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2. ENSDFO#E, WEB X PISHIRIC B 2 6 H

(Invited Paper — Japanese Nuclear Data Committee Nuclear Data Workshop,
Tokai-mura Ibaraki-ken, Japan, December 10-11, 1979)

ENSDF — ITS STRUCTURE, CONTENTS, AND USE IN APPLIED RESEARCII*

Murray J. Martin
Nuclear Data Project

Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830, USA
I. INTRODUCTION

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.1

II. NUCLEAR DATA PROIJECT
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.

-2 -
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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 nuclear 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 NDP 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 NDP, 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 NDP 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
NDP 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 NDP involve new-evaluator training, design of

A-chain review procedures, and publication of Nuclear Data Sheets.2
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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.

ENSDF contains reliably evaluated data on all mass chains, with a present goal of revisions
on a four-year cycle. The NDP data center has developed programs to provide for flexible
retrieval capabilities from ENSDF 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 NDP is responsible for maintaining ENSDF and for distributing
copies on a regular basis to the other evaluation centers.

1. ENSDF

As mentioned above, ENSDF 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 ENSDF 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

ENSDF 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
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I will discuss in more detail item (1) above, but first let me describe the ENSDF file as
it pertains to nuclear radioactivity.
The ENSDF data sets are organized in the following fashion:
1. Identification record, i.e., 201AU B- DECAY, 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) Bi—radiation, e-decay to the level
d) +vy-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
ENSDF 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
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B. Status

As of September 1979, ENSDF contained 1950 adopted levels data sets, 1850 decay
schemes, and 3020 nuclear reactions for a total of 290,000 card images or ~106 data items.
Stated in a slightly different way, ENSDF contains a total of 41,000 nuclear levels (38,000
confirmed), 21,000 levels with J, m assignments (9000 with certain J or 7) 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 ENSDF 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 ENSDF data sets is generated by the program
MEDLIST. Based on radioactive decay data sets as they appear in ENSDF 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, B, v, ce, etc.) and, within each type, arranged and
numerically labeled in order of increasing energy. Uncerta{nties 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.

MEDLIST 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 ENSDF
file.3 Earlier collections of output from MEDLIST were prepared for use in both basic and
applied research. >

V. SEARCH AND RETRIEVAL CAPABILITIES OF ENSDF

The versatility of ENSDF can be illustrated by the following examples of output generated

in response to specific user requests.6

A. Tabular Listings

—

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

5. Nuclear levels with Ty, > 1 s for A > 207
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B. Graphical Displays (Three-Dimensional Displays)

1. First excited 2% state, EQ) vs. Z, N

2. Second excited 2% state, (E2+I) vs. Z, N

3. E(2+1)/E(2+) for even-even nuclei vs. Z, N

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

Figures 4-7 illustrate these examples of three—dimensional displays. The examples of tables
and figures shown demonstrate how the ENSDF file can be used to provide visual representa—
tions of a wide variety of extensive nuclear systematics.

V1. SUMMARY

1.  The Nuclear Data Project at ORNL has designed an Evaluated Nuclear Structure Data
File (ENSDF) to contain data related to nuclear structure physics.

2.  ENSDF 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 varicty of retrieval and display programs are available to extract and display the con-
tents of ENSDF in formats convenient in the investigation of systematic trends in nuclear

data.
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DATA SPET
20116
201a0 ®
20145 N
204G CG
20186 C
201HGIC
201HG2C
20146 G
201HG L
AR LI
201H6 6
201HG B
201062 B
201HG CB
201#G CB
201H5 CB
20186 L
201HGICL
201HG2CL
20145 6
201HG L
20195 6
201HG2 G
201HG Cf
201HG2Ch
201HG3CG
201HG CG
201G G
201862
20146 C6G
201HG ®
201HG2 B
20186 1
20146 1
201HG2 6
20185 6
201462 6
201H5 5
201HG2 G
20185 B
201HG2 B
201HG L
201HG B
2019132 B
201H6G CB
20186 5§
20186 6
201HG L
201HG B
2N01HR2 B
20186 &
201HG v
201HG B
201HGR2 B
20146 1
201HG2
20146 1
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00027215

201A0 B- DECAY T72PA24

0 (3/2+) PN | 16 1270 99
0.0191 30 0.0191 30 1.0

E(*) MOLTYPLE PLACBMENT

XEA AP 90, XLA AP 85, XLB AP S5 IP I (542.6G)=100.
6 SPPCTRA GE(LI); B- SCIN; 36 COIN 3E(LI) SCIN; B-5 COIN GP(LI) SCIN,
Y-RAYS SI(LI) (72Pa24y.

352.3 2 19 4

n 372~

1.58 (1/2-)

1.58 S
127E+1 10 82 5.7213

BAV= 430 408

LOGFT IF 82% TR TO GS OR TN 1.53 LPVEL.

1B FROM 02% T8 TO POR LOWEST STATFS AND INTENSITY BALANCE.

