^^tKS^^?, ̂ tD^x^ 

-7f-^^x^3^^ica^:L^i9, g^(7)gf#^^^/c!9t^^^^^^$tt, ^^0^#&<L 

^^'&^WG^tc$^/;^ ^-5L^a^77--f^egH{cii^^c<#p^(D^^^^^-e, OR 

NL^^^^bT^S, r̂yyy', yjH, B^, ̂ g, B^, x^^-^y, ^-^^h^^^W 

{aE<D^.yh-7-^ic#^L, 4^^i?B^gT^-n$#§^<^{a]i^^^n^^^?'<^t. ^^ 

^ A ^^<DX^^^b^T^6^o $bfc#E^(i^6/c^, ̂ {m#0^^o^-<J^y^-

^3 y * -̂  $ ̂ -^M^tt^ L^. ̂tH! 1 9 7 9^ 1 2^ 3 B J:̂  7 B^(3^, B $ o ^ a # 

9^g^^^<hL^^'J iy^-^3 y - -^±-^M. J. Martin R^ggM^ Lt^^tt^. 

+ B4:&f-7jf!Jf%HfT Japan Atomic Energy Research Institute 
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1 ENSDF^?$ 

2 ENSDFir-^CD^lgj^ 

3 ENSDFT'-^ < D ^ 

4 ^^C^^g 

2. ENSDF#i$ 

O-r-^ *-̂ y h^^^LT Adopted levels , gammas if-^ *-̂ y ĥ f1̂ t̂L§o M^, 

&jCK, Adopted levels , gammas 0 3 9 ^ 0 ^ - ^ -̂ -y hH^O^^^^an^iR^^^ 

-T^$^^r^l ̂ ^, ENSDF^*-^ - 7̂ -7.y h^^lSf^t. 

3. ENSDF ? — ^ 69FW 

^^L^nnoENSDFOS^'^fMfi, ^onRc<77-^^c^^(DK5g, gy^L^M^ 

^MO^#fC{iD^^, iw^f-^on^, Mjt5y'-^OS^^^-eAdopted !eve!s , 

gammas 7 7-^^Cf^^^<hn^btl,§o 

3.1 ^^f-"-^(7)nA 

/g^l:b^t§^L, f^^^^^^^-^^^nL, ^^^i^7^^'-^^r^^i:b^#^L,iogft 

Q^ : Wapstra-BosO^x^-v^^-y^xOg^', CLfLfc^^^^HJanecke-Garvey 

-Kelson ̂ gt#(ig'" ̂ # m t 5 . #r^U^f-'-^^i.5^^{i^<Dn^^at^o ^^1# 

^$^fi#g#^^^#F{g?fiS^^^5. n#-Ge ̂ mg§-?M^^^-r^5^-^<o^^^^-

fcJ^^M^^i 1-10 eV ̂ i r#^^^^^ ̂  ̂^'-?§ §. ̂ iE^^O ̂  ^ ^ ' - ^ M M 

^a^'^^J:^^^5^{iGT0L7°o^7A (Wt^l) <DS^A^^^1?^$. 

r^^^ : ^AGe ^dJ^-CM^^^n^fA^T{Y^tL^^^{cii?-^^^J:b(iO. l -0. 5 

MeV(D^^T{i, l%^jg(D#g^l#^^^. -j^{^{iSJ^<hiRiE<D^#^ag!^mi^^ 

^<3f-, ̂ b^-r^^^-^<D#^ti^:#<^^6. &^<3J:t#6JtMigHH3%^)gcD 
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^R-e^§. L^^-^T, M^t§t^*r(D^^^-^^^{aBL-rAdopted value ̂ 1#, ^ 

^^rt-<T<DT-^^-y hT^SH^^t^o 'H^b^^t^^^^Krane -Steffen ̂  O 

#mt6c 
a. ^K. ̂ L, %M; K/L, L1/L2/L3 ; 

t*)3t^%%^K/L, L1/L2/L3 ^^O^^fS^Hager-Seltzer ^, Dragoun-

Pauh-Schmutzler ^̂  Ogf^fg^j:b^t§o ^^^Oaf^fgfiHSICCyo^yA 

(M^2) HJ^TENSDF ^-^ - -̂ y h^^g^#^-^§. #3^i#^JH^{i^^l? 

^fc^"5. ̂ RRosel-Fries-Alder-Pauli Ogf#fi§^ ̂ ^^$^/c^, H ? <D 

<c%L-rfi$^Sliv-Band%)K, L^fc^t^H^.^^^^^^^, K , L , M ^ ^ # 

tfBand-Trzhaskovskaya-Listengarten^Dgf^fjS^^ ^^^^^L^^-e, W#ti<h 

b. rrf^), /?r(^), r(#) 

c . ̂  - o yg;g 

{g^ ̂  7^'- <0 ̂  - o ygĵ lrfi E 2 $5^(D<^%^3o 

d. (n, r) ̂ lS 

(n,7-)R^^(iMa^^^^^Ota^<7)?-^fiEl, Ml, Ml+E2J53WiE2Jg^ 

*?̂ b-5o 

e. In-beam7^^^^t^oX3b°-

^ - y M n ^ M ^ L T , 7-^^^^^^^^$ttT^5J#^^^<, E2^§^{iMl+E2 

gjSKrane (i^^^<h^^Ol#^{c-3UT, M1,E2^/R^LT^5^^<D^^^-^^ 

^ ^ % ^ % : ^^<DJ:^^^^-^ (^5%) ^^^iH^^^^T, HSICC ^^Oa+% 

(S^AtH. ̂ tL€'^(D€?^^^t^^^^^#^ii, ̂ 2^-M^A-oT^6o ^̂ fiS(i 

3^ y hn^§BA$^*r^§^<h^^^^, nA#icj;^-rii^f L^^figy-^^A^LT^ 
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t^^^fi^^. log ft Osf^-e(iQ^(h^^7t.jL^7^^-<Dn^^^b^.-5. 

^{g^A^TL0GFT7°n^7A (M-gg3) ̂ #^t^<!:^J:^, E C M ^ / ^ M t g C c ^ 

*e, Adopted levels , gammas CD7 7 ̂ ^<Df1^-?%J3L^<D^(D^igBAt.x,. 

3.2 -RiS-f'-^O^^ 

nbOJ:^^-^^4x.5c H)iB^fi5'^&(Df^g^aS^-K^M!^L"r, xb°y.^<j^^ 

4yb'-Ay-^x^^hnxr)b°-: ^gt^^^^^^r^<D^^^^'-, ̂ ^, ̂ 33-̂ ?̂ A2, 

A4 ̂ ^S!iBM^Oxtfy^#^^^^-y h^^^§^6. 

^-oyg)iB: ^-oygfjjg-rii^^y--^^^^^:^^^^^-, B(E2) , ̂ M , Xb° 

3. 3 Adopted levels , gammas 

Adopted levels , gammas Tfi{@^<D^^^<7)^-^^'7 h^H^btH.-fW^^LT, 

^Ogg^^l^ic^^^ir^^. Adopted levels {i^0^a!cML"r^btLT^5t^T<D 

Adopted levels "e^o^JK^^lr^^^^gg^^Oii, xbfy . ̂ <J y-^0^^1?&5o *o 

#{CENSDF {c:̂ }j--5x tf y . ̂ 'J f- i-Ogi^-o^-rxl^a. 

-20-
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a) I^^OXHIR^: 0+. 

b) g^^'J^: m?-^?b--A, ^ * ^ ^ ^ o ^ ^ ^ ^ , ^x^-^y^%^. 

c) y^^OgiR^'j, y ^ a # : r^o^H^^/g^tb. 

d) ^^^OHiR^'J: log ft t^<9/?<M^O^S^5I^-<?;&3 (^2g) . 

e) ry(̂ ), /?r(0), ̂ V(^): ^S^tM^^^^^b§^^o-a^-e^^i#^^^^o 
f) ^-oygf]^B: {g;3i^^4:-(7)^-nyg!;^a-rHE2$5%-F^ao^^-^%^^xtiy 

g) 4yb"-A: xh^^f-E2,Ml + E2^^^'yK^^^^^t6^^^'i?^6o 

h) (n,r)R<B: (n,r)R^l?nS$tL$^n{i^-y'yh(DXh°y±l/2-?&i9, 

CfDi^^^^b^r^fiE 1, M 1+E2, E2$s^l?^6. 

i)(d,p), (p,d)^(D^o^?MJS: -^H$s^$^5e?o^n^gR/f^^'Ki, 

A^.!§<9xtiyii7j + 7+l/2-e, J^i-aMfc#^^^^o L^L^^'Kp.d) 

^^^^iL tfix b° y^*—a^^#3 6 ^ ^ & 5 . 
j) Vector analyzing power : Z=50, 8 2^^^5*eC)J+!/2, J-l/2<Z)ja^^ 

k) H ^ - ^ y ! - : Schmidt ^4-^^7A^bOXb°y*^'J^^(Dj§^^'nr^-e^§. 

I) IAS: 7^y^''Jy^-7fa^^,sgc)xb°y.^<j^^^J:<^^!3, ^ o ^ , ^ ^ 

#, ^<{rZ=50,8 2Wfi5-?W^J*?^5. 

m) ̂ x^A-7^^.y^x^^^&y^: ng^y^, Nilsson^rf^, ^Oft^C'&y^^bM 

^$tL$ ̂ ^ ^ ^i#.^^- - ̂ x^-7-r^^x. 

n) xb^y .^<J^^^{S^L/c^§{c?^$^§7-^^^§§^'%^$^^^i#^o 

^ ^ b O g ^ e ? ^ m) , n) Ji weak , e) {itg^J^T weak ̂ b^^ii strong ̂  L, 

xb°y * ̂ <J y-^CD^^fc^LT weak 6DJŜ 6!)<%-H,H.<!:§ti ( ) ̂ M t . x h°y * ̂ 'J 

4. ENSDF^'—^O^^ 

J^JUDJ^^i^lrENSDF -r'-̂ -̂ y h^fH^$tLf;^#fc, ^-^-ky hH^-aEt5tr 

a. T#^/fO-^n^^'-^^-^<t^^, ^-K/^y^O^jiC^gt^. 

b. gf#^^7y^7^^5,^t^^GTOL^o^yA, DATACHK7°o^7A (M^#5) 

^§^{iFETCHyo^'?A (W^6) fCJ:-oTF0RMATi7-^^-^<D^^^Sg^ 

<5o 

c. ENSDFO}^^7°a^7 A-e^,§ PLOT (Mt§§7) ^NDSLIST ^ J:^"r]g]^^^ 

-21 -
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5. ^ ^ ( D ^ R ) ^ 

N L ^BN L ̂ bO7°o^*7A^igpfFAC0M2 3 0/7 5 ̂ x^A, IBM370^x^Ai?^ 

)!$^<g^-r#5^-5ic^^fco HS^54i{:g7H^b{gpf§t#^^x^A^FACOM M-200 

{<^M$;H6. KD^gfilBM 370^5^01?, ENSDF7°a^7A^o^^^{iJ:<(^^, 

NDSLISTOJ:-?^PL/I tcJ:6#^X^<D^^L-r^6yo^7A^g^-e§5^'?^^-5 

$f^U^7°o^7AO^^<!:^^-

1) X ^ # # 

t"?^^^^X^77^^ (Nuclear Structure Reference File) ̂ A^LT^^o C^L 

iiRecent References 0^(h^^^"r^57 7^^ir^i9, f-^IggmiKeywords % ^ 

^fLt^^. KD Keywords ̂ ^ ^ T , g^CD^f-^'JoXj^gof^^^nJ^^^^. 

2) H3i^JENSDF^7*7 7 ^ 

M ^ ^ ^ # , ^E)^(^^, ̂ '^$4^4 ̂ ^^g^^'-^ - 7 y ^ f M X ^ ' E N S D F ^ t W 
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Table 1 Physical quantities evaluated for the ENSDF 

CI 

D C2 

E c3 

c 

A C4 

Y 

C5 

C6 

R ci 
E 
A C2 
C 
T C3 
1 
0 C4 
' C5 

A CI 
D 
0 C2 

P C3 
T 
E C4 

D C5 

L G ̂ 6 

E A c7 
V M 
E M 
L A 
S S 

Main properties (common) 

El(parent), J", Tl/2 
Q-(G.S.) 

NR, NT, BR, NB 

El, JTT(from Adopted levels) 

Tl/2(S,h,eV), Quality(?,S) 

Eg(blank if not measured) 

Ig"' lee Ig+ec ^ec 

Logft(Gove-Martin), 

Uniqueness, Coin.j Quality 

Ey, Iy, Mult. g(Steffen) 

CC(Hager-Seltzer) 

Ce K/L/M+, B(EX), B(MA.) 

Ea, la, Hind. 

El 

L 

C^S, 8, B(EX) 

J" 

Ey, Iy, Mult., 6 

El' 

Ĵ  + (Reasons) 

Tl/2 (S, H, eV) 

XIT, %B", XSF 

M, Q 

Q", Sn, Sp, Qa 

Ey, Iy(100 for the strongest) 

Mult., 6, CC(H-S), 

Ce K/L/M+ 

B(EX), B(MA) 

Other properties (special) 

51 Delayed-n, -p, spont. fission 
2y decay 

52 Ce exp (if accurate) 

53 8 Shape factor 

54 e/8^. 

55 A2, A4 

56 Auger electron, X rays 

57 Unobserved radiation 

51 o 

52 Q-values 

53 Parameters relative to reaction 
calculation 

51 Configuration K^(N, n̂ ., A), ... 

52 Band structure 

53 Isomer shift (G.S.) 

54 Charge distribution (G.S.) 

55 Deformation 62, 64 (G.S.) 

56 B(EA)t, Tl/2 

57 Reduced transition probability 
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RECORD TYPE 

[DENTtFtCATtON 

FORMAT 

GENERAL COMMENT 

FLAGGED COMMENT 

NORMAHZATKMt 

PARENT 

Q-VALUE 

LEVEL 

GAMMA 

P' 
EC 

ALPHA 

END 

ORNL NUCLEAR DATA PROJECT 

ENSDF STANDARD ONE-CARD FORMATS 

) ; : < 54 

N U C t D 

N U C ! D 

N U (. ) D 

N U C t D 

N U C ! D 

N U C t D 

N U C ! D 

N U C t D 

N U C t D 

N U C t D 

N U C t D 

N U C t D 

-DStD 

SYMtPLAG)-

NR 

E -

- Q-

E 

E 

E 

E — 

E r-

[)NR 

(dat( !et identification 

DE 

DQ 

DE 

DE 

DE 

DE 

DE 

NT- i)NT 

SN " 

Rt -

-LB 

-tB " 

-tA *—* 

30 

J 

nSN 

j — 

DRt 

DM 

MB 

DHf 

FORMATS 

40 

DSRFF Idita set ntftrn 

CTEXTftextjttfthfL'omntt-m)-

CTFXT (text 

-^-BR- DBR 

SP-

!E-

HF-

DSP 

DtE 

DHt 

* - RTYPE 
§ - Coiumn 6 it Mantt or ] for the first card record 
t-ORG 
t-END 

-NB-

T -

-QA-

T — 

MR-

LOG FT-

-LOOFT-

DNB-

DT — 

DQA-

DT — 

-DMR-

DFT-

-DFT-

CC OCt 

Q P -

-REF-

-S 

T) 

-T!-

Fig. 1 ENSDF FORMAT 

7S?A"-4T9S0 

DQP 

DS 

DTt 

DTi 

MS 

UN 

UN 

5 
X3 

oo —) 
as 
to 



11.0 

L09%/ - * 8 . 5 , SO, 12. 

5.9 
First-Forbidden Unique 

[A^/=2.A/7*-) 

First-Forbidden Non-Unique (A^=0,l,A/7=-),Z<80 

First-Forb'dden Non-Umque(A^=0,!,A/7'-), Z a 8 0 

5.1 7 

6.5 

13 

}at:;:x;iIsospin-:::::;;;::X;:;::::;:;S:::i 

iiiForbidden .p^o^§i!ii!iH 
^HsH;n^nnn:^R!;onnnnoJ^i^ 

.,..,.....,.̂,.........̂..........̂...........,.... 8 10 12 

Log )^/ unless staled otherwise 

H 17 

M 

00 
-J 
en 

Fig. 2 Permissible ranges of logft values based on 
the empirical evidence 



KRANE-STEFFEN S]GN CUNy^NHON FOR DELTAS 
ANGULAR CORRELATtON biuDY FOR A = 125 
A2 = -O.lfOO +- 0.O10U 
RESTRictiONSON j 

JTOP..MUST HE f/2' 
JMlo. .MUST BE 9/2' 
JBOT..MUST BE 11/2' 

A4= -0.0100 +- 0.0200 
SP]NS uP TO 8 ARE CONsfDERED 

RESfRtCf [ONS UN DELTA 
NO RESTRICT iCNS 

CASCADED THAT ARE CONblSTEM 

CO 
OS 

CASCADE 
Jtup 

f/2 
?/2 
?/2 
?/2 
?/2 
'/2 
?/2 
?/2 
?/2 
?/2 
?/2 
?/2 
?/2 
*'/2 
?/2 
?/2 
?/2 
?/2 
?/2 

JM[D 

9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 
9/2 

JBUT 

11/2 
11/2 
11/2 
li/2 
11/2 
ii/2 
11/2 
11/2 
11/2 
11/2 
11/2 
ii/2 
ii/2 
11/2 
11/2 
11/2 
li/2 
ii/2 
11/2 

A2 

-0.170U 
-O.lfOU 
-O.lfUU 

-o.i ?oo 
-U.17UU 
-0.i7UU 
-U.17UU 
-0.i7UO 
-0.17UU 
-0.1700 
-0.1?UU 
-0.170U 
-0.1fOO 
-0.17UU 

-o.i'oi 
-0.1700 

-u.i7oo 
-0.1700 
-0.1700 

CLOSEST VALUES 
A4 

0.0000 
0.0000 
0.0000 
0.0000 
0.0002 
0.0001 
0.0002 
0.0003 
0.0005 
o.oooe 
0.0014 
0.0025 
0.0040 
0.0059 
0.0016 
0.0002 
0.0004 
0.0012 . 
0.0031 

DELTA 1 

0.004 
0.007 
0.004 
0,020 
0.094 
-0.815 
-0.636 
-0.513 
-0.418 
-0.347 
-0.298 
-0.269 
-0.239 
-0.265 
0.584 

-1.773 
-2.383 
-3.192 
-4.362 

DELTA 2 

-0.857 
-1.108 
-0.858 
-0.634 
-0.409 
0.041 
0.066 
0.104 
0.164 
0.259 
0.410 
0.648 
1.025 
1.621 

-0.229 
0.041 
0.066 
0.104 
0.164 

C^SES THAT FALL wllFUN TwtCE THE ERRORS 

CLOSEST VALUES CASCADE 
JlOP JM[D JBUT 

RANGE CH!2 

A2 A4 DELTA 1 DELTA 2 

0.25 
0.25 
0.25 
0.25 
0.26 
0.25 
0.2b 
0.26 
0.2? 
0.29 
0.33 
0.39 
0.49 
0.63 
0.33 
0.2b 
0.27 
0.31 
U.43 

CHI 2 

6 
33 

00 
-J 
OS 

CASES THAT FALL OUTSIDE TWICE THE ERRORS 

CASCADE 
JIOP JM]D JBUt 

CLOSEST VALUES 
A2 A4 DELTA 1 

f/2 9/2 11/2 -0.1658 0.0356 -0.637 

DELTA 2 

-99.955 

cm 2 

5.36 

Fig. 3(a) An example of ANGCOR output 



n^P OF PUSSiMLE MtAtN^ RAH05 
bPINS 7/2 ?/2 11/2 

A2- -0.1700*- O.O1O0 A4* -0.0100 +- 0.0200 
DELTA 2 F'S 0.3028 -0.9354 -0.0197 0.1651 0.7687 0.2752 0.1231 

M O 

30 

10 
F 

3 
FED DCC 
E CCCCCCCC 
D CCCCCCCCC1 

ccccccccc 
cccccccc 

E EE E CCCCCC .3 
E DDDCCFFCCCCCCC 
* D FFE 

C E .1 
OF E 
ED DF 
ECCCE .03 
FEF 

.01 

-100 -3U -10 - 3 -.1 .03 -.01 

.01 

0.01 0.03 0.1 0.3 10 30 100 
DELTA 1 

i 

oo 
OS 

-.03 

-.3 
DCE 

E EEDDDCCCDE 
FFEE-1DCCCCDDEF 

FFEDCCD 

-10 

EC 

c 
cc 
cc 
cc 

LC 
C* F 

DDDC 
D 
D 
D 
0 
L 
EE F 
E 

F 
F 

C 
CC 
CC 
CC 
CD 
DDE 

0 FF 

-30 

-100 

Fig. 3(b) An ecample of ANGCOR output (continued) 



BLANK CAFt) 

125TE ADOPTED LEVELS.GAMMAS 790803 

S-VALUE CARD 

125TE 3 -177.2 206571.7 248694.2 30-2242 4 77WA08 

LEVEL CARD 

t\3 
00 

1257E 
125TE 
125.IE 
125TE 
125TE 
125TE 
1251E 
125fE 
125TE 
125TE 

L O.C 
L 35.4919 
L 144.772 
L 321.103 
L 443.504 
L 463.387 
L 525.208 
L 636.026 
L 642.155 
L 671.417 

125TE L 729.30 

1/2 + 
3 3/2 + 

1411/2-
17(9/2)-
213/2+ 
115/2+ 
17(7/2)-
157/2+ 
167/2+ 
135/2+ 
2 (3/2.5/2)+ 

STABLE 
1.48 NS 
58 D 
0.704 NS 
19 PS 
13.2 PS 
1 6 C P S 
40 PS 
600 PS 
1.26 PS 

1 
1 
14 
1 
5 
LE 
20 
LE 
6 

Ml 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 

?o 

oo 

GAMMA 

125TE 
125TE 
125TE 
125TE 
125IE 
125TE 
125TE 
125TE 
125TE 
125IE 
125TE 

CARD 

G 35.4919 
G 109.27 
G 144.780 
G 176.334 
<j 408.01 
G 443.497 
G 19.88 
G 4 27.889 
G 463.383 
G 204.129 
G 330.435 

5 100 
2100 

251.4E-4 
15100 
4 60.4 
35100 
150.7 
15100 
1535.5 
2521 
20100 

3 

4 
2 
2 
'* 
3 
7 
3 
1 

M1 + E2 
M4 
E5 
M1 + E2 
^1+E2 
M1 + E2 
!F ^1 
M1 + E2 
E2 
M1 + E2 
(E2) 

+ 0. 

-0. 
+ 1. 
-2, 

-0, 

+ 1 

,027 

.60 

.50 

.3 

.538 

.6 

1 

5 
7 
1 

11 

2 

14.02 
353 
252 

0.165 
0.01507 
0.01174 

11.15 
0.01366 
0.01C2 

0.128 
0.01830 

c 
cc 
c 

cc 
c 
cc 
c 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Fig. 4 An example of FETCH output 
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HOOPTEO 
LEVELS.OHI1MRS 

124SN(6H.3NG! 
E-35 nEV 

-3000^/2+.5/2 + 
(3/2+.5/2+: 

(1/2+) 
-270& 

(1S/2-) 
(3/2.5/21-
tn/2+: 

-2400 
,f3/2.5/2) + 

(1/2+) 

-2100; 
( 3/2.5/2) + 
(3/2.5/2)+ 
(7/2)+ 

-t800 
(3/2.5/2)+ 

(3/2.5/2)+ 

(7/2+) 
-150O 

-1200 

L7/.2+..9/2+.) 

1/2 + 

(7/2)-< 
(3/2.5/2) 

-900 

2233 
2168 
2140 
2060 
918 
!913 
907.5 
18-95 
1886.7 
1878 
1873 
-864 
1860.4 
1836 
1792 
1775.5 
.719 
1696 
1658.6 
653.88 
1573.77 
1555.6 
1507 
1440 
413.21 

1401.96 
1377.4 
1345.1! 
]319 
1275.02 

H8[.,3 

(3/2.5/2 )< 
1122.72 

(9/2 + 
(U/2! + 

833 
*1 /827.57 
*^ h*44l5E 
"\ /7T6l5 

:9/2)< 
(7/2)+ 

,651.0 
'628.6 

-600 (3/2)+ "A618.4 

437 
5/2 + 
1/2 + 

300 

3/2 + 

7/2 + 
n 5/2 + 

—^417.9 

202-86 

57.61 
0-0 

PS 
PS 

1.65 PS 

1.5 PS 
1.9 PS 

3.2 PS 
P 

0.39 NS 

1.95 NS 
STHBLE 

J 
(3/2+.5/2+) 1094.4 
(3/2+.5/2+.7/2+) 1044.3 
(3/2.5/2)+ 991.0 

(9/2)+ 744.4 
(H/2)+ \ /716.5 
(9/2)+ ^ '650.8 
(7/2)+ ^ /628.1 
(3/2!+ / \617.9 

5/2+ 417.8 
i/2+ 374.7 

3/2+ 202.6 

7/2+ 57.6 
5/2+ 0-0 

J 
23/2- 2977 

71/2+ 2812 

19/2- 2547 

(15/2+) 2412 

[)3/2+l 2077 

IS/2- 1895 
17/2+ \ /1878 

((1/2+) 1676 

(9/2+) 1350 
13/2+ 1268 
11/2- ' ^1236 

9/2+ 652 

T/2+ 0.0 

Fig. 5 An example of level plot from ENSDF 
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jE^RENSDFgFin.igg-T'ny^A 

1. GTOL^a^^A 

r^ n$ 

m : 

E ' = ^ ^ '̂  E L, i = 1 n , m<n lev 

^ 
+ 1 E ^ E ,̂ ^̂ !±i6 

- 1 E ^ ' E ,̂  fcA5 

E ^ = ^ ^ - ) ^ b ^ 

J E ^ =7(A"') " 

A '" = ̂  

b^=^ 
^ '^E' 

TI =R1 *(1 +a) 

J ct \2 

3) jE<^<Dt^^^J± 

(TI)„, =(TI)^, -(TI)^ 
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4) %t^A^!^tt 

% (TI ) = (TI) „p, xRfaE^ 

5) ^^^RW^J:6?-^^^^^-0^{b 

H'r 

2X9 3 1.5 0 16XA 

Ey. : keV ; A :%Ogng% 

#^Oi^^^C^?.^^-^fix t§^{i^t5f-5 A ^ ^ ^ ^ 0 tbt^o 

^CD7°a^"7A^.OA^{i^^CDENSDF^-^--^yh^5. ya^^Aii" L" , 

" G" , " N" ^-M/d^^{^Fat-5^, ̂ ^^-M^A-^-r^-r^^^t^o " L" *-KJ; 

^H?H^§" G" ^-H{i^^^^^<^J^^^T^^^^-fl?^6(01?M^t5. #^(Dt^^ 

A^T^^^i#^fC{ilkeVO^a^^^L, {g^^CD^^^r^ (80^77AH?-?-^A 

!±ĵ  

gf^^tL^ t^^7t^(Dj:L^7l^^-(iA^<D^^^^-^J:b^$tL, $ bi^ l^-^^f^O^^^^-

n^§f#L, A^J$^T^§r^o^^^^'-<!:J:b^L^^^^)3Xt5. ^o^^A^^^ni? 

^J-o^^fB^^n^L-r, * ̂  i =̂  ̂, * =t= 2 * *o,k-3f<:^H;H&^t. r^<DA!±4^ic^^ 

$̂ g 

1) ^ ^ t - # ^ 1 0 0 

2) r^^^ <5 0 0 

3) Fix !?#§ L-^A^r ^ 2 0 

gf#^cD{±i^^J{C^UT}iX^ 1) ^#^(DC<h 

2. H S I C C y a V ^ A 

^HD7°a^"yAiiHager Seltzer OK,L,M^, Dragoun, Plajner , Schmetzler 

C)N+0+ HgtcRtt3F'3gP^%^<D&^-3T, El, E4, Ml, M4(P^g)5^ 

^^^^at^t^o ^^(Daf^fm^b^-r^^^- HiSpline l?^6^ 

A^3 

A^^-^ii^^fDENSDFT'-^ *-iẑ  h*e^6^, 7°o^7A{il D^7- hlc&^iH? 

#-#^, " G " % - K i c & 5 ^ ^ * - , ̂ N^, '/g^b^-^#mt5. 

^ ^ 

7°o^7A(iK,Li,L2,L3,M,, Ms , N + 0 + '̂, L,.,^,M,^^, 
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K+L33L, K + L + 1.33M, K/L.M/L, ^^fT^tao'/g^ib^b^-T^^iC 

ii, M ^ t § ̂ H g & ̂  oyg^it^ ̂ F^^^^#^^st#t 6. 

$#§ 

1) K, L , M^{c^LTfi30<Z<l 03, E ̂.< 1 50 0keV 

2) N + 0 + fc^UT^37^Z^100, E^.<500keV 

3) r ^ $ ^ 10 0^^1? 

3. A N G C O R ^ n ^ A 

, Ti (Li , Li + 1) y*2 (Lz , Lz + 1) , 
I [ 3- I ?- I g 

W(^)=1+A2P2 (COS ^)+A4P4 (COS^) 

Pz^fiLegendreO^Jgi^Az ,A4 ii 

A2=AJ^.Af' , A4=A,<".A4" 

(̂  F ̂ (11] L, L) ) -2 3iF^(I hLi Li ) + 3f F^(I h L̂  L, ) 

(2) F^(I I2L2L2 ) + 2^zF^(I I2L2L2 )+^2 F ̂ (1 I2L2L2 ) 
A^ = 

C CfeF^{iF ##:^^(ftH.o ^̂ 3(D̂ F̂ -{iStffen <h Krane {CJ:6 ^,Oi?&6o A2 ,A4 

A^3 

1) As , E2 : A4 , E4 

2) ^ ^ . xb°y&§^(i/g^i:bO^< <k^ I r 3 ^ ? ^ t a . 

- 32 -
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a. ^M%^<hifD<^<D^xt°y(7)^!j 

c. ^M^^tD^^^4{§!CL^^^fCtrL:^^(D^^Xb'-y(D^!j 

2) /g^^opWfig 

A 

B 

C 

D 

E 

F 

X' 

0. 1< x' 

0. 2 < X^ 

0. 5<x' 

i. 0<x' 

1. 6< X̂  

<0. 1 

<0. 2 

<0. 5 

< 1. 0 

< 1. 6 

<2. 5 

^ _ (Â *" - A'J" )' ( A f - A ^ " ) ' 

$'JI!g 

1) 4e^^±!igf#L^^o 

2) 7*-r-y(3g) n^y^yy^figt^-e^^^. 

3) Xb"y}i8^-ei?&§. 

g+W^m^^^J^^ 3 (a) (b) Bic^t 

4. LOGFTl/ny^A 

^^^y)/?^o^^^^7^^-^^#L, ^^^^b^^^Tiogft fjg^gf^t^c E C 3 H ^ ^ 

iMig^t-#t^^^^!i, ̂ ^^mi:b^f^t^^^!CJ:!?, EC^^^^^Ot^^fDngfc 

}̂'$'Jt5. $ bfcECM^(3K, L, Mgj!^^a^Jg(7)$!j^^"B" <D^2 ̂ 7- ̂ ^{#^41-6. 

^^-<^^(D^^(D^.?7^^-[i^tLb(Dgf^-irfi{^^$^,^^. first forbidden unique 

(JJ = 2, J?r=-) (Di§̂ {̂i 1.0 7 9(D̂ [̂fe/d̂  197 2^^M^gt^{tg<h^^-o-r^^. 

5. DATACHKi/a^^A 

i) iD^-^-^vhoiD^L-ron^'l^^^^^. 
2) *- M(D^^, Mi? 

3) ^ - K O W ^ : ID6DW%g, "P" ̂ - M O ^ ^ , "N" ^-K<D^M# 
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4) y--̂ (7)WRK: ^^^^OW^^X^O^H^A 

6. F E T C H ^ n ^ A 

" REORD" #^^{^5^, ^l§A$^^^-^-f?-y h^^^fc^^n- Mg^^Ttij^t^o 

7. PLOTl/ay^A 

#?M^ENSDF^H^-t, ^^x + -A^, ty^7^.^4t^7A^{#btL^. ̂ O^J^r 

##3tn^ 

1) B W 3% : JAERI-M 8163 P.21 (1979). 

2) ENSDF Evaluators' notebook ORNL ^ ^ ^ ^ H - . 

3) Mapstra A.H. and Bos K.: Atomic Data and Nuclear Data Tables .19_ 

(1977) 199. 

4) JRnecke J.: Atomic Data and Nuclear Data Tables 1_7 (1976) 455. 

5) Krane K.S. and Steffen R.M.: Phys. Rev. C2_ (1970) 724. 

6) Hager R.S. and Seltzer E.C.: Nucl. Data Tables A6 (1969) 1. 

7) Dragoun 0., Plejner Z. and Schmutzler F.: Nucl. Data Tables A9 

(1971) 119. 

8) Rosel F., Fries H.M., Alder K. and Pauli H.C.: Atomic Data and 

Nuclear Data Tables 2^ (1978) No.2-5. 

9) Sliv L.A. and Band I.M.: Coefficients of Internal Conversion of 

Gamma Radiations, Part I. Academy of Sciences of USSR Press 

Moscow, Leningrad (1956). 

10) Band I.M. Trzhaskovskaya M.B. and Listengarten M.A.: Atomic Data 

and Nuclear Data Tables .21 (1978) 1. 

11) Krane K.S.: Atomic Data and Nuclear Data Tables ^6_ (1975) 383, 

18 (1976) 137, 19 (1977) 363, 20 (1977) 211. 
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§T am 

Q: SB??^ 

A : 

Q: LijB#^ 

x b°y *̂ 'J ̂ ^O^^^r^ Strong rule ̂ ^ weak rule <!:^fHn^$^§^^^^*? 

A : weak rule {cA^T^^^O*?^, strong rule ̂ Isj^S^^L'rJ:^^^^^. -t̂-R 

jS^^!j-§),^^5 J -dependence ̂ , I AR Ox bfy * ̂ <J -f ̂ ^^^t^^OXti y * ̂  

'J^f^^^-S-^^liweak rule ̂ A-o*r^5^strong rule cbLTS^TJ:^. ^xf-

-7^^--y^X^a^$^5fC^^T, ^^b^rule ^HiR^t^^^^^^^^^n^tL^. 
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4. ^ j n ^ ; ^ — ^ W ^ X f - V T ^ y^X 

g^, 1) SJSH[B]^^^aU"r)H?^'D^b^$ (Softness) ̂ ^ ^ 5 ^ ^ . ^C9i#^^b 

^<h(i^J/^I , EP^'iH^^#J^'^^^I(7)^bKJ:^$a{Bj^^§^ 2) ̂ [E]^^(Djr 

^^^'-^^^50{c:a-^-/yo^^#(7)^-eMIMt§^'^^&^. BH^E (I =2N) =AN 

+ BN (N- l)/2 +CN (N- l)(N-2)/2-3+DN (N-l)(N-2)(N-3)/2*3-+-' . 

Nii^V'yo^-e^5. 4^(Dig^-p##L-ra^^i-3c 3) ##'y-7-^(D3^M5f^^i 

!<\ ̂ §H^K)^^^^^^^^aMfcjn?^of^n#^^^^^-<DM^^^{bL'r^<^, €L 

Gross Properties of Low Frequency Nuclear Excitation Via Quasi 

Rotational and Gamma Bands 

Mitsuo SAKAI* 

We have investigated following three properties on the low frequency 

nuclear excitation in even-even nuclei via quasi bands. 1) Nuclear 

softness defined as AJ/AI where J is the moment of inertia and I the spin 

value is deduced by using the excitation energy of the ground state quasi-

rotational band. It is revealed that this quantity is a sensitive tool 

to investigate the gross trend of nuclear properties including the so-

called nuclear phase transition. 2) The excitation energy of the member 

of the ground-state quasi-rotational band has been expressed as a boson-

number expansion: E(I=2N)=AN+BN(N-l)/2+CN(N-l)(N-2)/2-3+DN(N-l)(N-2)(N-3)/ 

2-2-4 + We discuss this formula, taking into account up to the 

4th order term. 3) A compilation of the energy spacings of the members 

in the quasi-y band demonstrates nicely how these quantities evolute 

smoothly from the vibrational region to the rotational region. From this 

systematics we are lead to the conclusion that the y-unstable model 

describes the nuclear properties at the vibrational limit better than the 

phonon model. 

* ^^^^inp^&f^H<T Institute for Nudear Study, University of Tokyo 
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1. f3b66^ 

19 6 6 ̂ ^#ic J:i9#A$^c#AB^oa^ ̂  ti4BiF1i^< ̂ $L^J: 5^H^^6o 

^B^-eSAB^fcMt6^-7^{i8[5]m^$^T^-5^^. Fig. lii^^B^(X)g, 

(2*" ^ 0^) , ̂ -^^(3*"<h2^) , ̂ r.BME(4+ <h 4^) cD^^%A,^[5]^^^AnLT^ 

6(L^T?<&^-r, ̂ ^^Bg-^o%no#^^%/,^^L^^^5^^^^L?^§o K D ^ ^ H 

^$^^^^Tii^^^0 3-D<D^^^5f^^.^i9^5^', ^ O A S ^ H ^ I O ^ 8 B-

1 2 B^ir^'J^M^^tt^ B{Â IW]-tz $ ±-fc^^-C^^L/c^(D-?&5^^^#<L^^*r^ 

<. ̂ -(D^mii^^^^$<DMg^^5. ̂ <D#:^$ii^J/^I !?^a$tL3o ̂ {i^)S^ 

[s]^^oi^7^^'-^d-^Vy^-^MML^B#o^^oa^i?^5. tgB2-oOf^Mii^^K 

^fi^^ - 3 ^ # & ^ ^ i9#b̂ ,/c. A^<D^M{i^ r -^^*^^n^^^[n]$E^^^^ ̂ 'O J: 

2. ^(D^A^$ (Nuclear Softness ) (CO^TT 

^OSJJ/JI(J :#^#^, I :xb°y)}il975^^yyj-(DLakeBalaton0^ 

^0^#A^^<D-?-2b5'^o{HL, ^OH(igE!H963^H. MorinagaiCJ:!9#^^ 

/ J J\ _ t^ j 2 I + 3 2 1-1 1 

\Jl/i 2 U E j + g j ^En_2-* 

^^{C/<E j + g 1 iixtf y I +2 <hl ̂ j#r3 2-oO^{A<Di^7L,4:-^-^^^. (l(D#(iigS!!̂  

^o-e^, ̂ §w^*y^^^^^ y^^^t^nn^^i?fi^#!g{ix-^-^b7^^^^^ 

hic^$^-E)0{c^5o <h^5^^^0Jg?^{i^(DJ:5^a^^"eii^^. ^-^TJJ/^I 

<D#?fi Fig. 2^,R^O%n#^0^?3a3;h,-5. B ^ O I ci ii^#M^b[E]^^^^{bt6 

Balaton Conference ̂ $8^fC^L^O*?eL^"e(i^^f, ^(D^l&7 7^!C%^$tL^W 
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^ 's*Er Ô Ĵ r Fig. 3 H^t^^o BH(2 ̂ ')( JJ/ ̂ 1 ) <D#]^?^5^, t^b^fc 2 

-30b"-^^'^i9, C^,^^^2-o<7)^''7^^y^.f M^"!c^iEt6. ̂ Ht^^fiJ vs ̂ ^ 

g?r;^{i^2 0jg^iia^{c^^(Dg^'f^^7Ht(D^T?&5^', ^ < D ^ i ? ( i W b ; ^ b ° - ^ 

7 - C9igft-5 ̂  <h, ̂  L(D L° - ̂  ii!5g-p 3 7 - cDJtatL̂  ̂  ̂  fc^tKt $ ̂  O <k #;tb ̂ 6„ F ig. 

4 {i^-^-r^^^ti/'c^'v ̂ -<yy^ y^'e^^^^-o^Tg^.'R^-^o^cD^^^iy^-^n^ 

H, nH:^^-^^}C7°o.yhUf'c^OT&§. -^07jnX^'^-t^'7A-e^$. !.<R-?{î 5 

^'^Er (D^r,g^A^^^;$^,^^6. ̂ ^O.A^iipS^ft^J^^^^, ^tDJ:5^^(D^' 

Fig. 5, Fig. 6(iYb&^Os jc^O^^ (Finger print ) -̂ Jo-Bo H#^A,^fi^$A 

tc^^^^^c)'fd:f^^^-o^-P^o&)g[<:#^(D/ y^-'^(A(D(AH^to ^fL€^(7),dn 

(2^^)(^J/^I)^'^^^#H^6, ^ON -AEO^i%^^MH<^^^'l?#^o HDJ:5^ 

%'^%Kii f ^ T <D % # !c ̂  ̂  ir^ 5 ̂  & ̂s'-?- # 3 o {H L [5]$R^^^ u x n° y ̂  1? F^^ ;ii $ tiT ̂  

!C^^-io t̂ , Mx.ii'Os C^^(lC3^#^f^{i^CD^^^Prolate 7̂ b Oblate H ^ ^ g 

^<DR6)??i?^5<!:^^^^fc>f^t5^#x.b^6o 

3. gj&^m^[B]^^(DS^i^^^'-

N(N-l) N(N-l)(N-2) 
E (N, I = N)=AN + B ^C 

2 2-3 

N(N-l)(N-2)(N-3) 
+ D - + 

2 ' 3 -4 

(73^<d-^'-/y^NC<g^^)r^T^^-?'§^. 3^^-eK-o^-r^^^iiDasetat. & 

^ ^ # ^ ^ ^ f j ' ^ ^ ^ ^ " ^ ' . Fig. 7 {C{iA<hB, Fig. 8 !C{iC<hD07°n .y h^-Xe ̂ ^ 

W^?<07l:#^'3^*r^t. RJ.n!jiiXe , Ba^iiJSg!)^(Df^^^]^^0^^^$fl-r^^(D-r 

^^^, ^OJ:5tC7°o.yhLT^.$^^BM^CD^^^--5^^^^^^^^b^^o Fig. 7 

?#^M^C^{iB!i%A,^^ yx^ y h?'^, A^^O^j^irA#<^^-r^^^^T^^c 

#KN=84 0̂ -?{iBii-7-fi-x}c/j:̂ c.<h(iigâ . ̂ {cFig. 8{c^^-r{iCCD^J^'?{i 

C(it^TW^<-?4i-x-e<&'5. ̂ O^^fi^^lO) -C'^SL^^o<N(7)3^<DJgfi 

N (N- 1) 
aN + b ( 1 + aN ) 

2 

o$a< W^^^6^<h^T#T, ^Vy-^-/yf^0M.^F8^ta#tt Hî tî t? 'Jlggo 
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H<D^{bc^<-R^t^^^&5^b"?^6o 

4. ^#^7—^(D%^6D^3c 

^<D^^^i^L*r(igm Nuclear Physics fc%^$^-r{i^§^^\n^EB^n^(D—3 

7*-unstable â "C*'fî  ̂ ' - O ^ H ^ ^ ^ . ^nM^^^^T(il5]E]^#JfC^^^ 

^ L T ^ ^ . ^-o?^ >'^*-[B]^o^S:^^^^^'-{c-3^rr^--2'*^{$:<b(D^^7i^^-M:^ 

^§=h Table 10$n<^^fcj:^^^^f'^. Fig. 10, 11, 12ti(E^-E2y-)/E2g, 

(E^-Eg^)/E2g ^ ' ( E ^ - E g ^ / E g ^ R ^ (^E^/E^g) ^ W ^ ^ b T ^ ^ L 

/c^OT&^o %^^0,^^ig^MJ^'J $ 'y h (R< =2) ̂ b[R]$5̂ '̂J ̂ v h (R̂  =3.3) 

^ - ^ ^ ^ ( P ^ O i Q , L^^^O^Ciig^j^^^r-unstable ^ ^ ^ b ^ ^ ^ ^ 6 ^ 

0^-&L*r^$c KD^^{ii!gK!^^"e(ir-unstabie model ̂ J:<^^ir^-r^§^^, 

#x.^^tm—g^^^{c^?^-o^, Xfi^i?^^, ̂ #f^^^§^lg?^!i 7—unstable 

oaa^K^iBL, S^^MiHOx., Xfi^-?T^<^7*y5*laHCi^^^^y^t^'D^^'I?#, 

S^^Kia^X H-3fLT^C)^(i^< ̂ i?, (̂Dl#§?H:r O^Xfi 6 0 ̂ ^'^^-#'^-r^< <̂  

^5^<h^^L-r^6^^^$^$. 

5. ^3t)0f-
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1 Chronological increase of detected quasi-collective band 
(ground, y and g band) members. 

Schematical diagram of AJ/AI vs. I. 
Ip^ is the critical angular momentum for the phase 
transition from the vibrational mode to the rotational 
mode, Ir;2 is that from the superfluid to the normal 
state without pair correlations. 
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Fig. 3 Plot of (2/Ti2)(AJ/AI) with respect to I in 158Er. 
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Fig. 4 Excitation energy and nuclear mass at backbending points. 
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Fig. 5 Contour map with constants (2/*R̂ ) (AJ/AI) in the 
the representation of excitation energy vs. 
N for the Yb isotopes. 
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Fig. 6 Contour map with constants (2/R2)(AJ/AI) in 
the representation of excitation energy vs. 
N for the Os isotopes. 
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Fig. 8 Expansion coefficients C and D of excitation energy of 

quasirotational band members in terms of d boson number. 
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Fig. 9 Schematic diagram of the quasi-y band according to the 
phonon model, y-unstable model and the rotational model. 



JAERI - M 8769 

Table 1 Ratios of various energy spacings of members of the quasi-y 
band to that of the first 2 state. 

* - ^r—-
E<,(2+) 

E (5+)-E^(3+) 

E^(3+)-E^(2+) 
m -i jT 

E^(4+)-E^(3+) 
IV -1 -^ 

E (2+) 
^ 

E^(5+)-E^(4+) 
v -^ +1 

Sgt2+) 

Phdnon Model 

2 

2 

1 

1 

1 

y-Unstable 
Model 

1 

1 

1 

0 

1 

Rotational 
Model 

7/3 
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1 
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5/3 
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Fig. 10 Plot of (E4Y-E2y)/E2g vs. R^ (EEt+g^g) 
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5. agM^^tAW$x^i§^ 

* ^ # /&+ 

^ ^ ^ ^ ^ B g ^ ^ ^ E ^ ^ t ^ ^ ' - / ^ ^ ^ (Interacting Boson Mode]: IBM ̂ B§)C^ 

i§^G^gm$fH. IBMiC^§^^^^$f^iCJ:^-r, ^ < 0 ^ ^ ^ ' - ^ ^ ^ B ^ $ ^ , X, 

IBM&, ^ ^ ^ [ R [ ^ ^ ^ ^ m ^ C M ^ ^ ^ ^ $ ^ ^ o I B M ^ ^ t 5 ^ ^ M ^ # ^ ^ $ ^ , ^ C 

T{i^-/y^^?^ong;^gB^t6Hn^ L-r#A^tLT^6. iBM^^Bg^;c^t6-

Structure of Vibrational and Rotational Nuclei 

Takaharu 0TSUKA+ 

The nuclear collective motion is discussed in terms of the Interacting 

Boson Model (IBM). Results of phenomenological studies by the IBM are 

presented, and the relation between the IBM and the geometrical models 

such as the vibration model, the rotor model, etc, is pointed out. A 

microscopic picture for the IBM is shown, in which bosons are introduced 

as a tool to describe the motion of nucleon pairs. It is emphasized that 

the IBM can give a unified understanding of the nuclear collective motion. 

1. J? 

^-g-j^ic^^^^o ^^^^^^^(^^-^^^^^^o^an^&^/Lir^^c <L 

(i) ^ - - 7 . ^ ^ - 7 ^ 6 9 ^ * ) ; ^ ? ^ ! i ^ - ^ ^ ^ n ^ ^ ^ ^ " r ^ ^ ^ L - r ^ 6 & ^ ^ 

B^J^?^W^i?r Japan Atomic Energy Research Institute 
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(2) M6^{R^6&; 5L^&^jafR^^Ni]lson^n^#^^^-T^n^2:^5^^^g#(D 

(3) ^ B E i ^ t ^ ^ V ^ ^ n (Interacting Boson Mode! ; IBM^fTliH&t) ; g]5 

(1974-)^^^^/c^f&"e, s&^5xb°yOCD^y"y^, d^^-5xb°y2CD^-/y^FH 

^T, AanS)^^-^{cwB^U^5^t§^^o 

406i, 2L#g<DIBM{c-o^-r§5L^^o ^'V^^^-?B'^^^, -#g<D^'-7*-'^^ 

h-yy^^tH^L-r^^/y^^^giS^tH^', ^<%gM%T'(i^H-^J;, n^5 6^T 

^^¥^B^gBL-r^#^^. X, gS L ^ ^ ^ ^ < ! ^ S M ^ ^ ^ ^ ^ t < t 5 ^ ^ , g%Mtiî B§t 

^. J^f"U^l^^tH##X^^#m$^^^. 

2. IBM(D^n<h^^(D^S 

IBMCDPf^'<^^3icn^btrr^%^, A f H ^ ^ ^ ^ U ^ ^ ^ . IBMfil9 74^{c 

Iachello (Groningen, ̂ ? ^ ^ ) ̂ W-^(^A) ̂ J:^T^^bfl,^^. ̂ (D̂ WC3-fn§!J"?' 

fi, xb°y2<Dd^'/yc^^#x.b^^. 197 5^<D±^(D.ZA^^^'rxbry^0(Ds4<' 

-/^^ig^^l^fc#A$tl^y^, IBM 0^0^(D%g{cA§<M^^*r^5^. 

s & d ̂  ̂ n a S < 3 * ' V ' ' ^ ^ ^ < ^ , ^^^(D^O^^—oO^^^{c^b*r(i-^ 

^ ^ § ^ ^ , IBM(D#^^—D-e&^. Fig. If^t^-?^, ^coyfi, -^(D^C^'-X'S; 

?^xbTyO<Ds^H^, xtiy2(Dd^^<D<i:'^^^{cAtL5^'?K^^T^'r, L ^ E ^ 

^^gEf^t^, <h^5#ic^^B^^ti,6. r^g5{^t5 J <̂ -?;gHij<7)%ii{i(:<7).Ricj5 

5. t<'^"T7^tJ:?ic, ^^^#geiBMT--{i^<<D^?^<Da^^^C3^Ef[n^^H^6 

M{i^n^H2o^-?^(D^?^<ht^^') ̂ ^^t6?^^^^*^^c -̂L-r, ctibo^ 

^#^IBM^#^}c^^6J:T{e^^^o ^'V'yii^tH<D^-?^^gBKBt^^46cDj;gni:-&5 

<^-3W^3o ^?ic(i^^, 4"t^?(D-g^^§c)"e, S^?^, D^?^;c^, t^nia 

0^O(S^&^D^<!:^^)&, ^^?-^0^^(S^&^'D^&^^)^'^^o %-^"C, d<* 

V':-'t̂ H§?<D̂ <D (s^&y d^^*?^) ̂ , cp^?(D^O (d^&^'s^^^^') ^ # A t 3 

P)^§^1?&^^. ̂ ^J^^^LT, IBM(D§rL^version^LT, ]^?-^&?-^E{^t^ 

^*y'^^^( Proton-neutron interacting boson mode!) 7%^$ ft?;. R!j(Z)̂ (D<!:lxg[Jt̂  

/;̂ , ̂ ^^Os&yd^Vy^'0-^^Ai:^^aJ^-IBM-l=h^y, ^o#rb^^cD^IBM-2 

^<^^. ig^{i, IBM-2^-3^-UW^^if^^T^i), -̂ *, IBM^^gR^^iit^L^^, 

$T, IBM-nc^^T, €-^ic-o^T^L^WLJ:^. gm^^fcH^, ^'-/yiisX{id 
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^^-?r.$(D^^CD<!:^^^icA-5(Fig. 1 ) . r.$CD#ja(D^ti, O-lOOOkeVcD^Eia'e^ 

§. ^ UT, ^'y'^CD^^ n R fi, d ̂ V ̂ ^ ^<c&§ ̂ 'y"M^ n ̂  <h s ̂ V'y^^fc ̂  6 ̂' y" 

nB = n<] +ris (1) 

H = ê  n^ + Sg n^ + - c ̂  s^s^ ss 

+ - '̂ CL(fd+d+]<'-) Cd d ]<^) 

2 L=0, 2,4 

+ - w { [ d + d + .]<"sS+Cddj'°'s+S+} 

2 
+ - vf (Cd+d+)^ds) + (d+s [d d ,]̂ ') } (2) 
V2 

^ # ^ 6 . {EL, 6d. 6, , Cs, CL, w, v {i^^r-c^§. c.cD^ ̂  ̂ h - 7 y { i n B ^ - ^ # L , 

IBM- KD^^^-3^T:i-o0#J^-^y^^. gt^iit^"r^^^^^BK3^^^c3ir^5o 

^^^^J:^-r iBM<bABg^<D^#4^Hs^^<7)^j;6^#^^. 

(1) *'"CdOi§^; ̂ ft(i#&n&^^a&^T*-<a5. % ^ x ^ ^ h7^^, IBM-lT*1#^tL^^ 

<Z)̂ -Fig. 2{c^t. c^-cti(2)^cD^i^h-7yirw=v = 0^{R^Lf'c. ^<D^^, ^ i 

ig^^^T, IBM(7)SU(5)^g^^^^.f#^^5^^(i, &A^^#^7-^S{!?^^^<h, 

(2) ""Er(DJ#^;^^Hi^^^^[n]^^0^^^^^1?^^o ^^(Dx^^h^&^'IBM 

-lC<b(D^Fig.3^^to IBM^gf#TJiSU(6)(Dg^^tDSU(3)^^J;-?ic, (2)^ 

03.^^ h - 7 y o ^ 7 ^ -^-f^oj:b^#g'jic^-o*r^^, gE&^^y ̂  -^-iiH{B"e&5. 

^^J:?^i§^(iSU(3)^g<!:^(f^ ^y'y^nB-^o^^^WB^^^^Sli'A^gBKB 

^CDx^^ h^^&yiBM-lO^O^'Fig. 4tc^$^T^3o IBM^gf^-efiSU(6)(D^^^ 
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3. #v^(DW^^^#^^?-^ti?^n^a^-^#v^^s 

IBM-ni^^6D)^gj^iR^^^', ̂ f'L^?^<^^^^^^^^^, X, {Bj^^y^-^ 

t^MJT^t^ *' V'^aH, gp̂ - IBM - 2 , ic J: 3Pf^%^ -, /;̂- ̂ . 

^f, ^Vyo^c^^ta#fc^^T^L^-<^^on^KB^^J:5^, s&^d^y"y{i^? 
^^^JiBt§o s ̂ y"yH^JESt§ Ŝ ?Rt(i BCSS^TCD^ - ^ - ^ ^ { ^ ^ ^ ̂  ;,̂  d ̂' V 

f<:̂ $tL"Ĉ t̂D{i, Ru (z =4 4), Sn(z=50), &̂ 'Ba (z= 5 6) (D2+t <!: 4+i e ^ 

jgj:̂ 7t,̂ '-̂ c)3̂ ?̂ NĤ L"r7°o.y hL/c^O-e^§^\ z = 50, r3^i3R§?HHLT 

-^, Ru&CFBa<Di#^(i, ̂ ^?^(Ru) X{i^^?^?L^(Ba)^i#A^^^^, 

2+t <h 4+i ̂ M^^^^, ^^!cT^^"r§-r, ̂ agS;M^x^^ h^^^t. P H ? - ^ 

0+g^2+,^OE2S^M^H'5^, $5.ic^a^^5oFig. 6{c(i, ±KB<DH^07^ 

yh-7lc^L-t, ̂ OE2^^cOB(E2)^^$^-r^-5^^SnOi§^, N^^^T^#< 

(i^LL^^^', Ru ̂ Ba Oig^(i^^yx^(D^^^.^^"rA#<i§AL"r^6. 

$-?, ̂ ?^^^^y'y.^^^h-7y^#^"r-^J:5o -^J<hLT, [̂ ?, ^ ^ ? , M ^ 
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QF-^ QB = / <j2 2+ltQ^ !t j' 0+ > 

^ 2n-2 

x ( d+s + "d s+) 

+ ̂ -^-<j'2+!lQ^llj'2 + >[d+dJ<^ (3) 
n-2 

{Hb, nfi^?X}i^t^?0^^yx^?^(X(i^?L^)-rn=2nB, ^ = ̂ j(j + ^ ) . 

(3)^^^?<h4!^?^^^^FaL-r^^, ^^$#5VfcJ:^^^Vy^^^#f^$ti-§^c^ 

^^^^)5]#icbT, ̂ ?faME^^^^'-/y^i^^.^^t§V^T#^. {#^3i^*'-/y .^ 

^ ^ h - y y ^ H ? ^ , ^&?^^^#t^^ii, ±^<D(3)^iCn-^#t^^^^<Z)^^'r^B^ 

^^T^^. ̂ ?^^5{^iiB^t5^*, %?%(i^T, ^Vy.^i^h-yy^#§, 
^ ^ ^ ^ ^ T ^ ^ ^ ^ . ^-/y.^$7L,h-7yoi^?^, -f^?^ic^t§^#t^^, =̂ -/ 

yo^^^^^<h^?r.^(D^B^^, ^btL^x^^ h^{i#^{c, ̂ ?̂ <bt'̂ ?̂ icji5L; 

T^lbt5. ̂ LT, —3^B^$^^^?fg^5{^^^, ̂ ^^^/c^Bg^oH-oe@l!g 

Ŝ ĝJ, SU(5)^pg(^), SU(3)̂ [!g([Bî ), &^0(6)^g(H$A#^^[E]^), ^ g ^ 

fC^tLT<5^^^(D^5iCbT, IBM-ltDSPgMSHR^'r^O^, mB^^'^^tl^^. 

4. IBM-2(DH^m 

i:b^5yic^(7)^n^^§^\ &^^^$^^§. ̂ *r, n^^^T^v'y-^i^h-7 

H=ed(nd^+nd^)-/c-Q^r-Q^ (4) 

(BL, 

-52 -



JAERt - M 8769 

(5) 

Q„=d+nSt, + "d^s+^+Z^Cd+^*d^.]^^ 

T(E2) = e B(Qx+Q„) (6) 

^F9^^. Q7r^Q^i(4)^<7)^(D^^(D^i^#cD^^{c^^5. ̂ 'y^e^^n^e^ ^1^ 

?, <t"&?"?^#C3^^^[B]L;^L^. e^^($ii, 0.10-0.15(eb)l?^$. 

^O^^TO^^^-^J^LT, Ba y^v h-7°^^^/;^^^-Fig. 7-8ic^t^-^^. 

Ba<DN= 64-7807^ y h -7°(DS!^B^^7^^-e^^j}§^, IBM- 2 fcJ:§gf#{i§̂ -Fig, 

7{c^t^\ N-76R{%1?(7), 2+2 ̂ '4+< J: <9{gU^{c#^-o^bft5 0(6)^x^^ ̂ ^^', 

NOM^<h<b^H(4'fA?-^L^Oi§^^^^^) 2+z^±^^T, SU(3)^^^^T^<<Z)^ 

M ^ f H o Fig. 8^{iE2g^(7)B (E2) ̂ ^L^o 2+, ̂  0+g icMLT^^<^^^{g 

^^§^^^, {%HN= V S ^ ^ U ^ ^ * ) , , Fig. 81:^(6)^0 e ̂  ̂ N^^^t'-^ic^^ 

î î , SmT^yh-ylc-o^T^^t^o Fig,9-?iiN-86-92^-o^-rB)^^7'^^-

0^^#^, IBM-2^J:§gf^{tA^^L^^-^\ ^OSmTiiig^^^bB^^^fDS^ 

^n,^^5(D*r^5^, ^^^'IBM-2cDgf^irJ:<^^$^-r^6. Fig, 10 HfiE2g# 

^EaaS^^^^^^-r^^^-^-^-^-^. ^^(i(6)^C)eB^0.13 (eb) & LlT^T<3 N 

ic-o^-rat^L^^tD, ̂ ^(i^^^iCe^^^L-D'-o^^^^OT&^o m S M ^ ^ , 

'"-'"Sm^^^ii, 5jS^-^^?^?OX^^R'J^Tf#G^/c^(D-?^\^f-"-^^^§ 

^L^^^^'^^^^^^^^^-D^^^. g^E2^$^(D^J^L"r, 2+2 -0 + g&u;'2+3-> 

0+gfc-3^-r^^^S^^'Fig. llT^^bftT^^^^-^. gUE2g^?1i, /J^^^f 

t̂l,̂ "e, Ba th SmfDi^^^^-^ E2S^iC-o^-rc^x^-7 7-̂  y ̂ x^-H-T^ A:. 

IBM-2-^ii, ̂ .-f L ^ ^ < ^ ^ ^ 7 / -^-"?^<(D^#^'-^^nB^$tL^. {̂ (DT̂ y h 

-7°Mo]l§{c, ̂ j@(D^7^-^-*?^^^tb"r&§. Fig. 12 {cfi, ^ e ^ ^ i c L T ^ ^ ^ ^ 

^^7^-^-0{g^^L"r^^^,^^"?{i, Ba2:SmfcAax.*r, Ru, Os&^Thf^^^ 

^^!i, subsheH(D^^l?&6, cb^^trri,^. 

^^fc, ^?^fi—oicS^^^T^^^, #^ic^<cDE2jg^^^^ti, IBM-2&R: 

-53-



JAERI - M 8769 

IBM-1, ^ ^ ' I B M - Z ^ ^ ^ ^ ^ r ^ ^ ^ ^ ^ f L - C ^ ^ . "Kric(i, 2 + 2 ^ band head <!: 

t 5 ^ ^ K*^yh"^&5. <HD^T[i, ^0-^^M*^'yMl^]0E2g^^A^J:<ab^. 

T^^. Fig. 14{cS^^^^yKl^CDE2g#^, Fig. 15H-WM--"<'^h"[*), &y-^4M 

-^yM&g^^.^^Kfg(DE2S^^, =&^^$tl*r^§. IBM-2HJ:3H-W-n^, ^ ^ 

(B^J:<^^L-r^§C)^n,btH. X, Fig. 14 ̂ <Hi, ^AM^[R]^nn(ROT),H## 

^^[R]^^n(TRIAX), R^'IBM- l<DSU(5)^g^^^^E2g#^^B^-r#-r^^^? 

Fig. 15(DJ:^ic^<CDE2n^^-^4K-^'yKl^1r^j^$^.^(D{i, cfS^TfiC^^ 

^TT, g ^ y ^ W c - ^ T & a . *̂̂ , ^^SO^.^^it-#HV^M^^^^c 

5. ̂ <hR) 

(1) IBM, #!ciBM-2ii, ^^^H^<D!A$a[ao^^ic^^-r, ^-MgBJ$^4;t^o ^ 

-5, <h^'3?l?^-5o'^^^, ^^^"^^temporary version ̂ ' ^ b ^ ^ , ^ ^ 5 y * ? & 6 . 

<̂-5o 

(2) —3<D^?%tc^T^, ^{@(Dg^^^?^-^--?', E2S^^l?AtL-r20^m± 

(3) IBM-2(i^?^C)^^jg^Ma^^^^§. -^, IBM-l^^agg)O^^MHg# 

<hM^L-r^i3, R-o, IBM-l(iIBM-2Tf#^^6tft^y)^(D&6#8^j:^^^^^LT 

^ 5 . ^?^^Aan^^^S^ic^^5V^, IBM^-t'^^U*rH^^^-o-D^§. 
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d state 
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s state 

Fig. 1 Single boson "orbits" s and d. 
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4+ 2+ 
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+ 

^ 48^62 

0- 0+ — '0+ 

exp. ] IBM-1 

Fig. 2 Experimental (exp) and calculated spectra 
of n°Cd. The latter is obtained by the 
SU(5) limit of the IBM-1. 
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Fig. 3 Experimental (exp) and calculated spectra 
of ^°Er. The latter is obtained by the 
SU(3) limit of the IBM-1. 
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Fig. 4 Experimental (exp) and calculated spectra 
of 196p,-. T ^ latter is obtained by the 
0(6) limit of the IBM-1. 
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E (MeV) 

3 -

2 -

1 -

Fig. 5 Systematic behaviour of the excitation 
energies of the 2+i and 4+i states of 
the Ru, Sn and Ba isotopes. 

+ B(E2:2{ Og) 

Bw(E2) 

120 

Fig. 6 Systematic behaviour of the B(E2) 
values of the 2+i ̂  0+g transition 
in the Ru, Sn and Ba isotopes. 
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Experimental (points) and theoretical 
(lines) excitation energies of Ba 
isotopes (N=64^78). The calculations 
are performed in terms of the proton-
neutron interacting boson model. 

(E2)(e2b2) 

0.8 -

0.6 

0.4 

0.2 

0.0 

Ba 
56 N 

58 66 74 82 

M 

oo 
OS 

N 

Fig. 8 Experimental (points) and theoretical 
(lines) B(E2) values of Ba isotopes. 
A constant boson effective charge 
(eB=0.13 eb) is assumed. Wave func
tions of states in Fig. 7 are used. 
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E(MeV) 

3.0k 

2.0 

1.0 

0.0L 

o 
0+ 
2+ 

4+ 

Experimental (points) and theoretical 
(lines) excitation energies of Sm 
isotopes (N=86^92). The theoretical 
energies are obtained by the IBM-2. 

<Q> +(eb) 
^1 

?o 

OS 
CD 

N 
Fig. 10 Experimental (points) and theoretical (lines) 

quadrupole moments of the 2^ states (upper half) 
and B(E2) values of the 2+i-K)+g and 4"*"̂ 2̂ i 
transitions (lower half) in the Sm isotopes. 
Wave functions of states in Fig.9 are used. 
Solid lines are results for a cons tant boson 
effective charge (e^=0.13 eb),while broken 
lines are obtained by adjusting the boson 
charge for each isotope. 
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B(E2)(e2b2) 

0.02-

0.01 

0.00 

Sm 

#22^0^ 

O2t^0J 
exp. 

148 150 152 154 

+ 

11 Experimental (points) and theoretical (lines) 
B(E2) values of the 2+3 -̂  0***g and 2+2 ̂  0***g 
transitions in the Sm isotopes. See the 
caption of Fig. 10. 
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^ r 
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^ / 

50 126 82 
N, Z 

Systematic behaviour of parameters in the IBM-2 Hamiltonian. 
Parameters used for Ru, Ba, Sm, Os, Th isotopes are shown. 
Points in the upper part indicate values of x^ which are 
constants for a fixed Z 
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E(MeV) 
IBA-1 SU(5) 

X$ =-108.7 keV 

e,j = 468.2 keV 
C^= 188.7 keV 

11" C2= 14.0 keV 
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Fig. 13 Experimental, IBM-1 and IBM-2 excitation energies 
of 78Rr. 
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B(E2:J-J^2) 
B(E2:2*0) 

4=̂  

Fig. 14 Experimental (points) and theoretical 
(lines) B(E2) values of transitions 
J-hJ-2 in the ground state band of ^Kr. 
Theoretical values are obtained by the 
IBM-2 (IBA-2), the SU(5) limit of the 
IBM-1, the triaxial rotor model with 
Y=25° (TRIAX), and the axial rotor 
model (ROT). 
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15 Experimental (points) and theoretical 
(lines) B(E2) values of transitions 
1̂ -1-2 of ^Kr. The theoretical values 
are obtained by the IBM-2. 
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B? BUB 

Q: ^ ^ a ^ ( ^ i A ) 

A: ^ # y a ( ^ W ) 

o^T§^J:o(c, ^'-fittingfDJ:?^y^b"r, ̂ ° 7/-^-^^^5. Î̂ {c{i, a^B^ 

^ ̂ ^'- ̂' 1.5- 2.0 MeV^ f O t ^ O H <̂  Xy ̂ ^a^^^-?-# ̂ . 

Q : X^fn^ ( 3&JL*) 

^^7 ̂  - ̂  -(D^(i^ < -o^ ? ( Ru , Ba 60 î ŷ̂ CD prediction icM3 LT ) 

A: ^##-/6(^Pr) 

^ 7 ^ - ^ - ( D ^ S g ^ ^ O f i , Ed, K, Z^, Xt,(3 4.{@. Z^(iZ=-^(Di§^, ii§^^ 

Q: X ^ n ^ ( ^ I ^ ) 

negative parity ievei {C-3^TH^'CDJ:-5iC^&-?e^? 

A: *^#-/6(^Pf) 

3" (D f ̂ ' -/ y ̂ # A LT, s , d ̂' -/̂  ̂ ^ ^ $ #^. f ̂  Vy {i 3" (c^RA,^H?^f^ 

JSt5o 

Q : ^B^l%)(^3f) 

vatencê {iJf*(DJ:-?fĉ 6̂(D̂ ?#{c, deformed ̂ fi^^T/H'core"^ f̂'̂ 6̂ 

vaience ^^^^^^D^^b^^'eH^^^? 

A : A^^^(^Pf) 

n^^28, 50, 82, 126^^^^y^^^^^-r^^o^^-^?li^^yx^^^^^ 

Q: H E ^ g K ^ W ) 

IBM{î '̂ 1,{iKDhigh spin state ̂ "e^^oT^^? 

A: ;W3^(^9f) 
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6. Reactor Dosimetry tc^tf a!%fM^<7)^li^'['^ 

4' xR iE ^*, M n ^ * 

Reactor Dosimetry (C^^^^a^f^^ai^Mt^Pf^^^^^^^^-L, #^, ^t^-?x 

^^h^&^ws^T-'-^^^n^&^a^^^^^L^. x, ̂ fiG<D̂ â &(D̂ i§{ĉ ^ 

(i^7^+"-^^#)^(7)^-^-xE^!,^^^cD^§^^^^L^c X, ^^i$)^Sat^^6 

^ O g ^ - x ^ ^ h^^'^a^&^Wt^^^^/c^, ^i^y?!B]^!CgljaC3^a^f^^i6Aa$tL^ 

^^^7^b, n ^ M ^ # ^ ^ ^ V ' ^ . X, Jl^^^^^Unfoiding^^^t^<h^^, ^g#^3 

On the Uncertainties of Neutron Cross-Sections for Reactor Dosimetry 

Masaharu NAKAZAWA* and Akira SEKIGUCHI* 

Present status of the uncertainty analysis studies in reactor dosim

etry has been reviewed. Uncertainties in the cross-sections and neutron 

spectra and energy resolutions of the detection systems are important 

factors for the evaluation of uncertainties in the reaction rates in 

dosimeter. It was shown that the product of the relative deviation and 

the root of energy resolution of the detection system becomes a constant. 

Uncertainty in the effective group averaged cross-sections due to spectrum 

averaging is considered and some numerical examples are presented. Also 

practical results from the use of Jl unholding method are given. A few 

remarks on neutron cross-section evaluation are made from the view point 

of uncertainty analyses in reactor dosimetry 

1. %g W 

Reactor Dosimetry^fD-fzy-v'-H, gM}CjSbT^-gO^f0^#^^tLn-o-^^-f--6Dl^% 

g # ^ W ^ f ± ? T % & § % \ <: <:-cHft^J<h L T J M - M h l g ^ ^ L ^ o ^ a ^ ^ M , 

#tC%v-"-^(DM%fa-^-r^3. ^<Dl#^, ^ ^ 3 Unfolding ̂ T ^ T , M^t^Sf"'-

^ , ^ ^ M W i ^ ^ f ^ ^ ^ t ^ , ^Unfolding i^ML, SrRlAEAOAdvisary 

Group*)(i, ̂ <DJ:o^ Recommendation ^ir-oT^o 

^MA'^I-i^§B Faculty of Engineering, University of Tokyo 
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rUnfotding<D7^3'JXAH, ^ T O Input Data(R)S^, g f i B S & ^ ^ ^ ^ ^ ^ h ^ ^ ) 

cD^a^^^#nL/c^CD^, f^t^#"C^§. H#Wti, STAYSL^, SENSAK^^-

M^^'^&^^^^o J X, ENDF/B-V^HtC, ̂ ^CD^a^r^-^T International Reactor 

Dosimetry File (IRDF)^#6?^T^i?, ^ttiC{i^^^^^^77^^^-^^^gfa^^ 

<̂DJ:-3{<:, Reactor Dosimetry !C^!d*^^%^^^{3&^^C)^^fiC-o^^fi'^i3 ^^5^0 

^^^"?^9, ASTME-10.0 5#OTask Group on Uncertainty Analysiŝ * *?(i, ĝ %̂  

3)^H, ̂ ^^^^ic-o^-r^ta^^^^B.^^yy-^-hnS^fi^-r^^, X, #i3[n] 

ASTM-Euratom Symposium on Reactor Dosimetry (Ispra , 10/1-5, 1979)^!Tfi, 

^&L^#^^^6^iJ^{gfC-oU?, Covariance (^H%) ^#^^iEa^^#:^^W{}Bi^ 

2. Unfolding ̂ (D^E^ 

Ri =./'°° î(E)̂ (E)dE (i = l, N) (1) 

{BL, RiO^H=ARi *ARj , <7i(E)<D^= Ao; (E<) AOj ( E?) 

<̂(E) (D^^{g ̂o(E) &^^<D^^^t^ = A^o (E,) A^o(E) 

^ ^ ^ ^ ^ T U 6 ^ # , ^(E)^^fiI=./'°°W(E)$KE)dE^{g^^#B#J:. J 

-%S63{Hi, Bayes' Theorem ^ - ^ V 

7c(^/Ri)^p.(^)x7r.(R;/^) (2) 

{EL, P.^) = y ^ a ^ = ̂ ^x^^h7^^o(D#^a^^? 

7̂0 (Ri /<2S) =cH-^^/c^§, ̂ MigRi^^f'^a^^^ 

^J:^, ̂ ?R'Ni§Ri^^^^^^^^^^^0a^^^7r(^/Ri)^]<^^^$. C^^, ^ 

^5^t5<^^#-^^-^^-^^G (g= 1,G) K^^L^GxG^7c(D^^fr^^'T*r<^<D 

?-, R{R^^^'#^ ̂ ^, ̂ ^3^Nx N %^c<?WJ{cL^%i?< ̂ -^^'^^o ^H&^Yi STAYSL 

, SENSAK^KDR^^-^?^^^, ̂ T ^ ^ ^ f c ^ ^ j i ^ ^ (̂ 6̂t!{c(i STAYSL <hA 

Bft4^^^^^L, i=/'W(idE ^^§Bt^<h#, %:<DiW%, 

Jt(̂ ) = ./*°°t:W(E)- '̂ CiO^(E)J^(E)dE+ ^'CjRi (3) 
o i = ^ i = l 
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^O^tS ( Adjoint )^^iC^^LT^6o 

n#;M^!i, ^5)^ff^J ( N x N ^ ^ ) H^ ( i , j = 1, N) ̂ * 

Hjj =./'/'̂ i(Et) Oj (E3) ̂ ^o(Ej ̂ ^.(Ez) dEidEz + ̂ Rj - ̂ Rj 

+ ./.'/'J<7i (Ei)^Oj(E2)^o (Et) ^.(Ez) dE, dEg (4) 

3. ^#^x^^ h7^o?:?g^fi^-DU*r 

4]f^?x^^ f^fi, Fig. lfc^tJ:^^, SS#M!cBoitzmann Eq, J:i9 ̂ B<u) ̂  L"T^ 

(DA^^^e^p(u)^)J:5iC/H. ^0(^xp(u)iC-0 

^ <^g (u) x W = ^ 

a 
3 
n 
u 
<u 
CL. 
M 

>s 
ec 
t^ 

.c 

t-9 

-r d r 1 ! 1 ! r 

i.nJiJ^AtiJil J.!).!' ).!'! 
10' i id* 

Neutron Energy (eV) 

10" 

Fig. 1 Ep^?^^^h^(Dt^ 

<%p(u) ; Boltzmann eq. 6D^ 

^(DJ^TAX^h^CFiuctuationti, ^(u)g#fC^^^tH. ^fl.{i^B(u)^*^^t^ 

{^^^y?E^{g(DFtuctuation{C^Bt-5^^T, ^J^Fig. 2, 3{c^to ^CJ:?^ 
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W ^ 

43 

F 
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0) 
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e n 
3 

§ 

<u 
m 
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a< 
o 

Fig. 2 

1 2 3 4 5 6 7 8 9 
Neutron Energy (eV) 

JE = 0.5 e V O ^ m ^ ^ A - -̂  y ̂ L/c ̂ ^D. 

c 
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— i n*̂  ^ 
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0) 
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ta 
o n u 

0.5 0.6 0,7 0.8 0.9 1.0 

Neutron Energy (MeV) 

Fig. 3 ^ ^ - t ^ t ' g ^ x ^ h / ^ & o ; , 'isin(n,nO"""In 

<*)̂ CD Cross - section ̂ (u) ̂  BNL - 3 2 5 J: ̂  ̂ ^ L 

1 
^!u) 

^'t (u) 
^ L^^o. 
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Fiuctuation ̂ , i^^^'-^M^^-fg^-^:#<t^^^{cJ:^, ^^^iC}i/J^<^6^' 

^Oi#^-^(5)^<h^<[5jL;M#^^^L-r^§^^^, Tabte 1^3)-5. 

energy 
resolu

tion 

6 

0.023* 

0.069 

0.162 

0.208 

0.254 

0.485 

0.943 

relative 
uncertain 

-ty 

A%/4 

0.584 

0.498 

0.389 

0.356 

0.329 

0.234 

0.166 

0.089 

0.13 

0.16 

0.16 

0.17 

0.16 

0.16 

energy 
resolu

tion 

3 

0.0116* 

0.035 

0.058 

0.081 

0.104 

0.127 

0.242 

relative 
uncertain 

-ty 

AaVt 

0.300 

0.237 

0.194 

0.166 

0.146 

0.136 

0.085 

0.032 

0.044 

0.047 

0.047 

0.047 

0.048 

0.042 

(*) finest energy resolution used for representing the 

neutron spectrum of Fig.2 &3. 

Table 1 ^ ^ ' - ^ ^ < 5 ^ x ^ h ^ o f ! u c t u a t i o n ^ M % 

% 
xj<5 = - ^ 

U 

^^, Fe#^(D0.5-lMeV^(E]-3#BB) 

{RL, KDi§^(D^^{i§ti{#^^^MOg<TaS^F]uctuatton ^ ^ # L ^ ^ ^ U , Fig, 2<D 

235O^^-^rx7y = 0.16, Fig. 3cOFe<D^^0.042^^^o^^, ^-0(Di§^ 
<i 

<̂%og ̂ og' =<%og <%og' ( e. ̂ - ̂  ^ + e . e,, - (Jn)^ - ê  (g-g0 } 

(6) 
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Error ̂ t . ĤL{C 

1 lu.-u.'l<J dZn<^(u.) 
^(g-g^)={^ ^ . - ^ = ^ ^ *^3° 

0 otherwise o n 

4- ^ip^gfiS^CD^!!S^^(C-3Uir 

-̂  ^ ./' ./" JO (Ut ) Jf7. (U2 ) ^o(U]) <̂ o (U2) dUtdU2 
(JO;g /?<7jg')i = ug ug' ! ^ (7) 

./ y ^o(U])^o(U2)dU] dUs 
ug ug' 

JO; (ui) J^j (uz)= S^ Oj ( u j C; (U2) Ej(u] -U2 ) (8) 

^ 1 , I U [ — U 2 < < ^ 
{EL, J^^^T ej (ui-uz) = { 

0, otherwise 

g2 g 

(J<7jg/<jjg)2 = e^„y- C^^du/(/'o^.du)^ - (9) 

^^^, (^^^^)xJ^T^4^1?Wn^-^{ig^^-?M^^^#^^§^, ej(u)-U2) 

^ ^ f ^ ^ M ^ t c t a ^ , (9)^e^f^^ eV^u.^ &^^), #{^^'(%)'(tethargyr^^ 

^ L < ^ ^ 6 T - & § . X, i^o^ig^Q)^^&^^(D^{iB^#x.^J§^!c^, ^#.7^^--^ 

^#^#nt^^^<D^^^^(iB^ai?^^. ̂ Ĵ if, #R(Di^o^g^f-'-^[i^^T^^ 

^ ^ ^ ^ , %^<Df-'-^T(i, ii^^iH^^/a^^^-^-y/AA^^^^nM^^T^^. [̂  

#<D^'-^OConsistency ̂ -#^^i§^, ^fl^^(D^^7t,^'-^^#^##t5^^(7)&^^ 

^{i^6l?&^, Hie, ̂ ^ ^ Dosimetry iC^^T{ig'Jfc^^M^f-'-3^ ̂ .̂̂ <̂D-(?{i/I<, 

i ̂  ̂ ^' - ̂ 8 ^ & ( W E ^ ^ & " ^ ' 9 H ^ $ ti,̂  L ̂  ^ & ̂ *^^^ oir^ 5^^^&5§^^ 

e^x/d = -^o§9{^a3o (5)jX;#Mo 
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(J0;g J *7jg')2 = *ug'ug 
./'./*,<7i(ut)<7j(u2) <4^o(Ul)'40o(U2)dUidU2 

./'./* (%o(U])0o(U2)dU[dU2 
ug ug' 

(10) 

^̂  J^o(u,)^^.(u2) ̂ LT, (6)^is:^<!:^t^^^^^LA{#^^g+#^^^t^^o) 

^ o. 
2.5 6 6 e„J<5l + 0.03* !Jn) (11) 

'"In ( n, n ' ) R^cD 0.5-1 MeV^<3^MiMii, 

JO, 
0.92 EoJT^+0.04-!<4n (12) 

T^^^O((5)^#m)X, !^n !CiOO^^^Ju)=E", (n=1.0), @(D&#^(u) 

= e "^(n= 0.0) ̂ ^ ? / -^g^L^^#(D, ^ 7 ^ -^{gcD^^VBa^^^to 

Fig.2C3^^, -ô i9, Aufg^-^U^^fcg^TM^L^in^icfi, eo\p7=0.16J:^^^ 

^(lD^^f^ALT J^g/^g = 4 1%^^^^. Fig. 3(D'"lnS^Fe^^^^g^^<i:#^ 

^fJg/Cg = 4%, X, ]^n! = l<hL/c^#{iO, @<h^3-4%^g&^5c -3^^, x ^ 

^^^^R{h$^^<bNx.^. ##^i^, Fig. 2(Di#̂ i?, xA--^y^'L^g^^^^h7^ 

^^^^^^^^B^C){$^, ^^{LbTjL3-3%^Fig. 4i^ft. ̂ ^{i, ±g3V^<^ 

6 
.0 

e o -w 
o 
CO 
( 
to 
m 
o 
!-< 
O 
a) 
60 
<-< 
<u 

3 

1300 

0 0.2 OA 0.6 0.6 1.0 1.2 1.4 
Smoothing Energy Width,(AE) eV 

Fig. 4 ^ U ^ x ^ W^#T"3)""Au (n, r)^50 

2-8eVi]Zî g)tBW. n^-x^^ h^^-^A- ̂  
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5. ̂ ^WWiSfD^^^t^fCOUir^ 

^gg^#t. ̂ ^L/^H'"Au(n,r), "sin(n.r), ^'ln(n,n')"""Tn, ̂ Co(n, 

r), "Mn(n,r), "A.6(n,a), "Ni(n,p), "Co(n,a), "Ti(n,p), "'Ti 

(n,p), "Mn(n,2n), "Ni (n,2n) &0̂ ' ""Au(n,2n)(3 1 3 M , i#7^'-^H^ 

-^--^^3 = 0.7 6 8-C-[X^$^"r^^, ̂ ^ ^ ^ H , ^{^10%^^^^4^b^"r^§.^^ 

%P!*3X^ h^^^<hLT, ^{g^^g+^^^fcM^^^ Unfolding L^^^^Fig. 51?^ 

^^^^, C(Dt§̂ ti, ^^x^^h^(D^a^^{iy^^'^^FiuctuationlgCD^^L"r^^o 

^^{h^<D^^#^{c ̂  ̂ , 0.1 MeVi^YTO^^^^^H^ ̂  ^ ̂ ^ 6. 

-̂Fig. 6 , 7 H^t. 

#^Bi^^^^{i, Fig. 71?, ̂ ^#^^(i^B^O^^^0-5%O^^l?, ^^^tD^H 

ME^R^-fh LT^-5 ̂  &?^. ̂ , ̂  ̂ {iM^^a^&^*^^- ̂ ^a5^^^D^#f ̂ ^ ̂  ?#§ 

*e^5-p. 

X, ̂ M<D Table 2&^*Fig. 8(<:, Sensitivity Anlysis O^^^-^^^-T^t. Total 

Flux^PtWai^ti, "'In(n,r), "Mn(n,r), "Ni(n,p)^'Sensitive"e^^,J: 

<^^$tL^5'^Au(n,r) H, HDi#^!Hi^^ Sensitive -Cli^^^^^^H. 

§ it? 
j= 
^j v 
r-< 

H 

g 10 

0.01 0.1 1 10 

Fig. 5 Unfolding $ fLfcx -s ̂  h ̂<D̂ J 

( a^x ̂  ̂  h 7t.^^^^& ±70%, R^&$^'^ 0 %) 

1 )—) !))!<{ < !^L-'*! ! H[ - ^ ' !—< <!<<)! 

^ < < ' § < < < < ! t < ' < < . " ! t < ' t < t n ! ) !. 

-73 -



JAERI - M 8769 

10̂  - t — 1 — < — ' — j — r * * i — r — t — { — r 10'r 

^ ^ (Total-Flux) 
7 . 1.5 MeV) 

^±^$ # 
(0.33 - 0.7 MeV). 

0 ' ' L-J) ! ! t—<—t 

0.5 1.0 

E$ value 

Fig. 6 tg5EX^:7h^O^Pg^e(,<h 

Improvement —ratiô  ' 

n 

0) 
<i) 

<n 
o 

o 
-w 
4J 
t3 

^ 
4J 
0) 

<u 

0.1 

Fig. 7 

w 0.33 -0.7 MeV 

* 0.7 - 1.5 MeV 

O 1.5 -3.3 MeV 

* 3.3 - 7.0 MeV 

^ Total Flux 

AR. 

*^7 

10 

or 

20 

(X) 

30 

Improvement —ratio = (* 
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Table 2. Sensitivity Analysis Results of 
Estimated Grouo Flux and Total Flux 
to Reaction-rate and cuess spectrum. 
(In a case of E - 0.3 & Y - 0) 

Reaction or 

Guess Spectrum 

*s?Au(n,Y) 

nsin(n,y) 

ssnn(n,y) 

S'Co(n,y) 

"5in(n,n') 

s'Ni(n,p) 

^^Al(n,a) 

4<o (0.015-0.033 M#V) 

<^o(0.033-0.07) 

<()o(0.07-0.15) 

<&o(0.15-0.33) 

4)o(0.33-0.7) 

t-o(0.7-1.5) 

<tn,(1.5r3.3) 

<t>o(3.3-7) 

^(O.33-0.7 
MeV) 

-5.78 

8.31 

0.97 

0.20 

-3.96 

1.32 

-0.34 

0.03 

0.08 

-0.06 

0.02 

-0.02 

0.004 

0.0002 

0.00004 

^(1.5-3.3 
MeV) 

-0.03 

0.08 

0.012 

-0.03 

-0.164 

1.50 

-0.31 

C014 

0.015 

-0.007 

0.004 

-0.011 

0.005 

-0.0003 

0.00003 

Total-flux 

-0.065 

1.31 

-0.467 

0.187 

-0.163 

0.21 

-0.041 

-0.013 

0.007 . 

-0.005 

0.004 

-0.0009 

0.0004 

0.0001 

1.0 

CO 
C 
M 
M 

0.1 

0.01 

"1 ) ! ! U " 

In(n,f) 

*1 )—<!!)"] 
'-0--T ' ' " " u o.l 

In(".")" 

U 
u. *0—! . 

Neutron Energy (MeV) 

' < ' < " " J ! ! < ) Lui ' ' ' ' ' " 

0.01 

0.001 

0.01 0.1 1.0 10 
Fig. 8 Sensitivity of Estimated Total flux Values to each 

Energy Cross-section Values of **Sln(n,y) and (n,n') 
reactions. 
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6< To sm 

Reactor Dosimetry fC^^§^a^'^^^Mt$i#^^{i, ^^^x^^h^^&m^igj^fc 

L/̂ o 

fc^^g'JgcD^a^t^^^^^E^ic^[]$tH,^^^^:b, 2g^O^^!j^^L^. X, 

H # W Unfotdinĝ 'Ĵ L̂, ̂ J t S ^ &^W^^^^g^5%^^^t5^^^n^L^^&^ 

^L/co 

^ , #gt^^fi, 

@ f̂-"-̂ {ĉ T̂{i, i^^-^M^a^LT-c^, ga^^jg^^o^^. x, ^4^ 

(1) Lorenz, A., INDC (NDS)-100/M "Summary Report of IAEA Advisary Group 

Meeting on Nuclear Data for Reactor Dosimetry" Jan. 1978. 

(2) Proceedings of the Third ASTM-Euratom Symposium on Reactor Dosimetry, 

(Ispra 10/1-5, 1979). To be published as EUR-Series-Report. 

(3) Perey, F.G., "Uncertainty Analysis of Dosimetry Spectrum Unfolding" 

Proc. of the Second ASTM-Euratom Sympo. (Palo-Alto, 10/3-7, 1977) 

Report, NUREG/cp-004, Vol.3. 

(4) Nakazawa M. and Sekiguchi A., "A New Data Processing Technique for 

Reactor Neutron Dosimetry" ibid. "Several Applications of Jl 

Unfolding Method of Multiple Foil Data to Reactor Dosimetry" presented 

in the Third ASTM-Euratom Sympo. 

(5) ̂ ns^, fxRitia, Mn ^ , "Ji^^^^Sf-'-y<7)^S" a^?^?^, 

HgR]5 4^<D^4^ A3 9. 
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# ^ I 

<%exp(u)^u= 1' ./' 2 eK(ui)Zx(ui)dui 
^ K=l ^u 

^̂ [{igiicoiHsion probabiiity iĈ -5o -o^ ̂) e(ui ) = c, (m) <i (uj . X, Ui^U2 ^ 

^e (ut) Je(ux) = ̂ t(ut)^(ui){ l-c/(uj <̂ (ui) } * ̂  (ui -U2) 

^ - ^ 

1 ^ 
ĵ ^̂ -oc ({RL, A{i^^^gE&^§=-—-, )Xui\u2 0^§Z(u,)^Z(u2)!i 

— <?,(u) 

^MMT*i-5e -3̂ i? Z(u)= ̂ (u), JZ(ui) JZ(uz) =^(ui ) <5(ui -uz) < ^ 3 . 

^^){g ^xp(u) Ju = .̂/*" 2 e(ui)Z(uJdui= ^ <7t(u)<%(u)̂ (u)̂ u 
^ K ^u K=l 

^ ^ V(^,p(u)^u)=^./*^ 2dui./*^ ^du2 
u- - u - -

[̂ e (uj Je (uz) ̂  (uj ̂ (u2)+e(uj e(uz) ̂ Z(u,) /!Z(u2) 3 

= ̂ ./' 2 du, [^'(Ui) O, (uj^(ut) { l-^.(ut)(%(ui) } 

+ { Ct(u,)<zKui) A(uJ }' J 

K 

N*T(u)Ot(u)^(u}^U = ^<%exp(u)^U 

^tt^O 

< J V (<^exn(u) ̂ U ) , 
( ^ ^ ^ ) X j l ^ 7 ! , ^ - ^ ^ ^ ^ ! ^ = X /JIT 

^exps 

1 

JN oju) ̂ (u) 
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= !^-f--^u^^^§ Total coHision̂  

a^M^x^^ho^-^^jb^^^bir, ^̂ -̂Mutti-channel Pulse Height Analyzer 

KT^'-^^r^#L^^t^o a(D^'-^H^0^^'f^^x^^ h^^4-^-r^^^<7)<!:t-5. 