B OTHEPS: AP 1500 (52BUR0)

27 1 S/2- . S

THIS LEVFL YS EXPZ®CTED TO BE FED; HOWEVFR, IT IS NOT
INCLUDED IN THE DECAY SCHEME PROPOSED BY 72PA2u.

27 1 S

32.19 3/2-

30.60 3 6.4 M1 48.3 315 AP S
LC= 36.9 tMC= 8.60 $

TT TI(30G+326G) AP 620 FROM XL (72PA24), TI(305)/TI(325)=1.04 10

FPROM 201TL EC DECAY (60HEOS). HOWEVRE, XL MAY BE PARTLY DUE 'TO INTERNAL
CONVERSION O® THE UNOBSERVED 27-KT=V FAMMA (DEEXCITING 5/2- LEVFL).
RI CALC FROM TY AND CC

32.19 3 7.2 ¥ ut.6 305 AP S
LC= 31.8 $MC= 7.40 §
R CALC PROM TI AND CC
6 AP 6.8114
EAV= 420 408
167.49 (1/2) -
135.3 2 18 5 M1 3.46
KC= 2.83  $LC= 0.479 $MC= 0.1116  $Ne= 0.0361 §
165.88 7 0.95 15 m1 1.944 S
XC= 1.593 $1C= 0.269 $MC= 0.0625 $N+=0.02009 § :
167.44 10 53 5 M1 1.894
KC= 1.552 $1C= 0.262 $MC= 0.0608  $N+=0.01956 §
3.5 6.8615
2AV= 370 u0$
543
1.2 1 6.6923
EAV= 230 u0$ .
F FROM (8-) (S42G) COIN F=655 100
S42.6 2 100 e *C
542.6 AP 100 LE *C
549.2
1.3 2 6.6523
FAV= 230 408
517.0 3 69 7
552.8
2.1 3 6.4323
EAV= 220 40$
385.1 2 34 4 IF M1 0.1909

KC= 0.1569 fLC= 0.0260 $MC=0.00504 $N+=0.00193 %
521.0 4 29 5

Fig. 1. Sample data set as entered into ENSDF.
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ORNL-OWG 77-18618

ENSDE: 10/10/77
Even—Even Nuclel
First excited 2+ state

[OTO

Fig. 4. Encrgy 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

sSecond excited 2+ state

Fig. 5. Energy of the second 2% state of cven—cven nuclei as a function of Z, N.
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ORNL-DWG 78-11852

ENSDF: 3/20/78
Even—Even Nuclel
Ratio E(2+')/E(2+)
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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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3. BHEET—2(ENSDF)DEEis 25 A
mh B, mAs -t km ET

T 2 HERGHEE WG IC B 1 5 H 15 7 — & OB BT 0 @52 THE T & 1L C & /- SH{E e
P7OT 5 LT HO TR L,

Evaluation System of Nuclear Structure Data (ENSDF)

Tsutomu TAMURAY, Zyunitiro MATUMOTOY and Tsutomu NARITAt

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.
L EAbE

#Hilh §° A EiHEE 7 — ¥ « 7 7 4 v (Evaluated Nuclear Structure Data File BLF
ENSDF &B89) BEBHYHOIRHE TRADNBTCTRISN S SELSEEE - Bl -5 1c
W ET/EICILA HIHCEERALSFE A Y b7 — 7 TRHEAEDTOIEERT7 7 4 L TH B,
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Nfo o, SRIOHEREES M. ], Martin EhSCD7 7 4« VEBEBEROT, MO Y 25
TT 47 A% SIRENCKRR LD, ADOHBEEIT-120 T3 HESRANSH, IHOE R
FRUEDBHOhICE NI, THUIERT 7 4 VOBBICBBHOEMR DY ILET, OR
NL Zdubh & LTKRE, A7 v4, v, @, ®E AKX 29 -5y, 79 MIEHF
D%y b7 —7ZBML, 4EBTRITE ~KS B FMELELEDONLTOET, D
L O ICHUSENICEE N P AT TR A HA L B SRFEOENG L, LHhSEBENIK TS5,
A, MEORENEONTOVS Y, SSEMEAEN B0, FEEDIBOF ) T v 5 —
vay-ti+¥wﬁmnibto%@1979&12H3B&D7B§?@%,B$®ﬁm%
IBREMRELIAV TV F—vav eIt —pM. J. Martin KX#E L Tirbht-,

AXiF, TN TOFMIEEEEL TH OO S EFERIADLDD 70 75 284
5b0DT, 2EDIAF THEEEDE T,

+ BAR- AR Japan Atomic Energy Research Institute
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Table 1 Physical quantities evaluated for the ENSDF

Main properties (common)

Other properties (special)

Cl| El(parent), Jm, T1/2 S1 Delayed-n, -p, spont. fission
Q-(G.S.) 2y decay
D (C2| NR, NT, BR, NB S2 Ce exp (if accurate)
E 3| El, J7(from Adopted levels) S3 B Shape factor
o T1/2(S,h,eV), Quality(?,S) s4 e/g’
A ¢4 Eg(blank if not measured) S5 A2, A4
Y IBi, Tees Igteces Kegsevoo S6 Auger electron, X rays
Logft(Gove-Martin), S7 Unobserved radiation
Uniqueness, Coin., Quality
C5| Ey, 1y, Mult. §(Steffen)
CC(Hager-Seltzer)
Ce K/L/M+, B(EX), B(M)\)
C6 | Egq, Iy, Hind.
% Cl|El S1 o
é C2|L S2 Q-values
T €3] C2S, B, B(EX) S3 Parameters relative to veaciion
é c4 | gm calculation
¥ oes Ey, Ly, Mult., §.....
A Cl1|El S1 Configuration K" (N, n,, A), ...
g C2 | J™ + (Reasons) S2 Band structure
P c3|T1/2 (S, H, eV) S3 Isomer shift (G.S.)
E C4 | 1T, %B , %SF S4 Charge distribution (G.S.)
D ¢5(u, Q S5 Deformation 6,, 8, (G.S.)
Lg C6|Q, Sn, Sp, Qq S6 B(EA)+, T1/2
EA C7 | Ey, Iy(100 for the strongest)|S7 Reduced transition probability
;; Mult., &, CC(H-S),
LA Ce K/L/M+
> % B(EA), B(M))
L
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LEVELS.GRAMMAS £-35 MEV
Sx et N
J
2233 J
—3000(37/2+.,5/72+) 2168 3/2- 2971
(3/2+.5/2+) 2140
2060 |
1978 P1/2+ 2812
(1/2+) 1913
- 1907.5
2700 1g75— 2=
(3/2.5/2)+ 886 .7
(17/2+1 1878 9/2- 2547
1873
L ve0 (3/2.5/21+ __% }828 2 (15/2+) 2412
836
(1/2+) 792
77
1;&9
L E
2100555770 658.6 (13/2+) 2077
(3/2.5/2)+ 653.88
(7/2)+ 573.77 /o
.6 17/2+ /1878
( /21 7 y
180 440
413.
(372.5/21+ 201 .96 (11/2+) 1676
S 377.4
(7/2+) 1345.11
_150[)1_7}/_%?,19,/,2,*.J,,,‘1 1319 .
(7/21)+ 1275.02
13/2+) 1268
1/21- (1234 .86 (9/2+) 1350
- 1228.87 13/2+ 1268
121844 11/2- 1236
1200 1181 .34 Ny
1/2+ 1122.7 . .
(3/2.5/2)« 1094.4 0.2 Ps {3554'2;5‘]7/2») %8?3'3
(7/727+ 1044.21p.2 pPsS YAV .
(3/72.5/21+ 390.93 (3/2.5/721+ 991.0
833
—300 \ [827.57 oo
(8/2+) 744 .50 1]1.65 PS (9/2)+ 744 .4
(11/20+ \__ /716.5 (11/77+ \__ /716.5 |
(9721« 651.0 1.5 Ps (9/21+ o A
(7/2)+ -/628.6 1.9 PS (7/2)+ \___/628.1 |94+ 652
600 (3/2)+ 618.4 (3/21+ 617.9
437 .
5/2+ 217.8 13.7 ps 7451 4178
1/2+ ——374.95.15 P : :
300
3/2+ 202.86 0.39 NS 372+ __ 202.6
1/2+ 57.61 1.95 NS 1724 . . 57.6
0 w2 0.0 STABLE  2/2+ 0.0 b2« 0.0

Fig. 5 An example of

level plot from ENSDF
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xikEi
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T WE)):

2) THROZHEE (rHR+ARERETH IABEREKEaET5L

TI =RI (1 +a)

4RI\ 2 da\2
4TI =TI (-—) " (———)
RI 1+ a

3) EBROD L R4y h

(T1) 0 =(TI),, —(TI)

4TI =/ (4T1)%, + (4TI Y,
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4) B NGk

% (T1) = (TI) ,,, <WEHEHK
5) B~ORBKIC L3 8= % v — DL

2

Ey

2X9315016xA
E; " keV | AIBOHEEK

FHEDLAVDT A NVF—% fix $HCRMETEA X B 0L43,
AH

COTBT T LNDAIIZEHEDENS DF 79—t 5 b Chb B, 7075 £ L°
CGTL UNT A= FREGEERT Y, 0N - FBA-TOTHERTZ, L H— Kk

DAICH S G” #— FiZLXnicfldAsh T g — FTHEOTHEET S, BHEDL N

NVEFiIX $3kHICE, -4 «+y FDRAjICFix B HEZ2EB, B2V ¥ - K EHD

A->TOIRWEEITIE 1 keV ORBEEWE L, {niﬁrﬂ)/l\éfarﬁ(807J7A4c?v VELIN
STV5) BIXRTOFEARETEHINS,
Hh