^(D^^, PHA(D^^y^^rh^g(^^^jt:^^4:-^^^)^b-r7-"-^^^^, u-

X, ^<DhW§(iPoisson5MHC%0%^ ̂ Cg(u)=VCg(u) T & 5 . 

x, ^ ̂  (#j^m#:) xyi^7^^-^-^^ ii 

) x/o = xV o = —7E = 
0g(u) Cg(u) JCg(u) y^J(uJ 

Q : ^ # ^ ( M ^ ) 

{gi ̂ ^^-M^T*'tD^O^rE^icn^^$ J: -5 ̂  Setf-Shielding ̂ '^ b6 J: -? ̂ ^!^H 

A: 4''/RiEy&(n^I) 

^^a?ceH^^^f^§'t^x7i^^nit§^^^^T^^^^^^#^^^it^', ^^ 

yh^fc^t6#4^a5Nit^^^^^^{bL-r^<^^^#^^tL^to ^^J#^, Fig. 2 

gKWiFig. 4^^L^J:-?^#^^^W([g]*?ii'^U)(D^'!$^^{cj:^, x^y h^^o 

Fiuctuation^^^^tL^t^b, ^ ^ ^ ^ X . ^ , {EI^^O^iE^t^^^^^^ 

t. #^^H^^^f^^L-r(i, ̂ m^^^o^g^o(u)}c-——-— ^^e-r^<ax 

^ t(u) 
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+ zfu„ <?(u)du 
/y"- , + ̂ )u^ du 

i-?̂ 6 5<hn 
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7. Nashville ̂ § (^^M?H<^& < ̂ ft^^?^(7)W^ 

60#^^^ta^t^M^^y^A) $Rfr 

^ ^ ^ i ^ ^ 

1 9 7 9^9^fc^#^-#!^7^^h-'7^<?^^^ r ^ ^ g ^ ^ ^ < ^ ^ ^ ^ ? - ^ C ) # f ^ 

(D#^#UfcMt^Bi^^^^^^-Air^^^^#^^, ai^^^^o^g^?-^^t5o #^ 

CERNC) I SOLDE T?%n$tt/-: *'Li <D̂  "M^HS^^?g(^, GS I T^M,$^fc, 

Z > 5 0 , N<82^J^O^<^ag(^^, Berkeley (DRAMA^^^^M^$^^<)g^^(7) 

^-^^^t5^--y'-^'^^fCJ:6S#^^C'gJg^^(Dxn°y, ^^&-^yh, 7Mvh-7° 

^7h^C#f^^^Vrt5. ^^Berkeley-e^^^L^Z = 104^(Dar^, FlerovOgg^ 

Report on Nashville Conference (International Symposium on 

Future Directions in Studies of Nuclei Far from Stability) 

Kazuo HISATAKE* 

Several interesting lectures given at International Symposium on 

Future Directions in Studies of Nuclei Far from Stability held at 

Nashville, Tennessee, are reported. Especially, Discovery of P delayed 

neutron emitter (^Li) made with ISOLDE, CERN, Discovery of new a emitters 

in the region of Z > 50, N < 82 made at GSI, Measurements of delayed 

proton spectra of light nuclei (and the determination of the isobaric 

multiplet mass equation) made with RAMA at Berkeley, and Measurements of 

spins, nuclear moments and isotope shifts made by laser spectroscopy 

developed in Mainz, are described. A study of a Z = 104 nuclide made at 

Berkeley and the aspect on superheavy nuclei given by Flerov, are also 

briefly described. 

* ^Ml^A''^ Tokyo Institute of Technotogy 
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1. ^ S M O G d : 

r ^ ^ ^ ^ ^ ^ < ̂ ^/cjg?^#^0#^^j <h ̂  5 ̂  - -7^S^ ^y^-^^-Aiii979 

^ 9 ^ 1 0 B ^ b 9 ^ 1 3 B ^ F ^ ^ " ^ , 7^'J^O^^^-#l, NashviHeOVanderbilt 

University TM^tL/c. i^y^^^-AO^^gggfiJ.H. Hamitton(Vanderbilt Univ) 

*?&$. 7°o^7A{iTab!elfC(D#'r^§o^^0Proceedings fi, 1980^2^bgfc, 

North-Hoiland^iRKS^a^^cp-e, ^(D^^^EP^!j$^$lgK{i, B ^ - ? ^ A ^ W 

H ^ ^ 6 o . ^^O#^a#ti^90^-?, 1 8 ^ a ^ ^ t o #Aal3{i, 7 ^ ' ) ^ (50^) , 

B^(7) o{̂ , B^, ̂ ^, 7^yo§#air^^/;o y^y^^ti, 4^K (2) , 4̂ B(2), 

^ y ^ ^ ^ - A ( D ^ - - 7 { i " Future Directions " "?^§^, #^Og^}Cgi§^^^L/-:^ 

(A) Nuclear Data from ISOL (Isotope Separator On-Line) 

(1) P.G. Hansen (Cern and Aarhus): Data from ISOLDE 

(2) E. Roeckl (GSI): Data from GSI-ISOL 

(3) V. Berg (Orsay): ISOCELE II 

(4) E.H. Spejewski, et al.: UNISOR and Its Data 

(5) J. Aysto (LBL): Data from RAMA 

(6) E.W. Otten (Mainz): Laser Spectroscopy 

^(DHhO^^O I SOL (D#g^ L?, 

P.J. Nolan (Liverpool and Daresbury): Daresbury-ISOL & Recoil Separator 

D.S. Brenner (Clark Univ.): TRISTAN (Brookhaven) 

(B) Nuclear Data of heavy nuclei 

(7) L.P. Somerville (LBL): Z=104 Nuclei 

(8) G.N. Flerov (Dubna): Super heavy elements 

(C) Analysis of Nuclear Data 

9) A.H. Wapstra (Amsterdam):Atomic Masses 

10) G.S. Goldhaber (Brookhaven):Pseudomagic Nuclei 

11) L. Peker (Brookhaven):Two Phonon States? 

(D) Heavy-ion Nuclear Reaction 

V.V. Volkov (Dubna):Deep Inelastic Reaction 

(E) Nuclear theory 

A Faessler (Julich):Transitional even and odd-odd nuclei 
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K. Kumar (Montrouge):Dynamical deformation nuclei 

E. Iachello (Yale)^Predictions from IBM (Interacting Boson Model) 

^^3 ̂  O f---? icMt 6 (^(DB^^^fi P. G.Hansen ̂ %R%^ag<!:^i3, 19 8 1 ̂ ^f-" 

2. 3L%:gg;g 

1) P.G. Hansen, "On-Line Experiments with High-Energy Protons: Recent 

Results and Possible Future Directions. 

^ ^ { i - ^ A ^ ^ T ^ ' , #%'tC)g^<J±#-?J9-^o ^ F t c ^ o ^ ^ o ^ g E t . 

Cern<DISOLDE-?fi600MeV[^?(3^A) b'-A(D{^, ^R-T(i^He(910MeV) 

^^^L^^-r^^jE< "C(1030MeV) MsMM#E<!:^3?^irJb3o m^j^^^Sl?^ 

i^O^^fg^b, ^oy'y^^O^^yib^^^^J:^^^^^. Fig. HdNbpowder& 

'̂u.ranium carbide ̂ b<DBr^?Oi)XR^t° ^ 0 ^ 4 ^ ^ ^ ^ ^ % ^ ^ ^ : , ^ C ^ 

(6.8s) , <3C%(3.3s) , "Br (3.3s) Ogf^#^%nLtc X '""Br ^HdlL^. 

@ A = 1 0 0 PRRo^Tf^JsR 

N ^ 6 0^b^^^'jB^^^^^^^-r^^ (Fig. 2#M) o #{CCern 1? '"Nb-^Sr^ 

oaH^^ARM^^^^co-?^ , ̂ O ^ ^ M ^ { i # A $ ^ ^ ^ ^ ^ 6 (Fig.2#M)o 

'^Snsz (idoubte m a g i c ^ T ^ ^ , ^(D^lgi!!iB'<${A{i3"i?^<2^?^6^<k^, 

j^*F^^E^$J:o^^^lra^$^^. 5P^, AicjulichOrecotl separator JOSEF ̂ J: 

5 fission product 6D%t']̂ !?, *^SnO 1.7 ̂ sOdecay ̂ ^ 4.4 1 5 MeV^L^Zl nsO^#^ 

M^^^. 4 ̂  <h^^$ tt^ (Fig. 3 # M ) o ISOLDE Tli, *"l n ̂  decay ̂  b 0.3 7 4<h 0.2 9 9 

MeV^#C3l^^g^^#((D^^^^^, -^^^C3$K#iiMlX{iE2^^^$^, 4.0 4 1 MeV 

^Oparity (iiE'cr^O'^^^b^^^^^^^^. n(.C'̂ {iHii2'' <i:̂  T-O^^^a^ 

b L ^ ^ , ^O^a^lj-^b!i, l^^^?5J§^%)a^T^$. 

"'I nO/? "decay ̂ 4.35 lMeV r ̂ ^'HHj^^^^', ^^Sn 7^ V ̂ -(3 decay ^ 

bfi^R^tl,^^^^5^^^b, 4.3 5 1 M e V ^ A ^ 3 " ^ ^ ^ m ^ t H c 

(D ,2 delayed neutron J^#i^(D^^TO%^^, "Li 

*'Li (8.5ms)ii, 2000°C^^L^uranuim carbite^600MeV p T M ^ L 

I S O L D E - ? # A ^ ^ t ^ ^ ̂ ^J:^T#btL^ (1 5atoms/s ) . ̂ ^ L ^ b ^ ^ $ ^ ^ ^ 

'^?^3-oO'He€^^l?^^$^/c. ^^x^^h^^^Fig. 4(a)iC^to ^Ox^^7 

h7^(D4-o(7)b°-^{i, "Be (t ,p)"Be "^HM$^Lttf&?^^^ h7t,^-g[t$(Fig.4 
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(b)#m) ̂ *, SKE3 ^ E L ^ ^ ^ x ^ ^ h ^ ^ a r - f : . KDgH^{i2E)3'^?gr^!cJ:6^ 

Fig.4(c)iC^t^5^BSgl?n -n I^B#g+^^^^^. "Li4^-y^l2]^^t^-?^long 

counter Otf !<:#(, V ^ O long counter ii^g23cm, g $ 6 0 c m < D H ^ ^ O ^ 7 7 ^ y 

Otf ̂ 8^rO ̂ HeOi:b^Jgt^W^-BgL"r^§. ̂ 36^'Jt<:-3^-?delayed coincidence ^ 

$ga'JL^o^^{iFig. 4(c)^^tJ:o^, ^"'=1 00 /tsOdecay curve tc^^. (.0 

long counter Ot^n^s^^5^^, 1.9kgO^^U^^^Hg§, '"UOg^t^^^^K 

J:62^CDtf'^?OB#^^^^a^L^c "KDiiĝ , Bic^t^?^, ^*'=10^^s <h^ 

5. ̂ Ofgti^Olong counter I^O[t"^?CD^^^#B#f^lr^^^t!:^3T-^^. ^CDJ:?^ 

LT, "Li Odecay !C#T 2-f&? ([5]B#) ^^^aH^fL^o X"'U^^!.VcgiEHJ: 

i9, ̂ 0 2^'^?&^{i, "Li <D<̂ " decay <D9 + 3%<h%^3;f-L^ ("Li 0/$"decay 

0^&?R^^ti61+7%^{^L^)o 

ISOLDE ̂ ^^Tg*^^$tL^R^^^^yb-'-A[i^#}ig^^^ic^jEB^$^^^^^ 

Ĵx.{f "'In, "'Cd^-^Ab-r "SSn0^x^7-M0^^nI^!?;t5$. 

Fig. 5O±g^iC^t^0^, I ;„ = 1-1 ̂ b, If = I H E C t 5 ^ # , ^1 = +17? 

i-5^1?, g^^^bH:, t^^oK'€?&(%±[S]#o^^^;?^^^L^^ti^^b^ 

^^^-Cia^'(DKX^i^7^^'-^b^L^7ht5^"?&§. M<h^tKi', a*^<Di§^ 

fi, ̂ ^j^&m'T^^OK^^^^L^a^-ea^, %^t5KX^{it^^(D^^ftg^^$ 

^^^SEt^-t^, bent crystal spectrometer ̂ -ISOLDEfc^gL, —^J^LT 

Fig. 5tc^t^-5^, *"Cs<!:^^Cs<DECfcJ:^KX^Oi^7^^'-^l:b^Lto 

'"Cs(DECiiJI=-l<D^J-e, JiOi§^^^-e&^^, ̂ g^Ufi^^^^. '̂ Cs(D 

ECfiz/1 =0 7?, a#<D^^?^m^#?KX^i#^^-^^t^*C^5o ^^^LTT 

z/E = 1 12+ 9 meV <h^, iĝ fg<D ̂ E=126 + 6 MeV =hJ:<-&L^o ^ S ^ 

(i&{i, JE = - ^ ^ ^ ?-4x.b^§. (Rb, AtiS^o, gg?fcl:h^Jt6g^B^°7 

/-^"?&^o ^OJ:5^%^^^^^{i, ISOLDE-?, 0.1-1 Curie 0 % ^ ^ 

(2) E. Roeckl (GSI ) : Recent Experiments at the GSI On-Line Separator 

(D GSI On-Line Separator fc^aiMlM^OPr^ 

GSI -e(i^MeV/^?(Db-'-A^[]j;gHj^^§gn^[]ig§g^mass separator ̂  ^ o n 

line ̂ ^^LT^mb*r^§^, ^O^^-er-(D#^[iA>10 0(D^-^?^^^iC^b^'r 

(-̂. CCOmass separator 0#nti4^yy-xK^§o Fig.6(Dt§^{a)fc^(D 
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4^-y'^^^t. K9̂ ;<i-y%g<D̂ .<!:̂ Febiad Sourcê .̂  <i:^L, lO^Torr H?^<D 

i & E T ^ t S o ^(D^)^H^<, Kr , Xe R'xi?5 0%Tg3SB#!^{i8ms {Cj§#'^^. 

Hg XCi Po ̂ O ^ ^ M H ^ t i , ̂ M^^^co^^, ^^)^H 2 0 %, #<Di#^ii, 1 0 % 

GSlOSeparator ?9f^L/cjg?^0—^'J, '^CsOM^#it^Fig. 7(D7^(b)H^ 

to '"CsiiCsO'^^^"'CsJ:^19^^^?0^^^?-, ̂ Ni ("Ni,pn)*^Cssg 

?^btL^. E^, = 2 90MeV (5MeV/^^)?,^(D^^^#TBW{iO. 2mbT,separator 

<D collector ̂ ^^^tL/ctRnii, 30 0 atoms/s *e^6o^^Cs {ict^J^&^'EC - /?*" 

W^L, M^EC-^^w^^, l^?Xii^^?R^it$. ^-delayed proton emitter 

&0^/^-delayed Remitter "T^§o Fig.7(b)^,^^-e#^^proton decay fî /d'H-tti 

^ T W ^ . 300atoms/sec^OJRA^^^{#\ '̂ Xel̂ Or!#<DfB]t̂ gf̂ 5̂]*#̂ , 

^-aiB'#{i4 4 9keV(2^) , ̂ -Sj&^Kni48keV ^^}±S$tLT^5. 

@ a^^tD§r^ 

GSI separator *eSn-Cs (D^'^?^^(Dl2<Z)a^#t^^^g,$tL^. ̂ tLii, 

'"'-'^Te, "°-"3i, '̂ '-'̂ Xe, ""Cs ?&§^c CO^Pb^i^fC^^<^^%^L^ 

L, Hf -Re ̂ gĴ , Th-Pa^^-e^^<-o^%n-L^!<^. (^(D^iCfi separator 

O^fe^^^^ggSHIP -̂ ̂ ^ ^ btLT^^o ) ̂ 4l,̂ (D§fag(#l#:H: Fig. 7fc^$^ 

T^5. Fig.7im^O{&fc, i ^ ^ H } R $ ^ T ^ 5 a R ^ , a^^^^^^'10" s<b 

?^$^6ig (<l(D^O&^l 0' s J^<h^3tD?MBJ^,h#^b^) &0='S^^-y^ 

^Rjt50g)T[g#^lmb <h#^b^6§§ (^C^(7)^#J^^^BJ#^#^b^5) ̂ '^^^^ 

^5o ^^, ""Cs, '"'-"" TetDQ^(MeV) [i, ̂ ^^tL"'Cs(3.2 2 6)/°'Te(3.982), 

"^Te(3.4 14), *°'Te(3.117),*"Cs<Da^acD^^bb^H, b^ = 1.8x10"" =h 

^^^tLbC-#rcc^^}^f''-3'^m^-r, ig?an, &^aM^^#^<Df-'-^^Fig. 

8^^-?^^^^^^. Fig.8(a)*e{i, a^^CDQ^, EC^^decayfDQuc&y^tLfc 

^<^?^^^^?^^^^-^^^F8L-r, Xe ,Te, Sn, InOfsj^^OWH^^O^^ 

#^^$^T^5o ^^(D^^^^'-fD^gE^'^^^^fi, ^yEC^bQEc^^^^^^o 

Fig. 8(b)H^lg(DaiM^ (S wave ) (D^#nnW^^KM^^<D^^?gn^58^^ 

LTVn.y hLfc^o-e^a. Pb^#^^d-^^-o-r^5o #^^^^104 ow^^^^fc 
d^^. (^(D^-^ti^L^^^$^T^6).^#:(D#I^^L'r, N=126,N=82(D 

magic line "̂ , W a ^ / h ^ g X - ^ ^ , ^^?^<D^^^#^^^^(.cDmagic line 

{c^^-r±#{tg]5]^^:LT^5c N<82-?{i'^Te^)^-^L^^^^, ^6D%gi5]ML 

^ ^ t 6 ^ , N=50OlinefC[^^T, W^^i#^LT^^^^^#^.^ft, ^ A ? ^ ^ ^ 

<DN= 50 O magic ̂ O—3(9m%ic^i9, '°°Snso^'#^t50^H^^^^#x.b^T^ 

6 (GSI O^g-efi, ^Ba^/J^<^(7)^^aT^^^^). 

(3) V. Berg. The New Orsay On-Line Isotope Separator . ISOCELER.and 

the Beginning of Its Exploitation for Nuclear Physics 
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7?yxiT{j:, ̂ ^^^<^b^^^^^b^<^^^^OPf%^B^^-^^-r^^, CERN 

decay scheme ̂ r#§/ĉ {̂ {i-7-y y^ ̂  A^^-gflQ)-^, Orsay "e^^^ot^^o ho y 

^ ^ ^ $ ^ ^ ^ # , C6D^-7°(D^-e0ti line separator ̂ ^^^^T-^o ^L^ISOCELE 

lTr;&<5. ̂ (D^y^ 0-̂ -4 ̂ o h nyob'-Aii, l#^l 5 8 MeV (2 0 0nA) , ^He(l 0 0 

nA)lr&6. ISOCELE I^^^^^^Cil974^3^ic^^/-:^, ^y^o-th^^oho 

y<D^6D^gfg(D^, l^L^^^^^/c. L^L^ofgfc, ^^^xhLT^^/c^ 

-y-y h Au, Pt+B, Er+Cu#^^^T Au, Pt , Er ^ ( D ^ O P f ^ ^ f ^ ^ t K ^ o 

^^L^O^^H^O ISOCELE Hic^^^^^^/c. 

^fL^^M^o-^-^^o h o yoh--Afi, ̂ ^2 0 0 MeV (6 ̂ A) , 2 18 MeV a, 2 83 

MeV'Hel?^5. ̂ y7^M[5!{i#:^^§sH^<§TL<^^$ttfc. ^ ^ F i g . 9 H ^ t . 

&"F^^^?#^^(D^^y^ 0-̂ -4 ̂  o h o yob'-A-ir^6. ̂ i€̂ §{in = 0.5tD7 5°n€ 

S^th^-r^, A = 20om^-r collector B-ei^ogAtc^t^^^SE^fiiOmm-r^ 

6. .collector T?{i3r3(DgN:^[Wc3Ki3R^3^, -§^^)^5Hi^5-^nA^^^^n 

^ S/N ̂ ±^'5 C ̂ ^{jj^§. 

ISOCELE m?^, ^-y*y h<h LTH, Au, Pt -B, Er -Cu, Bi , ThF4 +NaF, 

Gd, Pr, Nd, Ag.Sn, Tb , Ni W ^ H ^ ; H , P &r3' 'He b"-AicJ:^ Fr , At , Po, 

T^, Hg, Au, Yb, Ho, Dy, Eu, Sm, Nd, Pr, Ce, Ba, Te, Sb, Sn, In, Cd, Ag, 

Zn, C u ^ O I H i ^ ^ g M ^ c ^ ' ^ S m ^ ^ T ^ U , ^M^fi4 2 s ^a^^^/c. 

'"Hg^'"HgOO^O^^^^?H^L, ^^€YLT^<200ps C^Hg),Ti/<180ps 

C H g ) <ĥ -,̂ o 

(4) E.H.Spejewski et al OUISORfc^f^gg^ 

UNISORfcMt^^'^H^-Bg^^^-^^^Tfir^tl^o E.H.Spejewski iiUNIS 

OR(DHead*e, ̂ tgOgg^rL^o UNISOR<hH, University Isotope Separator at 

Oak Ridge <73N§!r, y/'JRoEi^^^Oig^-AtDA^g^t,..^ Fig_. 10(a), 

(b)fC^(D^[g[2]^^$^§o (a)(i-̂ f̂ ̂  o h n y & U ^ y^'A(Db-A3-x<h Separator̂  

CDM#^-^to -̂ 4 ̂  o h ny (ORIC) !iAVF t̂ f ̂  o h o y*eE (MeV) = 1 OOqMA 

CD^A^'-^-ML, ^^]S?^tii0.2-0.6 particle ̂ Alr^^. ̂ y^'Afi'gi±2 5MV 

(0^<DT, ±§^80%^5KL'r^!9, 1980^^igK!ih"-A^^t^^5^^^5. ^ O ^ 

ŷ 'A(Dh"-Aiig](DJ:5{cg:̂ separator ^b'-A^^^^^fc^^-r^^^, —R-^^f .̂  

o h oyich--A^-A^LA#^q ^4^y^-^^L, E= 1 00 qMAf^^g^t^^^^^^ 

^-lHa^bT^:, Separator ̂ %)^^5(l^iC^^^T^5. Separator O^B^#^!i 

Fig. 1 H b M c ^ t H . 

UNISOR-e^^^S^BK^ti, E.F.Zganjar (N<8 2(0^^) , K.S. Toth(aiM 

ĵ ) , F.T.Avignone (Hg [3]&#^<DnsmT(D^M!]^) HlJ:-?T#/a$ttt^Mtl%)2-

3^i^^^^^^j^^(D^<H6^^, ^RCig^'^b^^^^^^-r^/j:^ J:-3^^6. ̂ L ^ 

gJ5(D^<D-?{i/IU^, UNISOR T^^c^^^^^^^^^ LT Hg (D^^[B]^^:(D^{A^^ 
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^Fig.llH^t. "KZ)-?-&-#N(D^'S2Hgfi, ARGSI ?^^$fL^^O-C&5. 

'"HgO 0 i" '^^(375 keV ) ̂ ^^]^^{i, UNISOR ^'^-y°^ [cj:i9 0.9+0.3ns ̂  

%!Ĵ $̂ T;io<9, igĝ  (shape-isomeric E2$5^) J:^6l0{§^ig^C^^Sg^^,^. 

(5) J . Aysto , Current and Future Directions in the Study of Light and 

Meduim - M a s s Nuclei with the O n - L i n e Mass Separator R A M A . 

RAMA^oSHfi, Recoii AtomMass Analyzer <DN§!?, Berkeley(D88"-W^ 

nhny^on-lineH^$4^Hm^3s!rJ96. (Fig.l2#B3). Fig.l2H^$^ 

T ^ - ^ ? ^ , ^^^ohoyb'-A{c^^^^B-r^^$tL^MJE6^^^{i, HeFx^icyR 

'̂tUL, Mi$$^^o aerosol <^L*nf-^y^'J^-^^-^^/-:He ^^yh^lr, ±̂ *(D 

x + -?-fC^btL6o €-^*eaerosoH-[^^tL^R^^^#;!ihoHow cathode 4^-yH 

(2ooo°o K!i^i3^^wb$^i8kev^ir^3$^/;^, ninnwn^^^i?Hn^^$ 

tHCCD̂ <D̂ %!)#{iO. 1 - 0.5%Tr, Na, Mg, A! , Si , P, K ^ M ^ ^ U ? ^ . ̂ O 

^C3^1?M^$tL^AS^i^M{i 1 0 0ms {Al?&6o 
74 yx b°y^gjg(DgH^^^^^MfcW^t^BM"?RAMA^a^-r^^^'^-P^^^ 

Odelayed proton emitter ̂ a^^^LT^^. ̂ cD—^J^ LTFig. 1 3H^Si <̂ "Si6D 

delayed protonCDX^^h^^-^t^^. ^^^^.^^^{i^^?^'''Mg('He,3n)^Si 

(E3,^=7 0MeV) &0? "Mg('He, 2n) "Si (Hs^^ =4 1 MeV) T^.5. "Si CD 

deiayed proton fil̂ ?î 4̂:'-(D̂ IE(Df'ĉ {C'̂ $̂fl/Co [BĴ fCbT, ̂ "Mg(9 5ms) 

^delayed proton 0^^^^'-^/M^$^L/Co ^CDJ^fCbT, Fig.l4f^^$^6J:-5^, 

^Na&^'"AiO0+(T=2) O^^B^^^^'- (gP^HH) ̂ '^/E$^^. ^ t ^ ^ ^ ^ t , 

A = 2 0&^'A= 2 4 074 y hx n°y 5gig (Tz =- 2, - 1, 0 + 1, +2) O t ^ t ^ ^ ^ ^ 

tL^. ^^.^cD^-^^^^TT^ y ^ - ^ g i § H # ^ 

M (A, T, T,) =a (A, T) +b (A, T) -T\+c (A, T) *T', 

+ d (A, T) T^ + e (A, T) T^ 

CD^#^>)<A5<b#^a,b,c, fi^<Dgn#^b^^b^^%)0^, consistent T # ^ d , 

e {iH^<D$BB?0^^^to - ^ A = 8, &^A=9-r{i^fH<D#^^'0^^b^'<^^^ 

&-5^o 

(6) E . W . Otten, Laser Spectroscopy Probing Nuclear Structure off 

Stability 

^ n ^ m ^ ^ t̂  - -*f - ̂ ;3^ ̂  <h <cj: i3 &^^(D)g?^(Dg)a^^O x h° y, ̂  - / y 

h, 74 y h-7°^7 h (%^T^^gCD^E?^#t^) ̂ ^'#^!±!^^^CiJ:<^Htt-U^ 

fg^^^CD-r, Otten O g t a Mainz T<y^fL-r^$2-oO^^^*^&^2-3(DB^^^^ 
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(D ^^^^xty-^-^r^^^ time-dependent perturbed angular correlation^ 

^ ^ 0 ^ * ^ ( i " , t̂ --tr'-J5%36D time-dependent perturbed angular correlation 

-?-<&!3, ̂ <D^g^Fig.l5^^t. S^^t^o^, ISOLDET^^^tL^lO^s^O 

# ^ ^ ^ ^ "^"'^Hg^Mo^(c-n^^b^/i^, H ^ ^ ^ ^ T Resonance Cell 

(5^W)t^^tL, ̂^x{b$^Lfc^--y*-l?g;^B$^L§. ̂ O l̂ --y-(D̂ x̂i{tgii3 ns "?, 

Hg[s]{A#:oâ iSKt̂ n̂-#id-§o )#?H!B{i6s 'S„-6s6p3Pt(^ = 2537A)^J3 

^60 ̂ $)̂ <D̂ IÊ ,I2]CD1̂ <̂DReference Cell !C[o]D^--y-^^at^<h^J:^-r^ 

t̂t̂ .Reference Cell !mgE%<D7Km^^lB]&^^^E^LT^^, ^^HC^g^^b^ni# 

^-SI^^LTii, Resonance Cell t ^ a ^ A ^ , ^^^"COnM^^H^fgeM^^ 

LT^^5o ^-^'-^<D<i9^L^^^^5 0 H ^ t ^ ^ , 10^^<9MgET?Fig.l6 

^^t^-5^^^-y^l#^tL5. ^fHi, ̂ in^^Ox^yF^I + J^^^-^^ig^^ 

_ gj (F(F + 1)+J (J + l) -I (I +1)) 

'̂' 2F (F+l) 

?-4x.^^L§o Fig.l6^a^^7-^J^^^t5<i:, E]0±^^;$^^J:-5mr(D^yj^ 

CiM= 8.3MH, <M#m,, I = 13/2^n^t5^<h^^6. 

RJiH ̂ H g ' " ^ ^ - ? ^ ^ , ,̂{§{c;̂ g74 V ? - ̂ i^-tssm^^ ox^yfit^Tl 

= 13/2 <h^^$^^. 

0{C^^/c^^{i, 'gn^-^$^-^-<^y^-A^-B.collector-?±^^^, ^ ^ ^ $ # 

-TResonanceCell ^#<^"T, ^--y-^-BB^t6^^0^<Dir-&-o^. KD^*^l?iijn? 

^Cell (Dl^mfK^-o^^^^^O^^^^^. XCell (D^g^Ji^'-r^^b'-A^^^ 

$ # ^ ^ ^ ^ & 6 ^ , h'-A(D^ 'J / - h(D̂ 6̂ 1 0̂  — 1 0̂  O o x ^ ^ 6 . 

^^-?^B^5^^ii, Fig. 17(a)ic^tJ:?tC'gn^3ttfcb"-AtrM^-if-^ 

^-r$^o-e^§. b*-A^a:^fc^-r§^f^^^§^, ^o^-^irfi, 4^ycDigg{i^^ 
10? cm/sT, !^-^-H'-A(Oigg^lmm<ht§<h, 10"^ sec L%\RiSH#^?^. ^ 

^RLTFig. 1 8(a)<DJ:5^^T^n^t5^^1?!i, ^O10 0j§&^8#^%WT,-5. 

-̂ô <D7?î Ô J,̂ {i, ̂ f^y^Aaigt§^^^^^, ta^O^f^y^^fc^^t^^^yO 

^)^^^fcBBt^K'y7°7-^^10 0^J^t^^$<dJ^5^<Lir&5. HP-&, Aa^^-
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E=<5 f ) = m v c v = — - z?y,-, g^^= const 

7°7-tM^M^tDg^—^E<h^-?^^}c^5. ^^^^tt{f, ̂ jHt5^^^j:i9, ^:#^K 

dM^= ( k T / e U ) ^ ^^t) (0) 

1/400^^6. 

^/^, L̂ -̂ '-g;iBL-r, ̂ ^An,iSg(^^^^B^i§{g..g^^^t6(Fig.l7(a)#m). 

^f^y^^'^ibii, 7^^'J^n<h^'€^t^t5^<!:^^^-r^^J:<^^A3R6. .̂(D̂ ĝ 

^^^J:^^^^^[5]^%/U^^{bL^^. M^^bti', #^^^oyrBaiilO""cm'-?-, 

(l(0(ig{ijĝ  (&y^l) ^^{b$#$aj'^^Sa^^2^^^#^^^?^5o 

Fig.l7(b)(c Mainz (DTriga Reactor ̂ b on -line K ^ ^ ^ t L ^ W n ^ ^ ^ ^ ^ ^ 

-rn^4l^^i^J^t^o ^<D^^T(i^'Rb(58s)(0^^b'-Aic, ^ = 420 1 A 

(5ŝ  S y ^ 6p2py) (D^-+P'-b"-A^r^-?^^(D"e^§o scanning {iHrn^^^fD 

^a^€E^^^, L^^-o-rFy7°7-^7h^^^-rfrb^^. ̂ "J^gliiSMH^gE 
tae l o^T^§. 

Fig. 19(i, 55#g(Dl^?^Niisson diagram!?, ̂ ^^jgii^-o^"r^O#Ln^U^ 

TfY<^^^t^^l?^§.Bn^^^^g^^^ [4 13)s,, (4 20),., (422)3,, 

C402)9/ ̂ igifo ^^^^^^l^^o^^^^^c 

^ ^ 74 7 h -7°^7 h O ^ a ^ ^ ^ ^ t . 7M V h -7°-^7 hii, n a ^ ^ c g ^ B # ^ 

#n^^<D^biciBBt§, ̂ §Wfield shift <5^p^§Lig^?C5^#nn}C^Bt-5mass 

shift %)&]-?<&5. EP̂ . 

IS**' = <3y^'-t-K(A'- A)/AA/ (A,A'f±H^M&) 

^^JgOmass shift ii, S^^?-eii^$^L, in?-^?x^^h7^0i#^{i^^icgf 

#*e^5^, {^(D^^iH?^^7h^{igt#^ij-f^H^^^^^o field shift {i^ 

CD^i^#n^g<D 2 ̂ O ^ b ^ < r' > ̂  ' <h f <D J: 5 ̂ M^^'^ 5. 

g^t^'=—TrZe'Jl (̂O)l' ̂ <r' >^' 
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Fig. 19{i7^f y h-7°^7 h^5-^y)btL^3<r' >^^&?^^M^^L"r7°o.y h 

L^^^-e^^. N=82(D(g^^<r' >=0<!:L-r&5^, N = 820^-r^(i^^[&-o 

-r^6. ^ttii, N = 82i?tii^^^ir^§^, ^tL^bftL§{c^^T^^^^'^:#<^6 

^<h*e^^o^[5]{i#&^}±;^-5. W^N<82i?{i, N ^ ^ # < ^ ^ T ^ , ^ ^ ^ ^ ^ f c ^ 

$<^$(D?<r' > O ^ Q ( i ^ ^ ^ (Sl?l/2^<r'>standard <^#^fc^) J:^/J^ 

),^\ N>82-C(iN<hA{c^^^^g^^.^^^^^^ #^^J:i9^ic^Jb5o J:^#M 

(7) L.P.SomerviHe , New Spontaneous Fission Activities Produced in the 

Bombardments of '"Cm and ̂ B k by "C,"N, '̂ 0 and " 0 Ions 

€6^5B#^^^<^-3/c01?, tb^^^!d*^#iC^WU^^. ^^#OL.P.SomerviUe 

fiBerkeiey^G. T.Seaborg ^A.GhiorsofD^^ (Ph.Dn-x) T ^ ^ . ^ ^ O ^ ' ^ 

-7°{i, DubnaCFlerov ^7^-7°^^KU"rZ>100Og!,^g(DPf^^^^-r^5^, 

Flerov^O%HL^#f^S(it^T^L^#;t, ^(Dia^^^^T^-^. ̂ (Dgg'^^^O-

K?-, Dubna <9 % ^ L ^ ^104 ( 76±8ms) ̂ ^ ^ L T , ^ ^ S ^ L , Stb<^l 0 4 

O^^Mfi 19 + 1ms <h^^LT^^. 

R(±<7)gM-TR(7<3 4-oOMHS;Hi^"r^3. 

(D ^0+ ggCm -̂  ̂ ^X -̂  ̂ ^X (19.2 +0.6 ms ) 

E„. = 9 2MeV, ^ = 4.4nb 

@ ^N + ̂ B k - ^ X ^^X(19.2±l.lm) 

Etŝ  = 8 1.9 MeV , <7=8.2nb 

@ '̂ C + ̂ Bk -^Lr-^Lr(4.8±0.7sec)-^No(1.2ms) 

Ei3̂ , =70 MeV , <f= 2-4nb 

^ 18 ̂  248 - 6n 260 v 
@ gO+ g,Cm ^ ,.,X 

Etg =1 09MeV, (7= 8nb 

Fig.2 0!C@OM^<Dn!^3^^^^t. ^J^&ti, ̂ tB^^#)^0.0 2 5mm(D)?$(DNi f-

-7icgo-r, -74R(D7twam3§ (^§M%R-^!R) ̂ i?#M^t6^^-e&§. Ni ̂ -y 
Og3ti970mT, ^^j^gii0.5m/sec-e^6. HDJ:-3icL"r, M^&^BX#[(Dg%t^^ 

^SiC^^^^S^^OyRgM, B#t^CDM^<hL-C^tij^tL§. Fig.2 0{Cfi, BerkeieyO 

^-^^DubnaO^-^^#gB$^-r^6^, ^^{i^^n^t^^. C^tr^LT, Dubna 

OV.V.Volkov^b r^^-^?^^^^^J ^^Tg^^^^f-c. H^{i Tno J . ̂ -^^^#0 
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Somerville^#<^, DubnaiiO^fqJO^^-^-o-r^^CT, ^-3^5Hf^^!±{fc<7)/'f55 

^^m^bT(D, @, (DoM^^H9.2 + 0.6msOg%-^^33-S^'^^$^, 70ms {î ' 

^MR5{C^n-^m±^^^^^LT^§o 19ms(D^a^L-r!i, ^'104OWr$&^^^^, 

(DO ("0,6n) OSi[S^^a^J:i3 50{§^^^^^^^^m^^LT^6c 

(8) G.N. Flerov , New Approaches to the Synthesis of Heavy and Superheavy 

Elements 

^ 5 . %aĵ.if, Z = l07^%FHi, 

^Bk + '°Ne - '"l07+5n+a 

-^^^tt^^, <T^10^'cm' T&?.. ̂ {i^m<D!Sg^T'^6. ̂ OJ:o^^Mi6irZ = l 14, 

N = 1 8 4 <Dgg^^^%ntH^5n^{i^^o 

Dubna-e{iAxb^<D±^bTi/^}0'y^m^^6gg%#^ ( ^ ? ^ g ^ b ) ^ 

^o (Z, N) o#^^U-r4)^^^^^H^T^6.r^^^:^^§§ira^t^^^fi^5^J 

&^5 0. Schult (Julich) en^ic^LT r^^^^^#x.T^5J <h^^l?^^^. 

K ^ 
JHES (j^W) : neutron deficient nuclei (D yield ̂ spaelation reaction (D^f^ 

heavy ion reaction O yield J:i3^^tDfiM^^ 

X̂.g;: CERNO6 00MeV p<D spallation yield ̂ ^U0ii, g)iB#^heavy ion^jS 

(Dt§^^i9^^^^o#^'e^<, target OH^lOOgr iaii^^-^^^yield^^-<^ 

'So 

JHB (^W : Pseudomagic <b(i<^^-3#9^o 

^^: Rj=Ej/E2^^aL,Fig.21(DJ:5!c, P d O f ^ O R j ^ F N O ^ ^ L - r y 

ay ht§<h ̂ Pdg^ /dV^VMI (Variable Moment of Inertia) (D^O^^b 

^#<t'^^o VMI (D̂ <h(i 

, J (J+ 1) 
(1) Ej =C (1-1,)' + 

9E 
(2) - — = 0 

9 1 j 

-?^at§. '^NELI(J){i^ig^#-?', c^ ̂  {i^7^^--er^§c^J^^'^Pd„ 

r̂Pseudomagic nuclei (D—^J*e^§. (ltL{idoblevmagic O "̂Sn̂ Q (D4 proton 
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hole-4 neutron particle <D^<h#x.^^i,$o —^tc, double magic <D 2 particle -

2 hole Xfi, 4 particle - 4 hole 69%^ pseudomagic nuclei ^!<^\ R j -R4 7°o y 

h ^ V M I a 3 ^ ^ b - f ^ § # ^ ^ ^ ^ # ^ b ^ § o 2 particle - 2 hole O ^ L T , ^ T i ^ 

ZNs. 's'Te^, ^Po,^^^!3, 4 particle-4hole(9#!j<!:Lir, *°°Pd^O{lh^, 
40 ^ 48 ' 52 

4 8 ^ !32 
24^^24 ' 54'^78 ' 86^^"t22 ' 52 ^ 8 0 
4 8 ^ ! 3 2 ^ 208- 1 3 2 ^ ^ , . . . , ^ , ^ 7 
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Table 1 Program of International Symposium on "Future Directions in 

Studies of Nuclei Far from Stability" held at Vanderbilt 

University, Nashville, Tennessee 

September 10, 1979 

SESSION I 

8:45 a.m. Sarat Student Center 

J. H. Hamilton, Vanderbilt University, presiding 
Welcome 
Alexander Heard, Chancellor, Vanderbilt University 
Welcome 
Philip L. Johnson, Executive Director, Oak Ridge Associated 
University 
Do We Understand the Spectra in Transitional Even-Mass and 
Odd-Odd Mass Nuclei? 
A. Faessler, JUlich, Federal Republic of Germany 
Coffee Break 
New Facets of the Quadrupole Phonon 
V. Paar, Zagreb, Yugoslavia 

SESSION n 

2:30 p.m. 

6:00 p.m. 

UNISOR Information Meeting 
Sarat Student Center 

C. R. Bingham, University of Tennessee, presiding 
The Use of Nuclear Systematics in the Interpretation of 
Nuclear Structure Far From the Beta Stable Region 
J. L. Wood, Georgia Institute of Technology 
The Structure of Neutron-Deficient Odd-Proton Nuclei Near 
the Shell Closure at Z = 82 
E. F. Zganjar, Lousiana State University 
The UNISOR Facility: Recent Developments and Future Directions 
E. H. Spejewski, UNISOR 
Coffee Break 

R. W. Fink, Georgia Institute of Technology, presiding 
Alpha-Decay Studies in Lead Region 
K. S. Toth, Oak Ridge National Laboratory 
Subnanosecond Lifetime Measurements of Excited States in Nuclei 
Far from Stability 
F. T. Avignone, University of South Carolina 
Plans for Laser Hyperfine Structure Measurements at UNISOR 
H. K. Carter, UNISOR 

Pizza and Beer Party, Commodore Room, Rand Hall 
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SESSION in 

7:45 p.m. Stevenson Center 

J. Zylicz, Warsaw, presiding 
In-Beam Nuclear Structure Studies in the A = 100 Region 
T. Feynes, Debrecen, Hungary 
Gamma-Free Si(Li) Detector for ISOL Systems 
K. Hisatake, Tokyo, Japan 
The Daresbury Isotope Separator and Recoil Separator Projects 
P. J. Nolan, Liverpool, England 
Study of Neutron-Deficient Isotopes of Francium and Iodine by 
Means of the Helium-Jet Technique 
Sun Xi-Jun, Lanchow, People's Republic of China 
Effects of Shells and Deformations for Systematic Studies of 
Transition Rates 
W. Andrejtscheff, Sofia, Bulgaria 
Possibilities of Studying Low-Energy (n,p) and (n,y) Reactions 
in Neutron-Deficient Nuclei 
G. Andersson, Chalmers University 
Far from Stability: Recent Results at ISOLDE 
C. Schuck, Orsay, France 

September 11, 1979 

SESSION W 

8:45 a.m. Sarat Student Center 

R. A. Sorenson, Carnegie-Mellon Institute, presiding 
Rotational Structure of Very Light Nuclei in the Lead Region 
S. Frauendorf, German Democratic Republic 
Coffee Break 

Systematic Studies on Collective Potential Energy Surfaces 
J. Maruhn, Frankfurt, Federal Republic of Germany 

SESSION V 

2:00 p.m. Sarat Student Center 

D. E. Murnick, Bell Laboratories, presiding 
Laser Spectroscopy Probing Nuclear Structure off Stability 
E. W. Otten, Mainz, Federal Republic of Germany, and CERN 
Quartet Effects in Masses and in Charge Transfer Reactions 
M. Danos, National Bureau of Standards 
Atomic Masses for Nuclides Far from Stability 
A. H. Wapstra, Amsterdam, the Netherlands 
Coffee Break 
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W. L. Talbert, Los Alamos, presiding 
Some Aspects of the Use of Deep Inelastic Transfer Reactions 
to Produce Nuclei Far from Stability and Nuclei with Large 
Angular Momentum 
V. V. Volkov, Dubna, Union of Soviet Socialist Republics 
Band Crossing and Quasiparticle Excitations in Nuclei around 
Mass 80 
L. Funke, German Democratic Republic 
Pseudomagic Nuclei 
G. S. Goldhaber, Brookhaven National Laboratory 
Study of Far-from-Stability Nuclei by Nuclear Chemistry Techniques 
R. A. Meyer, Lawrence Livermore Laboratory 
Current and Future Directions in the Study of Light and Medium-Mass 
Nuclei with the On-Line Mass Separator RAMA 
J. Aysto, Lawrence Berkeley Laboratory 

6:30-
7:30 p.m. 

7:45 p.m. 

University Club 
Cocktails 
Buses leave for dinner aboard paddleboat on the Cumberland River 

September 12, 1979 

SESSION VI 

8:45 a.m. Sarat Student Center 

J. B. McGrory, Oak Ridge National Laboratory, presiding 
How Well Can We Predict Nuclei Far from Stability? 
F. Iachello, Yale University 
Coffee Break 

Shape Coexistence in ^ 0 , ̂ Se, ̂ ^j 240pm A Comprehensive 
View Based on the Dynamic Deformation Model 
K. Kumar, Montrouge, France 

SESSION VII 

2:00 p.m. Sarat Student Center 

B. van Nooijen, Technological University of Delft, presiding 
Theory of Nuclear Molecules 
W. Scheid, Giessen, Federal Republic of Germany 
The New Spectroscopy of Heavy-Ion Resonances 
K. A. Erb, Yale University 
Particle Properties of Collective States 
L. Peker, Brookhaven National Laboratory 
Coffee Break 
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R. Foucher, Institute of Nuclear Physics, Orsay, France, presiding 
New Approaches to the Synthesis of Heavy and Superheavy Elements 
G. N. Flerov, Dubna, Union of Soviet Socialist Republics 
New Spontaneous Fission Activities Produced in the Bombardments 
of 2^Cm ^ d ^^^Bk by ^c, 15^ 16Q, anj 18Q jo^s 
L. P. Somerville, Lawrence Berkeley Laboratory 
The New Orsay On-Line Isotope Separator, ISOCELE n, and the 
Beginning of Its Exploitation for Nuclear Physics 
V. Berg, Orsay, France 

September 13, 1979 

SESSION VIII 

8:45 a.m. Sarat Student Center 

0. Schult, JUlich, Federal Republic of Germany, presiding 
Some Applications of the Shell-Correction Method 
1. Ragnarsson, CERN and Lund, Sweden 
Recent Developments at the TRISTAN On-Line Mass Separator 
D. S. Brenner, Clark University 
Coffee Break 

Recent Experiments at the GSI On-Line Separator 
E. Roeckl, GSI, Darmstadt, Federal Republic of Germany 
On-Line Experiments with High-Energy Protons: Recent Results 
and Possible Future Directions 
P. G. Hansen, Aarhus, Denmark 
Concluding Remarks 
J. H. Hamilton, Vanderbilt University 
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Fig. 4 (a) Pulse-height spectrum of beta-delayed neutrons from ^Li. 
(b) Decay scheme of ^Li, neutron emission from ^Be was also 
observed from the reaction ^Be(t,p)^Be. 
(c) Distributions of correlated events in the ^Li experiments 
and with a 1.9 kg sample of ^^^U. 
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Fig. 7 Section of the chart of nuclides extending on the neutron-deficient side to the proton drip line 

predicted by Hilf et al^). To the left of the dashed line the cross sections calculated for 
heavy-ion induced fusion reactions fall below 1 mb. To the left of the solid histogram-line, 
the half-lives for a decay are estimated?) to fall below 10^s. 
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(a) Section of the chart of nuclides, illustrating the method of 
linking neutron-deficient nuclei with unknown mass to those closer 
to g stability with known mass. 
(b) Reduced width Wa for s-wave a decay of even nuclei as a function 
of the neutron number of the a emitter. 
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Fig. 10(a) Beam line lay-out of the Holifield heavy-ion facility. 
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Fig. 10(b) The UNISOR facility. 
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Fig. 15 Schematic diagram of the on-line 
laser-spectroscopy experiment. 
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Fig. 16 Time-dependent perturbed angular 
correlation by use of pulsed Laser (3 ns). 
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6S 70 72 74 76 73 CO 82 84 86 

Fig. 19 Plot of 5<r^> of some isotopic series 
in the vicinity of N=82. 

!8 2.0 22 24 26 28 3.0 

21 Comparison of ground state band energies in even-even Pd 
nuclei with predictions of the VMI model (solid lines). 
The figure presents Log Rj vs. R4 (the lowest curve 
(short dashes) indicates R4 on the logarithmic scale, with 
arrows pointing to the mass numbers of even-even Pd nuclei) 
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8. - ^ #R fr 

a 43 n tn+ 

^^OT-^5. ̂ <Z)J:T^^iiBH^^b^^^^^. ̂ ^o^(i, S^^LTCi, ̂ f-"-^H$^ 

o^^^#5^C)T*^-o^^', ̂ ^fiEf&?^^^ig^M#(D^^^^^^^. ̂ ^T, ̂ -0^, 

#&^y^$m^^tT^oy5^^'^%^^^^^^5^#^M#^^f'**-^^^^^ L^Pf^ 

^^-§8^-3^^5BS^3^$n^O^*?^^^. $!.^U, ORNL^DM.J. Martin R:^gH^ 

^-^?WO:iy-t?-^yh<bLt^Brr$^<D-ir, [5)H^gg^^#^T, ̂ ^J:?^Pf^^^ 

^^5g^^^^/c^^?^^. a^^^^f^^^o^^fe, ^ ^ ^ ^ 7 - + y^'-^7^ 

-7°. ̂ M^-^-^if^H^^^^T^^/f<^^^(i^^^^^^. L^b^^'b, #AaAm 

Brief Review on Activities of Japanese Nuclear Data Committee 

Shigeya TANAKA+ 

H iRe. ̂Li_ 'Li _ ^ i°B, "B Ĉ. O i^ Na, AZ ̂  _Ca_ Ti V Cr 

MjP ̂ _ Q p _ ^ û_ FPj67^a*^Jb. Mo_ _G^ Ta Au Pb '̂ Th "°Th 

232̂ -p̂  ^^^Th ^^**Th ^ P a ^^^Pa ^^^Pa 233ii ^^^If 235ir 236ii 238ir 

' " N p ^ N g ^ 23° PU ^8 pu 239p^ 2 4 C ^ 241g^ 242 p ^ ^ ^ 242 ^ ^ 

'""'Am "3 Am ^ C m ""Cm ""Cm '"Cm 

+ B^^'^*^JW%^. Japan Atomic Energy Research Institute 

* JENDL- 1 (Cti 4 3^M 
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-^0A^^<hlca^^aa9^<S^^TSS icJ:^^^^- ̂ 'NDES^ A ^ ^ & t ^ ^ ^ $ 

fi/io ̂ /c^MfcWL-r, H ^ ^ ^ 7 - + ̂ ^-^'^-y^G^^$fL^^^, t ^ ^ ^ t n ^ 

{f, ̂ (D#&^L^B^iC^^T, 400keVR.[-<D^[H^^^, ^ f h L ^ < ^ ^ E a ? 

j5^t^^, 1 mC3^^iSj!g^ir'{i^&?^^^bT^3 0%(DH'J^^^4-x.$^ <̂ -̂5 ̂ (D 

TTd5 'So 

Compilation Group (CG)^J^-r7W^{M^7L-r^-5o -^-, ^ H O B ^ ^ ^ ^ i g i ^ 

R§'JpH^^-?-^-^xh (Jupiter gttBi)^JENDL-2^^^L^^^^5^M^^!9, ^ 

JENDL - 2 ti-^H3tH#;t 5 ̂ " e ^ e <L̂ 'iB̂  L^. 

2. H^= !^f-d^ (Ĝ (j-§ JENDL - 3 H-iB(D^W 

^^^{i^M^^iiiiiPf^^^^^^^icnt^^'?, ^m^^fc^'cDJ: ̂ ^^#if ̂ -^& 

?f-'-^ .7^7"7'J-^'^J<$fl-6^^^^H^, -ô i3 JENDL-3ic^'OJ:5^^7-'-^ 

- 3^^J^gH^J ( ad hoc committee , g H ^ : % # ^ B H ) ̂ #^-r^,i^iS^, H 

E^-^&a% ̂  

^^-7^%^*jg^ 

?7°^h-t7^6D 

%r 

( ̂ ^JMl^f--'- ̂  W. G.) 

%#i§7-' 

setf — consistency CD/̂ 6̂-̂  covariance matrix 
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^ g i ^ - J ^ 

^ ^ ? % ^ M J t B : <r, 
do do d'c 

d<7. ' dE. ' d#.dE, 

dd-r d<7y. d'<7 

' d#y dl̂ r d6^dEn 

Aa3#gfc J:^^^4i§^^ ̂  1 0 MeV 31?<7)1%7-*-̂  

3. S^tW^^g^^-^ 

b ^ ^ § . -^, JENDL{c^^t6J:^^{i^^^^<^5To 

1979 
12/12-14 

1980 
March 

4/21-25 

5/12-14 

5/22-23 

5/19-22 

6/9-11 

6/12-13 

NEANDC Specialist Meeting on Neutron 

Cross Section of Fission Product Nuclei 

IAEA Consultants' Meeting on Properties of 

Neutron Sources for Standard Studies 

Advisory Group Meeting on Nuclear Structure and 

Decay Data (IAEA NDS) 

Symposium on Neutron Cross Sections from 

10-50 MeV 

Meeting of NEA Data Bank Committee 

2nd Advisory Group Meeting on A and M Data 

for Fusion (IAEA) 

11th Meeting of INDC 

3rd Research Coordination Meeting on Actinide Data 

Bologna, 
Italy 

Debrecen, 
Hungary 

Vienna, 
Austria 

BNL, 
USA 

Paris, 
France 

Fontenary-
aux-Rose, 
France 

Vienna, 
Austria 

Vienna, 
Austria 

8/24-30 IUPAP International Conf. on Nuclear Physics 

10/8-11 7th International Conference of CODATA 

Berkley 
USA 

Kyoto, 
Japan 
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December 

1981 
March 

NEANDC Specialists' Meeting on Capture 

Cross Sections of Important Fissile and 

Fertile Isotopes 

22nd Meeting of NEANDC 

ANL, 
USA 

Bologna, 
Italy 

?#XfiK 

i) r ^ ^ j # g ' j # n $ H ^ : a # ^ ? ^ ^ , 2j, 840(1979). 

2) c)3JHW%a: JAERI - M 8163 (1979) , p. 51. 

3) /hdjgH*. {%: JAERI-M 8163 (1979) , p. 358, ̂ C ' ^ X i ^ 1) 
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9. ^^^(OK'A^^-^^^^^^(0^# 

dj B # #§* 

Theories of Nuclear f^asses and Beta-Decay Half-Lives 

Masami YAMADA* 

Nuclear masses and g-decay half-lives are discussed from a theoret

ical viewpoint. In particular, a mass formula which was recently proposed 

by Uno and Yamada is explained in some detail. One of the main charac

teristics of this formula is that it gives not only the mass values but 

also their theoretical errors. As for the 0-decay, it is pointed out 

that incorporation of some shell effects into the gross theory greatly 

improves the predictive power of the theory. 

1. g^USg 

^§{i^iC, QJS^-fD^OO^X'r'vf-^ y ̂ ^^^.g^^-jr^7^^'-CD^x^-7f-^- y ̂ ^^r 

^Mt^^<!:^"?-#§. ̂ L-U^fbbii, ̂ t7){c^^tL^^#^^^cD^^^%^t6^, ̂ [g 

^n^{SLTT^#^^. ̂ tLii, ̂ g^J:^-r{i-#^n±^^^^-t^^<D^^§J:^'?^^ 

lr^§. Nt,^, <b < m^^?^^M-e{i, ct^^^++ e^a ( e : S?^^) ^^#t 

* #^B9A^ Waseda University 
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ic#?^^^T§^o. a^^(D^MMic^^*r{i, Q€^^^^fc&^*?^^, ̂ (Dj^oB? 

2. ̂ ?^(D^^^^W<hiB^ 

6D <^ 5^?^i^Mt § {î  ̂ ^*(D#!aH{i^^ 1/10 ̂ ^?<Dgf ̂{ig^l?i. ̂, B? 2 1^^ 
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^ ( O J : ? ^ ^ ^ - ^ ^ A ^ ^ ^ o ^ ^ 5 ^ ^ ? ^ ^-<D^A{i-^ic -#;a^" ̂ % ^ § ^ 

^&coig?gH^^}Hi^S^^lg^'^H^^ agi (N-Z ) V A ^ ̂  ̂  o^^ig^ii u ̂  

T ^ § ^ , ^OWeizsacker-Bethe^^{C{i^^^*r^^^. ^m^-^#!Ct-5/c^ic, g g 

^^Mg ( ^ O ^ ^ B ^ ^ l g ) ^^if^j(^ "jEL^^^" , Weizsacker-Bethe^^^ 

"^jE#^^^" <hL,T^Oc ^t^^^^J:6n*<D^^^ai)mig^r3^-3T, A^M 

"iEL^^^" ̂  "^iE5S^^^" o^ic^^{g:yA#^^{i^^(Dir^§. mn^EX^ig 

^ 5^gBJg^^^ino#^^ " jE L^^" J: ̂  ̂€;H?'#!#) 3 0 %-f^'M^t^ ̂  ̂  fc J: -̂  T, 

^T^^, ^-tL^b(i-f^§ic-ofLT"^jEa^^^'' ii "JEH^iT ̂ ^^^icA#<f-^ 

^^^^^^<h LT^n§ii^7 ̂  ̂  -^^iy^#!9 "KDliĝ tig<̂ ĝâ '- ̂ ^b^L^^ir 

^^^^^. ^o^^<b^(D^'J{i, ̂ 7̂ -̂̂ n̂ Rl#̂ -̂ f'lcgf̂ i?̂ ^̂ {fJ:̂ <7)T*-(i 

^ Weizsacker-Bethe^^fi^^^^<^^^^1r^6-? L, ^^Tt<"^^^^6D^^^i§ 

^^/;n^l?^^T, ̂ aig^^^ig^^^30%R^?gf#t3^ <hii#^^B^-?&^^o 

#A$ <nam^o^ ̂T-̂ -?T, ̂ ^ea^o^?^ag#-r;i^o^^^^^{i^^x,<^$t^ 

±ic;3;-3-r^5J:^^i?%), ^gp^°7^ ^-(D#A(i€(Dg^^gg^-r^§^<h^^tt-r(i 
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4. gH^^^^^^^^^^ig^MfC^H)^^^. 

MR (Z,N) = Mng(Z,N)+Pz(N) + QK<Z)- M.dd-.dd(A) (1) 

&^t. ^^TMng(Z,N)ii^:^^i^i?^^-r, Z^N.<7)^^)b^^M^&t6o (̂ f̂ 

^^Z{c^§^^^^'Jfc^#t-5^', N^{i^^b^^^#t^. QN(Z)titf̂  JFfc^t^^ 

ig-?-, NH(iJ55?gj^WJi<:, Zicfi^^^^ic^#t§. ^^{i^^^fc^t^^^^^IR 

iglf', ̂ fH-Clia^^^nL-r^^M^^O^^^^^AtL?^^. 

M,,̂  (Z, N) =7.6 80 2 3A+0.3 9 1201 +a{A)*A + b(A)- ) I [ 

+ c(A)* IVA + Ec (Z,N) -1 4.3 3xlO"^Z^-^ 

(̂ fd'L I=N-Z) (2) 

^g^-C^6. ^^"Ua(A)-AC9ig{i, #^ji^^^-, ^[fii^^^^'-^^-^^., 4jac^gp 

^7^-^'ii(,^-r^3. b(A)-!I!lg{iWignerlg"e, ̂ gp^'y^^-(ilH/'f^'e^6. 

c(A). I'/Aig{i^^^^^^-, ̂ 8##j;^^'-3^^<-, ̂ gp^7 ̂  ̂  - 4 i@^{i^-? 

T^5. Ec(Z,N){i^^^'^^J<D^-oy.jt^7t,^-ir^^, ^^(i^H^^CD^^^ 

^^^'-i?^^. H?it(D^^^i^icjrh^6^, ̂ ? ^ ^ - ^ ^ < , ^^M^M^J^^^c 

(1) ^ ^ ^ 

P^(N) = Px , Qw(Z) = Q N (3) 

(2) - ^ g 

Px(N)=Px+(N-N^)Pz- QN<Z) = QN+(Z-Z^)QN. (4) 

^^fPz, QN . Px . Px , QN , Qw t i ^ ^ i ? ^ -"?^^. (Nx , Z^ii^^^^}(D 

%)-D/?^a%%^tfia"ea3.)^Zii2%ib 102^^, N(i2^^ 156^T^^^^DT*-, 
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cDT-'-^/d'^^s^^n^^^TL^^, ^ ^ E o g ^ i c ^ ^ ^ ^ o ^ ^ ^ m ^ ^ ^ . ^-tf^n^ 

ic, ̂ 2^^g^n^^t$^^?-{iioo{§os^oH^^^5^^ir^§o ^c-^tt^-e 
ogn^^^ef^Tfi, -#fcga^^^^t^^, a^^l5)L;icL-rb^5&^o^^^<H^ 

T#/^o L^b^^^^{i^^^^gM^^^^#^LT, ^RO^f^^fc^^^O-r, €CD# 

^^*^^WL"r^<i-5. 

i^^^^^^J^ < ̂  -o T ̂ , ̂ !^^- ̂  ̂  Û ^ /̂  ̂  ̂  5 <h H M ^ T § ̂ ^ & ̂  ? H ^ M -So 

^^.^, nA^^iC)^}^^^( intrinsic error)̂ 6̂<i:E'-?̂ (hfCLJ:'?o $b{C^{#^]^ 

fi, ^o^^gagii-^igPz(N),QM(Z){c#lgL-r^^^L, ^^^'tt^z. ^N^^to (̂  

H t i l M g g ^ t ^ . ) ^ ^ , PzM^^-5-^igii, N^M^<hL^^#, ^-C={i^<-raz 

^gJ^(D^:$^^^^ (tb) (DJ:5ic/H(?3-?^5. 

t3<h, Pz(N)fi 

MEexp(Z,N)-Mng(Z,N)-QN(Z) (5) 

^^#x.^^. ̂ Hig^!i^^^&^^, ̂ ^{i^(c#^^i^^gan^, ̂ 7 ^ ^ - o ^ ^ t ^ ^ 

. ^ t ' ^ ^ n (extrinsic error )^^^^T^^o ^—Ig^^Hlg'D^H^-^^L'KS)^ 

^mn^'f#^^5^, ^tL^T7zM^LJ:o. ^LPx(N)(D^^m^#^^'^i'Pz(N) 

<D^°7/ ̂ -!iE-?z<N) J"' ̂ S^-^UT^^2^^-cr^^b^5^, F*3^s^ax^J5§7i& 

icS^!i { C ?z(N) J' + ̂ z' }^'&^5. C<Dg^^^^/;A^2^-^{CJ:^ Pz(N)(D^°7^ 

^-^J:^^-(D^a^^fcJ:^Pz(N)(D^^^^^^^$tHo QN<Z)(D^7^^-^[W[aic 

LTSt^a. €cDQM(Z)^t"e{c(5)^^^^tL"r^§<D"?, iteration iCJ:-o'TJR^t§^"F± 

C3#^^^<^Ht(D^^^o^^, ± < D S ^ ^ ^ ^ , btub^W^ti, ̂ Lt^T(D[^^ 

gS^^O ̂  L^<!:#iCH^2^m^^g^^t§#^2^&2:^i3, ^iCt^TCDf^^m^^^ 

[!a^<i:L^^#^(i^b^a^eA^2^^^^§^^^^^^. 

(5)^^>r^t5no^^{e Yz(N) ̂ #^5o ^^5^€tt(i#ica#M^L^^^^-T^^^o 
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^tL^^Yz(N)i^L-r^-?T^3%]^ii, ^ ^ ' P z M t D g ^ ^ M M a z T ' M L 

J^<ht5%^<h, (5)^O^^^^^^ia^ i?z(N)l?^^LJ:-3<ht§M^^^^#^^"r^ 

^^^-?^<hT*-^§. ̂ (LTYz(N)oa#^^ii, ^^--o;DM[S]iC^t5a^^^*M^<DM 

&L-T^$^§o^ic, ^0^^M^^ML?Pz(N)^Yz(N)^^02^0^^^^#x., $^ 

{C^-^b^^Z^^JEBt^t^T^NO^ (^Oj@^^ nz ̂ t-5) H-3^T^tl^jax.^o & 

^5TPz(N)0^7^-^%#MiCL^3-7'C'<^^tDl?, ^^(cMLT^^i^^^^o (1 

T LT^b^^*^<I* CYz(N)-Pz(N)J'> ̂ #< <!:, 
N 

<FCYz(N)-Pz(N)]'>=nza;z (6) 
N 

^^fi^iE^{i^^L/-:. L^b^cD^iE^-3^-r^^§H<jic, (6)T^RfbT-Hoa$^5-;t 

"T^^-3. ̂ t^&jB^^z<Dnz^l?^^*r, ^7^^-^^^nz^b^l^tL-r^^^^^^ 

SHt^^ir&5?. ̂ 7/^-0^nz^b3[<<D{iJ:<^3^6^<h*T;&3;^, ^<D^^ 

!C^^^ii^tl.^^(i^a&^^^t^&H"e§^^^^. nz^^^^^^5 ^ (*z ̂ J ^ < 

^^t^^^-eii^^^^^T^^BSK^LTfi, Pz(N)(D^?^ 3?-6D3^ic-o^*t^i^&3 

^§^^^gnL-r^<.%^T(6)^{i (Kg ic^t§^fg^^n^C<h^-?^5. (Xz = 0(ir?̂ a 

{HrtD^^^§^', az>0OJ:-5^^^#^t^^^ic{i, o!z = 0{ir3^^^^^&L"r^T 

^ { ^ ^ ^ ^ , ^L^jEL/c(l<m^^^^^^L?^<i-?. (6)^o^^^(D^^{^^^^#^ 

H, #^^<<DZ{c%L-ro:z>0(PJ:-3RW^<, %^Taz = 0^^&U^^ti{i^b 

^<^-oTL^^^. â {<:-D̂ -r̂ [5]̂ -ê §. (—gf̂ ctz, <XNti^<^-5°) ^^!i#! 

a^!c#^*r^^L^J:5^^^t^^, ^3^, ^yy.yh-^-^/D^^+^'e^^/'c^ic^' 

b^#^^<%§^#<<V;^<b, ^^^tLO^^^n?^ig^'f^?^igtD^b^^-.^ 

iteration ̂ ^ #^< $#^J:5^^^^^0'e^-o^^^^^BHt^"e^6-5. ̂ ^"e^tL^^ 

(i, (6)̂ (D̂ -̂JE5o;z ̂ L, 

(Xz = 0.9 a ^ + 0.1 <Xz (7) 

^ b a ^ ^ ^ ^ z ^ ^ ^ ^ . /c/fLaz ti. ZcD^^{c%^T^tL€W^^Z^^fi^^Zicr3 

^-T(DcXz'<D^^](%-DTaJ(D^^i?^^§)-e^§o a^{<:-o^-r^[H]#{c:Lt. 0.9 <b 

0.1<^-5^EEti, " ^ ^ n " ^ ^ $ - ^ - ^ 3 ^ * ? ^ ^ - r ^ ^ L / c ^ ^ , ^:#^^n^^L;^ 

^±CJ:5^L"r, iteration ̂ jR^t a <h, g n ^ ^ ^ # ^ ^ 5 ^ # 4 ^ , ̂ (DE^^^ 

M(Z,N)={az'+o:^+[: Pz^MN)f 

+ [QN"'t(Z)r + [- M.,d-.dd(A)jM^ (8) 
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4.3 ^ ^ ^ ^ ^ 

§§^<D-^^LT, - ^ n ^ ^ i g ^ ^ L T , Figs. 1, 2ici%$^az, a^^, Figs. 3, 

4iĉ ^̂ g]̂ ±(D̂ igo{i#Pz", Qw <Dsaia^^t. ̂ ^n^^^T^, ^^^^{i^^ 

.̂. Figs-1, 2{c^uiri^^E^^^—^oz,N{c^4Jt-5^[o]^^.^^L§^', ^ ^ ^ ^ ^ ^ 

(D^^^{i^f M7°<y h - T*-^CD^^J:^ic^§^^±(D^O^ii^-^:(DPf^!(:^^^^tL(f 

^ ^ ^ ^ o Figs. 3, 4H(i, j-jn^^cD^#^{i^^^^^^."r^5^, LSn^^titi-^ 

^^^tL(i^^^gt#^^^^f'L^^^L^^^^. ^f'Fig. 3^Fig. 4^Jt^3^,iig 

-̂̂ ^̂ ', ^r^-e^^Hfr^^^^^^^^tD^^^n^o ^<DH<9g^<3^Bmo^4yy 

^^-^^^^fm^LH#Vc^^{c^^J:-5icm^^§. ?̂ {c, ̂ ^n^-^3J^J:b^t§^ 

# a t $ ^ ^ & ^ e - ^ ^ ( D - ^ 0 # ^ P z , QN ti. ̂ ^)LT0.2MeVgg6D^#$^^^ 

T^§. ^^5^4-x.btL/cZ^N^^-o^ yy°.y h - ̂ '-^O^^H 10-15 < ̂ U & 5 ^ 

-?, Pz(N)^QN(Z)ii^^7°.y h -^-^O^^t^M^^^-SMeV^^t^^^T^^-.^ 

^ ^ ^ ^ T R H t ^ f , ^{g^ti0.6-0.9MeV<bW^3/,f5?. ^^5^^^^(7)^^ 

^^{i^^L-ras-O^MeV-e^^-r, (ig^^-ict#^^. ̂ fL(î 3gR-r̂ /̂c=k-3ic, 

-%grc#AL^-%:<D%^, ^gB^7^^-<h^^^M^, $^?^$^/^^R±e^gij 

^^^T^^^^^^t^LT^^. ^OJ:5^^^^l^<^^(D-^(7)^^^L"r, ^fi^tHi 

5. gn^^tD^^ 

M^"?^WL/cnn^^n, gn{H^^T^<^^^4x.^o ^ ^ H ^ ^ o ^ ^ c D ^ 

#wi^azOv^^ra]%^b^3<9-e<&3. 

Rb^Cs^^L"r^fc^cD^^J:-?^M'e#§. ^^mi^^^tL<D4>-7°'y h -^-^fc(i 

^^Figs. 5, 6{C^:t. (8)^-e#^btH^^ti^^<7)nn#l?^:b*r^^^, ^#{^b"C 
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-5<h#^-5^oi?^^o $b{c^^^]{Hi, -^^oa^, 0:^05^0^(0;^ , 0;̂  o ? 

^o -^)o^^^2^a^^^^^L;^^L, ^0^5^2^a^^-^cDl^^^f'^T^^ 

5^^^(8)^0^0^2^Q(D^^lja^^<l^^t^. ^ % ^ < a ^ ^ , ^ ^ t ^ - ^ H O 

^z, o:^cD^om^^^/'cbt2^ig^^^$^/c<!:t§. ^5L*r{#5>tt^^^(iFigs.5, 

^^X^5icii{t&onn^^^ ̂ ^^{}6(DJ:b^^^$^?^5. ̂ #fc^^^-S:cD^$^ 

H^^, RbT*1iJanecke-Eynon(JE)^S^^<, ^^ITLiran-ZeMes (LZ), Comay 

-Kelson (CK),Janecke(J), Seeger-Howard (SH)^^#, ^fL^-Hi^^ic^<^^^ 

<h C 5{C Myers -Swiatecki (MS ) , Groote -HUf -Takahashi (GHT) , Myers(M) ?)^^. 

:bti4̂ (D(i, ̂ ^^JE^lB]ifg^oA^^-^^^L, - ^ J ^ ^ ^ c ^ ^ L Z J:^^U.-^Cs 

-r{iMS^#^i^< , %^*eLZ ̂ ^ ^ ^ ^ ^ , €0^{i{^{3.J:^^^T#jr.#^i9f-^<hn^. ^ 

^btitD{i^:^^b^#(D^^-7H{i^§. Rb, Cs M#^^^^^<!:, L Z ^ - § ^ ^ ( ̂ 5 / ^ 

Rb ̂ CsR^"e^LZ^t<-'ti,^^^^-3^i^^^^), ̂ ti{iM^^K^*r^7/^-^^^ 

T^6CD-e, ̂ ^^^<^(i^#l?#^^^^^-e^§.^cO#(D^^{i, <!f*(:̂ -ê f̂g=!:2MeV 

^H^^&^ic^^^^^-f, ^.#ic^^-g,^^ic^^ii^^:§^^^^(D^fi#^.$#btT, 

3. ̂ OJ:-3^^^*efi, gf#no^^^nS§o^H^*?^§^#^^^§^, ^tLbftfD^ 

^fc^CK^^<^o^i^i?^r-3^/f^T^§. CK<am^(i, ^^^^cDgSg(^#!c^LT 

^HL^^)<hi:b^§^, ̂ gM^icj:^-r!iiy[B]L;^^o^^5^^^, ^^^^^/J^^^r 

^5^aa<> <b<icCs(D^^?^^<D^g-e[i, CKtDga^{iB^^^n/j^t#'5. 

^^^^(D5f^6fT^-r^^^^^#^aa^T^^-?. <K^, ^^^^x^-^^^E^^^ 
#X.f-:̂ <D<ĥ , core-skin ̂ ^'^^^rJ^^^L^^^'^^^^^CD^, ^ ^ S ^ ^ f C ^ ^ 

^^^^'J^^<D hindrance ̂ ^^(CH^^t^^^, ^@^iC^^^)^gO#f^^^^^CD 

{i+̂ (î '#ij<DLJLfB, ̂ ^^O^^^^gross theory of /?-decay(/?ĝ <D;A;Ĵ )aFm)<D 
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^ (^#7^^- . x^^ h^^) ̂ 8HL/r. L^L^^'^#CDg+#(i^^B^"C*&^t. R 

^cD^^^'7^gf#-^cD^^{i, {gi^^^-^^^^MLTii, ^ f ^ M ^ ^ - ^ M ^ B ^ T 

B?2^g^^(Dm^^g+#t^^ ̂ ^Rf^^Lt^, g^S!]^^^^on^^^LT(igf#n 

^^^^^-M-^^^5^f^^(D^O^^^^. ̂ <D^g^, ^ M ^ ^ t t ^ ^ ^ ^ ' -

t-5 ̂ ^, 3 ?c(i-?^t^-r<9^^J53—;g<3 ft €"^S^t^<h^ -o ̂ ^ o iHR/gt^ 

IM^(Eg)t'=./'^-^D^(Eg, ^)W(Eg,^)-^-d^ (9) 

^^?3^^J:-3Tgf^t§. ̂ ^TEgfi^^^bH^^^Oj:^^^-, ̂ {iS#(?g#?) 

O^^^^t^O, '!i#—%?^^--e^5odni/deti, ^^{C^^6^^(D^#^ 

^^-o^?(/?^H^LTcf^?, ^+^n?^S{c^LT^?)<D^^^^-3Mi?, n^^f 

^ f ' ^ ^ - r ^ t a o ^<Ding^<D-#^^<h^^(D(i^-^^^gM^D^ (Eg, ̂)l? 

^ -? T, e ic^ §#—^?^/?^^-^#?(c J: ̂  T Eg /f 0-^ ̂  7t.̂ '- ̂ i§t ̂  # 0 3 ^ ^ L 

*C^^, sum rule^^aU^^^^^^ttT^^,. ̂ ^g, / ? ^ ^ ^ E g < 0 K L / & ^ H ^ ^ 

Olr^^^, sumruieiC^^*r(iEg>0(D^(l6^n^*r^-oT, ^̂ îr[5]B#fĉ -x.̂ ^ 

#^^J^!%aWJ:<-D^.a-50*r-;a§. 4^T0(!:^5^J^^^0$§^^^§^0<!:L"r 

1 ̂ @ (iH^^(#"e) tD^SB^? ̂  ̂ -^{i^^^^i), €<D{^B^^^^(D^ie{i^^^^^^ 

T^6. Da (Eg, f)(i#-%?Oga^l?<&-3-r, PauHO^{t&!§a^^M^^^^b^?^ 

^o Pauii^a^#nt^^<73(iW(Eg, f)<H,^N<3-^tM^!T, W c ^ - 5 # - ^ ? ^ 

^^b"UEg^^^^7^^-^i#L^<J:§, [W!S^?(D^<^^^J!:^^^-#&{CfT^if 1,. 
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5!c^^§o D^ (Eg, f) (i^^^^^^^^^-tif^^^ic^^t^o %-3TC(D^^-?{i, 

^%^Ji^{i^(9)^-?'^§^, ^fH^f-'^^b-ry^^i * # x J : ^ ^ ^ ^ ^ ^ ^ M ^ ^ -

T, €<m#-%?W<!:^T 'J y ̂* - ̂ '+ .y 7°{igjK^t^^{C LT^^^M^^^/c. $ ̂  

ic(9)3^<Dg^H?"?^§#-^?^)^!M^{C-[B^^^^-)i^ ̂  ̂^^-^., ̂  < {C In O 9/2+ 

^l + ̂ ^(D/?"^^^J:^Bi <D9/2'^gB(7)/?++^^^^^±y-r^b/^ In CD 9/2 + 

IR^igg/t; hoie ̂ '&§^, ^^^g^§J:-5^nif/?"^^ii, g7/2^{i^^^?^Yc< $ 

/y^^^^ic, ̂ i^J:!9^^^^<^§. InOl + ̂ ^ f c ^ ^ U ^ ^ ^ ^ , $ 6 H ^ M t c 

# W ^ ^ ^ ^ LT^^t<^gSf!Ao#-^?^#:^^^LT^^fc i + ̂ m(i^< ^ ^ ^ ^ ^ ^ 

^^^$fL6C3T', ^ ^ H ^ 0 ^ t c ^ - r ^ ! i ^ L < ^ < ^ 5 . -^jBi(D9/2"^^{i 

ĝ̂ <b%̂ €<!:(Di:b̂ F̂igs. 7, 8, 9<^t^, ^^^(D#A{C^-^T^,^ig^O-^^A 

7. &3-C 

^gog*(D^^^A^^W^"?^-5^^^^^"r^^u-r^§^^. -^/?^^o^n, gA 

^7^<%Mt^RM^3c 
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Fig. 1 The most probable value of the proton shell parameter 
P^ for linear shell form. 

Fig. 2 The most probable value of the neutron shell parameter 
Q§ for linear shell form. 
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Fig. 3 Intrinsic error of the proton shell term for linear shell form. 
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Fig. 4 Intrinsic error of the neutron shell term for linear shell fo rm. 
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Fig. 5 Differences between calculated masses and experimental masses*^ 
for rubidium isotopes. The errors attached to the points are 
those of the calculated masses. The errors indicated by solid 
lines are those given by Eq. (8), and the errors indicated by 
dotted lines are those including additional errors due to 
extrapolation as explained in Section 5. The thick vertical 
lines along the zero line indicate the experimental errors. 
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Fig. 6 Differences between calculated masses and experimental 
masses^ for cesium isotopes. See the caption of Fig. 5. 
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J/2" B" decay of odd-mass In 
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117 119 121 123 125 127 129 131 

A 

115i & partial half-lives of odd-mass In isotopes. ^ ^ I n ig 
excluded because its Q-value is too small and the gross 
theory is inadequate. The dotted lines show the values 
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a? am 

A: !itESS#̂ (#*) 

Q : ^B IE (NAIG) 

A: ^an^(^^) 

Q: ^ ^ J - A ( ^ ^ ) 

A: djB#^(#A) 

^^^gH^^^J:x.{^(N-Z) VA^ fcit^Jt^^o^ig^Aa^^^^fcJ:^, ^OJ:5^ 

^ ̂  ̂ , ^/d^m^^^^^^H^ # ̂  L^^. 

Cs ̂ RbCT^f V h-ytc-o^T^tiy^?^ M (X^5 0gj) T{i, ZeMesO^O^r 

A: djEB^^(^^) 

Q : 1§JH ^(SW) 
NDS!c^^btl,*r^-5Wapstra-Bos 0 ^ , ^^^{ftf^^^^CDB^^^^g^*?^^ 

^ M ? # ^ ^ ^ . 

A: LljB#^(#^) 

^.^ii§^??H^<h " ^ -?/c^§^, A-oo{i??R!J€^^^^^/c^#^tj-tLti'^?j:u<hH-5o 
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10. %^Rtj^-?, ^^^W3H<7)M 

Estimation of Experimental Beta- and Gamma-Decay Half-lives 

Zyun-itiro MATUMOTO* , 

A brief review is given of the present status of estimation of 

experimental nuclear beta- and gammas-decay lifetimes. Several topics 

which we met in evaluation work on the nuclear structure and decay data 

are presented and reliabilities of different methods of gamma-decay 

lifetime measurements.are discussed. 

1 - (g^at;: 

^ ^ i 3 r ( D ^ (>103°y)^5>, # ^ ^ H ^ # C D ^ ^ (-10"" s) ^(DNiJ^'^btH. 

J:-3^^^^c %iCr%^6DDoppler shift^'J^L/caij^^ii, [5]$K^^B^^(Dpsgg(D^M 

^^-y^H^^^ig^-^ . r7- + y^-. ̂ ^-y°-e(i, 2^^0 Oak Ridge ̂-tf ̂ (bt§ 

g ^ ^ ^ ^ { m / 5 & ^ # ^ b ? ^ ^ (ref. l^J:^$$g^W2^#m)^ ̂ ^^-^Og?#75S!)^ 

^x./c^CDii, i&&<D<hC.64mass chain{A"C^^^, ^^^^^C^^M^-o^tti, ̂ -(D 

^"e^#^$^Lf^HO^^^^cD, ^§^{i^^Mn^<D^^^^t^^^J"C"^6^n^^§ 

+ B^n?-^JW^^. Japan Atomic Energy Research Institute 
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2. /36Btĝ aaBH<D̂ lii5 

#&C3 on line gn^#r^<D^^^^ ̂ JA^^iR^^ J: ̂  ?, stability line ̂  ̂ H < ̂ 31^ 

l#g^C9S^^^^^^r^M^^o]^^^^^. -^irfi^n^^^a^^b, 10'° y ^ 

#^at^^<Hr)^4^!j^-o^'r^^§. 

2. 1 ^ ^ S o ^ g H 

^^<D^^^^^l?iiSn, Te30^^^^(m<, Ag, Cd^^, ̂ CD^TfiBa, Cs, Pr 

^̂ s'stability line^b^^^m^#^Tdbr-T, on !inegH^#r^^^%^-7°^a?)^g 

^^^b#^?M^^J:^^- ̂  ̂ ' ^ ^ O i ^ t t T ^ a . ?R^^^<!: LTti ̂, r %g!P)i%̂  

delayed neutron̂ ? proton ̂ ?̂R!ĵ ^̂ Ĵ 3b§o ^^l#^^T*1i^gl?^a{i<!:'y*-^^n 

glr^b, ^S^li^#^#^"?#^^^J^^5. ^^O^ja5L^^^l?^^^^^^^O^J 

H, Gartner ̂ ^^^^'^CdcD^^lr, 0.506±0.015s^^-r^^. ^tLfi^'U^t^^^ 

^#t^TRISTAN-en#^^L, r^(DM^^A^^%)<7)l?^$. ̂ {CFig..lic'"Cd̂ "'In 

ic^^^^<-o^oa!j^{i#^l:b^b^^^^E^L^. '"Cd ic-ô irti, 4^o?Rimg^"^ 

{in̂ '̂ -o-r̂ -5̂ , L^ba^Mo^^^-?^r)-r^?A^^o^n.^^.a. c.ti-iî tft̂ tD 

ga^^^$<^^b^H#r^6^^^n^t^. S^ii^^^!c^Wg.^^!^^9, 13.5 + 

0.3 s^^^ Lfi. 

^o^^'^In i?{i, #?R!Ĵ ($̂ "̂ ^ cD̂ '7-y + {i$b^^§^. #n§rb^ l974^coa^ 

{jĝ ô-fn̂ '̂ :# < # % ^ # # ^ i ^ ^ ^ 6 ^ ^ $ ^ 0 ^̂ -r-ĵ Pf'; -7 y ̂ o'"in (r, 

p ) ̂ ^Ir'^In CDr^C3^^^ig5^#^^^^^^i7^/'c<!:^6, "^InO^^^^fc^ 

< T, ?^ip^fM!0S^&^5"e^^^^-±^i§^^^^^^^^^^^#^u^^^^^^o 

" ^ I n ^ a ^ ^ ^ - ^ ^ iiFig. KDY<Dg)(^$tt?^a. H^f^^CDit^^b, 1974^ 

0Grapengiesserbf7)#:^7)^^^$^5"tr^9, ^^b^adoptedvalue^LT^^L^. ^ 

^Yutab^^cj:a^O(i^Pf^^W^-^''Vc^^-?&a^, {lh(iISOLE, OSILIS^'WHH 

^ ^ ^ ^ ^ T T < 6 3<, 

2.2 '2""Sn(55y) C D ^ M 

"^Snfill/2-^,^T, ̂ 55yO^^^T"'SbC0 7/2+^^^^t§^, SR^l? 

Isomeric transition CD^gg^i^^-o^o Fogelberg^^ !i'""*In (23.1s ) ̂ b^'Sn^O 

^M^a^^Pf^L, ^(Dy^<D^77^^-^/&^^^Sn^m(73^#^^-^6.29keVir^5^ 

^^#^/-:o ̂ gNBSOHuchinsonb^^i, L̂<D6.29keV M4 r $5̂ 69 partial half life 

^, #—^?^niL"^-9.36xio^^-^^*r, 76y"e^§^&^5., IT&^O^^M^J^ 

$<^L^<!:^?^L, ^0^^<b37.2keV r^(D^^^#^$'J^U^o -̂photon[s)B#§t 

^-^^-^^^^^^^H, Fig. 2 ̂ ^tnotation {C%-^T 

-X-) a;Tii^^§B^^n?-^^ 
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(1^3!+1^)/disintegration = 1.147 x 10" sec"', g*' 

37.2 keV r ^ ^ t i 

1̂ /disintegration = 2.14x10^ sec"', g"' 

37.2keV r̂ <D<*T = 11-0^33''^, 
Iyy(l +M^) 

^2 CD branching = — : — — =-0.224+0.020 
1^1+1^2 

^{#^^f-^-^-^^^T, 6.29keV r^^^^^tK^a^L^M^^^^ii^^^^^^ 

^^—gH-^Uto ^< L*r^-^ir0^n^)^'U^^isomeric transition̂ )̂̂ {Hi77.6%± 

2.0%T^<9, 100%<LS^^L?^^^^-^t:^22.4%ic^^, ̂ ^T^CDunique first 

forbidden ̂3 transition (D log ̂t ii 9.00 ̂  b 9.65 iC^ftJ^^i)^ ̂  <Hc ̂  ̂  /i. 

T#'J^aF^T^^<b#^?g^o L ^ L ^ g ^ ^ ^ ^ M ^ ^ ^ l o g ft #.^-#< ̂ ^!C{i=§.^^ 

^cD^^b^^6^g^^6^, ^^b{iEEfc r^^^^^^^cD^^#^^gf#$^?^$. 

^^{±}^#^^^&JE^.^^CDj5^l^rb{i, ig^^^M^^^^^^^^^<, ^M^^ 

partial half-tife<h^Tn^"e{i^f^6^6^^^^^-3?^-5o 

2.3 "'Te ̂ ^?Mjn^^ 

Fig.3(i'"Te l/2+g^^m^b'"Sb7/2+&m^^^(DEC^^#^c-D^t, Nuclear 

Data Sheet^^^^$tL^^<D^^L?^6o '^TeOlO^y^L^^/^ii, Aldermaston 

H^^^Kn?#ncD^^^^J:^(l.24±0.10)xio^ y^gfcL^^O-?^§^', t̂i-R( 

H?tD̂ Ĵ fgii K- capture partial half-life <!: U T > 10'" y , > 2 x10" y, L- capture 

partial half̂ ife <h U T > 5 X 10^ y ^ ^ ^ P ^ ^ b f i ^ ^ ^ ^ ^ ^ C D n n ^ ^ ^ K , L-X 

^tD33^R'J^ ̂ ^^tb^ ̂  OT^- § ̂ , '3'Te (9 1 ̂ '7 AJb^^) g # 1 0 ̂7 -̂  ̂  h ̂ j^O fĝ -y ̂  

^'y^FM^^^^^t^. AMermaston^-[^^r, ^ii^r3*tl^^^0<D^^#^?iSL'r^§ 

^<h^^H. 

6̂D unique second forbidden ̂  transition H^bt, lag fot — 18 !i—^,^-?(h^^L 

<,S.̂ .̂ ,̂ ̂ t m ^LT, unique second forbidden transition CDf̂ iE 

S =q^/1080 

(q^ (iK^?^0-^-h'J/<3meCWL<7)ig$jH) ^#g;t?<^ 

log fot = log fot + log S — 9.2 

^ ^ § f ^ CO^Ji second forbidden ̂ L?{i^$t#'§L, #ic^(D^^ss,/2^^g9/2 

^\0A^ = 4 CD Z^±^^T& ̂  ̂  d: ̂ # # t 6 ̂ ^ < ̂ $^^'^0 ̂ <D^MK06i 2-3 

order yt§ < *T^^^CD<hg^)tH.o ?HoRaman bOlog ft {jgfDsystematicŝ ^̂ '̂Oak 

Ridge<D7°â "7 A^J:$gt#i${iS^CD^€B^CD^H< )<^^^^^5. ^ M t ^ O ^ l ^ 

^-) efDMntc-D̂ -r̂ . tijB&(-$-^)J:^3/^h^U^s'§^b^o 
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2.4 "*Te, *'"Te C D 2 H ^ ^ ^ 

Fig.4HTableof lsotope^7t^^0^^^'^Te, ^ T e O ^ ^ a ^ T ^ ^ ^ , 10'" y 

J^±O^M^^n^$tL/-^^j:^^-e^§. "'Te, ""Teii^^'^^, i^^OSb^J:0='I 

J ^ ^ ^ A ^ - ^ ^ , H^CD^i^-eii^^tB]^^^ (Abundance {i^'Te 1.9%, ""Te 

3.9 %) ?^§^, -^Oj8^^-e#nL^^^aa^"?ii, 

^Te-'"Xe + ̂ ] + ^ + ̂ 2+ir, : (2-^) 

cDJ:5^2^on?^-R^^^?^^i±4t^^^^oi^ic^^c 3 / ^ L ^ & ^ ? ^ R E M 3 % 

?^[s]—1?^9 (Majorana-^-h<J7), t^-7°hy^##^^tLr^§J#^iC(i, 

'"Te- '"Xe4^+^2 : (0- ̂ ) 

<DJ:5iC-^- h^/^;±i^#^^^'2nje^^inj^-?-, ^<D^^^M^^^<^^^-C&§. 

^CDJ:5^#i?g#±^n^^b^, ^^b2n^^^<D^^fi^]SL^^^T^^^, ^ O ^ 

1960^ft3)^^, ^L^5^!c#^tt5Xe#^^, A^t^^#^^^Xe#x0 

abundance Oit^^#^^^^6<L^? geological ^^J^^O^%^J:^T{n$^m^§{a 

^#bfL^J:?^^-3^f^ ^5<D^fta^{i'"K-'"Ar (1.31X10' y) fcJ:§Ar^x^^ 

^Tr^trr^a^, g&S^'t'^tWi^feMC^^bfl^Xe #xO*^Xe, ̂ "Xê D Abundance 

^^%^^^^icg^-r^^Oii, ^ 5 ^ ^ t l , 3 T e <D2n^^^^^^^(D"e&5^L"r 

^^f^^ii 

Kirsten̂ ^ : T,/s ( ""Te ) = lo"^"-'' y 

Srinivasan̂ ^ : = lo"-'*-"-'" y 

^ ^ ^ - ^ ^ ^ " T ^ 6 . ^^Hennecke^^i 

T^2 ( "Te) _ 3.20+0.0! 
S = ^ ,„._ J = 10 

T,^ (*'"Te) 

J:0, T,/2 ( *"Te) = 10^±"-^y^#^. 

^O ratio S(i, 2n^^^^^^^^-XA(i^^^^^6D^^^#^^o^3El?^^^^^ 

^Lr^a. 
^(D-^.- h 'J 7^Hj^#4?^^J;5^2H<e^^^g^^FJLJ:5^!'^^^^^<-o^& 

§̂ ', Fig.5{i, "Ge'(D2e^^^^J^t§^a^^^J^^^. Fig.6fc^tJ:5H, 2-oCD 

'J 7R^^#b4^B#<HiT^^^^^^4'-fctg^t6^^^^b°-^^^^§^^--^§. 

Fig.5fiGe^iR^, g^g#(D'fic7.67%(D natural abundance?^-^tl-5^Ge CD2.045 

MeV WtSiCig^tH^^^^j:^peak^m'JLJ:-3^^5^^T-, ^ H ^ S ^ H L ^ ± ^ , 

^^y'yy* hy^^O^^^^^A^4400^^oa'i^^ff^fc. ̂ §̂ {i negative!?, ""K, 

235,238^ ̂ 'Th^J;§^-.y^^7yMm±{^{i^n$^^^^^. - ^ - h <J7^MJ^#^^ 

^ 2 n ^ ^ ^ O ^ ^ ^ U ? i i , ^o^atcJ:9Ti/2(7*Ge :o-<^)>5xio^y&^5-fia^^ 
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3. rJMiĝ 2g%j(DWliBi 

^^^^-^^#bfL6 J: -) ;ĉf ̂ T ^ 5 . #^^&JSi:,R^L^S;^^^b^H3tt^ r %§^ 

^^^-CDDoppier shift^ML^^^S#i^n^^J:^T, /z^^iffSJ^tH]^^^ Mlcgt 

3^<^i(7)g)j&^Ops ^^fD^^^R'J^$^^^^, ̂ a^{ci^L^^]^^ig#tL'r<^ 

-0-3^6. r^^^o^i^^{i^S^#"e^^?, ^^6DTJ-^?^§B^t.5^ii^5^ 

51^-e^^L, ̂ ^̂ E?̂ y5SQ̂ ax̂ -ô !ĵ r'<-̂ -̂?̂ -̂r, ̂ #L^^^t^^^^, ̂  
if L^ r^MM^<D^^^S^t-50^nWir^6^{iBgb^^c ^MM^J^o^-^o^mM 

f̂̂ J<!:b"r, Fig.7{c€O^^^^J^W[#^^^H(D-ng^^#L/c. 6^5A^tH.!i^6D^ 

{4, ̂ <btni-^oi^^^-, ̂ !S^c)^^7^^-^^cM^*r^^?, {n^^^!%^^-^ 

^E^L, 1, 2<DH^J^%S^t3o 

Blocking, Channeling !ir^^^^^"?(i^<, ^ixJ^^^^O^^^M^L^^Olr^^ 

^, -f&'D̂ ^̂ tDjrb̂ /̂'ĉ icFig. 7iC^^)-r#L^. 