ARENIVASVD L ZNF—GAND T ZAAF - EHBEN, 510 LD T 2+ —

EEAEL, ANSNTOETROTANVE - EHK L - REERT 2, LDEEANDEET

B>/ BIEERAEL LT, ** 1+ %, =x2x *DEIRHEBZRET. rROAMAICHL
TOXREMERT 5,

i BR

D vaagh <100

2) TEAEH <500

3) Fix T&aLrv~a¥h <20

ATRBOH A>T XER 1) 28BDC L

2 HSICCZa#¥SA

D77 7 40k Hager Seltzer ©K, L, M 3%, Dragoun, Plajner , Schmetzler
DN+O +- R T ZNPERERDOEREF T, E1, E4, M1, - M 4 DRERZS

BREEI RS 5, AROHEIMAV STV 3 3~ Fi3 Spline T4 3,
AN

ANT -5 3BEDENSDF ¥—% e & F Th B

BEE, "G H-Fehdin¥-— LEE
A

7°D7\‘§/-\‘j:K,L], LZ )L3 s M]l

, 70755631 DA- FithbET
, BAKFT-9%288B4 2,

...... M5 , N+O+......,;=&’ Ltotal' M

total?
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K+133L, K+L+133M, K/L, M/L, &% 5%d %, BARKBOL TV B E XK
&, BRTILERLZOREL, SHBEREHREIHES S,

HIBR

D K, L, MRIZMHLTIB30<CZ<103, E,<1500keV

2) N+O +-itLTiR37<Z <100, E, <500keV

3) TREHK  100&KFT

HEBH ORI SOV TR 1) 2880 L

3. ANGCOR7n7 54

LO7ur7 737y yAHBAOERT - 7o, BAETILAVDRE /R THORBRAKAR
5,

N

TTHRY —FEDEDLHICHRET S :

01 0

., 71 @y, Ly +1) 72 (L ,Ly+1) ,
I, —> I - > 1,

i 3L, &L, +17J§51 DREHT, 7213L, &L, + 17!)§52 DREGHTH B LIRET 5,
KEDEE, AEREZXOLTERAINS

W({)=1+A,P; (cos 0)+A,P, (cos 8)

P,,PsidLegendre DZHATA, , Ay 13

(1) {2) (1)

A, =A; - A, , A=A, 2)

-A4
Tdh 5o

F,(ITiLiL,) ~28,F,(ILLL,) +82F, (L LiLi)
A(1)= v v v
v 1+ 0%

’ ’ ’ 2 r o
(Z)_Fu(IlszLz)+252FU(112L2L2)+62 FV(IlszLz)
y =

2
1+ 0,

CTIF @} F BRHBLFEINZ, 720D F5iF Stifen k Krane K53 bDTH%0 Ay LA
EVRVDAECYHBVE, TEBORALLEEBZ A LKL->THOLVRVDZ EVDPRE
HomBEHab e 2 RET %,

AN

1) A2 , E; : A, E,

2) LW e ZREVHIVZRBELRDODESL 1 DRIEET 5,
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2) BALO TR

3) FAIREEDEV 0, 0, DHMADHOWIMA Y 5 7 CINTE, HEL LT

A X* =01
B 01<x* <02
C 02 x* <05
D 05<Cx* =10
E 102 <16
F L6 x* <25

X calce X calce
(AP~ AT (AP APy

2 2

E, E,

=

IR

D 4EBLERGHBELLO,

2) 771 (3E) 34 vy FURFIMETELL,
3) AEVBB8ETTH 5B,

sl B /OB A5 3 (a) (b) Klicid

4 LOGFT 7n¥5.4a

C@TDﬁ?AM"P”ﬁ—FK%in6¥ﬁ@,Qﬁ,VNWI*»#—%%&&L,gv
THNDFROBART A NVF IR, AU AERNT log ft 4B T2, EC Hibs *
RO IO, 2MBOHAERET 2C ik, EC &8 BE0IE So@RI
SET %o S HICEC HUEODK, L, MIBAHBEGIEDEIA 45 B DFE2H-FELTHSNLS,
BLXLADBHD T 7 WFE-RBINSOFETREAINE L, first forbidden unique
(dJ=2, dm==) OB 1079 DB 197 2 GLIRTOHBE & RIS - T B,

> DATACHK Q%354

ORNLT?—?-tyb®%ﬁ%ﬁ%xv7éﬁ5tbwﬁéﬂkPL/IKiéfnfiA
Thb, FUBEA>XTDEEVTHS

D IDF-% %y bDIDELTOFEHAFE~NS,

2) A - FoES, EF

3 hW-FOHE: IDOEE “P” #-— FOE, “ N” # - FofES
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LNICE-T, EDTF—F ~ &y bOHICHEELI—F (A—-F) OBWEDB—RL Tob»y,
BEVa-FEONBROUK LRSI, ZDIMNFIEE 4 KiKRT,

1. PLOT 7nJ'34

EEMIENSDFZ2HWT, iR £ -4, LNV 54 ¥ 776088005, 206 %
5 MITRd,
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AETOEERRZES D 7

HELE LEREEATHE LS TH B,
Q: X
AEY «/NY T DRDFTH Strong rule & weak rule L REISh 3 M s
Wal EsddtBbhzhs, T2 TRES M ?
Al weakrule CA->TW3HDTH, strong rule LEICHVZLTEVRlEH 2, BK
IBICBH 50 bW 5 J —dependence P, IARDREY « W) F O BERED I v o /¢
V7 4 ZRDBIIE R weak rule ICA->TWBh5strong rule ELTH-TEL ¥ 2 5
TT Ay I APELINERHE ST, 25D rule FREBICLOMELNZ BN,
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4, BRI AINFKF—HENDILAT=2T 4 v 7 X
wWHHHE

BABOET V¥ - FIZRIBIC S X, KD 3 DOHEIC >0 TORBKIRI A BT 15 - -,
s, 1 EE@@&%%ELTE?&®&6#§(Sdm%s)é%N6C&oC®%é%6
#é&mdj/dl,%B@ﬁ%%]ﬁzeyl@%ﬁw&bmﬂwﬁéﬂom #lgxm o
$W¥—&ib5®ma—ﬁfv@ﬁéﬁ®ﬁ?ﬁﬁ?6ﬁiﬁ&%oWBE(]zZN)=AN
+BN(N=1)72+CN(N-1)(N-2)/2+3+DN (N=1)(N=2)(N=3) /2+3 e+ ,
NEFE/YDOHETHE, 4ROFLTERL THEAZITO. 3) BV~ —LORENFEAT
©, PTEREREK D SEH AR OB IC T 3w - DERHBELTHL p, 2L
TERIHFC R OMME D S 88, RFEOMAICESES hAHANS,

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-1)/2+CN(N—1)(N-2)/2'3+DN(N—1)(N—2)(N—3)/
2:2:4 4+ ceeeians . 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.

*  HEAK¥E TR RR Institute for Nuclear Study, University of Tokyo
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1966 FEHCLDBASNBMEREOBA Y B4ATRLCESE LLL>BDbN A,
AHFTREMSIET 27 - 7 viE SRS h w5270, Fig, | BEEEY (BE,
T, BH) DAYN=BEDLHIKWMML T 120D 7 57T, BOLIBEALYD 1 D0O&
BEVHTLENTELRD, /7 70HAHE, HIHCBTIHTEO» v N-DBRIBEHTH
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PR EREZRE L THW 5006 LAIE0,
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ElHEOTxvF-%d - KV VRTBELEBORKDOERTH 3, LIL2 > OB E bIC
LANF-UERESRTROBEEANSL LTRKUTHE042RTHDTHY, HicZOED
BRE, REAMEIN TV AEEEFEO L A VF - HBEORTEI 2N BE 6D TH 5, NAICE
éﬁbwf—fwa)@dMaM?NTDVE;*9—®?-7KAoTBD,ﬁﬁQfﬂfi
L3 s RIREZRICK D iTbh e, SEOMEIRE y SR H S EHERANE S D &
HIEHITL TV LOMETHD, DT EERANB T EICLDBETEOMEEED L FENR
ZhRohs,

2. BoEhX (Nuclear Softness ) (ZO(\T

BOBEWUREENZ C Y BEMTIICONTEIL LR, BOROHED 1 >DiEEL5 % 5,
TR 4] /41 (] (fBYHEER, [ 1 2Y) 319754, v#) —DLake Balaton O£
HOBUAINL bDTHS'Y, BL, COBIBEEIC1 9634 H. Morinaga Ic £ 0 EES
ATOBCEMBTHALEY . sTzORIKRORTIHESA S,

(d]) h? { 21+3 21 -1 }
4171 2 Y4E 14y dE, 1,

CCICAE 4y | WAEYT +28] 2802 DOBND L AV F-2TH 5, ZORIIIRHH
BMTRIJR T cRATEEEZIONEDLLa 25 Vb, HEERTR]E—FEZEI 005D
50THY, BNy INVYTF 4 VI EETHBAEBSTEBEYMERR — Y05/ Wik
D, ] OEBEENICERTI2LoBAPR 77 AOEBARELY, 20%EFJREXavyzrsy v
PMZIEB L 01185, ECAHAPEBEORFEIBIDOLIICEBATRIE WV, -T4d] /41
DFid Fig. 2088 0ME b0 TEEN S, KT DI o, 3 RE$NH SRl £33
ZALEAERL, 1 g @A -5/ VIV ADBBEETRT, BEORKICOVTOEAR