3.1 jĝ [5}8̂ #̂ î  

^, ^ ) ^ ^ M ? ^ , X^OB$^M^n?0^i?Mi.ML, ^ f ^ ^ ^ ^ ^ o ^ ^ ^ M ^ t ^ ^ 

^-e^^o^^oM^^, [n]̂ §̂i, gt#a^^on^icJ:^?H#^^#^^rnicgr#$tL, 

#!Ci^^^-^^m^^-DGe^^^^&^t§^^(D-?-^6ms, /̂s fH^Tfi, ̂ # ^ 

HgJ$a^{^br%)^^^^^^^^^-e^5. L^Lns order (Dn^^^^ii^fg^m^ 

OJ^^Nal, plastic scintillation counter K^^3-5^#^^. Fig. 8fi*^Te<D7li^O^ 

^ ^ 2 ̂ O Nal^^S^r r r(t) ?B^ L^^J, Fig. 9{i ̂ Te<D 6+ ̂ ggO^^^r Nal ̂  plastic 

^tR#s^.^?<8r(t)%^Lf.:%H]"?, ̂ tL€tt2.404± 0.024ns, 69 + 2 p s ^ # T ^ § ^ 

o ^ ^ ^ a ^ t 3 ̂  ̂ <D^-^^^ §. 

3. 2 ^ - o yg)jg 

-5. AMi?0^^^^'-^Coulomb barrier H f T ^ 5 ^ ^ , €OS)^^B^{iHn^^'J 

^^{Haicj:b^Jt6. #^r$R^a^^^§^AaS!f^3^J:§0+-^2+, 0+-^3", 0+-^4+ 

^^CDH^^J^reduced transition probability BE2, BE3, BE4<D^#$^-^^^(Oicj^ 

- 138-



JAER1 - M 8769 

^ /iŜ f ̂  ̂ ^^^/ci^?^(Dg;^B^^^b Doppler shift ̂ ^ M b^^^'^^CDJ^^^^ 

^&§. #%^^^^^^^^/c^^{i, rA^^^m^^^^fn^^^^^^-^T-^^^, ̂  

tH^HJ^$tL^Oii^%^J^r^^^J:^partial half-life l?^^t, etL^-^(D^^T^^ 

^ai&Kgg'D total-life ̂ j:b^t-5^^^Ci, ̂ ^^.{i'E 2 +M1 O M 1 ̂ ^Oyg^W^, H?̂ B 

^ag (^J:^^^(D^^) oxb°yo{g, ^/c€^g;^^^^b^!±i$tt^{iJ3CDr^(D^^b^ 

3. 3 Nuclear Resonance Fluorescence 

5<h#^, ̂ (Dr^^^^tH^^tt^gL^^^. ̂ o^5LgfrB^^bS!)^i^<D^^^^r, b 
^^^"C^^^-^^^^^lr^6. Fig. 10 ̂ CFig. lHiMetzger <mJ:^a'j^^^-^J 

^^t^', "*TeJ:0'"Sb^<D^^?-^m$^^5.76 keV r^^^^'"Sb-c;igHR$#^5 

(hb^^t^o 576 keV#^^^fD#^{i^lO""s-?^cD^^^^(i##^^$<, 576 

keV r ̂ ^^$^.^l^^t%(D^^?-^3 l.SeV^^^^^-^^O/'c^^^JR^ft^^. ^ 

eTFig. 11 ic^t^5ic*^Te^S^-[R]^$-t±§^^icJ:^-r, S^"e^^^^^^^-^-[R) 

^b±L"-iS^4X^$-ti5. Fig. 10(D^l^^^t^-?^^^(7)[g]$5igJ^^±^'§^%^-r, ^ f 

^^ji^^^-<D/J\$7^506 keVr^<D^^^5L^^^^^i<^0, -oUl?576keV r̂ C< 

^§^SL^^^^^6o ^tLb^&^M^?^#.^^^-)i^^^iCj:f3a^#t^C)total-iife^ 

^<^§. ^CD^^^§§^^^b-r^^i^^^-^^T^^, ^^^{in?LINAC^b<D$tJ)/j 

$g^tr^^^^^^^, ̂ ^y^'^, ̂ <h^H'V(n, T^co^M-H^a^, (p, r)MJ^^ 
J:^^^(Dr.W^^^5^^cD^-^^^^. ̂ cD̂ {̂ilO"'"-10*" S <^?m^J3^%^ 
^-o^, i:b^^A#^^-y.yh^4, &is=tim^or^^^b^^^^^^t^o 

3.4 Recoil Distonce Method (RDM) 

Fig. 12 O^&YicRD MO^Eta^^to H ^ ^ R i E , ^ - o ygj^g^^lr target %?H' 

T^^^o.i -^^--^y hfgn-r^^^^^ytht. ̂ -y''y h%^%EnD(D^atc^nt4^;x: 
m % stopper (plunger) ̂ 'g^tt?^§. ̂ ^^"c?^jg(v)^^^e^^<, ^rf^Hr^S( 

djb^^^icci, ^^Or^^^^'-^Eo, ^W^cDniY^^^^dj^o^o^j^^^^bT, 

Ey. =Eo(l+(v/c)cos#) <D^^^^-^-^r?. ̂ tt^^bT^HD^^^*r, stopper 

^*?±^?^b^{±!$^^r^O^^^^'-{iE^ =Eo?-&3. 

Fig. 12iiD ("O, pr) "OMElr"0(7)871 keV<7)r^<7= 122° TF^ab/^^^ 

§. ' D=OO^^tit^rth^T^b?-^^^b, r^Dopplershiftti^^^. D = 

D = 2.54mm *?{i Doppler shift b^85 5 keV <h shift bT^^^871 keV r^^ 

comparable ̂ ^$lT^b^^. $mD^A^<t§^%A^^^E)n^r^^Rthb^^CD 

(<^3. <!Of-"-^^^^^b^n^^^Jig^v/^ = 3.6%, ^M^^'162ps <^#^^/c. ̂  

<D^J!I%3H<J;?H871 keV(Db°-^(D^$^^^ic^^D^, 1.73mm, #^^S<^-5^ 

%-^T^-y.y h^plunger^^^ii^^&^$<^5o ^ - ^ a ^ n f ^ ^ M i l p s g ^ T 
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^^^n^rgf^^^, ^--y-7^^^^^^^^^W0, ^^'tl^^^9^^^S#T^^^$^ 

^L"T, ^tl^ comparable^^^^^-D^),^^B^#§^b(D?-^^^?^5J#^^fi^^{i 

#^^^^ic^§. ^(D^ir^gg^^^-y.y hic^^MH^cD^f5]^<!:^H^^^O^#^ 

*^Aig^;i53. L^L^^'b, ^a^ic{i^^^-fn$^(D^^^^M^^^i^T^^T, 

10*'-10^'s^ -?!i^-^^^^^lr^§. 

3.6 Doppler Shift Attenuation Method ( D S A M ) 

^^^^'absorberO^T±6B#fg{i3-5 x 10'^s T^-5^, M ^ b ^ T ^ o ^ ? ^ 

^!C^-<?!i§^^^^^^ti\ €cD%^<i:"^^^^^br^^-^!±it5<Dl?^^:{c Doppler 

shift L^^^^^-^-^x.^^, l E a ^ ^ ^ n a ^ i i T ^ ^ . ^ic^^^#^ic^^^ 

%/u^^-^^^th^T^bshift L^^r^^-^ttDi?, ̂ ^<9^^!i^^^^. ̂ < LT10*" 

-10''"sO^^^Doppler-ei!t^^lineshape ^ 4 ^ , % ^ M a ^ O ^ ^ ^ ^ § . Fig. 13 

(iv/c-l%(D^Al6D1014keVr%^, 6*D(D absorber Ca, Cu, Ti, Ba, Ta, Au ? 

lh^^tDl?,^ €tl?'tLOS'I?&#JcDpeakiishiftL^''V^^<H'^C!, €<D^&#Jic^<^ 

/.l?^§(D^Doppler shift L^r§§(Dlineshape^#^§o ^ ( D ^ ^ b ^ C a e ^ 

^-.< 0<LM^^^±^^C^^$g/R'J$^§. ̂ btL^^^^^!iTa0 1.68ps^b, CaO 

2.27psjg<bi!t^'r^^,'^^)^^, t^iMRDM, resonance fluorescence ̂ t^^b^^) 

^{g^^O^^^O(i2.1-2.2ps"eTi, Ba absorber ̂ ^^/c^O^^^c ^6D(fb-3^3) 

l^BHabsorber ̂ ^^4X^9^M^^^^C)^a^$^^?^^^^^btL?^6^', ^-^^ 

(D^^O^b^^^^^ fluctuation ̂ 4-^.^^ H ^5^fLt^^. %r--rtRiR^^g^^<!:, 

^ g ^ ^7^'- ̂ § < t ̂  ̂  <i: ̂  ̂ ^ ^ i r ^ ̂ . 

bgl^OS^t^^O r%̂  feedinĝ f̂ nfĈ -5. Fig. 14 {i'̂ Yb OgH^.^B^^'^ M^H 

t^6+; 8+, 10+, 12+^mo^W^^/^'Jir-Joa. 

DSAM ^^.^<cD^.^7-'-^(D^^H^^J:^T, ^#?H^^^^[]^^^b^^^^^^T 

^§L, ^^^^iC^i^O&5n?^^H!^^^0^<^'ps order O ^ ^ M ^ ^ ^ ? ^ § ^ ^ 

^^^M^t§^^^^6^6#x.btl,"r^<9, ^-o^^^^^O-?H"0("C,^)"Mg ^ 

^^"T, ^MgCD13.21MeV8+^^^^Lr, 3.3 + 1.6, -1.8fs^#btrr^a<^ 

3.7 ##^n?^5L 

SfM^<, H^M^^S^^B(EL) ̂ R'J§Oiĉ <, ̂ ^^SL^H^-oy^5{^ 
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MBssbauer^)^, Blocking, Channeling H-o^tii, ^^^#g!j"eJ6^^^, ̂ Jigic^ 

4. i&J^&ORSa 

^ § g ) ^ ^ ^ ^ ^ t a ^ ^ ^ b ^ O ^ S O # ^ ^ ^ § ^ ^ { i m ^ ^ ^ . ^^Tliref. 27 ̂ b, 

Table l̂ J:U='Fig. 15 ti^MgO 137 MeV ^;B^gB(D^^!^^M^^i:b^b/'c^(D-e^ao 

Fig. 15 f^^-r%^$tt.^-#a&bLWi§1.97ps ti, ̂ ^(D^^4-oo^-o y^^o^' 

-^^b^b^/-^Oir^a. n#^^a^^(D2^^^i:h^Jt5*ir', ^x.btl^gsg<D^$ 

^^(Dg<%'<^^^<. 2̂ ><Dcontour{i, ̂ (D^Tfi consistent, ĈD̂ .#Ĵ tî [#J$fL/-ĉ  

g^^$n#§^^5B^^4^.6. ^-o yg;̂ B{i 1960^(Df''-^^[^#^<^^'CU§. 

SrpHRSL^T^- o yg!^Bma^o ^ t m ^ L T resonance fluorescence Ci2-3{ijfr̂ ,̂ 

{ihcD6̂ J{i{gn̂ a{iĝ 4x.6. DSAM ti^-oygtiBj:f9{g^#^^-D^, contourÔ ic 

i i ^ $ ^ T ^ 5 . DSAM^S^^M^^^/'c^J-lfli, ̂ -oyS)^^^t,^^^^^#^^ 

?^-5. —^*RDM{i^-oygf)^B{c^-<-c-^\^^{g^mL"rt<^^, contourCD^A^r 

Table2^J:^Fig. 16(i^Si O 1.78 MeV §!;^^^{C^^r[5j#(7)l:b^^T^^^O'T?^ 

^. ̂ #^^-^(iA^^o^'^^. DSAMo^^fi^^^L-r^^-o^r^a^, -e^gs 

^4^^ur, ̂ âyFjm̂ ^̂ ^̂ /̂'c. ̂ ^o?n^s#^i^%$^*r^/'^{i5^, ^ o 

lO%^Yo^^^fcn#^^. JH?^^^^^ta^^^^, jES^&ToS^t^^^, ;S 

^5i?^/fi/f<^^^'?^'-^^^<, ̂ o!^B^iELO^ta<Dicn^^, ̂ a^J^L^ 
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Fig. 1 Comparison of the lifetimes of some short-lived activities. 
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Fig. 2 Decay scheme of the isomeric state of ^^Sn. 
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Fig. 3 Decay scheme of ^ T ^ which was taken from 

NDS (ref.13). 
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CO 

Fig. 4 Decay schemes of the double beta-decay nuclei, 
128ie and ^O^g (ref.16). 
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^ 

V§^K^^^\ 

M 
Mg CtM 

)Ottn 

Fig. 5 The apparatus and local shielding used in ^Ge double 

beta-decay experiment of Fiorini et al. (ref. 21). 

N(Ee) 

(2-v) 

(0-v) 

Fig. 6 

Be = Egi + Eg2 

Theoretically predicted spectrum of the sum of 
two g-rays of the double g-decay. 
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Applicable Range of Lifetimes 

10-6 iQ-8 iQ-10 

Delayed coin. yy(t), &y(t) — 

Coulomb Excitation — — — — — — — 

Resonance fluorescence ^ ^ 
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Recoil Distance Method ___________ 
(RDM) 

Dopplear Shift Attenuation 
Method (DSAM) 

Electron Scattering (e, e') ' 

Mossbauer effect " 

(Blocking, Channeling) 

Fig. 7 Applicable range of lifetimes to different 
experimental techniques. 
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to tataS! 
Fig. 8 Time spectrum of the 814 keV-527 keV y-y 

coincidences in ^^Te (ref.22). 
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T,^(M^!p$ 

-A? 

w 

CO 

20 tta,! 

Time spectrum of the coincidences between g-particles 
with energy 1370 keV <Eg <1500 keV and y-quante of 
the 695 keV transition in ^^Te (ref. 22). 
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Fig. 10 Decay scheme of ^^Te and dependence of 
the resonance scattering of the source 
velocity in centrifuge method (ref. 23). 

!at*** VACUUM VESSEL 

Sb-SCATTERER 

COMPAR!SON 
Sn SOOTERER 

Te'̂ 'SOURCE 

SW!ELD!NC 
(MALLORY 200Q,Au,Pb) 

Fig. 11 Experimental arrangement for the scattering 
experiments with the centrifuge method (ref.23). 
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; o<o 

ay.<22* 

o at 0.2 a:. 0.4 05 
M.UM3ER0tSP).ACEt<Et<Ttt*t 

THIN 
TARGET 

MO !40 

CMAMH6LMUMBH 

THICK METAL 
PLUNGER 

RECOIL 
NUCLEI 

DETECTOR 

Fig. 12 An example of a recoil distance lifetime measurement^^' 
and a schematic diagram of the recoil distance method. 
The 855- and 871 keV y-rays are the Doppler shifted 
and unshifted lines from moving and stopped nuclei, 
i?0, respectively. The decay curve is shown as a 
function of the target-to-plunger distance. 
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2000 2020 2000 2020 204 

CHANNEL NO. 

13 Doppler-broadened lineshapes for the 1014 keV y-ray 
from ^ A l slowing down in six backing materials. ̂ ^'^^ 
The solid curves are the best computer fits to the 
data for the indicated mean lives and theoretical 
stopping cross sections for the indicated materials. 
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Doppler-broadened lineshapes for transitions in ^ Y b 
produced by 595 MeV 136xe incident on a ^4yb forget.^6'27) 
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100 

15 A plot of the weights of lifetime measurements of the 
1.37 MeV level in Mg-vs.-lifetime value. The weights 
of the measurement is taken to be (A*r)*"2 where Air is 
quoted uncertainty (ref. 2 7 ) . 

tooo 

too 

"T—T "1 1 T "1 < ) 
LEGEND 

* (*.*') 
* RES. FLUOR, 
o COUL. EX. 
x OSAM 
* OSAM H! 

T)MF*0-7!2p* 

Z<AT) CONTOUR 

16 A plot of the lifetime measurements of the 1.78 MeV 
level in 28gi (ref. 27). 
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Table 1. Lifetime measurements of the 1.37 MeV level in ^Mg (ref.27) 

Method T (psec) 

!.9 ±0.2 

!.8S ± 0.2 

!.89 ± 0.19 

2.0! ±0.12 

!.7 ±0.4 

!.! ±0.4 

1.! ±0.2 

!.!! ±0.!3 

!.6 ±0.6 

!.93 ± 0.26 

!.3 ±0.4 

!.92±0.13 

!.3 ±0.4 

!.98 ± 0.!4 

2.0! ± 0.!0 

!.92 ± 0.!4 

!.92±0.!3 

!.60 ± 0.2 

!.4 ±0.43 

1.7 ±0.8 

!.44 ± 0.22 

!.8 ±0.6 

2.07 ± 0.34 

!.63 ± 0.!3 

!.82 ± 0.!4 

!.92 ± 0.!2 

2.!!±0.!6 

2.23 ± 0.09 

2.09 ± 0.!3 

Reference 

He! 36 

Tit 69 

NT 72 

JD74 

DS58 

OS39 

Kai+63 

HK70c 

MSR60 

Sko+ 66 

BCW64 

Swa71 

And+60 

Hau + 70a 

VHS71 

HDF72 

BPB73 

CJ68 

MRR72 

AR69 

RB68 

Bak+ 72 

Cur+ 70 

Pe!+ 69b 

For+ 74 

Sch73 

AB70 

BBE73 

Hor + 73 

E!ectron-scattenng 

Resonance-nuorescence 

Cou!omb-excitation 

DSAM 

DSAM HI 

RDM 
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Table 2. Lifetime measurements of the 1.78 MeV 
level in ^ g ^ (yef.27) 

Method T (fsec) Reference 

Electron-scattering 

Resonance-fluorescence 

Coulomb-excitation 

DSAM 

DSAM HI 

600±100 
340± 30 
810±110 

720± 60 
360±130 
710&100 
600±120 
620±130 

500±200 
660±13O 
7!8± 38 
689± 83 

580±100 
710± 60 
710± 80 
860±110 
870±220 
6!0±180 

730± SO 

He! 56 
Lie 66 
NT 72 

SR63 
BCW64 
Sko+66 
BI67 
CJF68 

And+60 
Afo+67 
Hau+ 69b 
NSD70 

GBM68 
RB68 
Mac+68 
ARM 
GL69 
A!e+70 

Pel+69a 
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11. ̂ v ^ t g ( D ^ ^ M 

3?B2?tH:! ̂ /Ra^I Aam^g^" 

^ ^ ^ ? * Y MB 3ia**** 

y^-7-->A^Hj^^^^T280-2750keV<D$BBir^y^§g^g^a!j^ Lfc. ^'^ 

"Co, "Y, '°Nb, "°^Ag, '"Ba, '"Os , '^Eu, '^Eu, "'Ir , ""Au, '"'Bi O ^ y v 

Precision Measurements of Gamma-Ray Intensities 

Yosei IMATA*, Yasukazu YOSHIZAWA*, Toshio KATOH**, 

Tetsuzo KAKU*, Yasuo IINUMA*, Jian-zhi RUAN***, 

Toshiyuki KOJIMA*** and Yasushi KÂ ADA**** 

To determine relative intensities of gamma rays in the region of 

280 ^ 2750 keV, two Ge(Li) detectors were calibrated with eight kinds of 

standard sources and four kinds of cascade gamma-ray sources. Relative 

gamma-ray intensities of 52]^, 5 6 ^ S8y, 9 0 ^ H O n ^ 133g^^ 134^g^ 

^^Eu, ^^Eu, ^^Ir, ^^Au and ^^7g^ were obtained within the accuracy of 

about 0.5 % for strong gamma rays. Intensities per decays were obtained 

from the relative intensities for most of the nuclides. 

1. fg^atc 

#y-?%g(DfM^{i, 2-5%Of#g-ra^$^L*r#^^, ^Braunschweig <D 

Debertin b * * ^ \ Idaho OGehrke ^ , Livermore (DGunink b^' ^ J : - ^ T l % g 

Hiroshima University 

Nagoya University 

Rikkyo University 

Eiectrotechnical Laboratory 
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^O^g^f#bfL5^ofc^-?t. $t*0^-7°-r^(D3^t^;BUt, 280-2750keV 

O^^fr^^ ̂  # y-v^^gC^^^]^^^ ̂  ̂  -3 t. 

TgiŜ ti 

1) ^^^O^IE^^^{ngg(D^H-^^iE^^'n^^5C^. 

2) ^^^J:^^#f^^Mf%<^C^!,^^^±y$^^. 

3) a^Lt^m^#^^]^L-r^#^a^^§^2:. 

1?^^. M ^ t i ^ a ^ - h ^ g ^ T T G e (Li ) ̂ m^^^^T^^^-ofCo 

^dJ^O^IE^^Cc^Y, "^Ag^'Ba, '"Cs, '^Eu, '^Eu,"'lr^J:^^Bi 

O^^H-o^-T{i, t?HJAERt-M8196ic%aL^o^ 3t, "Mn, '°Nb, "'Au 

fc^^-rii, SB^jcNucl. Instr. andMeth. ̂ %^t§?^ir^5.^ %^T(:o$g^ 

2. ̂  m 

2. 1 ^^^§^ 

'"Cs , ̂ Sr , '"'Hg 0 8^ao#^}in^W^^^-r4 7r^-r&^^{i4 TrX-y^af^ 

<D̂ -̂ fcJ:0, #^^^^f^^Lt. ^gC'^fc^i^Ci cD^n^^tL?^10{@^Sb, ^ 

<Do^,5^:g^g^#lr, 5{@^JA^^^l?^Lt. ^^bO^^#<D^giiO. 5%^^*e 

i)-5o 

^MM^^OM^^^^^^^^^^^^^B^-r^^/c^Na, s'Mn, "Nb, '̂ "*Ag {î7 

2.2 #yv§goM^ 

^J^iiiA^^:^<h^^g^:#"C-€^€^ORTEC^5 7cm^ true coaxial gJ<h 

CANBERRA^ 5 5 cm̂  closed-end H^Ge (Li)^^^^^^T^^^^t. 

L̂ J-L^^O ̂ r-xA^2Ocm0J:^5 {cg^^t^^^^S^ L to ̂ ^^li ̂ ^ ^ b 3 

cm, ̂ ^g-e(i^^^b2cmii^^fc<h^5^3-4^(D^ig^^§, n^^§^x.-UM^L 

t. ^ t ^ ^ J ^ T , ^^Oi#^iC^^^m^]^cD^^tT^$^-r^$. ̂ t, 3-4 {@ 

<D^^^[s]B$iC^^LT^$(Dl?, i^^^-ng^0^6^^^^^^-?^^^[n]DFy^^^ 

l^^6Dx^^h7t,}cA^5C<h^5j^'F&5. ^L(D^^, ̂ ^2$R±C[g]D#'y-7^^[^^(D 

x^^h^l?^]^L, ^bfDR'y-T^-^CDBaTdead timeO^^^^^IELfc. 

^m^^oa^Ci, ^f'8aS<D^^^^^'"^Ag(jA^C3^)^^^-r, 279keV 

(""Hg)^^1836keVCY)OfgO^IE^^^^^t. ^#-3r3'^T, JA^-e{i"Na, 

"Mn, ̂ Nb^^^T, ̂ ^gl?{i "Na^^^-r^^^^7^^-^^O^^^^^^^Lto 

^}C, JA^^^l&gH^^T^Co, " Y , '"'Bi (DR'y-^OlEX^^, tSSK^^ 

^ " M n , '°Nb, "°"Ag, '"Ba, '"Cs, '^Eu, ̂ 'Eu, '̂ Ir , ̂ A u ^ t D ^ M L 

to 
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3. % #f 

-ea^^-^o ^-^<D{&^^^^-#J0 2̂ B'T (b°-^Otf^^b6keV^J:^12keV{g 

^^^5) ^^^"T, b°-^^KD2^j^"^(D^-^(D^$6Dj:b^kt , kz ̂ L ^ . tM^-oT^ 

-Fy-?%^g%#%N^L, kt,k2^^^-7^i^^^-^M^^^^"r^^, x^^h^^fD 

h°-^^-r-7^(Di$g^^^^t§J:5^^''y^^7^^M^^^ILt. /̂̂ , 3y7°hy^<y:P' 

1/50^^0^-^y?.^^gf^^j!)ax.^-^#*r^-^Ba^ b^o 
^{±!^^^n<DS6^^2 0cm ̂ 6<D*?, true coincidence <D-̂ Â ]̂ {i/J\$t,̂  b^b, 

JEL^o^^<DMlE{C{i^^M^-#^fcAtT-^o—^?, chance coincidence O^A^^iig; 

M'J^(i&0^^fi^n^<^ML^. Table 2^^Co<D 1332keVR'y-?%g^-o^T<D^J 

4. ^t^^^A^ 

i#b^^^}ij^^^[^^^^77fe7°n.yht5^, Fig. l!cH-^ti§J:5ic^^g, f̂ g; 

^^b-T^5o ^^, eEii^^^!r^^^T±3%^^b^^bL^^o Fig. 2{c^tJ:? 

ttbOn^i^^y', ^^ ^Tabie3fc^to e = ajE"^ (i=l,2, 3){i^rM^^3 

-3<D^J^280-500keV, 500 —1400keV, 1400 —2750keV!c^^, ^^€'^^ 

log -log g^-r^#^^<D-cr&^o it^M^<n^b/c2-o(Da^ 

e=ate'i"+a2e'3"+a3e'3B (1) 

g=exp(—=i- +ao + ai (E-b) } (2) 
E- b 

tc-ô Tti, Fig. 2^^^-eW#A^^oS^M^^^^]#i8l^^L-r(i(2)^^77ji^^IE 

bf-c^^ (Fig. 2%)^) ^ ^ ^ b ^ . ^^n<D^^^^^^-o^^(i^Co^^^-c^^) 

^o ^m^^^m^^^ii0.3-0.5%ir^§. 
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5. 35 ^ 

^ ' J ^ L ^ # y ^ ^ ( D ^ ^ ^ ^ ^ Table 4fc^to )A^^^^g[^^^-ea^L^^(7)!i, 

N'J^fg^WSicL'r^^-if;:. ̂ ^^'y^^fc-o^-rn, 0.3-o.5%o^^^i#b^^. 

'S'EuJ^(7)^0{<:-oU-r;R36?-. ̂ tb^ Table 4(^^to 

7^^bm*T^< ̂ O^J:b^L^c "Mn , s'Co/"""Ag;{nWbf;: "Cr, "Fe , ""CdCD5 

-3<D^7Wc-3(,nr^b^36, Table 5ic^to ^O^^ti, l^#^'^no2^^(D$BB] 

Fig. 3, 4, 5(cJ:b^L^o C^bOB"e(i€^€'^<DX^o^^cD^^^L<^§J:5^^^ 

{bL^&^o ^369^-T, ^^(Dfg{± Debertin ̂  ̂ -s),i2) ̂ ^ - Q^^ke b ̂  Ofg^J: 

<—^L*T^5. 

(1) U. SchBtzig, K. Debertin and H. M. Wei&: Bestimmung von 

Gammastrahlen-Emissionswahrscheinlichkeiten mit einem Ge(Li)-

-Spektrometer, PTB-Mitteilungen 83 (1973) 307 

(2) K. Debertin, U. SchBtzig, K. F. Walz and H. M. Wei6: Gamma-

-Ray Emission Probabilities of the Fission Products *****Ce-

-^""Pr, ^°^Rh, 'Sgr^ ^ ^ _ Nucl. Energy 2 (1974) 37 

(3) K. Debertin, U. SchBtzig and H. M. Weip: Kalibrierung der 

Nachweiswahrscheinlichkeiten von Ge(Li)-Spektrometer mit 

^ ^ E u , PTB-Mitteilungen 85 (1975) 187 
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Table 1 Evaluated values of calibration gamma rays. 

Nuclide Half-life 
Gamma-ray 
energy 
(keV) 

Intensity 
per decay 

(%) 

2 4 

9 0 

Na 14.987+0.020 h 

Nb 14.6 h 

"*Y 106.61 ±0.21 d 

s^Mn 5.67 d 

6 0 Co 5.272+0.002 y 

^Na 2.603+0.004 y 

"6sc 84.34 +0.13 d 

s"Mn 312.16 +0.11 d 

*s"Cs 2.061±0.005 y 

*°**"Ag 127 ±21 y 

sssr 64.68 ±0.24 d 

2°3Rg 46.60 +0.02 d 

2754.0 
1368.6 

2319.1 
1129.1 

1836.1 

1434.3 
935.5 

1332.5 
1173.2 

1274.5 

1120.5 
889.3 

834.8 

795.8 
604.7 

722.9 
614.3 
434.0 

514.0 

279.2 

99.881 ±0.008 
99.994 ±0.003 

81.81 ±0.08 
94.22 ±0.09 

99.24 ±0.07 

99.9871±0.0014 
94.89 ±0.03 

99.9816±0.0015 
99.89 ±0.02 

99.94 ±0.02 

99.9871±0.0012 
99.9836±0.0016 

99.9746±0.0025 

85.51 ±0.05 
97.64 ±0.06 

99.7 ±0.4 a) 

100.00 ±0.03 

99.48 ±0.09 

98.4 ±0.4 

81.48 ±0.08 

a) 
a) 

a) Relative intensity, 
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Table 2 Error estimate of ""Co 1332 keV gamma rays. 

Item Error {%) 

Hiroshima Nagoya 

Source Systematic 

Statistical 

Evaluated gamma-ray intensity 

Half-life 

Peak area Tail ki, k2 

Counts 

Background shape 

Source-detector distance 

Sum correction Total efficiency 

Angular correlation 
aT Normalization of counts 

Total 

0.201 

0.042 

0.002 

0.002 

0.02 

0.045 ̂  0. 

0.01 ^ 0. 

0.14 

0.005 

0.001 

0.030 

0.261 

116 

04 

0.201 

0.042 

0.002 

0.002 

0.02 

0.073 

0.01 ^ 0.04 

0.14 

0.013 

0.002 

0.154 

0.303 

a) Normalization of integrated peak counts for different energy 

range spectra. 

Table 3 x for various efficiency curves, x, means the reduced 

X^ value, x^/=X^/v, where v is freedom. The last 

expression shows the final efficiency curve, where A 

means the graphical correction. 

Hiroshima Nagoya 
Efficiency curve 

x' x/ x' x/ 

aE *3 362 26 212 21 

exp(ao+aiE +a2E^+a3E^+a<tE*') 358 33 55 7.9 

a,e"'B+a:e*"B+a3e*"B 9.0 0.9 7.2 1.2 

â E***>i (i=l,2,3) 21 2.1 5.1 0.9 

exp(a_i/(E-b)+ao+a:(E-b)) 26 2.2 13 1.7 

exp(a-i/(E-b)+ao+ai(E-b))+A 9.2 2.8 
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5 6, Table 4 Gamma-ray intensities for Mn, Co, 8 8i 9 0 Nb, 

" " . * % , 13 3Ba, 1 3 4 c s , 152EU, *S"EU, *92lr, *9"AU 

and 2 0 7 Bi. 

Nuclide 

s'Mn 

s'Co 

Energy 

(keV) 

346.0 
398.1 
399.6 
502.1 
600.1 

647.5 
744.2 
848.2 
935.5 
1246.2 

1247.8 
1333.6 
1434.1 
1645.8 
1981.1 

486.5 
733.6 
787.8 
846.8 
896.6 

977.4 
996.9 
1037.8 
1089.1 
1140.3 

1160.0 
1175.1 
1198.8 
1238.3 
1272.0 

1335.5 
1360.2 
1442.7 
1462.3 
1640.4 

Gamma ray 

Relative intensity 

(%) 

1.032 
0.088 
0.170 
0.218 
0.387 

0.43 
90.8 
3.39 

95.0 
4.32 

0.37 
5.07 

100.0 
0.056 
0.036 

0.061 
0.193 
0.305 

100.0 
0.095 

1.435 
0.129 
14.16 
0.05 
0.131 

0.095 
2.241 
0.051 

66.06 
0.025 

0.130 
4.265 
0.172 
0.084 
0.070 

±0.026 
±0.011 
±0.017 
±0.026 
±0.026 

±0.03 
±0.3 
±0.03 
±0.3 
±0.09 

±0.09 
±0.03 
±0.3 
±0.004 
±0.003 

±0.010 
±0.012 
±0.013 
±0.3 
±0.018 

±0.016 
±0.014 
±0.05 
±0.03 
±0.021 

±0.014 
±0.012 
±0.009 
±0.21 
±0.008 

±0.006 
±0.017 
±0.007 
±0.006 
±0.011 

Intensity per decay 

(%) 

1.032 
0.088 
0.170 
0.218 
0.387 

0.43 
90.35 
3.39 

94.89 
4.32 

0.37 
5.07 

±0.026 
±0.011 
±0.017 
±0.026 
±0.026 

±0.03 
±0.07 
±0.03 
±0.03 
±0.09 

±0.09 
±0.04 

99.9871±0.0014 
0.056 
0.036 

0.061 
0.193 
0.305 

99.920 
0.095 

1.434 
0.129 

14.15 
0.05 
0.131 

0.095 
2.239 
0.051 
66.0 
0.025 

0.130 
4.262 
0.172 
0.084 
0.070 

±0.004 
±0.004 

±0.010 
±0.012 
±0.013 
±0.007 
±0.018 
±0.016 
±0.014 
±0.07 
±0.03 
±0.021 

±0.014 
±0.014 
±0.009 
±0.3 
±0.008 

±0.006 
±0.022 
±0.007 
±0.006 
±0.011 
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Gamma ray 
Nuclide — - — 

Energy Relative intensity Intensity per decay 

(keV) (%) (%) 

1771.4 
1810.7 
1963.8 
2015.4 
2034.9 

2113.3 
2213.0 
2276.1 
2373.5 
2523.8 

2598.6 
2657.4 

898.0 
1836.1 

329.1 
371.3 
518.6 
561.6 
757.9 

827.7 
890.6 

1051.5 
1129.2 
1270.4 

1470.5 
1575.0 
1611.8 
1658.1 
1716.3 

1843.3 
1913.2 
2056.3 
2186.2 
2222.3 

2319.0 
2741.0 
2747.8 

365.4 
387.1 
396.9 
446.8 
620.4 

15.49 
0.657 
0.707 
3.026 
7.766 

0.363 
0.389 
0.124 
0.083 
0.068 

16.96 
0.021 

94.4 
100.0 

0.12 
2.14 
0.59 
0.124 
0.069 

1.30 
2.05 
0.25 

100.0 
1.253 

0.50 
0.531 
2.54 
0.302 
0.561 

0.73 
1.41 
0.13 

19.19 
0.67 

86.68 

±0.05 
±0.023 
+0.011 
±0.014 
±0.028 

±0.007 
±0.008 
±0.007 
±0.011 
±0.011 

±0.06 
±0.006 

±0.3 
±0.3 

±0.07 
±0.04 
±0.09 
±0.024 
±0.024 

±0.06 
±0.06 
±0.03 
+ 0.3 
±0.020 

±0.03 
±0.025 
±0.03 
±0.023 
±0.025 

±0.03 
±0.03 
±0.05 
±0.08 
±0.03 

±0.28 
0.0102±0.0026 
0.0081+0.0026 

0.091 
0.08 
0.06 
3.955 
2.965 

±0.019 
±0.04 
±0.03 
±0.028 
±0.019 

15.48 
0.656 
0.706 
3.024 
7.76 

0.363 
0.389 
0.124 
0.083 
0.068 

16.95 
0.021 

93.7 
99.24 

0.12 
2.02 
0.56 
0.117 
0.065 

1.22 
1.93 
0.23 

94.22 
1.181 

0.471 
0.499 
2.40 
0.294 
0.528 

0.69 
1.33 
0.12 

18.11 
0.630 

81.82 

±0.07 
±0.023 
±0.011 
±0.017 
±0.04 

±0.007 
±0.008 
±0.007 
±0.011 
±0.011 

±0.08 
±0.006 

±0.4 
±0.07 

±0.06 
±0.04 
±0.09 
±0.023 
±0.023 

±0.06 
±0.05 
±0.03 
±0.09 
±0.019 

±0.029 
±0.024 
±0.03 
±0.022 
±0.023 

±0.03 
±0.03 
±0.04 
±0.08 
±0.029 

±0.08 
0.0096±0.002! 
0.0076±0.002! 

0.086 
0.07 
0.06 
3.739 
2.803 

±0.018 
±0.03 
±0.03 
±0.027 
±0.019 
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Table 4 (continued) 

Nuclide 
Gamma ray 

Energy Relative intensity 

(keV) (%) 

Intensity per decay 

(%) 

13 3 

134 

Ba 

Cs 

626, 
657, 
676, 
677, 

0.228 ±0.014 
100.0 ±0.4 

687.0 

706.7 i 
708.3 
744.3 
763.9 
818.0 

884.7 
937.5 
997.2 

1085.4 
1117.5 

1125.7 
1163.2 i 
1164.9 
1251.0 
1300.0 

1334.4 
1384.3 
1421.0 
1475.8 
1505.0 

1562.3 
1592.6 
1629.6 
1775.4 
1783.4 

1903.5 

276.4 
302.8 
356.0 
383.8 

563.1 
569.2 
604.7 
795.8 
801.8 

11.09 

6.80 

76, 
36, 
0, 
0, 

±0.08 

±0.06 

17.66 ±0.10 

5.000 ±0.027 
23.55 ±0.09 
7.76 ±0.04 

76 
31 
142 
066 

±0 
±0 
+ 0 
±0 

,26 
,12 
005 
012 

0.041 ±0.006 

0.038 ±0.008 

0.079 ±0.012 

0.024 ±0.007 
0.025 ±0.008 
0. 

25. 
0. 
4. 

13. 

1. 
0. 
0. 
0. 
0. 

,149 
,66 
,039 
.222 
.78 

.087 

±0. 
±0. 
±0. 
±0. 
±0. 

±0. 
.0221+0. 
,0061±0, 
.0067±0, 
,0103±0. 

,006 
,08 
,003 
.017 
.05 

.007 
,0013 
,0011 
,0011 
.0011 

0.0158±0.0015 

11.53 ±0.06 
29.48 ±0.14 

100.0 ±0.4 
14.39 ±0.06 

8.57 
15.78 

100.0 
87.5 
8.89 

±0.03 
±0.06 
±0.4 
±0.3 
±0.03 

0.216 
94.54 

10.48 

6.43 

16.70 

4.73 
22.26 
7.33 

72.6 
34.33 
0.134 
0.062 
0.039 

±0.013 
±0.20 

±0.09 

±0.06 

±0.12 

±0.03 
±0.13 
±0.05 

±0.4 
±0.20 
±0.005 
±0.012 
±0.005 

0.036 ±0.007 

0.075 ±0.011 

0. 
0. 

0. 
24. 
0. 
3. 

13. 

1. 
0. 
0. 
0. 
0. 

0. 

7. 
18. 
62. 
8. 

8. 
15. 
97. 
85. 
8. 

.023 
,024 

,141 
,25 
,037 
,992 
.03 

.028 

±0, 
±0, 

±0. 
±0. 
±0. 
±0. 
±0. 

±0. 
,0209±0. 
.0058±0, 
,0063±0, 
,0097±0, 

,0149±0. 

.15 

.28 

.00 

.92 

.37 
,40 
,64 
,52 
.68 

±0, 
±0. 
±0, 
±0. 

±0. 
±0. 
±0. 
±0, 
±0, 

.007 

.008 

.005 

.14 

.003 

.024 

.07 

.008 

.0012 

.0010 

.0010 
,0010 

.0014 

.03 

.06 

.14 

.04 

.05 

.08 

.06 

.05 

.04 
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Table 4 (continued) 

Nuclide 

isiEu 

Energy 

(keV) 

1038.4 
1167.7 
1365.0 

295.9 
329.4 
344.3 
367.8 
411.1 

443.9 
488.7 
503.5 
564.0 
566.6 

586.3 
656.5 
674.6 
678.6 
688.6 

719.3 
764.8 
778.8 
810.4 
841.5 

867.3 
901.2 
919.3 
926.2 
930.5 

963.3 i 
964.0 ^ 

1005.1 
1085.8 
1089.7 

1108.9 
1112.0 
1212.0 
1249.9 
1292.7 

1299.2 
1408.0 
1457.6 
1528.1 

Gamma ray 

Relative intensity 

(%) 

1.008 
1.827 
3.074 

2.14 
0.711 

127.9 
4.16 

10.90 

15.06 
2.031 
0.768 
2.43 
0.64 

2.19 
0.71 
0.94 
2.28 
4.20 

1.67 
0.95 

62.16 
1.56 
0.837 

20.33 
0.40 
2.08 
1.38 
0.37 

70.14 

3.078 
48.15 
8.35 

1.00 
64.67 
6.85 
0.875 
0.46 

7.80 
100.0 
2.391 
1.346 

±0.005 
±0.008 
±0.013 

+ 0.04 
±0.014 
±0.6 
±0.04 ' 
±0.05 

±0.06 
±0.015 
±0.018 
±0.04 
±0.06 

±0.08 
±0.05 
±0.05 
±0.05 
±0.04 

±0.03 
±0.05 
±0.22 
±0.04 
±0.023 

+ 0.10 
±0.05 
±0.06 
±0.06 
±0.06 

±0.23 

±0.024 
±0.16 
±0.04 

±0.05 
±0.21 
±0.05 
±0.024 
±0.03 

±0.05 
±0.3 
±0.029 
±0.013 

Intensity per decay 

(%) 

0.984 ±0.006 
1.783 ±0.010 
3.001 ±0.017 
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Table 4 (continued) 

Gamma ray 
Nuclide . 

Energy Relative intensity Intensity per decay 

(keV) (%) (%) 

401.2 
444.5 
478.3 
557.6 
582.0 

591.7 
625.2 
676.5 
692.4 
723.2 

756.8 
815.5 
845.4 
850.7 
873.1 

892.8 
904.1 
996.2 

1004.7 
1128.5 

1140.7 
1241.4 
1246.2 
1274.4 
1494.2 

1596.7 

283.3 
296.0 
308.5 
316.5 
374.5 

416.5 
420.5 
468.1 
484.6 
489.1 

588.6 
593.4 
604.4 
612.5 
884.5 

1061.5 
1089.9 
1378.0 

0.49 
1.64 
0.626 
0.758 
2.61 

14.35 
0.927 
0.47 
5.182 

58.19 

13.18 
1.51 
1.687 
0.692 
35.18 

1.497 
2.62 
30.09 
52.04 
0.90 

0.671 
0.38 
2.49 

100.0 
2.058 

5.247 

0.303 
34.62 
35.84 

100.0 
0.861 

0.800 
0.078 

57.50 
3.810 
0.525 

5.398 
0.052 
9.75 
6.336 

±0.04 
+ 0.03 
±0.027 
±0.024 
±0.03 

±0.06 
±0.021 
±0.05. 
±0.025 
±0.21 

±0.07 
±0.05 
±0.021 
±0.023 
±0.12 

±0.026 
±0.03 
±0.12 
±0.19 
±0.04 

±0.014 
±0.05 
±0.04 
±0.3 
±0.016 

±0.026 

±0.022 
±0.17 
±0.18 
±0.5 
±0.008 

±0.010 
±0.009 
±0.23 
±0.018 
±0.009 

±0.021 
±0.003 
±0.04 
±0.025 

0.3420±0.0024 

0.0631±0.0011 
0.0010±0.0005 
0.0016+0.0005 

0.251 +0.018 
28.70 ±0.28 
29.71 ±0.29 
82.9 ±0.6 
0.714 ±0.009 

0.661 ±0.010 
0.065 ±0.007 

47.7 ±0.4 
3.16 ±0.03 
0.435 ±0.008 

4.48 ±0.04 
0.0432±0.0026 
8.08 ±0.07 
5.25 ±0.05 
0.284 ±0.003 

0.0523±0.0010 
0.0008+0.0004 
0.0013±0.0004 
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Table 4 (continued) 

Nuclide 

i'°Au 

'°?Bi 

Energy 

(keV) 

411.8 
675.9 

1087.7 

569.7 
897.3 

1063.6 
1442.2 
1770.2 

Gamma ray 

Relative intensity 

(%) 

100.0 ±0.4 
0.841 ±0.003 
0.1664±0.0021 

100.0 ±0.4 
0.122 ±0.013 
75.79 ±0.25 . 
0.132 ±0.005 
7.026 ±0.029 

Intensity per decay 

(%) 

95.56 ±0.08 
0.804 ±0.005 
0.1591±0.0021 

97.74 ±0.03 
0.119 ±0.012 

74.0 ±0.3 
0.129 ±0.005 
6.87 ±0.04 
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Table 5 Intensity balances between feeding and outgoing 

transitions. 

Transition energy Reletive intensity 

(keV) (%) 

s^cr 2369.6 keV level 

398.1 744.2 1246.2 1645.8 95.34±0.34 

935.5 95.02±0.32 

ssFe 846.8 keV level 

1238.3 1810.7 2113.3 2276.1 2523.8 

2598.6 3009.7 3202.2 3253.5 3273.2 99.67+0.31 

3451.4 3548.1 3611.7 

846.8 100.03±0.34 

**°Cd 657.8 keV level 

818.0 884.7 1125.7 1421.0 1505.0 

1562.3 1592.6 1629.7 1775.4 1903.5 99.70±0.35 

2004.7 2235 

657.8 100.27±0.36 

**°Cd 1475.8 keV level 

603.1 687.0 744.3 774.8 957.4 ^ 

1085.4 1186.7 

818.0 1475.8 11.99±0.06 

**°Cd 1542.4 keV level 

620.4 

1081.9 

1300.0 

677.6 

1117.5 

1334.4 

708.3 

1163.2 

1384.3 

937.5 

1164.9 

997.2 

1251.0 76.90±0.30 

884.7 76.87±0.26 
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Fig. 1 Efficiency curves in logarithmic scale. 
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i r i—i 1—r 

-"^ ^ H g 

r̂ 

0.2 

60, 

Hiroshima 

90, 

108m Ag 

85 Sr 

Nagoya 

0.5 1 
Ey (MeV) 

1.05 

m 

1.00 * 

to 

0.95 

1.05 

m 
X 

03 

1.00 o 

Fig. 2 Efficiency curves in Hiroshima and Nagoya. The circles 
indicate the observed efficiencies. The broken curve a 
is the best fitted curve given by Eq. (1), the broken 
curve b is the fitted curve by Eq. (2), and the solid 
curves indicate the final efficiency curves. 
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Q: J^EHEp^ (B*, JHW 

KD data ̂ Ri$ic b/=CD^? 

A : gH^t^ (JA^^) 

^?*?t. 

Q : ^LLt-^ (^b^) 

A : ^EB#iR (g:^^) 

n°-^ga<P3R3^<3g%BH^^- h<D" 3.̂ ?̂" Xii JAERI -M 8196^ ̂ #M$ 

^L^^. ̂ nfC3^-r!iTab!e 2(7)3^. 

Q : d̂j-JRL (^b^) 

Ge (Li ) ̂ ^^Hl3?J#<D uncertainty {i^(D^^(Df$^1#^^^^? 