Balaton Conference OHMEICELVDTL ZTHANT, ZDK197T FLRESNIE
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#15 PEr Ofl% Fig. 31073 "2 B2 ) (4] d1) OMBTH 5, B hic 2
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FRTRHBE 2 DBBIMBICEVORENARSTDATH B, "RerOERTRESHIE 2
L18%, OO ILAE OIS OB EFUL TV 5, RACFH -~ — 7 i3k 7o
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BOHDOBEODTHMEARNCLTH HH, SHRILVEEA NN -4 355> BT Ehnlte
D9, M, FIZE 0s OB G T OBEMEN 5L C DS Prolate 2> 5 Oblate i€ L8
BOELZFTHL LV FRICHETLEEL LN B,
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BEERERE ORI © 2 v F - 13 —rIc

N (N-1) N(N-1(N-2)

E(N,I= N)=AN+B ———— +C -
2 243

b N(N-1(N-2)(N-3)
234

omd -FV/YENORBMOEATEHTE S, 3RETIKOVTORAMKILI Das et al . &
UEZICL it Fig. T3 ALB, Fig. 8KIBCEDDT oo 4 Xe 16
WE TORFRICODVTRT, LIl Xe , Ba FRRHIKOREN L LD EABINTHILDT
HDLW, LOLICT oy b LTHLEELHBOKLEZ H>BODRVT LMD S, Fig. T
TREMECLEBRIBALI VR VP THY, ADBBRONRTAELE-TVWAIETH D,
FHCN=84DKTRBR <1 FRCNET EBHAV, RIZFig. 8iIKBVTIH T DHEETI
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7 —unstable BRI T A v - DBRICEVHSE L 5, ERFHICEO TREIRARIICZ 0
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Table 1 Ratios of various energy spacings of members of the quasi-y
band to that of the first 21 state.
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Fig. 10 Plot of (Euy—Ezy)/Ezg vs. Ry (Equ/Ezg).
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5. #EIH B L RO REE

R oM ESSHEER T 2 K v /A (Interacting Boson Model : IBM &B8) 037
BhoEmINS, IBMICLA3BRBEARAICL - T, ELOERT - s B#HHASH, X,
IBM &, RECRERFOEREOMBLIERSIN S, IBMICHT 2MBOMGEIRSH, £
TEAV YD THOEB AR T HEHAE L THASN T3, IBMASERES)IcXd 53—
DO ERE S Z 2 EPEA SIS,

Structure of Vibrational and Rotational Nuclei

Takaharu OTSUKAT

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.

R OMERIKEEZENE L, HETEORANZ2ELSLMERHLAD, HELALDLT
WABLHIICRZAZENEZV, ZOLHLNHEE (DT - F) 2HEFHOEREEHEIFA TS, C
DOEMEE)IL, KB - BRZE L TR FEYMEYO —DOhLRETH - 1L, BETHZ D
TH5b,

CORMESHICIE, BEULOB T, dhit FAEECES L TO2H3EIT, X, T0OES
KE->TRTFEBERELLTIRT, BEELTWELHIKRZ S, COEFHEH O7 7o —-FK
16 3 VINDY &= FA) ¥ (R IE T
(1) #=7 s b=7 0kt R EROBERICROTOHER LTS LEE
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Y B&E 7 HHER Japan Atomic Energy Research Institute
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Fig. 1 Single boson "orbits" s and d.
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Fig. 2 Experimental (exp) and calculated spectra
of 110cd, The latter is obtained by the
SU(5) limit of the IBM-1.
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E (MeV)

Observed Energy Levels

Fig. 5 Systematic behaviour of the excitation
. + +
energies of the 27, and 47, states of
the Ru, Sn and Ba isotopes.

B(EZ:ZT > OE)

BW(EZ)
1201
80
Ba
Ru
401
Sn
1 1 | 1 i
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Fig. 6 Systematic behaviour of the B(E2)
values of the 2+1 > O+g transition.
in the Ru, Sn and Ba isotopes.
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B(E2) (e,by) + +)
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L ) ]
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A

Fig. 11 Experimental (points) and theoretlcal (llnes)
B(E2) values of the 2¥5 » ot g and 2t 2 > 0
transitions in the Sm isotopes. See the
caption of Fig. 10.

Ru Ba Sm Os Th
Ru Os
1.0L i_- l._ 4 -
h N / 4\
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-1.0} o L 1 .
EEE] S
= /\Ba Smo | 'Ih = P
eq (MeV) T .
1.0} 1+ + 4 i
-/
\\_ \\_ — -
0.0f —+ + + 1
k (MeV)T i T T T
0.4F + + T .
0.2 ~
A
\/ - N~ —
0.0 —
20 50 82 126
N, 2

Fig. 12 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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IBA-1 SU(5) Experiment "®Kr | IBM-2
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+ & 4

4 3+
3* 3

a* . a2 at __ 2t
2

2* 2*’ 24.

o* + : +

o) | 0

Fig. 13 Experimental, IBM-1 and IBM-2Z excitation energies
of 78Kr.
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Q: ARMXK (HELK)
INT A= —DRDIZEHITEDM?
A REXE (FEF)

RREBICBARD 2 IKER— D2 DR FHIC SOV THA~ 18 AS 2, 2hoEES5F R
HAT&bL50c, x*—fitting DEHUHELT, X5 2 -4 —%RD D, KBTI, Rz
FVF - 15~20MeVLELFOREDIZEAELHAHATE 5,

Q: ARMX (HLK)
NG A= —DEIFEN 20?2 (Ru, Ba DL ~Nd prediction iICBLEL T)
A KEFG (RF)
N7 A= - ONBEREBODE, eq, £, Xz, Xo DA4fHe Xz RZ =—EDHA, BEE
A3 eq bRDOPRILE TR —EDHEICED <,
v Q: AKMXE (HIK)
negative parity level iZ DWW TIZEDL S ICHEES D 2
A KEZEW (EH)
3‘@ff77%§ktf,s,dffy&%ééﬁéofﬁfVMS“MmAﬁ&?ﬁmﬁ
g %o
Q: RHEZB ()

valence iIZ ED K SITRD B DA 2 #5iC, deformed K TIRE T T Thicore T, ECh b

valence D RDLODBEHL N DOTIRISOHMH?
A REFEH (RB)
BEE 28, 50, 82, 1265V Y RBERDTVS, BB TRALVYREHEDL D
mbLhd, BERETEEOSLHOVEREL TS, 500, FrcREE A LT,
Q: HHEEZB) ()
IBM3 0L high spin state $ TR AIHED 2
A KBRS (R
COLETE, AR, 2F Y/ VBO2EORESORE Y ETLMLBTEL L, FU
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6. Reactor Dosimetry 2 51} 2 Wi 55D A 1 M
R OE BY,M oo g*

Reactor Dosimetry &3 5 AHEEWGEMICBAT 2B R OBIREZ L 2 — L, fFic, dikf=

NI PRI T — 9 OAEEUPEETHEE L, X, ThoDAEEMROLEBICE
T, TAVF-NHEEER LV EMERTH L 500, Ho, —Bcmdiss
(TR F - MR V2 OBA EEVSBROSH ST EAR Lo X, BEEEIN fiBA (E5
BEDOHA 2 XY b VHAAHEEN AT T 5 D1, THAMmMBICHIIED QiEE®LME N5
TEARL, HENEERIEH T, X, J 1AMV Unfolding Bl /R4 & & bic, Bk
Bt WROKT — 5 ORTFICTHRS N 5 N SRJEERB L L TE E W1,

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 J1 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. ¥

i

Reactor Dosimetry HD+ ¥4 — i3, BHIKIGLUTCREDO DN EZ SHHS £ v+ —DBR
B%ﬁ@%ﬁ&%fé%%ﬁ,CCTMR%%&LT&%&%%%%&LT%QK%E%W%,
HIcH 7=y LOBIRICOL TN G, ZOBA, VbW 5 Unfolding £17-T, KEHEHT -

5%, WARCIBOPYTRICHES 545, O Unfolding iKBAL, &iff IAEA ® Advisary
Group l)ti, XD &£ 5178 Recommendation %17 - T3,

* FE A T8 Faculty of Engineering, University of Tokyo

_.66_
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Fia&mdonsg, | X, ENDF/B-VAKIC, EF0BMAT-T International Reactor
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C DL T, Reactor Dosimetry IC351) 3 AHEEYEML Z DIREEIC D123 A D E v S D
DEBUKTHO, ASTM E—10.05ZFE0D Task Group on Uncertainty Analysis 2) T, &k
DEN, WKW HICH>OTREAEGMCH - BRICT v 4 — PREZIT->THED, X, H3m
ASTM—Euratom Symposium on Reactor Dosimetry (Ispra, 10,/1~5, 1979)2 T,
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2. Unfolding kD=

IR XD Th 5,

Ri=/%0,(B6EIE (i=1, N) (1)

HL, R; ®#¥E= AR, *AR;, 0 (B0#E=N0, (E, ) AG; (E,)
O(E) DHEENE b ( &O%@T\ﬁ@%f’# Ado (E) A @y (E)
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BL,  Pold) = BRIHEL=HEE R~ | 0 B DIFLERZS 4
To(Ry /) =% 541 & %, RMME R, KT 2B

LD, T R; B S0I & & OMS DRERAT (6/R,) ik 5. i
COEFBELANFE-BRIHG (g=1,6) IKxhii L1 G X G LD M MITHIATTL 50
T, EUBEREA SN, BOBNX N RO FNC LT HIESE O, KICHIT - STAYSL
. SENSAK & C DERIMRIETSH B4, KIFICERICLS J 1729 CHCEBICE STAYSL &
BINCER ) %394 5,
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bOTHY, RAFKC, 3 (4])? 2BVITIRMIORDZ, Chid, BHEORD &
Ho#E (Adjoint ) REICHY LTV 3,