A : W M (!Â )̂ 

^m^J^Od^^^gS^O^J^L-r^Co 1332keV(D^O^Table 2!c^to tatalO 

^HHIA^TO.26%, ̂ ^g-U-0.30%-C*^^fc.. ̂ O^OO^^^O. 3%^^L0. 5%!?^ 

-3/;. 3 7^!ii%!!#M<D^(±0. 3%^^L0. 5%-?-^5. 
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^ Llj - J8L* 

Gamma-Ray Production from Neutron Interaction 

and Nuclear Structure Study 

Kazusuke Sugiyama* 

A Survey is presented on the experimental results of neutron induced' 

gamma-ray production cross sections, (n,n'y) reactions, in viewpoint of 

nuclear structure study. Particular attentions are given to the deter

minations of level placements, branching ratios of the transition between 

the excited states, spin assignments, multipole mixing, and also to more 

detailed studies as magnetic substate populations, collective and dipole 

excitations. 

1. (̂bR)fc 

{i)H?^^^^b^oS?^^dJU^$c^ir'r^^{ib$tL5ot^^^, (n, xr), (p, 
xr), (<x, xy) ^fi(m, xr)5^S^iSt3o (̂3!%n, ̂ ?xO^Aic^^^^ 

^ ^ o M ^ ^ ^ ? ^ ^ ^ ^ ^ ^ t ^ < ! : , (n,xr)M^<7)E)n^fi(n, 7), (n,n'r), (n, 

P7*) ^'#^.^tH. (n, r ) ^ ^ H ^ n ^ t t ^ ? ^ J : ^ ^ ^ ^ ^ L , Target ^Ai^^L 

radiative capture i^J:§J:^t^^^^^H<DWm^R^^^iC^^iC^^-r^§^. (n.n'r) 

^KlTfi Target ̂ *g#C)n!^^^(D^^^^^"?^^, ^ 3 t f & ? ^ ^ ^ ^ - M ^ ^ ^ ^ ^ i g 

^ ( D A # $ ^ < K n , n ' r ) ^ ^ ^ ^ - 5 ^ ^ ^ W ^ ^ ^ ? H ) i B e ^ ^ ^ ^ ^ T ^ § o %-^T, 

^f*e(i (n, n'r) spectroscopy ̂ J:^T^eJ:-3^^S!^B^^oaf^^<T^^T^§^^^ 

^^b^^^-^^1'^^4 Department of Nuclear Engineering, Tohoku University 
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2. ^jg^?[^J;33EBE:B':'7*a 

^MeVO^&?^^icA^LT^}±!$^5y$$C)^J^x^^ h^O^J^Fig. l^^t^o ^ 

<2)%a^^ ̂ , ̂ t±j r^fi discrete ̂  line ̂ S,^ ( resolved part ) ̂  continuum ̂ ^K^-

( unresolved part) ̂ ^#^L"T^^^^^'i§o ^?'^^^^n4<l?<7)M^%^^^#i^ 

ns^^ol^^)Pf^^{i, ̂ ^#:&^r^^<D^E^^-cr, Fig, io^y-7^<R#^ 
^m^s^x^yxM^^^^^ unfolding $̂ lFig. 2̂ (̂Cconvert$tl-, g ^ ^ ' - ^ L T 

^^JaM9T^T(i, low-tying excited states R̂(D transitions !C^JSf!d*bfL6 discrete 

energy Or^^S^^^§e-e, Fig. 3 ^ b f t 5 J : 5 t ^ ^ ( ! : L T ^ 3 r ^ ^ ^ - ^ 

2. 1 ^HJ^^^O Spectroscopic probe <!: L"CO (n,n'r) 5UB 

(n, n'r) Ŝ "cT%(dJ$̂ .§ r^O^^f^b target ̂ <D̂ i&[R̂ <7) level placement ̂P 

level t̂ O transition ̂ ^^§^<b{igm+^^^^b^^flT^$. r^^tt{^^'NaI (TZ) 

^y?-^-^bGe (Li) ̂ # { # ^ ^ ^ ^ ^ ^ ^ ^ ^ x ^ ^ hnxr! bM ̂ 'Mi<:Ri9, $b 

}C, ̂ ^^^t^?<!: TOF fast Timing %%iO§g%}<:j-.3̂ .y ̂  ̂ ^ 3 y W'{&M{bKJ:^T, 

1970^ftic{i^^^^^^J^^^tt§J:5fc^^^. ^PfT^, EW, f̂ Sr̂ ii:̂ , ^̂ th, 

f̂ LijiCJ:̂ ^̂ ^ ̂ T^fLT^^. -^, agmB"cr{i Wolfenstein̂  f^t^^T Hauser <̂  

Feshbach^^a statistical model Ogt##frt'^., (n,n'r)M^!C^^§, ̂ ^ . # ^ 

r^^^^iS^O[f^?i^^^-{CJ:§^{b(^^M^)iiTarget^einitial state <!: 

final state C spins ic^#L*r^^^<h^B^b^^^-?^. $6^, i.6r^^^^^^{i^ 

CD y*§̂  transition Omultipole mixing ic^#^"6 ̂ 1& (particle-?* augular correlation) 

^W^^tL, ^^#^^^{i§^Sheldon ^ van Patter fcj:^-rgf^$^/c^. ^ O J : 5 ^ ^ 

i R ^ , (n,n'?-)RJK<D7*-ray spectroscopy <D^f^{iAE10ipfgf<:^./c-D-r%^'t^ 

T O mass region iC^/c-o"rff^t<^*r#^:o 

^(D(n,n'r)^^i^H nuclear spectroscopy (D#^fi, ^^f^^a^^^"r^^fL§ 

^ r spectroscopy-rCi9f^Lx.^^^^^^^^-OS!!^B^^^, %M%(7)spin, parityOM^ 

*? transition ̂ #±$^ta!j^fC^^^"C^^^ low-lying states OWf^^of^"e^^ ̂ &*e 

^ 6 . (LtHi, ̂ ^Bi!)^B^^^"cr^^^systematics^^-<6^^{c^^:A-o%)0&^x.^5. 

^^, (p, p') , (a, a') ̂  (p, ̂ He)^^*CD#^i?S^^<H spectroscopy ̂ J:h^, 

^SL^?^^^^j^^m^?o^*'y ̂  ̂'7 3 y Ko^^$^^^^^W^J^^^^-r^5o 

2.2 SRopf^J 
4*ti?^-probe ̂ U"rffb^Lt^S)^B^nfDef^( level placement, spin assignment, 

branching ratio of the transition ̂ J:^'7*—ray multipolarity)̂ b, S^Eff^tL/c —, 
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a. ssMnOai&RmS) 

^0^(i^Ca + lf^ proton + 2 p ^ , lf^ neutron (D̂ iĴ L"r, ̂ /cBohr-

Mottelson strong coupling for lf^ she!l ̂ -^6^tca%^^fLT^3^<DT^<5. 

Fig. 4{C^-§J;5^, ̂ Mn6Da^^^{i^Cr ̂ ^FeO decay ̂ H ^ ^ J ^ %) (n , 

n'r) spectroscopy ̂ ^ ^ § ^ ^ W W ? & ^ , ^^D^^, 98 4, 129 2, 188 5, 2199 

keV^i:'CDS!)S^^^W^^<h^^^. ̂ tl,b<DB!;i&P̂ <9spins, parities C^^!i,Fig. 

5C5J:5fC(n, n'r)SJB^^^*r^m$^H- transition r^C#^M%^]5EL, 

statistical model iC^^^^-r{^^tt^gf^3-MMANDYF^^i:t:^b"r^^^T^6. 

Fig. 5^b^-*t, spin^—^H%^L-?a^%>, —^y]tHi^^^<"5J)A!9C!ambiguity 

^A-3*T<§^CD^^§^^x.§o ^/c, dipole-quadrupole (D mixing ratio <3fi, ^ } ^ ^ 

^(^^^iS^)CD?n^^^^btH^', (L^TtiFig. 60#^z'7°oy h^'^^GtLT 

!<^. -̂'Jx.(f, 188 4keVleveWig)^B^^(D^^T^$ or^ T^^^z'^n.yh^ 
Y* 2 2 

-Hi - *?, mixing ratio ̂ iCr?̂ -C!iarctan̂  = -7°±7°&^^L*r^-5. gjg^i^^-

Otransition branching ratio (hL"U, Table liC^tl/T^^o^, 70±5%^#"T^ 

^.deformed mode!Og+#-e{i, 7/2"l?Slĝ gĝ -(Dbranchingratiofi8 7%, sheil 

model <3gt#^{il00%^4x.<5. 3̂ 1, 1292keV level ̂ Bi^fD^^^Ccr, ^-o 

^^^B^^^aij^^^-crii 129 2-^984/1 2 9 2^0 (D{g^7 6/4 ̂ $g^^tlT^5^', (n, 

n'r) S^T(i22/78-c?;ai3, ^<D^^i^jRJM5o€^-^LT^^. 

b. " A s ^ D ^ ^ ^ ^ ^ 

HD^g^Fig. 7a>^]3^ic, ̂ -R^^^^6^^'fg^a<S^^^ir#L<5T^L5 
^. (n,n'r)M^*c?^th$^-5r^!i, Fig.80^^^^fC^-^tL6J:-?{c^g^^^-c?^^ 

'̂, "Mnei#^&)5]#^^^-c7^yr$^Fig. 7 b^J:^Table 2iC^L/;level scheme 

7̂ %M*-Arr bfvr^a. McMurray <Hi, (n, n r) spectroscopy^^^^^tfc^^^^^ 

^LTFig. 9 iC^:L/-:"AsOE!!^B^^O negative parity joJ:̂ * positive parity states 

c. ^NbcDBMBlXiS") 

Van Heerdenii, (n,n'r)spectroscopyic^^^—o(D^$^L"C^Nbfc^^^ 

808.4JoJ:0='809.8keV<7) doublet state ̂ -±^T^^. t̂tfiFig. 10(D^Zr^^^{i 

"MocDdecay^b{i$S^$^T^^^. ^/c, -g[^^^i?R^-?^^^$^T^^^. 

(n , n'r)RJ^1rj!&m$^H.r^ (Fig. 3 ) O-5^80 8.4keV<h 7 7 9.4keVOr^oa^ 

M ^ % N ^ L T , ^̂ L'̂ 'tL, 8 0 8.4 — 0, 8 0 9.8-3 0.4 O transition l?^^^<b^^^$tL, 

1 keV^^^b^^^^^^'-z§C doublet state ̂ ^^$^L^o 

3- More Detailed Studies 

3. 1 Magnetic substate population 

spin J ̂ r̂ -3stateO magnetic substatesM( = -J, -J + l, , J-l, J)C) 
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population ̂  (n, n'r) spectroscopy ̂bE^^<-5 ̂ <h^, Lowell A^<D group (c^-^Tfr^ 

tL/^^o iam$^3r^%)^^^M?HLegendre^igiS:jg^-?^bt^%:^OJ:5fcRao 

(2J.2J+1) 

W(P)= ^ a^-Py(cos #) =l+^^^(J)-P„(cos 6) 

d̂ "c?, /?̂ (J)ti statistical tensor Ir^i^icJ^-^T magnetic substatesO population P(M) 

/?̂ (J)= ^ /?„(J,M).P(M) 

Lowell group !i 

5t ^,,,^,3 + 
r 400keV(-)-&]g^(- ) 

23Namg^3 2 ̂  2 ^ 

2078keV(^ ) ̂  4 00keV(^ ) 

i26kev(^ )-an^m(-^ ) 
/SMniC^^aj 

15 28keV(^ )-gJali36(^ ) 

ic-o^T, €ft€YLOtransition?-^CD^J^^^^M^b, Fig. 11, 12, 13^=k^'14iC7f; 

t#^A^^^?^^^4^'-fC=H population ̂ {b^$g^L-r^ 5. ^ ^ ^ ( 7 ) ^ ^ ^ ^ , "Na 

CDJ: 5 ̂ ^iC^LT%) statistical compound theory^, DWBA direct interaction theory 

{cgt'<gf#^^J:i9J:^-^^^t^^^LT^^. 

3.2 Collective excitation 

deformed ̂ tCJ:^tf&?^^5L^^^, ^C3^(D deformation parameter (D^:#$^^l^$ 

O high spin states (6+, 8+)^^(D##^^5L^'^?^T0F^l?^^t5OirCi, ̂ ^ # ^ 

^ < ̂ $^g^^B^*?&5^)-cr ( n , n' r) MJMS^J:5 r^^a'J^t^^^^ ^ ^ T ^ ^ . 

Alberta ̂ #<D Hooper ^^[i ^^-'"Dye vibrational states (D^M^if^^^Kentucky 

A ^ O Coope b ^ ii ""- ""-'"Sm ̂  target ̂ ^ L t <h ̂ ±^', Fig. 1 5 ̂ ^ t ^ 5 ^ ^ ^ 

^ ^ ^ ^ ^ ^ ' t ^ ^ ^ ^ W ^ L / ; . Table 3{C^:t^?fc^^^-r{iHauserFeshbach 

model (WHF)fcJ:5gf#jg^, - ^ ^ ^ ^ T ( i coupled-channel model (CC)^#gb/c 

g f ^ g ^ - ^ ^ ^ t ^ ^ ^ ^ ^ L T ^ ^ . Lowell p^^OTripathi ^^!i, "'Sm<!:'^Nd!c-D 

^TjSf^B^rig^^-^J^L, Table 4^^t^5{Cground state rotational band, octupole 

band^J:0='^-, r-band^^'0# member state^0H)iB<7)^$%^H^^^$g^UT 

^6o 
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3. 3 Dipole excitation 

^^'^^^^$tL^^', Kentucky ̂ ^OCoope ^ ^ ji E 1 a ^ C D a ^ ^ ^ ^ T ^ ^ . 1" 

state ̂ i.t^^J:<^b^"r^6^Pb^target^^LT, S)^CD^$^Fig. 16^^-?^ 

Hauser-Feshbach mode! ̂ ^ ^gf^iB^O^^LT^L, —^f(r, r)^^^b^a6ftT 

^̂ {jĝ -Weisskopf ratio ̂ R^L/i. ^^^(ico!lectivity^<^$/l^J=lX(i263 

^iB^^fi^^^^^^^^E&LT^^^^&^^UT^^o--^, J = 2+, 4+, 8+^oJ:^ 

Ô OJ:-̂ collective states H^^^^nK^^bf, g^fc^^B$tH.^^^^b^^L*r^ 

-5o 
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Table 1 Level energies and y-brancing ratios in ^Mn. 

00 

Level 
(keV) 

2429 

2399 

2366 

2311 

2266 

2234 

2215 

2199 

M M 

1530 

1292 

984 

126 
0 

J* 

(i+) 

(§--§-

(§--3* 

W ) 
($-,§' 

(%-,3-
G'-§-

) 

) 

*) 

-) 

) 

G-,g-) 

(§-,i-

3-

^-

T* 

r 
§-

*) 

present 
(n.n'y) 

-̂ -1530 

-̂ -984 

-̂ -126 

-4-126 

-s-0 

-̂ -1292 

-+1330 

^ 0 

-*0 

-*o 
->984 

-̂ -0 

-*!26 

-+0 

-*126 

-*0 
-̂ -984 

^-126 

-̂ -0 

-̂ -126 

-)-0 

-^0 

100 
23±10 

77 ±10 

72±!0 

28±10 

100 
26±13 

74±15 

100 

45±7 

55±7 

30±3 

70±5 

100 
22±4. 

78±4 

93±2 
7±2 
100 

Branching ratios (in X) 

previous 
(n, n'y) 

.41 ±1.3 

59 ±1.5 

6 ±0.5 

94 ±0.5 

100 ±2 

0 ±2 

97.5 ±0.3 

2.3±0.5 

100 
-

(P, p'y) 

100 
29 

71 

80 

20 

100 
14 

86 

100 
100 
47 
33 
32 

68 

100 
27 
73 

96 
4 

100 

Ĉr(ot, py) 

100 
16 

84 

84 

16 

100 
IS 

85 

MO 
100 
43 
57 

34 

66 

100 
27 
73 

93 
7 

100 

" V f Li, p2n^) 

100 

24 
76 

91 
9 

100 

Coulomb 
exc. 

100 

100 

100 

100 

76±1 

4±1 
20±1 
97±1 

3±1 
100 

Theory 

(keV) 

1710 

1330 

980 

180 
0 

/" 

^* 

^* 

r 
i-
§-

branch 
ratio 

1 
99 
38 
62 

0 

91 
9 

100 

Ado 

level 

(keV) 

2429 

2399 

(2380) 

2367 

2312 

(2281) 

2266 

2253 

2215 

2199 

M M 

1529 

1293 

1292 

1290 

984 

126 
0 

pted 

V 

i+ 
(3-§)-
(*,3)-

(-P) 

(M) 

(H)-
(*-,$-) 

y-> 

(3-D 

3* 
(M)'-> 
(%-) 
(i*) 

(§)-

i-
§* 

^3 

oo 
-j 
O) 
to 
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Table 2 Comparison between spin and parity values of 
75As obtained from various methods.1°) 

Levet 
no. 

0 
t 
2 
3 
4 
5 
6 
7 
8 
9 

10 
!] 
[2 
!3 
14 
15 
16 
17 
18 
19 
20 
2t 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

(keV) 

0 
198 
265 
279 
303 
400 
468 
572 
617 
821 
860 
864 
886 
1042 
1063 
1075 
M M 
M M 
1101 
1128 
1172 
1204 
1301 
1309 
1349 
1371 
M M 
M M 
1503 
1581 
M M 
M M 
M M 
M M 
1873 
1899 
1909 
1988 
M M 
M M 
202! 
M M 
2104 
2110 
2147 
2160 
2)76 
2228 
M M 

K M 
M M 
2327 
M M 
2379 
2419 
M M 
M M 
M7! 
2609 

NDS 

r 
r 
r 
r 
r 3+ 
3.r 
r 
3* 

3+ 

3.3-

i.r 

3.3-

(Y'Y'l 

r 
(313') 

(3131 

(3.3) 

(3131 

am 
(3. 3) 

nm (3. 3) 

(3. 3) 

(3.3) 

(3.3) 

(3.3) 

)(3.3) 

(n,n'y) 

3 
3 
3 

3 
(3) 
3 
3 
3 n 
3 
3 
3 
3 
3 
3 

3 
(3.3.V) 
3 
3 

(3.3.3.3.V) 
(3.3) 
(3.3) 
(3-D 
3 

(3.3) 
3 
3 
3 

(^He,d) 

3" 
3-
3" 
3* 

r 3+ 
313* 
3* 

(i",31 
3' 

*-! 

3*,3" 

3'.3' 
3+.3 + 

313' 

r,r 

313'' 

r.r 

3+ 

313' 

(3*.3*) 
313' 

313' 

(^He,d) 

3* 
3131 
i!3" 
313' 
313+ 
3+.3+ 
313* 

SH.3" 
3.3.3+ 

313.3+ 

313-

3.3-

313' 

i-.3'.3+,r 

3+J+.3+.3+ 
3-.3-.31r 

3+ 

(313-) 

313.31313+ 

313-

(present work) 

3* *) 
3* 1 
3* *) 

r ') 9+ at 
Y ) 
3+ 1 
3* *) 
3* *) 
3[ 1 
2 °) 

3+ 1 
3+ 1 

3 ) 

r ") 
3 ") 
3+ 1 

3 ') 
3+ 1 

11 bs 
2 ^ 

3' ") 
(3+) ') 
3 ") 
3* 1 
3- ") 
3' 1 
*'+' **) 

3'+' ') 
3* ") 
3- ') 
3'+* *) 
(31 1 
3'-' ') 
3 ") 
(3.3+)*) 
3 ") 
3 1 
3 1 
3 ') 

(313+)') 
(3H')') 

L< + ) b) 

3+ 1 
3 ") 
313') 
3 ") 
3 *) 

*) The values simply adopted from the literature in our calculations for the transitions to these levels. 
^) The assignments among the previous ones that fit best our data. 
*) The newly proposed assignments. 
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Table 3 Measured inelastic scattering cross sections for 
148 150 152gm compared with theoretical calculations.^) 

Isotope 

"SSm 
is°Sm. 
isism 

Level 

2̂  
2̂  
2̂  
4' 
Ĝ  
8̂  

Measured 

(K,K') 

504 ±40 
491 ±30 
600 ±40 
271 ± 30 
... 

("."'?) 

... 

... 
263±35 
61 ±10 
7± 2 

WHF 

352 
227 
140 
94 
23 
0.6 

Theory 

CC 

277 
439 
533 
65 
9 

WHF+CC 

629 
666 
673 
159 
32 

Table 4 Measured inelastic scattering cross sections for 
I52sm and 150^.15) 

J" 

2+ 
4+ 
6+ 
8+ 

°t 
2+ 
4+ 

r 
3' 
5" 

2+ 
3+ 
4+ 

2+ 
1-
2" 
3" 

(2-4) 
(2-4) 

(5*) 

^ S m 

Ex (keV) 

121.8 
366.6 
707.0 
1123.6 

684.9 
810.5 
1123.9 

963.3 
1041.1 
1221.4 

1085.8 
1233.8 

1371.5 

1292.6 
1510.4 
1529.8 
1578.9 
1650.3 
1680.7 
1730.0 

c?n' 

600 
259 
64 
6 

64 
195 
91 

224 
168 
91 

133 
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^ ^ M ^ ^ S ^ t ^ ^ H Moldauer effect ̂ ##L^^<7)^-^^T^§(Z)^. 

A : ̂ Lij-A ( ̂ ^b^) 

^-e%B^L7^(D-51i, %^f'MANDYX{iMANDYF code^n}^?^^, Moldauer 

effect ̂ Atrr^^. €-^^#nu^^^:#<^b^^^^&m?. 
A: E+Afg-(^^) 

level-level interference (Mo)dauer effect) (D^^{i^^$^<D"c?#^gL"r^^^^%) 

^Qtt^^^, width fluctuation effect (Porter-Thomas distribution) {iHauser — 

Feshbach(D^^^20-30%T^'^O-?, i^^^^^^^U/cgtWH^^^S^^^o %-? 

-r, ̂ ^o§t^-r6#Hb-r^^^n?o 

A: atil-A(^bA) 
MANDYF ^-K^A^LT^^^cD'?, ̂ L^C^{i{5r<h^^x.^^. (ref. 9^J:^' 

Compt. Phys. Comm. 6 (1973) 9 9iCJ:ft,ti', Option <hLT Moldauer level width 

fluctuation O^IE^^^^, ±^<D5f%"?(i^6D Option ̂ {^-?T*U/j:^o ) 

Q: ^i§:W^(^l^:) 

^ . i ^ A ^ ' - y ^ x ^ h7t^(DA- dependence (i^-3^-o"U^5^o 
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(n, n'r)MiB^b<a^^r^<p%^^^n^-o-r^3(D^c 

A:^LLf-j3Kmb*) 
(n,xr)^Mt§^^$S^1?{i^#^qusi-compound process ̂ L"C^#^*ru§.— 

-oCD#^^^LT, l^^(D^5f^^"cr(D^^b(D$g^(JAERI-M 8163, p, 253, #{c 

Fig. 6 ) ̂ ##H^5/f5-?. ( J:^^ant§iC{i, continuum y - r a y s O ^ M ^ 
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13. ̂ ^^^f^M^ 

H-3^-C(D^^g$^^fW$60—3T^§ ̂ ^.^^^^*A^^ LT^^$^§i§^^^^. ^ ̂  

Tli, L^^^x4--A, ^^^^^^^fgl^^O^J^jg^^, ̂ ^B^^y^^'-OM^^LTO^ 

^^'^^^-^^t^l^<D^n^^-o^"U^^^o f̂c, ̂ 3^^B+#T^g^$tl,^Kev-Mev 

ĝ̂ (D FP e4^?SrS^Mgf#^W^ ^^^'ig^o^^^+^^^tc<h'(DJ:-5fA^#^^ 

Level Density and Neutron Cross Sections 

Tadashi YOSHIDA* 

Nuclear level density is one of the most fundamental quantities 

needed in the nuclear model calculations, which are indispensable for 

neutron cross section evaluation work. Here, we discuss the problems 

which we encounter in determining the level density as a function of the 

excitation energy from experimental data such as the nuclear level 

schemes and the average resonance level spacings. Further, it is con

sidered how large difference in calculated capture cross section of FP 

isotopes is brought about by an uncertainty of the level densities. 

This consideration will stress the importance of the pertinent determina

tion of the level density to calculate the neutron cross sections. 

1. tg^&Kl 

VTff^'^(combinatorial method)^, ^ ^ M ^ i T , ^ ^ ( D ^ - I r O ^ ^ 

NAIG Nuclear Research Laboratory, Nippon Atomic Industry Group Co, Ltd. 
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i&-e^^L-r^<^-^{^!g'J$^6. M#on{^^^^#iJ^u?{i, <l^^Fe, Cr#^<^S 

^ o ^ ^ 7 ^ ^ ^ ^ ( c ^ n j L ^ 3 t ^ ^ ^ ^ § ^ ' , iSRj±^bti, #J^(DA-?-^n^^< (-̂ -37 

^±ox^{i^^{c^m) , ̂ - o ^ i c - ^ ^ i f a . ^#o^^cD#6S$^^Xi^fi 

BetheÔ tD̂ l̂?, ig^JH^±^<^^btL?^§^^^'^^^5X:{i, $ ^ $ ^ ^ S L ^ ^ ^ n 

^^?^Ba^ia5Nt#ic^br, ±g^^T*'^^^<^J^$nr^50{i, Gilbert̂  Cameron^ 

^^^^Composite formula "^^6-?. (ltKii^i^^^"#J"e, Bethei&^^t5Fermi-

, T, V ^ exp (Zjlu") (2J+1) exp (-(J+^-)'/2^) 
' ^ ' ^ ^ 12 a^ U ^ 2j^.s - (1) 

p (E) = Ce^'^ - (2) 

*e<&5. ^^t^^^f.Hl^^JA^i^^^-ii/u^ (0-^+MeV)^^)^^-r^^^^j^<& 

9B^t-5^^^!±!^§^$^?^^. ^^, (l)5^^(D^{ispm-cutoff^7^-^, U(i^^jM 

^nt^B^^^^'-ir, S!^H^^^^-E^^, ^l^l^?&ytJ^?-CDpairmg energy J^-$L 

^I^T#b^^o^^^^^^(FP)O^^^^^^S^ic§§^g^-r^, ^?y^^, ^^<J 

-^, B ^ \ ^g^O^#)#3^^, <̂!:r'&< composite fonmula^^f^Lr^^. fA<̂ J 

^b^^aA^urfi, i)^#^^^-erA^^^^^-yBia^^^'-$a, ii)^^#^t^ 

J:5o L^L, ̂ 7^-^^r?^-r{i, ^6g^§?im#^^gfc^^ih.Lr^§i^^^^o 

—^f, [5[b<Fermi-gas^^g#&L^^'b, a/f^T'^<J^^^H^7^-^<!:#^-5 

^ ^ ^ ^ ' ^ 6 . ^(Dl^ii^^^A^-^B^Fermi-gas^-C^^-L, ^^j^^^(2)^^)^{i 

f§<9^<, DHgb(i, ^O^^-?Ca^bCm^l?P3^[200C3y4yh-7°(D^^:^^^^^ 

^ L T ^ ^ P ^ C 5 ^ ^ i r S a ^ ^ ! i , ^7^-^J^'odd-odd^*e-2—lMeV, oddA^*? 

- 1 - 0 MeV, even-event^e^'^'€0{i&^^5^<!:f'&^. Cttii^^S;^^^^^-

U = E - / ( ^ § 5 ^ , ^^.U-r pairing energy ̂ -^X§g'^(D^7-'^&<^^, 1 ^ ^ ^ - ^ ^ 

[̂S](c shift $-ti^e^^#!^t^o CO^-r'^^'back-shifted Fermi-gas ̂ -r^<Lg^t!a 

aAlr^^o ^tDback-shifted^&^'^(i^^&^^t<, ^7^-^O^^^straightfonward 

^2 ) 7C*(3 Newton ( Can- J. Phys- 38, 804 (1956 )) ̂  Cameron (ibid, 36 , 1040 ( 1958 )) 
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2. Composite Formula 69/^3^—3?%)i&^ 

i) a^7/-^^/S 

b, a=y?r'g^6^f%-?^^-DVbn6n"?&^. L^L, ̂ H{i^tL^^n^7^-^^^ 

f^LT, ̂ <!§^^^^!^^oM^{iS^^^m^§J:5ic^(0{g^.^^§. (l(î {i, Nd^-o^ 

T!i, Musgrove^O, Smic-o^THKirouacb^^^'^^^^^^^-^y^^l^D^^ ^ 

ba^^^L/^o ^#lbOa<D#^-Et3^?^N(c.^L*r7°o-y hL/^O^Fig. Hc^t. [gj't', 

H < ̂  ̂  ̂ ^' U/c^^ D^g^> b % ^ b tL?,: ̂ O. a^^ 0^{i^gp-?)7g^6 J: ̂  fc low- lying 

Ieve!^b^^L^nir&^. <̂DJ:-5!c:, ̂ n.yh^g^O^f'', ^^a^^<9t^^, 

D ^ ^ ^ ^ ^ a ^ ^ L T , a^^^^^^^J^^^^t^^^fi^^^^^^L^. ^(L?\ 

â shell correction energy S(N) iĈ L*r7°o.y hLT^./c^O^Fig.2*?^6o S(N)(i 

Gilbert-CameronO^^^b^-?/^. 5, H<7)7°o.y ĥ CD#!̂ (±, Fig.l^[sfb*?^^. C 

(D7°oyh*e{i, ̂ -7°o.yh^{i, 7C##, even-odd-giC#^^^@:^±iC(D^. D ^ ^ 

0^^"'-*^Nb, i^-i^.^Sm JCr^Tii, ̂ y m D ^ ^ ^ b a ^ ^ ^ ^ L ^ . ̂ ^o, 

^^Sm^'J^^L-r, ̂ t)C<474y h-7lc-o^TH, ig;̂t*!̂ t$lig ( + T^^:) ^low-

lying levels^b^^^#(0, A) ̂ '^^0^^—Sk^^LT^^^Ji^^L-U^^. a, 

D*tbf ^^^S^Table.l, 2H^^^b^T!<^. 

^^*r{lK{c^^^^#^^7^-^J, <7^#&U-C^^5. J{i, ̂ ^3)Opairing 

energy <7)^6%-?7to îC-ô -C(i, t5]e<X^'^^4^bn*r^§^^, ^̂ =0.0888Vau* 

A ^ ^m^btT-5^&^#^^, ̂ "̂e(iFacchini ̂ ^^c%-oTc^ = 0.146 Vau" A^^^-? 

"T^<. Facchini bî ttti', H5#(i^^S^.in<D^^CD^^^^)<mi'>H^t^^^^^3X: 

fcti^LT^^^^tL^. <!:^b<D^^^^^^^, D^f^t^L;{i§^^L-raO-fH^"§!]^ 

^^-^-r< 6o %-^T Table 1, 2(Da <0{^^^^= 0.0888 Vau*A^ (b^HFB^^^, ^ < o m 

^{e^$0-ei^#$n,^^o ±gBcD^^O^AO^^<H-=!:5^-e, §t#$^^FP(D^^^*?Jg 

-o-r<̂ îi, ̂ - e ^ a . (̂ (D9#, ̂ ^aeijan^tL^ttc^^ o^^^^n^^^^^ 

ii) C, T^7/-3?tb%^ 

Fermi-gas^^CD-DT^^y) (^^^/dli^^b^^) ̂ #^.^^b, o) jg^^^t^^'-^^^ 

(D^^7^^<Dyo.yh^g<^^t^J:5^^^^tLac ^urii, 3^[^^-?(D^^^^^ 

4) , a) 3)2-3(D^Q)^ja&$^L, &#:^C^^{iTcDja^^$gSL, A^^ic^^t 

^^^o^^^^-D^. 2^0gafT^0-^Fig. 3<^4fc^t. ̂ a(i, #^B^^<C, 

T^i^^A^^^Jlr^6. b^L, Nd, SmO20y^yh-7°^^ii, a) O^J^f-'-^^o 

consistensy^-n^t^^, ̂ ) ̂ tl)(2)<Dĵ 3X:(D-3̂ <̂9(D̂ b̂̂ $ (^^Jg<D^^f^) ^-^ 

^ ^ ^ § < # ^ ^ ^ ^ - 5 ^ $ ^ ^ ^ S ^ ^ ^ ^ ^ f i . ^ ^ (146,148,15.^ '".'"Sm)o {RU, 

^<Do^""Nd^'"Sm^J#^(i, aO{}gg{#^Fig.2 0^#{cg<^^{g'?&^, ^{g^g^ 

Hgg^OT, a^{}§^M^Sf)^LT^^^^^-D/I^^^'[B]^L'r^^^^^^JtL^^. Fig.5, 
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6HiiC, T^^cD7°n-^x^A^B^/*f-3^^'Sn)C^!]^^:t. Fig.5!<:^^^H-J:5^, t̂-

^^^^^7°o-y h^^^lr^tLA^^J^odd-A^T, t D ^ R ^ b n / c . {RL^CD'^Sm^ 

^<D^J"?H, ̂ tt^^M G&i.^^^-#j) 0#^^<D3;3#H:t^, Fermi-gas^<hCD-o 

^^^^-5^<^7<^^/&^<, —JE6<l̂ ir(i, (ItHimissinglevelsicA^t^^tLA^^^' 

^.T^o<. b^b, ^O^ttA^^ii^^^Oodd-AONd.Smy^yh-y^n-^tl.^^c!: 

hii, 1979^^08#^"eo latest version of " Nucleas Data Sheets" <!: " Tables of 

sotopes " <D^ 7 HSO t̂ ^̂ î x + - A ̂ ^ ̂  7̂ 0 

!^^^^^07°o.y Mg]-r^^^^^b^fitting^riY!<\ CtL^^^b^iC-o^^^J:5^, 

nicFermi-gas^(7)^7^-^a^^^Egt^&"e, D ^ M^{a6D?lW^<Da^?#.^t 

^ C ^ ^ A ^ S . ^ 5 b " r ^ ^ b ^ a O # ^ , Rft^OFig. 1, 2 0a^^07°o.y h!T^§. C 

<D̂ ?̂i"eii, ̂ #^^^L^^7^x + -A(D^-^^^^t9b^^<9b*r^^:^^, ao^^n 

ttLH', a (J53WiDobs) Ot§^HO{n^'&CDf^±^^AL^l?^5^. 

3. !^^A^]g^^^?^SW 

#^tMf^!Tf^^3KeV-MeV ^^(D^^?yrBM^?riaBt^l^, %^^^^&^§t 

CASTHY^-M^^JENDL-I, JENDL-2^tf^?g?S##Wp^^abT, )A$B^^^ 

$^/c. Fig.7^#m$tL^^. ̂ g^^^^^fi, C A S T H Y M o ^ m ^ y t / c ^ l B % 

^^y^t^^7^-^OH#^^^b*r^6o C(D*^Sm{i, Nd, Sm<D^:7^yh-7°^, 

^ E T ^ ^ - r ^ - w ^ g W ^ g g ^ " ^ , r)^gf^#ic&b^^^^S"e^6^', €tL 

"?^-^^^^^^Ofg<D^.^^^#§b<^^. ^<D-^^^^^^on^Ci^^&ti^^^ 

^ g - ^ 7 ^ -370HW<^BbT^a. (—^§g^CDJENDL-l{iGilbert-Cameron0^7 

^-^^-€CD^^^^\ ^^iiTable2(Dpresent value ̂ -^^r^§. ) FP^S^i, fj>̂  

O^J^^-(0€<^, ̂ ^^O^g{d^b<7(n, r) 0a'J^{g(DJi^^^-±^{i^^^WKeVT*-

^-o*rt-^o&^, §M^a3^^^^fiy-^^, ̂ ^o^n^^^^^^^^fc^, MeV̂ n 

Ĵ O ̂  (n, r ) M H H ^ H ^ < ^ ^ activation̂  J: 5 ̂ - ^ b ^ ^ ^ ^ ^ ^ ^ < , ^Tt^^^O 

^ - ^ ^ ( i ^ ^ { L ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^^^^, ^NKeV-MeVO^(n, r)(i§t̂ {$ 

H g ^ ^ o ^ - S ^ ^ o ^Og+^a^', ^^^^^^°7^-^O^0^iC^^<^#t^gR"?' 

^6^b, ^^^^^^7^-^OjgW^i^^OS^t^{i^^{ca^^^^Oo^C^, <?(n, 

r) g+^n^^^^^^j^^7^-^0^^^^, ̂ o^b#b<^r^.^^<b^bJ:5. 

^(n, r) N+##{i, ̂ )(n, n')^(D^^^nb?target^iC^^t^^^^^^{c, /̂c 

n) r^^M^CD^^^^'-^#&^nbr compound ̂ (D!v^^^g^^^L^tL^#t§. 

Fig.8(Dl^^^^#93$:^^^o ^^!i, ̂ r^^^^iH:$^^^^^-r^^ + ̂ ^ ^ ^ ^ ^ i ^ ^ 

7^-^P (Table 2)^^-x^^^$^/-i"*SmtDgrb^g?^a^ 5S§giiRCN-20^# 

a^*^^.^. ̂ ^if^#cD target^e^^^^^^7^-^^RCN-20^0-?g§j^^6^ 
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?F-M^^^{i, ̂ HMH(i target^H^ Lr)^ ^ btL/c^^^7^-3? O j & ^ ^ ^ ^ L*T^§ <h 

^5^^{C^-5o [5]C^5^, compound^^^^-'^^^y^-^^^^O^iBitHi^iifDn^^-

-^^^^?^§^J^bT, *"Sm(7)^(n, r)^Fig. 8 ^ ± ^ ^ ^ ^ t . ^^, [B][a;c{i, [B]L; 

D^f^g#^^'^, <7{C<7^=0.146VauA^^^§^, 0088&VauA^^t%^^l?, ̂ (n, 

/) n^^^og (%̂ $̂m̂ {̂ )̂ ^-^m.^^^^$^-r^^. ̂ '̂ ?̂ }R!ac)̂ B#, ̂  

^^iE^'^^^ ^(DM^{i^o-^^^^^^^8iHt§^^<D^5^&^^i^Lt^$. ̂ /̂ , 

^ (n, r) Ogf##:^', Fti^^tL^target&ycompound ̂ O ^ ^ ^ ^ j ^ ^ ? ^ -^ic^^lr 

;H<:^i, ^ic, ^NKeV-MeV^Jg;(D^(n,r)0^g(D^^M^#:^^<(DFP^giC 

^^^#btt5J:o^^n{f, ^ ^ 7 ^ ^ , ^{c^<Dgf)^i.#^^'-^#t^^-o^rag^j:7r;^ 

^^btL^^'^-p^^^^^Lt^^o Nd, Sm̂ -̂ J{c:&tLii', ̂ ^^x + -A(7)^50^^^ 

-̂tfU2--3MeV<!:, ̂ "i$^^^f^^<D^^r^<5 6-8MeV^^<Dl^ (cp'^?^^^^^^' 

-ic^jno /f^^n/E7-"-^icg^-r^$x.^a^/dij-T'', ^ - o ^ f s o ^ ^ - ^ ^ , ^ 
-5.̂ /'-:, composite fonmula^^HjUitthU'T^, spmcutoff^^^-^^Of^O^l?^ 

^^^-^#f^^^^9^-oT<5. ^^-^f"?', ±§B02^.^7^^'-^^^^T{i, ^ * ^ 

^o{g{c^t^^a^j^H-oVH{i^Xy^^^^-r&^^^, <7(n, r)^^^^fgM^^^*r 

%), ̂ ^ W i ^ ^ a ^ g ^ ? . 

4. ^ d: ̂  

^$S^T!i, n^'^g+^O^^^-^^^^^^^^^ (FP) O^KM##MNt#^W;: 

^ <9, !^^^^^^°7 ̂  -^(DS#i^^^^L^o %RKeV-MeV ^^O^iRSTS^^W^^ 

^AEt^±*e, ^^^^j^^7^-^(D^(?^fii, Tb^^f-y^^.^^, {m<3<^7^7^-^ 

(D^^^^^^^EM"?^^^^^^^. —^*, ^^^^^^7^-^C9^^ECf[.'^lC^^-r^, 

t%#!C^^r{i^^<9^^^^^L?^^. iga%)<^5, Fermi-gas^^%Y^^:^i^^ 

^-^^-t±^ composite-fonmula ̂ ^[fti^WiiiBO^f'C^O^^^tt'r^^^, ^OSMjtHi, 

^^T{i^^^^^^-5S^M^4^, ^t1,<i:^^?AE^<!:L^^/fW^^#j^[^^5. ̂ -̂ , /c 

^^(f back-shifted ̂ y^^/5^#^?^L^Ff^JA^'?^<^^^'&6-?o ^ ^ ^ ^ 

composite-formuia^!^^^ L?^, spin-cutoff ̂ 7 ^ - ^ (Dî ^̂ f/j:̂ , ^ ^*r^<^^ 
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Table 1. Level density parameters of Nd isotopes. Comparison of present and RCN-2 evaluation 

^ Dobs(e 
Compound Bn (Mev) A (MeV) 
nucleus 

Present 

Nd-142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

9.813 

6.125 

7.817 

5.760 

7.565 

5.302 

7.324 

5.068 

7.357 

5.309 

2.03 

1.18 

1.94 

1.18 

2.10 

1.18 

2.17 

1.18 

2.28 

1.18 

-

680 

35 

450 

19 

270 

-

170 

-

120 

) a (MeV"A) Ex (MeV) 

RCN-2 Present RCN-2 Present RCN-2 

12.88 16.40 4.50 3.975 

680 18.26 18.28 4.00 3.859 

35 17.71 17.72 4.65 5.512 

450 20.54 20.56 4.50 5.199 

19 20.19 20.20 3.35 6.536 

270 23.93 23.99 3.80 5.185 

8.6 23.59 23.60 4.00 6.813 

170 26.57 26.75 5.00 6.097 

24.15 24.10 5.50 7.418 

160 26.18 25.25 5.30 5.996 

T (MeV) C (MeV*-) 

Present RCM-2^) Present RCN-2^^ 

0.718 

0.480 

0.535 

0.514 

0.768 

0.502 

0.606 

0.479 

0.550 

0.480 

0.469 

0.437 

0.553 

0.530 

0.557 

0.482 

0.518 

0.493 

0.534 

0.506 

0.320 

0.598 

0.593 

2.52 

1.33 

5.68 

1.68 

12.45 

2.10 

11.50 

0.0451 

0.695 

0.397 

3.44 

0.930 

5.22 

1.43 

20.22 

2.16 

14.57 

a) Calculated by assuming continuity of level density at E=Ex. 



Table 2- Level density parameters of Sm isotopes. Comparison of the present and RCH-2 evaluations 

C\3 

Compound 

nucleus 

Sm-147 

148 

149 

150 

151 

152 

153 

154 

Bn (MeV) 

6.373 

8.140 

5.873 

7.985 

5.596 

8.258 

5.867 

7.979 

A (MeV) 

1.22 

2.14 

1.22 

2.21 

1.22 

2.32 

1.22 

2.14 

Dobs 

Present 

-

7.0 

-

2.38 

56.5 

1.72 

53.8 

-

(eV) 

RCN-2 

6.3 

107 

2.0 

56.5 

1.72 

53.8 

-

a (MeV 

Present 

22.75 

20.56 

24.95 

23.62 

26.87 

23.75 

25.62 

22.35 
(21.90)b) 

-i) 

RCN-2 

21.00 

20.77 

23.78 

24.00 

26.88 

24.23 

25.63 

22.80 

Ex 

Present 

4.50 

6.00 

4.50 

6.50 

5.00 

8.00 

3.50 

4.75 
(5.0)b) 

(MeV) 

RCN-2 

5.198 

6.358 

5.865 

6.853 

6.806 

7.611 

7.360 

7.287 

T 

Present 

0.477 

0.547 

0.481 

0.523 

0.456 

0.547 

0.590 

.0.601 

(MeV) 

RCN-2&) 

0.469 

0.537 

0.472 

0.513 

0.51.9 

0.539 

0.556 

0.551 

C (MeV**i) 

Present 

2.620 

0.798 

6.140 

1.489 

7.460 

2.400 

19.10 

2.313 

RCN-23) 

1.085 

0.713 

3.21 

1.37 

37.9 

2.41 

52.5 

2.42 

155 5.814 1.22 112.6 130 24.02 23.66 5.50 7.201 0.508 0.575 8.430 31.8 

a) Calculated by assuming continuity of level density at E=Ex. 

b) Revised value, not used in the present cross section calculation. 
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Fig. 7 The effect of optical model parameters and level 
density parameters on calculated o of ^^Sm. 
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Effect of Compound Levet Density 

152Srn(n .f) 

d =0.0888 auA^3 - ^ r \ 
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+ +++- i Ec 

^ \ 
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2 2 2 2 2 2 2 

31 
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(̂ barn 
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Fig. 8 The effect of level densities on capture cross section 
calculation. Upper figure shows the effect of compound 
nucleus level density on o-, of ^^Sm. Lower figure shows 
the effect of target nucleus level density on Oy of ^^Sm. 
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n ̂  

Q : ^ B ? ? ^ (B^g?W 

level density (Denergy dependence ^g^"efit t-5^#rtLgj6^ic-o^-r, $^^(D^ 

#"F^[a}^^I^[S]^igtnr^O, mass-dependenceOsystematics ^^j^bT^§^', ^ 

A : f̂UB iE(NAIG) 

C : B ^ ^ ^ (^#1) 

#bB$^^<D9f^l?!i shell closure(7)ia<"e level density CD^tlA 9 ̂ ^ -o^^Etat 

3%s', ^ ' S m O ^ ^ off-shell nucleus ̂ O?', €^D^, ^ ^ ± ^ ' ^ * ^ l ? a ^ ^ d ^ ^ ^ o 

^. ^ ^ ) ^ , . rotational region0^{c^L?^^±^'U^^3t^'^?^${if''-e^$. 

Q : Ma%^ (̂ 9f) 

Gilbert-Cameron(Dspin cutoff^7^-^(D^<Z)#^^^:0^'^§(!:(D^^^'^, IEL 

A : ^ B IE (NAIG) 

^^#.?-3g!j(i^[s]L;D^° ^^i^t§J:5a(7){gl?#ggi!t^^, a^l§[J§gg?^-T< 

-Oo 

Q : M^^B^j (f^W) 

spin cutoff ̂ ^ 7 ^ — ^ ^^{@^O^ic:J:^*r5^-5<!:n'^^^, separation energyftST 

O A = 5 0 , 100, 160*?^ = 3, 4, 5{AOsystematics^^^. -etL{i^$tlT^5^. I%<9 

^ -5 %"? fluctuate t ̂ 5 <̂  ̂  ? ̂. ̂  ̂ . 

A : ^ B IE (NAIG) 

<?2=0.146^aHA^^-5<^ M^$/y(D^^L^-o^{gJ:^, ^ { 4 : ^ ^ ^ # ^ ^ ^ ^ o ^ 

/i low—lying levels {e^^LT maximum liklihood ^"eT^OJiH-^^^^, ̂ /^9 

fluctuate t^o neutron separation energy ^TH^B^^^^'—T^'Ji^T^, fluctuation 

Q : ^ fa^ (HI^:) 

(1) level densityO^^a^^, N(^t^?&) ^ ^ ^ 1 ^ ^ ? ^ $ ^ ^ ^ , N=90l?^ 

(2) ^tL^M:SL*r%%^^t'5<^ rotational level^^b^<tl-*r<'5/*f55^b, 

head (oddOJ#^{iNilson level )^<Hs]$E^^^^-^x.i'^"r- level density^^ 

A : ^1B iE (NAIG) 

(1) Mab-r^§<^S--5.(2)<!:^MJAt3^, t^^^^^^R^'-e^btl^level density^ 
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C : ^EB^^^j (^W 

level density ̂ ^^B^^^^-{cML^j3#c^^^§B^, ^ a L T smoothing t < 5 ^ 

A : ^ a IE (NAIG) 

Q : A^^E& (H#^^) 

L^^§^<9 shell correction {i^OJ:-3^#)gU7t(D^o 

A: ^B IE (NAIG) 

a^7^-^CD^<h LTg^^^#$^*r^5<!:#x.'r^^. Dilg ̂ ii^^d^^a <!: J 

Oj^^^free parameters ̂ L7t2OO^g^&^fitting0^^&L'r" contrary to the 

pairing effect, the shell effects manifest themselves mainiy by means of the 

leve! density parameter a" (Jr^^T^*!), ##fc%'5 suggestion T ^ H o 
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93 

MM* 

Westcott 0^^.^^?^7^-^- r VT/To (D{i§^0.022^'<^^#(D^^-?, ̂ Nb 

(n, r)'^Nb<h"Nb(n,7-)'^Nb RJE6(D^^^B^}i^^€^0.6 1+0.0 3b <h 1 4.6 + 

0.2bi?^^^. ^^^#:^^H:o^^fig^^gf^^^^^§a^fg^i:h^t5^<h^J:^-r, 

The Isomeric Cross-Section Ratio in 

Double Neutron Capture of 9 3̂ 0 

Toshiaki SEKINE+ 

Japan Atomic Energy Research Institute 

Abstract 

The yields of 9 5 ^ isomers were investigated by means of the double 

neutron caputre of 9 3 ^ target. The effective cross sections of 94^, 

(n,y)95mNb 94^(n,y)95g^ reactions were found, by the activation method, 

to be 0.61±0.03 b and 14.6±0.3 b, respectively, with the choice of 

Westcott's epithermal index r/l/Tg = 0.022. The observed isomeric cross-

section ratio of th'e reaction was compared with the theoretical predic

tion on the basis, of the statistical model. As a result, the spin of 

the compound uncleus and the contribution of the quadrupole transition 

in the gamma cascade process were deduced. 

+ B^j^ + ̂ jPf^^r Japan Atomic Energy Research Institute 
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1. ^3U^§ 

- ^ V ("Nb 100%) ̂ ^ti?n^t-5^Fig. m^t^o^^S^^^3§5o "Nb(D 

T^^^o b^b, ̂ ^^^gB'^Nb ^^^t^^^cD^'f^^^Bati^btL-r^^^. ^ 

^^^-r<D^^'^?nS^^tj-§^H^^^^b^Mt6^^ti^^^^^ -y-y h <!: bT^ 

6^, (KD^^^^-y.yh^"Nb(i^^^^^-^^T^^o"Nb^<DXb°y(i, ^tL^ 

-r^^b^^^<h^^^6 <^^TA#^fHl?^^^^B^^!,^ $Pf%ir{i^aM^S^^L6^ 

Fig. l{c^btJ:o^, " N b O ^ ^ ? M $ f c ^ ^ T ^ ^ ^ ^ ^ & X ^ ^ ^ o " N b ^ ^ ^ t 

3s b^b, ^^*e{iXia^^cD^)^M^t3o ^/U^^tm-, ̂ Nb^b^Nb<Dgja^g§^ 

^^^f^?^B^{il.0bl?^§Ofc:^b, ̂ ^^^^^O^^{i0.1b<h/J^^^^^, &)g 

^^O^MMfcj:b^T^^^^^O^^M^^^ =h<D^^^, i±#^^^^^^^^^^n? 

^ O ^ ^ ^ b T & a . ^^^^, 100B#^n#f^OJg?^O^{i^^^^^lH^b, 

XJS^^7 00 0-e^6o ̂ ^^^^O^Ba^Xn^^O^^J:^^^^{^§}j-tLH', ^ 

^^ni?(D^^^?^^oa$#{i^^-e#^^. ̂ xBt6^.^i?{im^B#^^^x.-r^§^, ^ 

2. gg ^ 

? # ^ ^ ^ ^ ^ b , rp^(D^a-^7^^^^^?nMb^<b^^^BXt6RM^i "'Ta, 

^y^^^b^MfCl^^b^. Run lTIi, KD^^#{H^n^#K^-^^. Run 2!?ti, # 

S-^7^sWSbT^b, ^{b-^17'\!:b-r^^?m^b^o <L^-?tiRun2(DMH-3l,^ 

#^Bt^o 

Johnson Matthey^L^Specpure <2)̂ n-2t*7*17 0mg ̂ -^^^^^y^Ob*-^-{C^ 

Ab, 10m^O46%HF<!:0.5m^(D-n^^l?^^b^. <^H, Thodore ̂  0^-^i^%^^ 

^ + V ^ (^^^^yy"^7^^rhy) MRj^^?;:,, S;^-^^iC4m^<Dn^^, lm^fDHS^ 

^, 4 0m^on^^^^[]x."r^b^^o-h(c#bf'Co ^ ^ 4 0m%6D^4vy&An;L-r3^ 

RBiĝ yg-)f§̂ , -^-7li7j<S^ai9, ̂ y^^tiW^atc^6. ^<D^^^^^^gf3[B]^^ 

^a 7j<i^^^<D-^7'iil6m^<D-n7y^-77K^[]X.'r, 7^{b-^7'\!:bT^^$#^. 

a^b^^b, 5§&<!:#4(cn^3^iy^-?lB#^^^bT^b-^7"Nb205<!:b^. g+H<D%* 

^, -^7'<Dint^^(i4 6%-?&^/c. 

^gHO^-^iC^^-r^^^b-^y'Oo^SO.Omg ^7%^-3A3gt^%., JRR-3 ^ ? 
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-Jp<D VR - 2 n^TL*e 2 1 6 8#Maf Lf̂ o 

y-e^a^#^L^c ^^Lic6m^oioMKOH^ox., #^7yy-e^a^t6^<h{cj:i9^b-

"?, ̂ ^^58'JL^. -^7"^^ty6m^O!§^^#btLt(Dl?, ̂ (D-3^.2m%&^'J;L^^ 

y^(D#b-y{c^^-rr^^a^L^. 

8%<D^^gf^^)#^^-oGe (Li) ̂ m ^^^lOcm^LT-^y'^^Or^^^^ ^ ^ 

^J^L^o Fig. 2(^x^^ h^O^J^^t. 7^, '"Nb <D^^^?H^^B^{i"Nb , 

'^Nb,'^NbO^^^^t^0^^b^^^^6o 

^^?^(D^-^-CD^^^, 0.4 7 5%(D3^7^h^r^i?Co *A^^^^ (gg 0.75mm) 

^^Crm^t^^^i^^^T, '"CoO^)^H^id-6^K$t7Ai:b^^^^. #btL/;^CoO 

^ ^ H ^ b , 2 2 0 0m sec"' ̂ ^?^<k Westcott O ^ ^ - g ^ y ̂'y ̂  x r VT/T„ ̂ #Hj 

L^oX^^ ^^L^^'^<!:^^-^<!:^b, <KD^a^^^^n^&gT^rVT/To<D(ia& 

L"T0.0 2 2^#to t:̂ , nvoOfan-o^'TtiTable2fc:^:t. 

3. ^ ^ 

Fig. 2^^L^J:o{c, r^^^^ h^trii^NbO70 2keV<h87 1keV, ̂ ^Nb<D765 

keV O h°- ̂  ̂ M^fcH^ ̂ 3 . '""Nb OgrHjt§ 2 3 6 keVO r§§{i#^ic^g-e^6. 

L&L, Fig.3H^t^5ic, ^<D^^M^878#^i?^-oTX^^o(ig86.6!^fg^^<-g( 

t§^^^a^^^ti,/cO-e, '^NbO^^H^^ir^^^#x.btH. 

Table l^^^&M^gf#t^$^iC^U^^MM^'rM^tii^^^to ^^, 236keV 

<b 8 00 keV-eii^^4^J:§gBtR!)XCD^^^l?#^^. 7*^{i7)<fc^^T!RiR-^SL$tL6 

<OT, Storm b ^ (D7ki^^t§^^sa^gf#(i&^^^T^iELto l#b^ti-^3)aBM 

MH^^G^^Table l^^t. 

KD^o^^IE^^^T^btLt&M^fiS^Table 2^^to ^^{inv,, H3M^<D 

^=tt, m^^7B#^b&M^'j^^^?o^nB#^t' ^^$^T^§. #btL/=^^^o^a 

^$H, y^x^^h^^^^5b°-^B^O^t^+^^^(D^a^$ (236keV-r^H-o^ 

T{i+1.5%, #ii±l.0%) ̂ #HLfco b^L, y^<D&^^o^a^$ti^^^^^^. 

^^1?, {t&(D̂ t̂cJ:5 "Nb , ̂ -^NbO^^(DoI#^(c-o^'rn^L-r^$. '"Nbic-o 

^T{i^Mo(n,p)'"NbRtB^#^b^^. ^^^^^^^"Nb0^^n(i, M ^ i C ^ m 

$^^"MoCDH^^^^LT, "Mo (n, r)"MoRtBO^g^^, ''Mo (n,p)"NbM^ 
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"SNb^EKtaR^&U^ti, (l)"Mo(n,p)^NbM^^(2)^Zr(n, r)^Zr^^ii 

'"U(n, f ) RiSHJ:^ "Zr ( ̂ ^^6 5 B ) 0^iM^fC^§^.^^#^^tl5. (DfC-o^^i, 

"NboJ§^^ls]D^i^irgfnLt<h^5, ^^^^dj^^^H^ 1/10'-C'2&^^^^^^$^ 

/c. (2)}C-D̂ -T{i, ̂ Zr OgH^tc#-? 7 24keV <h 756keV(Dr^^<^H:i$^^''^^^ 

"Nb^^t^t orS^t^^a^L, t' <D[g?#iPL̂ <h§, "Nb, ""Nb, '^Nb CDR^#^2 

N2 , -̂3 N3 , ̂ 4 N4 ^ - D ^ T i ^ i ^ ) ^ A ^ . 

<̂ 2 N 2 ^ . — ^ , / 
N ] O12 nvo 

'''' "*' (^(,-e-^')-^,(l-e-^'))e-^' (2) 
N) ^[2 (nVo )^ ^2 (̂ 2 " -̂ 3) 

'^' =^3 {^A r-^2(l-e""3')-^(l-e""3');i 
Ni <?t2 (nvo)^ ^ ̂ 2 (^2" -̂ 3) 

(e ^ -e * ) + - r r — (e ^ -e ' ) 

^2-^4 
(e ''-e ')+(l-e ') e < 

(^2-^3)(^3-^4) 

E^2(l-e"^')-^(l-e"^'))e"'^ (3) 
^ . , ,. - ^ -tt. -, ^, - ^ ? t^ - ^ ,t' 

- ^ 2 ( ^ 2 * ^ 4 ) 

<L^-e^l, 2, 3, 4ti, ̂ ^^^"Nb,"Nb'""Nb,'^Nb^^jtBt§. ^ L T , ^fiM 

^ ^ ^ , N (iJ#?^O^^^^to 1̂2 , ̂ 3 , ̂24 ti^€;H "Nb (n , r) "Nb ,"Nb(n, 

r) '""Nb, "Nb (n, r) '̂ Nb JxJ^^MiX^^tao 
^2 < ( ^3 , ^2 <K ^4 , ^2t <K 1, ^ 2 t ^ H ? ^ ^ , ^ ^ b f D ^ t i ^ ^ ^ ^ ^ 

^2N2 , , 
= ^2t (1) 

N i <T,2 nvo 

^ ' - ^ (t-^(l-e- ^))e- s^ (2') 
Nt (7i2 (n Vo)^ /(s 
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7T— rv ="33 ^ — r d*e ^')) -(e"^t-e ^') 
Ni<7^(nvo)' ^ A3 X4-A3 

+ 
^' .-Jit - ^ 

^ 3 ( ^ 3 - ^ 4 ) ^3 ^ 

- r ' 
"- L'"in + <?24 ) t — — (1-e" 

X 4 

-J. (3') 

nv. ̂ n ^ - f ^ ^ - ^ ^ ^ ^ ^ , ^^^Oit^^^^fC 2̂3 , ̂24 ̂ ^ ^ 1 ? ^ ^ . L^L, 

m^^^Jg?'^cD#±^'&^^i§^ii-M^^gtn^gt5. Run llr{i2[E], Run 2l?fi3[5] 

<DJg?-^0#±^^^^. ̂ (Dg+#{C{inJ#bOf^^b^^o^7A" DOUBLE" " ^ M 

2̂3 = 0.6 1 +0.0 3b 

^l#^^fCo î ic, ^(DfiS^Hh^^Nb^MNbo^noM^b 

(J24 = 146+ 0.2b 

Table 3{C§§^^CtL^-?H^^$^T^§]'t§&<i:^{C7f;to i:b̂ C9/ĉ {C, 2200mse(f' 

Et!&7-O^Sa^o ^^L/c^', efDfgfD^m^f-c^Ufi^^^ <DA",$a^Ofg<brVT/T7 

Ofjg^^^^o ^af^^^^fiSchuman ̂ ^ - ^ ^ ^ < - ^ L T ^ 6 ^ # ^ ^ . 

f? f?23 

= 0.04 2 + 0.002 
<?K ^ 2 4 

4. "Nb(n ,r)"NbJ5^(C^(+^^nti^^^bfC-DUTr(D#^ 

^M{C.^^L^^^$^^^^it§. W^icHuizenga ̂ Vandenbosch ^^i'E^^J:^-rgt 

#L, ^fC^^n^^Ponitz^^ (Dig^HJ:^-rg+^t5. 

Huizenga <hVandenbosch *̂  ca^KJ:§gt# 

^^^; (4M^^^TOXb°y^2-o0^^^5^xh°yoJ:i9ia^^!c^#<. -214 -
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p(J)°=(2J + l)exp&(J + y)'/2<rn (4) 

^-?JHxb°y^;#^b, (7(iXb°y^-^^#^-rJ'^5^7^-^-"rspin cutoff parameter 

J:^(f^6o 7-%x^-K<D:^2g#tC:^ir^, [B]#fcL-r^^€^3-3(D^^^g^t^o 

?- ̂7 ̂  ̂r - MO^SgO^^!^ N r "5=^^t <h, N y. - 1 ̂ O r§§OgHij^^^§ ̂  ?, ̂  2)Nt# 

^^^Hto ^LT, ^^(3){cJ:i9N^gor^^^A(D$^K^^^^^^SJE^nic^W 

<.^NbO^^^^OXb°y{il/2, Xjg^.^OXb°y{i9/2l?i.§cD-!r, -R̂ (4){Ĉ -o-r 

J>5/2(Dft^^b{iRi5^^^^#^, J>5/2 0^H^bii^^^^^K^$<o J = 5/2 

0^^^<m^L^$']^l?2r3(D^^Kgi]6^0^t6^^'. 

Spin cutoff parameter !i^<OW^-?^^tL-r^^ Gilbert <k Cameron^* tD^HJ: 

^T^mLto X # ^ ^ KJ:fL{fNbO^&?^^i^7^^-ii8.4 9 6MeVl?3H01r, W 

% ! B M B ^ ^ - U , ^ut^^^7^-^-a, spin cutoff parameter c^{^0{g^<H<o 

U = 7.38MeV, a = 12.4MeV"' , a =4.2 

^^^^(D^^tr^^-r{is^(D^t^?^^S^^6^^^^^§^ ^^""NbOx h°y^ 

6-r^5^&0^^)^, ^^^CDXb°yJo^ll/2^^{il3/2^^§^I#^^&§o 2-oO 

Jo OfB^-o^T, N ^ 3-5 iC^x.-r^^^^^.^b^^/<7g^8f#L^^^^ Table 4ic 

^ t . a^n{iN^ = 5, Jc=ll/2o<b#a^<^fgK--g6:L-r^3o ^^- N^i 

Groshev ̂  <D^ 

- ValT 
N ̂  = (5) 

^+1 

N^=VaH/2 2:^6. ̂ Og:KJ:§<hN^=4.8^^i9, r7^/<TgOa^fi§^Ny.= 5C3^# 

J^±^b, "NbCD^^'^?^a^JEKO^^-^^^)^J:bHHuizenga b^oa^[r^^T^< 

^W*e#, ^^^Oxb°ymi/2-e^6qI#^^^^<hM^$^^. 

Ponitz (D^^tcJ:5gt# 

Pbnitz ̂ NiHuizenga ^ O ^ A L t 1 R ^ ^ 3 ^ g i # ^ % ^ U ' r ^ § . C(Dgf#^ 

3̂ ) Nb ̂ ^^ii^^^-^^^^i?Hp&c^^?-c^H$^.^#J^^^^^^^^?m$^5<D'C, 

^^-^o x tf y <h bir 9/2 37cH 15/2 o$4A^ $g!gH^t § Rl^&#s6 ̂ ^, <i (i î i%g 
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Wn=o(E,J,n) = 3(E-Ec) -3jj^- ^ ^ (6) 

W^(E,J,7r)=^ iy/ ^ W ^ ^ ( E / j ^ ) <̂El J', 7r') 
J' 7T 

S(E', J', 7r' -^ E, J , 7r) 

B(E', J^ nr') 
dE 

^ (7) 

B(E, J , 7r)= ^ ^ ./* S(E; J, 7r'^ E,J, ?r) ̂ ?(E, J, ?r)dE 

th 

+ ^ S ( E , J , nr-*E,, J ̂ , n^) 

./ -' / ^Hr S(E, J, ?r-E, J, 7r){i^^^on^%^^, p(E,J,7r){i^^gr^^^^^to^ 

'-' '̂  W.(E;, J; , ̂ ; ) = ^ ^\./* ^ W ^ ( E , J', 7T')/?( E', J', 7T ) 
J' 7T' E 

th 

S(E', J', K' -+E,Jj,7T.) 
x —-—-J—! — dE /-/ /̂  B(E;j', n) 

S(Ek,Jk, 7r,-*E;, J;, n.) 

^ (8) 

B(Ek, Jk- "k) =^ S(Ek, Jk^k-E;,J;,7T; ) 
t 

^ ^W^(E^,J^,^ ) 
m _ n 

^ ^ Wn(Eg,Jg,Xg ) 
(9) 
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^StiPonitz^ef^t^SlRO^T^bb, El, Ml, E2,M2g-^^ 

S(E,J, 7T -*E,J,7T) = C ^ ?j,-i(E-E)' + CMi?Ml(E-E)' 

+ Cn2 9H2 (E'-E)s+C M2 ^M2 (E'-E)' (10) 

El ^M2}33g^^'aI$^j:J#^ic{i, E H S ^ ^ ' 0 - ^ # H t 6 o 

1 

<o(E,J, 7?) 
2J +1 

2V2 7T (T̂  
exp 

(J + -^' 
2 1 

L" 2 <?' J 

<9(E) 

2 
(11) 

Ji^on^fDyii-^fD^'J-r^/f^^^A.-e^^C^^^^. Gilbert ^ Cameron'^(C 

J:tL{j:', ,^^g(f^^^^^-^^^§p(E) ^ ^ ^ - r ^ ^ b ^ ^ # , 

V^* exp(2VaU*) 
/?(E) 

12 TJX4 

U - E - U o 

spin cutoff p rameter fT{i^i^*e^-^.b^5o 

<?' = 0.0 88 8 (aU)^A/3 

(12) 

(13) 

(14) 

^ H ? a ( i i $ 6 : ^ J ^ ^ 7 / - ^ - , U i i W ^ B ! ) ^ ^ ^ ^ ^ - , Uotipairingenergy-?J55o 

gj^Bj:^7^^'-^U, = 2.5 + 1 5 0 / A ( M e V ) J:^/J^^t§^fc{i, 

1 /E -Eo\ 
^?(E) = —exp 

T \ T 7 

(15) 

^^^tL^. ^ T ^ E o fi, (12)^<h(13)^^^UJc^^T/#^^^^^t5J:5^^^ 

<̂ Ĥ- 18) 

^^^-?^^^^&^J:^T^n&^^^b^^/^^gt^t^{C{i, FACOM 2 3 0-7 5 

^?gf#a^^^^. (7)^<!:(8)^^fC{ii?^^-^^^-roa^^5^, ̂ (Dgt^-etiRl 

^ B § ^ ^ T ^ 5 . ^D$U!C^$'Jbtg^<D^m^^§<t5^gt%0#j^{i^<^§^, gf 

#CC^t6B#^tim^H:^Jb^g<^5. m^g^^^-rgf#^g^^<!:^6, m-2 0l?^^ 

#H$R3H10 0#^L?c. 
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y, ̂ <j7-^^2ai9gBL*r^50{i, ̂ ^^<Hi-^^^^^e^^^#^^(i^HJ:$. ^ 

-r^^^. L^L, ^K^^/cJ:?^^^^?-oMS^^^T{is^(D^^?^'Ma$^^^{R 

^?-§a<, ̂ -yyh^"Nb^xb°y, ^<J^^ii6 + l?&5C3-C', J^ =11/2^^13/2^ 

^o2a^(D5j^^^^§. %ac, ̂ ^cfcMLT-^&5^, Ei,Mi,M2n^oa#{i^^ 
^^Weisskopf estimate ̂'̂  J:<9%;%J'M<, E2g^(Oa#!i^<<D^^^tLj:^^§^ 

^^^^HfLt^^^^ Weisskopf estimate ̂ 5.^-f^(Dn&J^^^^^iC^UT^^^^ 

3 % ^ , @H^10 0#R(D^l?ii^(7)J:i)^^a'J&{i^a^^T^^^o U^U^^^, E 2 S 

CE2 =C„,, =10C^ (5-16) 

Fig.5tcgt^6Dig^7f;to Fig.4fc^L^J:o{C, ^j!g^MJ^(D^{lHc{ixb"y^2n'9 

(D5Ĵ -̂ &̂̂ {̂Â î̂ "r̂ 6. ̂ ^^o^^o^t,, ̂ tt^Q)^&^'Cl5Wyc)x 
b"y^^6^{R^L/^^^^-r,giL^ox b"y^,h3^iSXHL^^^Ty}'#L/c. '^^ 

ii{&^^<OXb"y^^§^-(RgELf^§^-r, ^^;i^^^OXb°y^^5<b^^L^^^T^^o 

^^K}i(&^^tDXb°y^^§i$^^^u^(DXb"y^^§^{A<!:^^-5cD-?', %§g<h,<^<^D 

Fig. 5^b, J^=13/2^0^^ii Ĵ  = ll/2̂ CD̂ !̂CJ:bU-r, ^ ^ ^ N & f - J S 

(D^4^{5/EL^id-tm^^^^^^^^6. (l^iiJ^-i/2", Ĵ  = 9/2^l?^^^b, 

Ĵ  = 13/2^07i^ }^ = H/2^J:<9i$^^^m^(DXb°y(Dn^^:#''^^^J:^. ^ ^ g 

0^^fg^gt#fa^-g($^5^{i, J^= 1 1/2*" X̂tL-riiC,,;2/C,,̂  =6xi o^-4xio"' 

J c = 1 3/2^ [̂%i LTfi C Kg/C m -0.1 ^ <L $^SA^ §o 

CH2/Cm<Dfi§}i^S^Sic2-3^(7)gjg-r^bt6^#x.b^&^o ^/c, Weisskopf 

estimate ̂ '^{i CRg/C^i ̂ 1 0"' 1?&^T, ̂ g^Ofi^^ L*T0. 1 ̂ o ^ ^ f g ^ 

^.^H^fi^^B*^^?. % ^ T , .Jc=H/205J^^^'^^^^^6. ^^a^oM^fi 

Huizenga bOa^0^tLiC-g[b*r^^. 

nx.3. ^^o, ̂ ^f^#:^^J:b^^J:^&^(D^6^in^#^^^(C, ^^gEOXb°y<DIEa^ 
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Table 1 Nuclear data and self-shielding factor, G , for 

the y ray used for the determination of radioactivities 

induced in niobium with neutrons. 

Radionucli 

9^Nb 

9 5 ^ 

,95gNb 

* 
Reference 

de 

;24) 

Half-life 

2.03x10^ y* 

** 
86.6 hr 

35.15 d** 

Y-

** 
Reference 

-ray energy 

(keV) 

7) 

702 

871 

236 

765 

Intensity 

(per decay) 

§ 
1.00 

§ 
1.00 

0.25^ 

§ 
1.00^ 

Reference 

^Y 

0.913 

0.921 

0.868 

0.916 

Table 2 Observed radioactivies produced in the neutron 

93 
irradiation of Nb. 

13 
Run nv^ (10 n Irradiation Cooling Radio- Radioactivity 

No. 
L0 
-2 -It 

cm sec ) duration(hr) time(hr) nuclide ,i^2 - . 
(10 dps) 

2.11+0.03 

1.59+0.02 

282.1 

193.1 

237.2 

145.7 

94 Nb 

9 5 ^ 

959Nb 

9^Nb 

9 5 ^ 

959Nb 

8.71+0.14 

9.1+0.3 

245+3 

1.28+0.03 

1.76+0.06 

20.6+0.3 
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94 
Table 3 Thermal-neutron cross sections of Nb 

Reaction 
Cross section ( b ) 

Present work Literature Reference 

94Nb(n,Y)95i"Nb 3 = 0.61+0.03 

94Nb(n,Y)95gNb 9 = 14.6+0.3* 

* 

94 Nb(n,Y)95rt+gNb § = 15.2+0.3* 3 = 15+4^ [1] 

Cp= 12.5+0.3 c-= 13.6+1.5 [3] 

CQ= 16.8+1.5 [2] 

r/T/T = 0.022. 

The value of r/T/T- is not given. 

Table 4 Isomer ratio in the thermal neutron capture 

tted 

.12) 

94 
reaction of Nb calculated by the theory of 

Huizenga and Vandenbosch 

Experimental Theoretical 

^C 

N 11/2 13/2 

3 0 0 

0.042+0.002 4 0.022 0 

5 0.043 0.009 
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9/2+ n 

^Nb tr 

IT99+7. 
3+ 6 3 m 0041 

6+ 2 03x1(^y 0 n 

S^Nb 

1/2- 866h 0 235 

9/2+3515 d 

IT 

0 

Fig. 1 A schematic drawing for the reactions initiated by 
the neutron capture of ^Nb. Data on energy, spin, 
parity, and half-life on the metastable and the 
ground state o f ^Nb and 3 ^ are indicated. 

0 100 200 300 
TIME (hr) 

400 500 

g. 3 A decay curve of the 236-keV y ray measured in Run 2. 
The y ray was ass igned to 9 5 1 ^ 

with the half-life of 86.6 hr 
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lô r * i — : 

10* 

Z 
< 

t — 

o 

10' 

10' 

It 

X 

S 
to 

1) 

>.>. 
r<5 i i 

X X 
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Fig. 2 A Ge(Li) y-ray spectrum of the niobium source, 
counted for 80 ksec (Run 2). 
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1/2* 2373 

3/2..5Z2. 

3/2.,5/2. 

3/2.,5/2. 

3/2..5Z2. 

3/2.,5/2. 

1/2..3/2. 

3/2..5/2* 

1/2-3/2-

3/2 ^ 

5/2-

1/2-3/2-^ 

7/2. ^ 

3/2., 5/2. ̂  

7/2. / 

/ 

/ 

/ 

t 

2165 

2121 

2070 

1913 

1810 

1645 

1590 

1274 

1-223 

098 

0799 

0757 

072-8 

0724 

1/2- 0235 

9/2. 

95 Nb 

4 Level scheme used in the calculation of the isomeric 
cross-section ratio. 

009 

008 

0 07 

006 

f005 

*E 

&004 

003 

0 02 

001-

/̂Experimen 

..---;-i-l-l'ln 

10' 

13/2* 

7//////////^//////// 

J I < I -J I < I < < w 

10" 

The isomeric cross-section ratio plotted vs. C^^/C-i. 
The results of the calculation are represented for the 
two possible values of the spin of the compound nucleus 
and at the same time for two possible sets for the spin 
values of the ^ 5 ^ discrete levels: the low spin case 
(solid curves) and the high spin case (dashed curves). 
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NT am 

Q : J^B^gA (JHW) 

^^^^^^CE^&^CM^^'^''''To Continuum -> bound , bound -̂  bound 6D 

transition iC-o^T^§fg^^^L^^^^< ii^^^? 

A: WM93 Ô M) 
n^^{i^CD^-?icf^^lr&$^, ^-0<hC5CE^ , CM^^Mt5^x-r-f-?^.y ^x 

Q : ^EB??^ (Bp^g) 

^aM^{i^§!){^^l?^^!C^6<Dfii (n, 2n) ̂ JE5-?1it:̂ <D̂ ? 

A : Ma^BH (̂ W) 

^^^^<D^lgKNb^^^^J§^, "Nb(n,2n)'^Nb M^^^^-rM^^^^tl, 

7t ""'Nb { e ^ ^ y ? ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ . ^^3, -tt-t^?^^5g:^M^OR^r'NbO 

3̂ %)̂ gg-eJD5-3o 

Q : ^A^Q^ (^1^) 

A: Ma^w onat) 
C^^^, ^^^<DXb°y}ig)g^^^xb°y{C]S^(D"r, isomer ̂ Og#iC{igJ&^^ 

^on^J:^r^O^{i^<^^. E9@?S#<2)3^<o^§^ CR2/CEi<cJ:^T^{bt5 
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15. 2[n!^!^^^^W.?^M^Ma(0^^ 

aw^n^ ̂  

/2 

< h ^ 5 ^ 7 - * ^ - hW-:?WfL5€^<Ti/ , 3 0 B < T < / < 5 ^ ^ , 10^<Ti/ <30B, 
/2 /2 ^2 

Ti/ <1033-^t. 2[5]3]^V;:43%?^aoj§?g{cRfL'r, ̂ o^y-'^^-y^g/L/f; 

o^^^sK^n(#, ̂ , ̂ j:^a)^^^^^tB]^$^^^ ^tn26^go^'^?n^o^ 
^M^rB^^X#KJ:^n$L^. €OM^, '"Co(5. 27^),*"Os(30.69#^)^J:^'"'Sb 

Present Status of Two Successive Neutron-Capture Cross Sections 

- Use of a Chart of the Nuclides (Half-Life) -

Kazuaki NISHIMURA+ 

A chart of the nuclides by Yoshizawa et al., in which the nuclides were 

classified into four colors (blue, green, red and yellow) according to their 

half-lives T1/2, was used for the survey of the two successive neutron-

capture cross sections at thermal or reactor neutron energy. The color 

code of blue, green, red and yellow indicates 5x10^ y < T1/2, 30 d < T1/2 < 

5xl()8 y, 10 m < T1/2 < 30 d and T1/2 < 10 m, respectively. The following 

color patterns for the two successive neutron-capture process were selected, 

i.e. 1) blue-green-green, 2) blue-red-green, and 3) blue-green-red, and the 

26 intermediate nuclides (green, red and green) in the above color patterns 

were systematically identified. Then, the experimental neutron-capture 

cross sections of these 26 nuclides were investigated bibliographically. 

The result indicates that there is a discrepancy of factor of about 3, 50 

and 500 among the experimental neutron-capture cross sections of 6OC0 (5.27 y), 

1930s (30.6 h) and ^4gb (60.3 d), respectively. 

+ B;^JMiF-^W%§T Japan Atomic Energy Research Institute 
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1. g^R^ 

^^j500{g^^g^-r^5^j& L-r*"sb(60.3d) ̂ a . 

^̂ 'Sb(2.7 7y )^^^L^c ̂ 5X$^i^#(3^?-x^ h^OM^^^^^^r^^^'Sb 

<h^'Sb<D^^M^^b^^^U, '"Sb( 60.3d )(D^r^^^^° 

ir-#$^^?^, ̂ H^T^a^HM^a^'irJoa. ^o^g^^^^iCf?^ol#^<!: 

2[H]^[^^/-:^^?a$^B^C3^i^g^r3^-r^^^o 

2. 2[g]5[^U^^&?a^^^^^^^^(D^^^ 

±icxB̂ "̂''Sb( 60.3d )^^JH^§^, l[5]̂ J:̂ '2[n]cD̂ f̂ ?Mĵ O&ji5̂ gCi 

'"Sb (n, r ) '"Sb (n, r ) '"Sb 

/2 

t23( Sb(%:^) , "<Sb(60.3d), '^Sb (2.77y) 
.2) 

^^^. ^o^'Jii^y^ ^^Sta ( ̂ H ^ ) f^^tf 

Blue Green Green 

(h^ ̂  ̂ J 7 ^-yf<:?j:-o-r^5oCC.!r Biuefi^^^ (T./ ̂ 5x10 y ), GreenH 
/2 

30d<Ti/ < 5 x 10 y O^g^^^. 

L^^'^T, co^T^B-G-G^)^?- -^^-y^^g[g(D{A(D^^fc^^a^^5^ 

O^'J^^^), B-G-GO^^-y{Ki8a^&5^ <h^^^-o^. 

^ b^$a!S^i)SyTTi/^^-?^LS^Red0^a( 10m <Ti/ <30d ) ̂ & - ^ - y 

:B-R-G^oJ:^B-G-R, ic-o^-r^n^5^, €fL€tH0^J:^'8a^^^^. Ĵ  

±^^^§^, 2[H]^^^^^'8i?as^^^M4t§a^^^^^^^E^#{i, ̂ tL^D^ 

Cl) B-G-G : 8gS 

(ii) B-R-G : lOgS 
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(iii) B - G - R : 8 g g 

i^S^^^o ^^fB, G, Rii 

B:Tt/ > 5x 10"y 

G :30d<Tt/ < 5xi0*y 

R: 10m<Tt/ <30d 

3. 2E3!^Ht'P13??&g<DBKSiX 

3.1 ig^ 

±gBO^^-y^Sfc^^{f, B-G-G, B-R-G, B-G-R^^5^37-yOcf^^ 

5X^g(t^b^, G, R, G ) ^ , ̂ E)go^i?n^Mic^^§o Lfc^^T, ̂ g^'^^tL 

R ± O ^ S ^ ^ ^ , (i)B-G-G, (ii)B-R-G, (iillB-G-RO^^-ygiJic, ̂ ^,€*^ 

Table 1 , Table 2 , Table 3 {C^to 

±KOTable^b^^^J:5ic, 2[H]§]^^^tf'^?^SOg!TBaic-o^-r, ^ b < D ^ M 

%^<?<H^9SH, 

(i) "Fe, "°Tm,""Hf 

(!i) '^Sn, ""l,'°9Pb 

(ii!) '66Ho,'"Lu,'S'lr 

a 2 f^gg,^ 

±ECDTable 1, 2, 3 ^ ^ ^ ? , ^S^O%^{a^'2^m±i.^, ^-o^^^ORF3l?^f3{§m± 

'"Sb ( 60.3d ): <?n r = 6.5-299 Ob 

^3Os(3 0.6h)<:<?nr =8-1500b 

s°Co(5.27y) :<7nr = 2-6b 

(D^a-e&-5o l^n^CD^:#^^^b3gS<D^nr^M^^^^S]^^^^- ^^L^'^Fig.l 

Fig.2, Fig.3CDJ:T){^^6. ^^bCD[2]^^^-r^M(i^^^ft, ̂ A H^aair&^o Et<D^ 

Fig. 1 C"Sb) : 00), (H, 33, ah 

Fig. 2 (""Os) : (23), (24), (25), (26). 
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Fig. 3 C°Co) : (29), (30), (31), (26) 

Table 3{c^u-t%^{ig(D#i,^Ta(l 15d)iC-3^T#i^^6o a ^ ^ J K ^ B ^ t ^ ^ 

Fig. 4(3J;otr^!3,X#ti(34), (35), (36), (37), (38), (39), (40),-?-̂ .̂ $-H^X^(41)!i 

ENDF/B-iV<D^{m^T,l2]^T*1i (-) ^?^L-r^6. - R t 5 ^ ^ 0 % ^ g ^ f ^ ^ n # ^ ^ 

^*^^( 10000-47000b )J;?HH;t-5. ̂ (9f^gg{c99a^i^^?.:3){i, M T R O 

fast chopper^J:^^#rO%^-?^^l^ 0.01ev^<Hkev<7)^f^?^^7^^-$'EBt"r^^ 

WrSaM^T*', 0.025ev-e8200b^^o{g^^Tt,^. L/c^^T'^Ta(115d )Oct3'̂ . 

^ ^ ^ ^ r S ^ ^ ^ t L R Y ^ ^ T ^ ^ ^ ^ ^ . Stokes^^bii, 0.147ev(c47000b^^-? 

^^^A^^^^,/^, ̂ 'TaOJ^?^^^?^iBS^^}iW^^Ba^A^^'^?^C)^^^ 

^Et^^^^', ̂ M^-^^$a{i?^a^ir&5^M^^§o 

3^Table m&^'^EutD <7^y-cD^g{cMJgLT, "'Eu^^3[5]^l^^^'^Eu(D't'-^ 

?MSMS^^^^nr=^000±^50b^ , 7900b + 15%"\ 13000b^^^-?^^ 

<D^5(l^^t3^-o^o 

^^2 200m/s^^t$'t'&?^BSO^^E{g^^^^^(DH Z = 32-56^\ Z = 5 7 

-7l'^ A^6o ^^0.0 2 5ev ^^^^4"^?gTSa^^AL^^(D^L-r^<^b^^ 

BN L- 3 2 5^ OH^{c, n?^^A?<D^",§^^^^^^^'^?gfrEW^nAL^§?L^X 

^ : Z = 1 -5 2^^J:^'Z = 5 3-1 0 0^\^^^^^^^gBt§o 
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Table 1 B - G j - G 2 0 ^ d 7 - y i < ^ t j - a < ? n r < ^ ^ ? ' ^ ' ' ^ ^ 

G, 

A-Z Tt/ 
/2 

^Fe 45.1d 

s°Sr 50.55d 

^Nb 2X1 O'y 

'2'Sb. 60.3d 

'"OS 2.0 6 ly 

^^Eu 8.5y 

*^Tm 12 8.6d 

's.'Hf 4 2.4d 

"nr (b) 

Exp. Value 

0.49±0.10 

15+4 

16.8+1.5 

15+7 

13.6±1.5 

15.4+0.6 

6.5+1.5 

20 00 

2 900+260 

17 4+^3 

134+12 

8 8 0 + 1 5 % 

150 0+4 00 

Ref. 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(13 

(1) 

(13 

(14 

(15) 

D ecay r - s pectra * 

Gi G2 

O x 

Nor rays 
observed 

O O 

^Zr (decay) 

O O 

^ Nor rays 
observed 

O O 

's<Sm(n, r) 

O x 

O x 

^^^^^( NO ) tixEPc 
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Table 2 B - R - G O ^ - ^<H3^-5 ̂ n r -^^^ r ̂ ^ h7t̂  

R 

A-Z Tt/ 
/2 

"Si 2.62h 

*'Ar 1.83h 

s°Y 64.1h 

'°^Y 3.1 9h 

'°SRu 4.44h 

'^Sn 9.64d 

'="1 25.0m 

'"Ce 1375d 

'*?W 2.3.8h 

*^Os 30.6 h 

2°spb 3.2 5h 

<7n7- (b) 

Exp. Value 

600year/bam = 
Ti/("Si)/^Si) 

>0.06 
0.5+0.1 

<6.5 

0.20+.02 

60 +0.7 

64 

190 

- 8 

31 + 5 

1550 

Ref. 

(16) 

(17) 
(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

65) 

(26) 

Decay r — spectra 

R G 

No rrays 
observed 

^ No frays 
observed 

O O 

^ No rrays 
observed 

O x 

O x . 

x ° 
U(n,f) 

O x 

X X 

No frays O 
observed ^^Ra (decay ) 
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Table 3 B - G - R O ^ ^ - y ^ ^ ^ ^ ^ n r < ^ ^ r x ^ h ^ 

G 

A-Z Ti/ 
/2 

<"Sc 83.8d 

°°Co 5.2 72y 

so^Co 10.47m 

"°niAg 25 0.4d 

"°Tb 7 2.3d 

lesniHo 1200y 

"^Ho LI 2d 

'"KiHi i6l.0d 

'"Lu 6.7 Id 

*^Ta 115d 

*"'lr 19.4h 

's'inir 17 Id 

<?nr(b) 

Exp. Value 

8.3 + 1.4 

7.5+1.7 

6.0+1.4 

2.0 + 0.2 

(6)* (2)* 
95 + 45 

58 + 8 

(100)1 (58)* 

82+11 

525+10 0 

170,000 (32/̂ s) 

>1 0,000 

4 7,000+5,00 0 

13,000+3,900 

1 5,0 00± 2,00 0 

17,000 

8,2 00+ 6 00 

(8,249)* 

Ref. 

(27) 

(̂ 8) 

(29) 

(30) 

(31), (26) 
(29) 

(30) 

(31),(26) 

03 

(33) 

04} 

03 

(36) 

(37) 

(38) 

(39) 

(40) 

(41) 

Decay r** spectra 

G R 

O O 

^Ti(n.p) 

O O 

^Ni(r-p) 

O 

O O 
""Pd(n, r ) 

O x 

O x 

O 

O 
X 

O 

O x 

O x 

X 

* ( )F*3M:R^#^M^lM[ 
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Q : ̂ Llj-A ( ̂ ^ ^ ) 

A : B^^Q^ ( M#f) 

^, *^Ta^[5]L;j:5^^<h^&§0^%)^[]tL^:^. 

Q : ̂ Li[-A ( ̂ b ^ ) 

Reactor neutron ^^^"rco^o^^J^^^f/IOJ^-, ^§^^i double capture ^ 

^^^J#^^, neutronO^$^+^#x.5^^^^6 0^ii^^^. 

A : E W M (Ĵ 9f) 

^-on^lr^^o 

Q : ̂ R ] ^ ( ̂ I A ) 

S'J/E^<hLT(i, ̂ ^^0,!fB^ieJ:})^l^-or3^^(n,r)M^(double neutron 

capture)^^Mt^^J^^^<D^. ̂ /c{i?^ (n, r) *e radioactive target ̂ -{̂ -o"C,̂ tL 

A : B^R]B3 ( ̂ ^r ) 

^ ' M M ^ b ^ ^ n ^ ^ ^ ^ a o i ^ , ^̂ r̂adioactive target̂  L-rM^i^^^6C^ 

^'^5^', ^ 3 ) ^ L-rti^Ta (1 1 5d ) L^Qb^^. ^/f L^Oi§Ati^KfrS^cDM^ 

T^^o ^OH/Mi^^^g^r target &U?:: double neutron capture iCJ^^M^T^^. 

Q : M M W (Jg5r ) 

'"Ta(DgfrE^^^^5{r^^-r, Cd R-y h^71?^&?Oi^7^^-^^^^^<!:fg^ 

A :B^Q!M (Ĵ Sr) 

Cd O^'S^Mt'-^ti, '^TaO0.14eVOA9$h°-^{cg/l§OT^oni9'TJ55o 

^3 y^-{<i<m^^^-3T-yrO^^^W^"e^6o 
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16. HH^(7)ggfHlM 

a s 35 ^ 

Recent Topics on Decay Power 

Kanji TASAKA+ 

Recent results of the measurements and summation calculations for 

the decay power of fission products are described briefly. 

1. tac&f;: 

^icMH^^-o*r^§^{i?^i}]^t'^^Vi^(LOCA )i?&^, ^o^^^^^^^'^L^it]^ 

( ECCS ) <LW;h,-r^-5. C0ECCS^^^^#^^a^t§^^^?^^Si?r^dJ^^ 

^^^PBt-5 1 ̂ (D^^B?<kfj:-o-r^3. ECCS<Da^^^U^LOCA(D^#^WWt5 

±l?^^CDJ:^^^^y'-^ii#^^"tHS?^5. ^^L0CA^{iC^)<!:t5V^H#H^(D 

a*^#ih^O?^i[]^O^f {c^M^^{iS^l?&5. ̂ ^^-n^OB?^7°-^^J:u:^^4- + ̂  

(?) 
Ct!^TM#i^-^<hL-tt;t7/ 'J^7^?^^^O^f^M^^€ANS 5. l^^gjA<{^^ 

tt"r§/i. HHtiK. Shure<0#{m^'^^^<Lf'^T^^, LOCA{<:^^-r^^<!:^5 10' 

#J^Y(D?^iPB#^!BB]^^^T, +20%, -40%<b^-3^#^m^^^-oT^^. L^^-^ 

-TLOCA/ECCS(Og?€B^$^L"r{iANS 5. 1O20 %i^(D{i§^^^^^-^<!:LT^5 

M^^^^M^^^a'J^^^^^agf#^^^^]±^-5^^t^K;^^^ ^^. JUTtcM^ 

-+ a^n^fA^f^^T Japan Atomic Energy Research Institute 
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2. MgKDR'J^ 

^(D2-o^3o ^^?^e^*^{c!ilgin^lH. ̂ o'j^-^icj:$^^-r{i^j^^^^ 

^L-rg^m^L-?^<h^5^^^§MB, S^^?#i^^^^^5^^^n#^^^^#^b 

S^ir&^o x^^h^M^{^J:^-rii^<0t#$B^#b^, gf#^^2:#<o^-?J:b^t§ 

^<b^^^,gf^'A^^im^'#^B^<^x.5^^5^^^^5MB, w^^<^ LT<D^{bo# 

^{^3^^'^^/--:. 1973^J^^, 4-o(D^g(D^^JM^^M^^7^tL^. €^b!i(a)Oak 

Ridge National Laboratory ( O R N L ) ^ ^ ^ , r^^^^h^H^^"^,(b)Los 

Alamos Scientific Laboratory ( L A S L ) m s O ^ 7̂ n ij ̂  - ̂y {c J: 5 M ^ ^ ^ , (c) 

Intelcom Radiation Technolgy ( IRT){c^^r5^, r^fD^^iRW^^'^, ^-^^ 

(d) University of California , Berkeley ( U C B ) t c ^ a ^ o !j ̂  - ^ f e ^ ^ M ^ 

2.1 ORNHHo^aa'J^ 

Dickens , et al*̂  { i O R N L ^ ^ ^ T ^ UO^^'&?^^^{c^t5aH^^^^J^b^ 

^4{il-10^g*e^i)%^W^J:^Oak Ridge Research ReactorfC^ 1,10,100 

s^3g^O,BB^^^^^. ^^§^J:^r^^^^ h^{i2 s^b l 40 0 0 s o M K ^ M 

^^^^Ta'j^^^^o r^x^^h^O^!j^iiNaI^{±i^^J:^T^^^, ^ ^ ^ ^ ^ h 7 ^ 

cD^J^{iNE-110^dj#§^J:^^^^^o W - ^ i J ^ M ^ l ^ - t x ^ h7^^-^{c 

(l^){i2-7%-c&5. §̂g, rm^^moM^M^^^^?'^at^^^^^l:b^L-r 

Fig. l H^to a$}!i{i^!^M^{c^#L/c?^iM^-r-^i3, 

t = t^ +0.5 ( tf + tm ) 

<h^^^^^o ^^Ttw, tr, t̂ {î #î îa!ĵ H?<Z)̂ t.H#̂ , flS#!fB#t̂, M^B#!^-e^^. 

^itHi^^^^^^iP^RBt^^^-r^b^^-r^^. Fig. 2tc{i^M^g+#lit^(D.i:hcD7t$ 

*F^t. Fig. 1, 2^'b^^^?^iO}t#i^ic^^TB^C'gt#M^O^;^ENDF/B-lVie^ 

5M^^ib^LTORNL0a'm^^^J:<-at5^^^3Ho (lfLii^^nn^#^a^^ 

Dickens , et al. ̂  {i'^PuO^^'^^^^S^^LT^[s] C^^^ J: ̂ ^Jg^^'M^ L^„ 

^O^^^ENDF/B-lV^J:^gt#^^<!:it^U"rFig. 3,4^^t. ^fc""Pu{e^L 

-r^^b^-^^^^^^^^M^L^^o 

2.2 LASLtHo^5%ij;e 

Yamell and Bendt^(iLASLic^^"C^#:-.'J^A^^^(73^a'j^-^n:j:i9^^U 

^ ^ ^ f ^ ^ ^ ^ ^ ^ t ^ ^ ^ ^ ^ ^ ^ L / c . MW#R3Ci2x I0':sir^^, ?̂ iPB#t̂ fi 10 s 

Agio's o$as^^^^-r^6o M^^#^( i ^ )(iS^^^in^t^ic^^-r{i4%^i#Dat 
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r^O^^^^-ii^#:^<J ̂ Air4Kic^^$^^ 52kgO§ls]̂ [̂RitX$:4T.-5. €LT4K 

^^'j^7A^n%t5. ̂ 'J3^oH%*(ii5mf^J^gB^$tT,, ^^^{i^'j^AcD^^^ 

^^OCalvetS^o'J^-^{cJ:§Lott, et al^cDM^^^^6B$^^ii50 sT^-^^. 

3 ^ r ^ x ^ h^oM^^^^r^ & ̂  ̂  ̂  ̂  ̂7 ̂ o-^^ j: ̂ ^^/; r#o^m^^biiS^§S'J 

^ii3%^"f^gt^$^-r^§. 

^ W J M ^ # M ^ % § ^ E N D F / B - 1 Vic^§gf#^^^oi;b0^irFig.7ic^to 

0$Bgi?-g(LT^^o 

Yame!I and Bendt̂ fi'="U ̂ J:^""Pu 0 ^ ^ ? % ^ § ^ ; R L - t ^ ^ o <J / -^ 

^^^^^^^a^L/Co ^(DM^^ENDF/B - 1 Vi^J:^gf^^^^Oj:bO^T'-Fig.8, 

9ic^to ̂ UcDJ§^<!:J:bSLT^tgH^^^A#<^^"r^5. <h<^^Pu(D^^{C{iM^ 

{t&O^^gf^Ji&J:^^ 1 0 % ^ M ^ # ^ _ [B3#^^fi'M^^^ ( 1 <? ) ̂  i3 m ^ ^ ^ # < 

W#^^*?&§. ORNL^^^§'"Pu<D^^^(Oj:t:^^Fig.lO{c^:t^.^t'^^ENDF 

/ B - 1 V^J:5gt#{$^OJ:bcDj1$i?^$tL-r^$. ̂ ^^^oniq]iiJ:<-*g[LT^§^ 

0RNLOM^^^e^^g+#{ig^<Z)-g(^J:^. "'U^i§^H{iLASL(7)W^^^(D^^f 

#liŜ 0-go$i'J:< 0RNLcDM^M^{i^t7%^^^^{g^(Di?{i^t,^^^^tL-r^^.LASL 

^ORNL^^^'fiS<Di:b{i^UCD^^l?^"'PucDi#A"e^ 7 %^^1?^5. L^^^T^'Pu^ 

^U0a^€(DJ:bfi^^^fg^T^§^#^b^ ^^^^^^^^OiiLASL, ORNLJ33 

a^^^^6^^bB?(D^^^^&6o H^t:B?e^^^^^c!5^§o{im#M^'t'<D^^ 
6D%3^^J93o LASL, ORNL<D^^b^^^^B?^J:^^^^J:^^^-D^-roa 

^{i, ̂ U<Da^€^gf#^{i^<-^LT'"PuOi§^ict'tL-r^^o^, 3^33" PuOgM 

^^^^^-o*r^^. 

2.3 IRTK^o^6'^^ 

Friesenhahn, et al.̂ fi I RT Corporation ^ ^ - e ^ U O ^ ^ ? ^ ^ ^ ^ 

J^^^a^L^. M#i^^{il daye^^, ̂ iPH#^iil^blO's^$BB^^^-o"r^5o %M 

^(D^^cgs^iiZ 4%ir^0, ^tga^iilso^ipB#fg^^u-r2%, 10^s(r^^T4%^ 

i^At^. ̂ bC^^^HNuciear Calorimeter <hnytftrt̂ 3o C^{i4000^C^^^^ 

7x^^.7 ̂ 7 ̂ yf-^-^-e^J^$ft-5. 

M ^ ^ ^ ^ E N D F / B - 1 V{cJ:§gf#^^<!:J:b^LT Fig. lH^tc^lO' s ̂ -?1iaf 

%^na^-fa<ha^^^o!BBir!i^-^t^. L^L 1 0' SHmimatiat^ig<bi:M3 L^^ 
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3o P%̂ , r^^^^oa^^^^^8'J^§+#^^^lt^b^^^^Fig.l2ic^t. ^ ^ ^ ^ 

^oa'J^^^{iM^^^cD$BB^^f#^^^-^L"r^§o b^L r^M^^^a^^^iigt 

#{$^^^6<j^f'^i, 10' s R^t^ii#Jc^# < tj:§. r^^^^oW^^^^af^H^^^ 

LT?^B#f^^^ ̂ ^/J^$ <^^, r^^^^^^^M^^oi-o^bT^tii^^A^^o^^ 

^m^^^^'r^^mna^^ic^^tRjR^^-^g^^^tb^^. ?#ipB#^^<b^mr^^^^ 

h^Ci^bL^{±4$tL5R!j^^^$^.5^'^^i^at^^^T^6. ^ ^ T . R. En^tand^^ 

r ̂ ^ ^ ^^J^o^^^n^nB ̂  b T #'x^ F P ̂ §^$4^ b<DSa^#^T^ §. Fig. 13 fc 

^t$0< #x^F PC9 r-W^^^^^^^$J^H 10̂ s ̂ ^#^^i§Aat§o b̂ bFriesenhahn, 

et al.ii^^^^^S^bTU^c ^bii^b^^ie^^'^PuO^^^^M^b-r^^^e 

2.4 UCB{c^!d-6M^ 

Schrock, et ai ̂  H UC B ( University of Cali fornia, Berkeley) Hjo t^T 2. 2 gRO 

LASL^{in^-5Mafcgf'< 77 a 'J ^ - ^ ^ ^ ^ ^ U ( D m ^ ' ^ ? ^ ^ ^ ^ ^ t ^ i M ^ ^ ^ 

^^to 8S^3$^^ 1.4, 22.35hr CD3gSir^!9, ̂ iPB#fgH 10-10^ sO$B[g]-r^5. %M 

^a&^( 1<̂  )ii?^ipH^^lls^^^*r23%?-^^, 400s^^^T3.4%^-e{&Yb^^ 

10' s ̂  T*-^-Ir^. 5. 1 0' s l^^$ci!+^^^^# < ?<f ̂) g^^(i^0='±§^t 3o M/H^{^ ̂  ̂  ̂  

a ̂ - ^ O ^ ^ F i g . M J C ^ t o ^ ^ o ^-^fc^o^-r{i^ia^H^4^^^^Ctf7X^ 

tf^^^^tt, HJ^^^{i7KggO^^^^J:^7k^^^en(D^^^-M^Eb*r^^b^^o ^fL^' 

^o^^M^^Fig. i5!e^t. lOOs^Yo^ipt^fg^^^-r^^^gf^^^^RjiSb, H^ 

Thermopile O ̂ ^ ̂  #JA^^i§7^t 5. 

a ^ M ^ ^ t h o a ^ ^ ^ ^ J:^gf#{$^l:b^ b*r Fig. 16 f^^tc U C B (D%N;S{[tti Shure^ 

(DWWg^{i/n^^^ ( i <i ) o$BBi^-e-^b-r^a. ̂ /c^om^ia^^^t^ia^^ 40 

-4ooso?^iOB#fg$a]g^^^a^^^o$BBi^T—^b-r^-5o /ĉ fb ioosnrr<D^ip9# 

^^^^-u{i{ihoM^<hi;b^b-r^'J^^^^§ < a^^^onafi^^ ̂ . ̂ ^̂ ?̂ ioB#t̂ n 

^bbT^^gf^^g^'{gYb/c^^{cJ:^-r^5. 

3. ̂ ^^(D^^#fn 

3.1 S#^^^g^-^ 

d Ni (t) 
= y F (t) + ^ ( ̂-. ̂  (t)+ f.. ̂. ) Nj (t) 

dt * j ^ Ji J 1 

- ( "i ̂ ^) + ^ ) Nt(t), - (1) 

<i<:-e, ŷ  = ^ g i < D ^ ^ ^ ^ # , 

F =^^g§!j^, 
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^ i = ^ g i o^Jx^^rBa, 

% =tf&?3i, 

P(t) = ̂ (E^. +E^)^N^(t). (2) 

a. m^4X^ y. 

b. H^^^iJ i^ 

c. JMig^K ^ 

d. ga^^^^^-Eg^ E . Q. 

osigg-e^^. 

(D^O^^H Matrix Exponential ̂  Bateman ̂ ^2A3'J$^L§. M#{cg#< 3- H 

^L-T!iORIGEN^^ W^?'^i9, ̂ #^Sf< ^- h^LTii DCHA IN.̂ ,CINDER̂ ' 

3Eg^^J:^#^^^-o#M#^gBt. 

3. 2 ^^4X# 

!.^^(DO^^^<, M ^ n t i ^ U ^ ' P u ^ ^ L T ^ . ^ ^ M ^ H ^ ^ ^ ^ ^ S ^ ^ 

^u^i0^fg^^^^FP(D^^^^#g^<gf#t6t^^{iS^^^afD^^^iR#ting 
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Musgrove , et al.^{iigN:^^O^^btT-"r^^^gH-o^-r^OgH^^^5 -o;Z)^^ 

^1?^-^"?, ^ O ^ ^ ^ - ^ O ^ ^ ' ^ ^ g ^ n R ^ ^ ^ t ^ ^ ^ ' H E ^ ^ ^ ^ . Sidebotham 
(21) 

P(Z) = 
/ 2 ̂  ̂' 

exp 
( Z-Zp )' 

(3) 

^ ^ o ^ ^ ^ i i ^ o. 5 #{an^ 

A Z (A) Zp(A) ( Zp/Ai A (4) 

^ ^ ^ ^ ^ 5 . ^ W n { % O ^ S C i # # i C ^ ^ ^ ^ ^ n ^ ̂  ̂ T ^ 5(Z)TZp (A)^A Z(A) ^ 
(23), ^M^%)§<L^i#'^tc^-o^U^<, Wahl^lil 34R(±^1 02 ̂ YOAic^LTlAZl 

= 0.45 ̂ L,3j-#m^L-rfi^=Q.56 + 0.06 ̂ ^oig^^^. Musgrove, et al.^iiAZ 

Ogn^ic^t61^Ho^#^^##L, 33-^ic^LT(i^ = 0.569<L^o-(g^#^. ^fi 

Z^i^^o^^^L-r{i^^^iR#^^# < , Z^^(3%}c^LT(i/J^ W ^ ^ ; & 5 L ̂ ^ 

t^U, (3)3^^^^T^^€ti 1.206 ̂ gJ:̂  0.794 ̂ ^-3B?^^C, ^^^bL/co 

(?4) (P'U 
Walker^ ^ ^ 0 ^ Cuninghame^ ^ # g ^ ^ & ^ . ^^-^jR^Og?^#^L-r{i, Meek-
,̂., (Z6)-(28) ^ ,(29), (30),,,.. (31) , -, (32) ^ ^ (33),,,,,̂  
Rider , Crouch .Walker , Lammer -Eder ,von Guten /^^{c 

J:̂  ̂ <D;3^5. 

#:(D^^(D[S]±^H^^C<h^H^T&6. ^^:, ̂ m ^ ^ ^ ^ f j ^ ? ^ - ^ ^ ^ ^ ^ ^ , H ^ 

3.3 ^J 

F P - e f ^ < ^ 3 M ^ ( ± ^ " , ^+/EC, IT, ̂ , ̂ ^yn%Ep'^?^mo5g^-i? 
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&^^^<i:^65o 

3.4 ^^^<DQ{g 

M1T&-5. FPOM^^t^^^^^^^<!:^§^{i^^^^ao^^]CDQ{ig(D^^i^-?^^, 

^^^gA^^^t^r-ir^^^^^. n H ^ ^ ^ t i ^ ^ ^ ^ ^ Weizsacker -Bethe O^^, 

a^M^I^O^^ Myers -Swiatecki ̂ 0^^,,^^^n^O^^?^-il]B ^<D^^/J^ 

^'^5. ^f-tn0^^^aj^{g(D&^Q{it(DM^"e{iJ:<—^t5^, ^ ^ ^ ^ a ^ ^ t 5 ^ - ^ 

M ? - ( i ^ i 3 * # ^ ^ 3 . ^ ^ ^ ^ ^ t ^ ^ g ^ ^ ^ R ^ T ^ ^ o ^ g S ^ ^ ^ ^ ^ f ^ 

^OQig^^^L, €^QH^^J:{C3. 5, 3. eaRfC^tMb^^^^^^-oT^QO^^^^ 

^^^'^^i^^^'^^^L, ^J§^fd^t5^#^n^5^^^^5o 

3.5 jS^^O^^^^ 

'W^iao^6^^^^'-^cDgT^^L-r{i Nuclear Datasheets ^W^"e^^{§^^^<% 

^<mJ:5 f^'-^tD#J^i%^-i?^§„ a'J^jgo^^^^^^fc ̂ ^ # ^ ^ ^ ^ ^ § J # ^ ^ ^ , 

ng^g^-D^*rii^nf^^^^^^at^^^^^§. "Y ii^^^^^§^^#^L^o 

^'^M!i2. 3min^^^^T^^o '"UO^^^?^J;§g8#l^n^(Di§^, "Y{i4 0 0s^Y 

^iPB#fg{C:&t^-rJMJWc 1 %J^±^D^#^ L, ̂ ^^^-^(i 4. 5 %t^t-5 . ̂ SOg']^^ 

t̂Lif ̂ Y^fi2. 3 min^MHH<D Isomer {i^<, 6 s ̂  10s (D 2-36D Isomer ̂ b^-o*T 

^^^g^bH< ̂?f ̂ s^^ao^^tai^ne ̂ 6D̂ '̂ ^ < ( - 3 o o)̂ b§̂ , 

{}g^\h^^ma(D^a<D7'-'-^^ log- log g#_h<C7°n .̂  ̂  L^noM^^^5.(36)-(39) 

^^Q{a<hotaM^ 

log ^ = a log Q - b . (5) 

^&^2^iCj;{3^36^;^Tablelf^to Table H H i ^ a , bo^-^^^^o^ 

^T'-^^It^L"rFig.l7^^to Fig. 17{c^^T^^^^$^-r^50(i^W^O#^^ 
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3.6 ^ ^ ^ i c ^ ^ ^ 5 ^ ^ ^ ? ^ ^ 

^^ h^^^^{g^J^^^^i§^^ti^^a^^R^^^§ ̂ ^^J:^r^^^^^-^^H^W 
t5^-^^^^J:^§. H^^^S<DM^^^^^-^ii^n(D^<D^#^^^< (-600), 

tk^n^T^o 

E N D F / B - 1 Vic^^T(i^^^J:^r^^^^^^-(iK*^A, ̂ f^?^^J ( N-Z), 

Êg = Q Lâ g + bp A + Cp ( N - Z ) + d̂  p ), 

Er = Q ( a ^ + b ^ . A + C y - ( N - Z ) + d^P ), (6) 

BS^!i^^]0E^ ^ J ^ ' E ^ ^ ^ ( E ^ / Q ) ̂ J:^'( Ey,/Q ) ̂ Q - ^ O ^ M ^ ^ 

^ ^ ^ U T ^ ^ o (E^/Q )^Q{^^O^M^ii E ^ Q i g ^ ^ c g % % t c D % g 6 D ^ - ^ ^ 

( E y / Q ) = 0.133 , Q^O. 5 MeV 

(E,./Q)=0.3 ,Q>0.5 MeV (7) 

^ ^ ^ ) b ^ ^ (Fig.l8#M). Fig.l8{C^^Ta^€CiQ€ot§0. 5MeVr\hic^^!$^ 

-r^i3, ̂ ^^#^{S^^^-olT^^^<L^^6. Q€^0.5MeVmTlT(E,./Q)^.h;*< 

L/c(Dti, ̂ 0^^1?(i^^^^^(DgJg^^^^^^^^^&$^^^^^<, ^ ^ ^ K ! S ^ 

^^O^^^i?^§^^##L^f^-?^5o ( E^/Q ) ̂ Q{3<!:O^MW#{i ( Ey./Q) 

^Q^^CD^WM^^^^^^oJ:5{cLT^^&tL^. ^^^^^(DXlg^^o^o^^^wi 

4-o(D^^7^A ( 1. 0 Q ) , B ( 0. 6Q ) , C ( 0. 3Q ) , D ( 0. 0 Q )lrft^$^^ (Fig. 

1 9 # m ) . ^tt€'^(D^^7^(D^^^^^L^^cD^i^i^^^^#^i^^^'(Dj:b R = 

( ̂ a u /^^ax ){iyF^n#^^t$FermiM^^^^^^&^^o ^ L ^ ^ B ^ J ^ ' C 

^CDg^%^ii^-fL?'#Ll %<D̂ g-ei§̂ []$-)i, ̂ ^^A^OH^5g#ii r^HH^^^^^^D^# 
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i\= (E,,/Q)Q-0. 6 fe' 0. 3fp (8) 

E a = 0.4 fg Re +0 7 i'^c +*D Ro (9) 
Q Q 

<h^^b^5. (E^/Q ) ̂ Q^^^^^{i(9)^^n^a^<DM^-^^^L-r#^^i$!bT 

^^b^/c. ̂ ^^'M^{}g^J:b^L-rFig.20 ic^to A)<^^^^^M^ii^^igO^'7-y+(D 

¥EB ̂  T M ^ {g ̂  - ^ L -T ̂  ̂  o 

^UO^^^?^^H!C^t6^^^Q)0RNL^, LASL^, IRT^H^^^A#?0?R'J 

^M^^^agf#0^^^^b^bTFig.2m^t. Fig. 2m^^-rENDF/B - 1 Vic 

J:6gf#M^{i^^?'^^M^M^<D^^-hic#mLT^§^^^^L/c. /̂c Present 

result ̂ L-T^$tt-r^^O{iB^ ̂ icJ:5^f#^^ir^6o 10sJ^Y(DS^^?^iP^^^ 

^^TBa^cD^^O^^ENDF/B- 1 VO^^^i:b^L?M^^^^J:<-g(L-r^^^^ 

^3H. [^gf^^^o^^^?^if]B#!^ic^^§^(i^^icm^^^ge^%](D^^^^-^a^ 

3.7 ^t^^^a^aa 

TS'JcD^n^^^^^, ̂ (D^^M^^<DFP^^^^{^#^^x.^o ^^FP^g^4"^? 

a^^^^^t ̂  ̂ ^?H^J & ̂  ̂  ̂  HH^^g ̂ Ĉ ̂  ̂  ̂ ^^ < , -ĵ iC F P OEpf^?^S^^ 

^#Ht§ ̂  <hfcJ: !?^^^(ii^at§o ̂  2:^{f^^^a'"Cs ii^# ̂ ^ S t X ^ ̂  -.T 

^ ^ ) , ^(D^^?^SR^iCJ:^^MM2.3yr<7)^^^^g^'Cs^^^t6. L^L^H 

'3'Xe {i^MM 9. 2 h r CDM^^g?&^ ̂  ̂ ^^^ ̂ f-'#̂ iĉ # ̂ ^^'^?aK^E^^r 

^̂ ., ̂ cp^?^^^fc^0-5M^!c^^*r{i^<O$iJ^^'$^^g'^Xefc^^t5. L^^' 

^7K^^^^'^^'^#:^n?^i^H^^^^^L, F PO^'&?J§^^jtB^M^^{cR^ta$ 

#^n^/^^^^^^?'^Fig.22,23^^to Fig.22^b^7^<D?^i04^^V^ ( 

LOCA ) ̂ ^^-r^^^^5 10' sRT^?^i[]!!#^$B[a^^LT(icp^?^SMJE5co^#^^ 

$^^&^'3Ho Fig.22{C{i'"XeCDEp^?^n^^^^^L^i#^^^:LT^^, "'XeO 
4^&?^aR^^F P̂ Â?̂ SMJEB̂ ^̂ ^̂ in8#f!a$Biâ ^̂ -r/ĵ  < ̂ o^^^^^g 

^^g-^Lir^^&^^Mc 10'sn̂ l?̂ )̂ #̂ a$#{i'"'Cs(D̂ )!XicJ:̂ -r̂ .̂ Fig. 

^Sti/J^<^-oT^6. ̂ /fU^3^^^^^^T{i'"XeO^&?^n^rB^H^$<, ^ 

-248-



JAERI - M 8769 

^gt^fcJ:$^^^\!:'5L-r^^^-?^§. M^f-'-^^b^lc^^^-^^^g^^^, ^ ^ 

^€CD^^^{c^t5^g^y?^S^l?^^o ^'^?^a^B^O{i§g#^^# <-C^^^^S 

^^^^aT^^^O^t^?^S^J:^^^$^50^^^$gE^gOi§^K{i^^^^ii^^ 

A,^a$#^^^. ̂ ^^^^t-5F PO^'^^^aR^^^^t^^^g^^^^^t^Ofif'c 

^/d'^ 3 0 ̂ g ^ T J5 5 (Table 2 #H3 ) ̂ . 

4. MM^gig%T 

^09) ̂ ^^^^Y^^to %t! 3 o o ̂ ao^ao^^^^^^^-^(D^^o$BB-e^^M^K! 
^LM^^^^t5^^MJr^^^^g^^Fig.24{c^tc.^a^JM^^^ti^^'^^J:^ 3. 

5 Sp (0(5)̂ ^ J: ̂  Table 1 <9^5:^<h^?§^L, ̂ ^H^^^^O^^ ( 1 ̂  ) (i Table 1 O 

XE^^a^4S^^^^^^^O{K^^^{cJ:i9^^^. Fig.24^<mm^^r'^<, t§^^}^ 

^ < D ^ ( i ̂  )^40-5 5 0%<b#%lc^#^O^J:b^L-r, j^^JM^^^O^a^^^ 

M^^^&i^t^#^/J^^^ <h^^H. ̂ B#m^oig-^ir^Ha^^n4x.6^#ii 2 %HY-e 

^^L^^^i7^^-C3m^^M^^^&^'t^W^^^^M^ F̂ig.25,26̂ t̂. Fig. 

25 { i ^ M ^ ^ t a ^ i ? ^ , Fig.26(i^[!gjs^ie^t-5i§^l?&^c^^0^^^^^ 

^-(i 3. 6gtiT*^L^^^^^J:i9 ( E^g/Q ) <bQ, ̂ J:̂ ' ( E^/Q ) =^Q^(DMM#H 

J:i9̂ L̂/c(Fig. 18, 2 0#M)o Q^^'O. 5MeV^±(D$gB^^L-r^M3X:(E^/Q) 

^-M^go^^^^^BBT*' 0. 1 ̂  0. 5 ̂-?-^b$ -li/c (Fig. 27#m ). g'̂ <h ̂ §{i§(i 0.3 

T*-̂ ô ̂ -LT^tL€'tL(DJ#^^^LT ( E^g/Q ) 2:QJ:0^iMJM^^3. 6giii-r^^^^^^ 

%^^^^ (Fig.28 SB). Fig. 25, 26^mm^^J:3^^^^^7^'-(D^f^(igaJg^K# 

^ic^:§^^#^&^t. ̂ B#m^^^^-r (EyVQ ) ^0. 3^^0.5 ̂ ^{b$#^i§^r-^, 

^̂ g, ̂ J:^^Jw^^(ilsO?#iPB#faK^^T^^L?^+5 6%, -24%,+13%^{bt^o^^ 

^o^gom^en r^^^^on^o^^?^^ l /2 ̂ J:y'i/4 ̂ ^^-r^^. ?̂ inB#f̂  

^ ̂  ̂ ^^%a^aoM^^^o^4^^$ < ̂ ^^ ^^^^LT,^^^a^#^^-(D^^^M 

Fig. 26 ) ̂ gti^H#P,B#f(Dlg^i:b^T/h3 < , 1 s 0^ipQ#^ic^^%,g, r-̂ , ̂ J: 

^^:^^^^^L"r^-^€tL+2 2%, -9%, +5.5%^^^-r^5. ̂ tLfi^O^gfD^J^ 

^^o^4^^^^n^oj§^(D^^$^^ ̂ ĵ:-o-r̂ &o ^^m^^tn^^^^i?#in 

^^^^^^^J:0^^^^^7^-(Dn^^^^^^&{yt^#^i-^-^*r Fig. 29t^tJM^ 
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T ^ ^ € ^ 15 %^m'6%-e;&ao ?^iPB#l!3<h^^^^^M^f"-^^J:6gi^ii/J^ <f^^, 

10' sH±^^^Tii^l!§L5^A#$^^^. ̂ - B o m ^ W i Schmittroth -Schenter̂ ^ 
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TABLE 1 Corrections Between A and Q 

log A = a !og Q - b 

Odd A ^ 115 

Odd A > 115 

Even A < 115 (odd-odd) 

Even A > 115 (odd-odd) 

Even A ^ 115 (even-even) 

Even A > 115 (even-even) 

a 

7.3 ± 0.5 

5.7 ± 0.3 

10.6 ± 1.1 

9.2 ± 0.7 

3.9 ± 0.4 

5.8 ± 0.3 

b 

6.6 ± 0.3 

5.4 ± 0.2 

10.2 ± 0.8 

8.8 ± 0.5 

3.5 ± 0.2 

4.3 ± 0.2 
)NEL-S-18 725 

Table 2 

FISSION PRODUCTS IMPORTANT IN 
OF NEUTRON ABSORPTION EFFECTS 

50y 

100 

104 

.105 

116 

130, 

134, 

135; 

136, 

MO 

142 

Cs 

'XE 

Cs 

LA 

PR 

144 

147, ho 

99 

115 

129^ 130MJ 

133^ 

"5i 

Mips 

144r^ 143: 

14! 
'CE, 

No 

pR 

I48p, 

1 4 ^ 

149 PM 

150: P)1 

151 SM 
153 

154, 

156, 

'SM 

Eu 

'Eu 

DETERMINATION 
ON DECAY POWER 

PRrn'Rsnp̂ i 

^^., 147p^ 

I^Mo, W p , 

I^Hc, 147p, 

14Sp^ 14S,p, 

I"?,,,,, I"7p, 

148p^ 148.^ 

143 '?M 
150, SM 

1S2: Sh 
153, 

155, 
Eu 

'Eu 
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Ni (t) (7)^^%^^§^^{9#r^^^< ̂ ^)^{icp&?^ ̂  (t) fi-^i?^6 ̂  <h^^^<h 

Q : BSW ^ (M9T) 

"Y (D sec ^ 0 7^ y-7-(D^^'[^(i^(D^gl?^6^? 

A : B ^ ^ (J#:W ) 

^YO6s,10s(D7^y-7-O#^Eii G. Sadler, et al,," Studies of the ^-

Decay of and the level scheme of ̂ Zr " , Nucl. Phys. A252, 365-380 

( 1975 ) oyME6. 0 + 0.3 s , 1 0.0 + 0. 3 s H^o^H J:-oT^^t. G. Sadler O^ME 

ii JOSEF, LOHENGRIN, OSIRIS <h^T3^(D^y7^yg&^#f^}cJ:6a^^ 
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G. Klein, et a!. , "Identification of ""Yin Fission by a Rapid Chemical 

Separation Procedure", Inorg. Nucl. Letters, 11, 511-518(1975) ^ A ^ l h ^ 

^ ^ ^ ^ ^ 9. 6 + 0. 3sO^M^C)7^ V-?-<D#^m3LT^3. ^^b^^-^cDfg^ 

^^MLTti±gB2^^^#9B$ti^^o ^^^^"e"YO^^M^#x.b^L^^^ 2.3+0.1 

minii 

D. G. Vallis and J. L. Perkins, "Yttrium-96 and Strontium - 93 : New 

Nuclear Data", J. Inorg. Nucl. Chem. , 22, 1-5(1961) JCJ;3^%'J/Slg^ 

J^TU^. ̂ b^Zr^l4.5MeV(D^'^?l?,BS^U (n,p)^JE5^J:^"Y^^^b,€^^{t: 

^^^L*r^YO^MM^^^L^oL^LTables of Isotopes, Seventh Edition KĴ tUi' 

2. 3min^)^^^ii^Y + ̂  Y ( +? ) HJ:^*r^-5CD-?{i^!<^^#^^^-r^6o 
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17. !M^^^^^^^^^^t^-^^#'JM 

4 ̂  (ENSDF ) (D̂ Ĵ MEDLIST i^^^f^r, ^^t^gom^^n^ii J:^b r ̂ ^t^E 

^^gf^L^OT?, ^<7)-^%S^t3o ^^, ^ ^ O ^ a ^ ^ ^ T , §T^b<gf^$^^^tt 

Biological Application of the Nuclear Data 

Kensuke KITAO* 

The exposure rate constants and the specific gamma-ray constants 

calculated on the basis of the MEDLIST from ENSDF (Evaluated Nuclear 

Structure Data File) are presented as an example of the application of 

the nuclear structure data in the radiation dosimetry related with the 

radioactive nuclide. Some results of the present calculation have been 

compared to experimental and reported calculated values. 

1 - (gb&M 

1975^, ̂ { i ^ ^ ^ ^ S M ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ b T , ^ - - ? 

^^ ^ ^ ^ ^ ^ ^ g ^ t ^ ^ f - ' - ^ ^ ^ ^ T ^ ^ ^ ^ ^ ^ b ^ . ^(DMBfi, ^O^gFTNR^ 

$3-H,7-"-3?<DggŜ , y-^<D^g#W<:^t<!:<!: ̂ <:, —^*e, #M#^^^'-^^(Z)S^-

^, ̂ - ^ ( D ^ g ^ O i M ^ ^ b , ^JJ3#&bT, <Lob^^7iSi^b^3)%>, = ^ ^ 

^^-5%>C)-?^<9^b^. L^La±^^b, €o^, +^^&S^#^^9^-(i^. 

g^fti, ^^^.{f, 4^<Jx-?iil974^(c UK Nuclear Data Committee^, Dennis 

^chairman <i;t̂ Biomedical Subcommittee^-fP9^b/Co7/'J^"e^NBS (̂ 7̂ ^̂ $ 

3̂) (DCaseweiiOchairmanship €^<LH[W]#^^J99^tb, ^^c^^g^^H 

medical Interna! radiation dose committee (MIRD)^g^b, E^±{$^$tL, {#[̂)ic 

^^$tl§^#^O^^g[Wt^%gic-o^-r, ^^^t^^^O/i^O^-^Sn^fT^^^^ b 

^o 

AJ5, UKNDCO Biomedical committee O P. D. HO LT̂ f̂i, ̂ # ^ , B^O^SP^'J^T 

^^n?&yt%f'"-^^{c^^-CReview^fr-o'r^^t^, ^<D^^1?, KD^S?0^-^(D 

* AA^ig^%a-aW$MT. National Institute of Radiological Sciences 
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^^jg^)^^Olr^§^tJ^{C^L/,"e'<^^#^*r^0^t^, B'̂ , Biomedical field <D 

#f^#^^L?^§^^^<^cDn^^'<!:m^^to ^§^-^7"'y^^-^6^-5&, ̂ ^!i 

best value <!:Ŵ *r̂ -5. L^U8^^T}i^'J(7){i&^ adopt U*T^^t. best, adopt, 

evaluate, recommended , ̂ ^/c^'tL^^tfJa'CD^o t%f-^O^Aic^#^)L*r 

%), ^tL^W^^^^^4^.btt^^(DT!i^^l?b^'?^o 

^tLH^T^^, Biomedical field"e?^^^n?^-^^^icMt§7-"-^{i^OJ:5^^(7) 

l?t. 

^. ^^it^^ 

o. ̂ f^?^JE5^S^ 

^. #^i?^^^)^jgM^ 

—. ĉ &?-R<tK̂  Kinematics 

*. Efn^?^J:^n?ic^^'r65Wn 

^. x̂ g, r^^^g^o#j5{^ 

^. ̂ ? , " % ? , cffg?, &^S^H^.?o^^^^'-tH^ 

(Dax^^{^bfc^g^R^#o^!8§§no^{m^^^i?t. ̂ ^j^?^^{c<h^^:o^^l^ir-

^{±i$^, A # i c ^ # ^ S ^ t M ^ ^ S ^ - 3 ^ ? ^ , ̂ ± , ̂ ftX^n^i^iR^M^n^^^ 

^^-^i?t^, ^0g^ic^§f"-^^, ̂ ^tf^^(Dgg7--*-^-et. t ^ S , M^i<:^^^ 

^-r^dj$tnt^?o^#^ic^^?, €og^, i#^^-, ̂ di^Tt. ̂ u-r^/c^^ 
^A^^^^^^^^L^O^^MTt. ^^6/u, ̂ b^^M^^^^r^<?R!j^$tt?^ 

^ ( i W i i ^ ^ A ^ , ^<D^?^^ ̂ (i^l^(c{i^BJ#^t^G, a^^^#M^bCD^?H'J 

^'-^^^TL-C^^aL^^tLi^^o^-^/^c 6̂Dg(D7-'-̂ '7 7^^<hL'C, ORNLOW 

#f-^^§^f-'-^7 7^^(ENSDF)^b<DA^MEDUST^&^^t. t̂t!i, R?^l? 

^^<, ^ T ' - ^ ^ i ^ , f"-̂ (D/j:̂ <!:̂ '5{iĤ igT#̂ ,̂ r^, X^, j3̂ , [^ 

$K̂ .̂ ?, ̂ -^^n?o^^^^-, ^̂ !, ^^^^f^^^^^suR^n^^j^^^dj^ 
$tt3to (^^^Table l {c^L^Lt. f̂ d'L, 2&R3^^ 1 ̂ ^ ^ 0 0.001 eiaYo^cD 

iit3<9^btrr^t. ^om^^f^-?^, ̂ Jx.!f, i.§^$(D^^^^-D^^^6, ̂ .§ 

{€H^^ ^^^(DHSM^A^^^t ̂  ̂  ̂ ^T#,' ̂ tiH^ ̂  T^cD^^o^l^^^Wimt^ ̂  

<k^^§^t. photon {C^^r, ^0{ig^m#f^A#^^^^?-^J:b^#f^^<!:"?{fttr^6 

t̂L!i, ̂ ^^5ic^^$^^t'f't^^^, ^ ^ ' - E i , ^tb>$Pi 0^?i (i=l, 

2, 3 )^Rmt^R^s^AO^'^^&, ^^^, ̂ ^^0^?(7)m^^n#X{i, ^ ^ 
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' 4?rZ (w/e) 

^ 

X=^Xi = t^g (2) 

1 
4x(w/e) ^ = , /-, . -?PiEi (^eni/P) 6) 

^OTg ^ M ^ ^ n ^ ^ ^ (exposure rate constant )Tto i ^ ^ ^ H ^ ^ ^ t ^ T ^ ? ^ ? . 

^OM!ij:br^^#i^^ (specific gamma-ray constant)r^H^{ftt^t. (3)"^p^ 1.293 

mg/cm^, w/e = 33.7 ev'^ ̂  b, ^ ? 0 ^ ^ ̂ 4 ^ - ^ M e V <h b^t<h 

Tg = 19.52 ̂  Pi Ej ( J"en, i/^) (4) 

<!:^9^t. ^-BfDgt^T-ii, ^^ i/p^Hubbe!!^fDj$^{^^U^o ^ ^ n n ^ K # ^ ! i 

5 kev- 10 MevOCBatl?2%, 0.5 k e v ^ b 5 kevO$EBl?5%C3^^^$^#/Ll?L^to 

^ ^ ^ < D ^ ^ H ! i ^ - 5 . 5 A , M ^ t § (1 <i:^i?#it^b, M # i ^ n # ^ ^ f i ^ j ^ t ^ ̂  ̂ ^ ^ J ^ 

*et. ^-5^iiX, /-c^^if"^Ra(D0.825^^Ur^^^{c^^t^^<h^ir^^t. b^b 

^^icM^^^^^Sfi^fD^^^^TIi 16^@:{i^^t#^^A. ^^^OM^H, ^ t ^ 

^1950^ft^bl960^ftfib^!c^^/c^CD"e, ^ROf-^iiii^^^^^^^^o t ^ 

0, ̂ ^$+^(DS#^^-^T^6^i&^M^-3^-3^7)\ (i-?^<9L^^^C3^&<3, fn^&^ 

^^§§b^^^^^.to^-^^16^^^M{c, B$M^'^[s]&7C^^^(D^^^^, ^^L 

-^dj7-"-^^fMb?, g^^g+#n^%^bT^^t(^cDgf#{ig{i, /c^^(f, 7^yh 

^$tLT*^§^O^^^^0-'t^§^t(Table2).^€§{4:^^'7-y + ̂ ^^^^O-et^, ^ 

M ^ ^ O ^ T , ^OJ:5^^^f§J:5l?{i, lM^^b<^<^O^t,^y6^#3-l±^. 

^tHOgf^ic{^b^^en,i/P- v^e<D^'7-y+Ci^^4%gg?&0itcO"e, ^lg, gf# 

^ (& 6 ̂  ii J:b r - W ^ ^ ^ ^ ) 0 { $ m ^ ii^ < ?l 3 ti fir ̂  9 ̂  t o 
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(D{i&{imRcm^h**mCi"* ^ { ^ L T & b b ^ ' r ^ t . 

3. ̂  -g- ̂  

ENSDF^{^t3^ti+^#%^3^!rto ^^, {g^RS^^^-o^^^ic^O, ̂?R'j#. 

^ O g ^ b ^ ^ ^ ^ ^ t ^ ^ ^ ^ ^ , ^ O ^ a i i ^ ^ H ^ ^ t o (̂D(l<!:(i, ̂ M^'J^ 

€ICRP (gm^M^^n^H^) !i, 33.85 (15)eV^^-^l}g^^^L?^^t?^^coyFA 

^ aa 

(1) P. D. Holt, Phys. Med. Bio!. 24 (1979) 1. 

(2) n^^^afi, ICRU Report 19 (1971)^#m$^^^. 

(3) ^^x.!f, ICRU Report 10b (1962), NBS Handbook 85 (1964). 

(4) J. H.Hubbell.Radiat.Res. 70 (1977)58. 

(5) ^7^^t&^, Radioisotopes 13 (1964) 427. 

(6) ICRU Report 31 (1979). 
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Table 1 Example of MEDLIST program output 

114IN IT DECAY (49.51 D 1) 

Radiation 
Type 

Energy 
(keV) 

I(MIH)= 0.1 OX 

Intensity Atg-rad/ 
(X) pCi-h) 

Augar-L 
Auqer-K 
ce-K-1 
ce-L-1 
ce-HMO-1 

X-ray 
X-ray 
X-ray 
X-ray 
y 1 

L 

Kf5 

2 
20 
162 
186 
189 

3 
24 
24 
27 

190 

34 
1 
33 
03 
4 4 

29 
00200 20 
20970 20 
3 
27 3 

64 
6 

39 
31 
8 

5. 
9 

15 
6 

15 

3 
0 12 
8 13 
6 10 
83 5 

0 
6 
2 
0 
41 

17 
5 
9 
3 

0039 
0026 
1 38 
1 25 
0356 

0.0C04 
0.0049 
0.0094 
0.0035 
0.0524 

114IH B- DECAY (7 1.9 S 4) 

Radiation 
Type 

Energy 
(keV) 

I(HIH)= 0.10% 

Intensity A(g-rad/ 
(X) nCi-h) 

[3-

1 max 
avg 

2 max 
avg 

Total B* 
avg 

Y 1 

685 3 
222.3 11 

1985 3 
776.9 13 

775.8 13 

1299.83 7 

0.200 13 

99.25 11 

99.45 11 

0.20 1 14 

0.0009 

1.64 

1.64 

0.0056 

114SB EC DECAY (3.43 H 10) 

Radiation 
Type 

Energy 
(keV) 

I(MIH)= 0.1 OH 

Intensity A(g-rad/ 
(X) nCi-h) 

Auger-L 
Auger-K 

B+ 1 max 
avg 

avg 

3+ 3 

B+ 4 

max 
avg 
max 
avg 

Total R+ 
avg 

X-ray 
X-ray 
X-ray 
X-ray 
Y 
Y 
Y 
Y 
Y 

L 
Ktx? 
Ktxi 
Kf3 

3 
21 

2356 20 
1059 10 
2750 20 
1242 10 

3073 20 
1393 10 
3960 20 
1811 10 

1724 11 

1 
2 
3 
4 
5 
Maximum 

3 
25 
25 
23 

322 
392 
716 
887 

44 
04400 
27 130 

20 
20 

0 10 
0 10 
6 3 
7 5 

1299.8 3 
y± intensity 

9.7 6 
1.4 3 

4.1 4 

3.4 5 

6.5 9 

74.4 3 

88.4 14 

0.3 
2.43 
4.56 
1.54 
5.5 

10 
9 
3 

1 
4 

18 
100 
=176.80% 

3 
1 1 
1 9 
7 

4 
20 
3 

0.0006 
0.0006 

0.0925 

0.0899 

0.193 

2.87 

3.25 

= 0 
0.00 13 
0.0025 
0.0009 
0.0377 
0.0092 
0.0743 
0.346 
2.77 
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Table 2 Published specific gamma-ray constants in mR cm^ h**i mCi ̂  

Nuclides: 

24 Na 51 Cr 60 Co 76 As 124 Sb 131- 141 Ce 198 Au 

Published calculated value 1̂ ) 

1.83 

1.823 

0.015 

0.0164 

0.016 

1.29 

1.29 

1.296 

1.32 

1.35 

1.23 

1.5 

0.24 

0.22 

0.34 

0.19 

0.31 

0.30 

0.33 

0.98 

0.90 

0.79 

1.2 

0.87 

0.98 

1.30 

0.957 

0'.223c) 

0.204^) 

0.231 

0.265 

0.229 

0.035 

0.039 

0.06 

0.0326 

0.0314 

0.23 

0.238 

0.248 

0.234 

0.58 

0.235 

0.232 

0.229 

Published calculated value II ̂ : 

1.72 0.013 1.2 0.2 0.78 0.21 0.04 0.22 

Experimental value: 

1.87 0.0183(4) 1.31 

1.83(3) 1.325(25) 

0.990(15) 0.220(5) 0.0460(13) 0.231(5) 

0.0434(12) 

Present calculated value 

1.832 0.0178 1.300 0.995 0.216 0.034 0.232 
(0.220)c) (0.044)c) (0.246)c) 

b) Raf. 5 

c) m#aas%!M^o 
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Table 3 Exposure rate constants (r§) and specific gamma-ray 
constants (T) of some radionuclides in mR h"^ mCi at 1 m 

Radio
nuclide 

?Be 

^C 

13N 

15Q 

18p 

22Na 

^Na 

26Mg 

2SA1 

3SC1 

^Ar 

43^ 

^Ca 

5lcr 

^Mn 
56., Mn 

Co 

Decay type, 
Tl/2 

EC 

B+ 

B+ 

B+ 

B+ 

B+ 

B" 

B* 

B" 

B" 

B* 

B* 

EC 

EC 

B* 

EC 

53.29(2)d 

20.38(2)m 

9.965(4)m 

122.24(16)s 

109.74(4)m 

2.602(2)y 

15.00(4)h 

20.91(3)h 

2.240(l)m 

37.21(4)m 

1.827(7)h 

22.6(2)h 

4.536(2)d 

27.704(4)d 

312.5(5)d 

2.5785(6)h 

270.9(6)d 

Tg*(or T) 

0.0286 

0.590 

0.591 

0.591 

0.568 

1.19 

1.83 

0.765(1.11) 

0.843 

0.685 

0.662 

0.556 

0.524 

0.866(0.0178) 

1.26(0.467) 

0.860 

1.33(0.066) 

Radio
nuclide 

6°Co 

6?Ga 

?2ca 

^Se 

123 

13*1 

13^Cs 

13?Cs 

t"°Ba+ 
I"°La 
141Ce 

14?Nd 

I7°Tm 

182Ta 

1921^ 

'9?Hg 
19 8 ^ 

^ ^ g 

Decay type, 

Tl/2 

B" 

EC 

B* 

EC 

EC 

B" 

B" 
B" 

B" 

B* 

B* 

B" 

B* 

EC 

B* 

B* 

5.271(l)y 

78.26(3)h 

14.1(2)h 

119.8(l)d 

13.2(l)h 

8.04(l)d 

2.062(5)y 

30.1 

12.74(5)d*** 

32.501(5)d 

10.98(l)d 

182.6(3)d 

115.0(2)d 

EC 
74.02(18)d 

64.1(l)h 

2.696(2)d 

46.60(2)d 

Tg*(or r) 

1.300 

(0.0795) 

1.34 

0.66(0.206) 

0.16(0.0725) 

0.220(0.216) 

0.882 

0.346(0.341) 

1.29(1.21) 

0.044(0.034) 

0.0926(0.0670) 

0.100**(0.0013) 

1.01**(0.652) 

0.488**(0.454) 

0.0071 

0.246**(0.232) 

0.181**(0.126) 

* K X-ray ̂  ?#)*# 
** K X-ray ̂  Cris
t' î ORa OT1/2 
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A : #^gS^j (̂ BPf) 

A : #^^H^ (^B#) 
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19. ̂ %, J5J:^RH^(7)# 

Concluding Remarks 

Kichinosuke HARADA 

^/^, L^^7^^fc-3^-r(D=5^&^^^, ^^SMiCiigE^ known ^$^,-r^6^(D%), 

+ a^n?^j9f$^^r, Japan Atomic Energy Research Institute-
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