HRMC, 9805 (NXN®&E) Hy; (i, j=1, N) s
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J
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&fiéf)f, A¢0(E|) A¢0(E2) kO A”i(El) AOj(Ez)ﬂCﬂ!,\'(, %wgiﬁ&l}ﬁ‘c
LREEBIE AR L1z & & OBV Hic > 0Tl TIN5,

3. HEEZRY MLOREEHICDNT

T2 )7 b3, Fig. 1IGRT & 1T, HERMIC Boltzmann Eq. &0 dglu) & LTk
LI A X 75, REBERBBHEROELT de,, (W DRI D, TO Gy, lu) i
WTH, TOhELRT DT RAF - DMMRIED & ORIC, ROBENS 5,

465 u)
—2 2V = (5)
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Lethargy Spectrum
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¢g(u); Boltzmann eq. D&
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Fluctuation 3, T &2 & -~ DRHED DA KX F B tick D, HXECINEL B,
@%éﬁmﬁté<ﬁt%%wmszwécam'hMe1;@%60

energy relative energy |relative
resolu~ |uncertain A resolu- |uncertain "

tion -ty Tﬁ xvs tion -ty T x/e

s 86/¢ 8 8¢/¢
% *

0.023 0.584 0.089 0.0116 0.300 0.032
0.069 0.498 0.13 0.035 0.237 0.044
0.162 0.389 0.16 0.058 0.194 0.047
0.208 0.356 0.16 0.081 0.166 0.047
0.254 0.329 0.17 0.104 0.146 0.047
0.485 0.234 0.16 0.127 0.136 0.048
0.943 0.166 0.16 0.242 0.085 0.042

(*) finest energy resolution used for representing the

neutron spectrum of Fig.2 &3.

Table 1 TAAF-HEEO &L 2~ b LD fluctuation & DB
4
—¢ |0 =—35¢
)
DBAFRADH 5,
ik, U—235(4%0D2 —8eVHk (M- 25H)

L&, FeldFoD 05— 1 MeVHR (K- 388)

@L,C®%é®%ﬁﬁﬂ%%%ﬁﬁ®%ﬁ%@mwwmm1Kmﬁtfﬁwt,Fm,2®
U- 235084 i(b‘é 8 =016, Fig. 30 Fe DI 0042555, 155, 6 - 00EA
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Do
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FILESE, 0200LE 40/ G- LHLZRHADEDTH M S, hHF2~2 F LERIC
BOUTHR (0 >0) D v¥ - MREERAENCLELLDTHY, CHEZBLANER
HECHFHIEATERTL DB LEZ B,

%%@ﬁﬁxNﬁbwu,%ﬁﬁﬁﬁﬁmmﬁ%ﬁ%mib*béﬁ,Cwﬂﬁﬁﬁuxwm
Ctﬁ%(,%%@#ﬁf@éoﬁmzﬁﬁﬁﬁm%%maéﬂmﬁuénécaw%iLmﬁ,
HRIERINCH A B L5, J1IETEHKRDOESRKLTO S,

Aéog A¢og'=¢og ¢og’ { eogz"agg’ +€g’€k'(dn)z.ed(g_g1) }
(6)
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AL, €0 =T LF¥—5MRRED (=BF) TO Flux o)

F2HI, HBOIKLDEC AL —3BEEAZ RO E %, dlulid T £ — 5 KR ¢, (0
FE"DARETHBEL, VT A -y OFPH 4n 25252 Lic ki3 Correlative
Error 2/7¢, CZiC

[ oeeenn lu. —u. 1 <4 0 4n ¢ (u,)
es(g—g') = e T T ThB,
0 - otherwise 9n

4 BHELHHEROREEMICDNT

COBE, 1707 - BHEOBLEEB IS BRE (FHR R PADBELEE LS
LIHNT 56D) D2EICHFTERHND, HIEIKOWTE,

/ ./‘,AUi(u])Aﬂj (Uz) ¢0(Ux)¢o(llz)dll1duz
(40, 40, ) =_ug ug (7)

.{g ‘/ug, @o(ur) ¢o Cuz)du; du,

LIZBD, COBJED 40, (WIKDVTH, TAME-DMRED, L& bICEZ ZUTELH D,
BIAE, 37 oMRifRICc >V T 0, DRMEET e BDBAETH B LT 5, DF b

Aﬂi(ul)dﬂi(u2)=62 Ui(ul)ﬁi(uQ) €4Cur—uz) (8)

1, Tu,—u;l <4
{EL, 4360—6 EA(LH”UZ):{ .
0, otherwise

E95E,

2
g

€
(40;,/0,,) =€05/ 0 ¢ du/ (f0dodu)i= (9)
ug

duy

L0, CHMEE) (A v —3FE= —EM L VO BRRHEIN B, e, (W), —uy)
ERERTVIBMICS B &, (9 KDLDH €2/ au, 150, BAA G (lethargy) ‘&
WULLBEEDOTHS, X, 7 oMfifBOMERFZDELE EZIBEICS, T HRLF—5)
e EM I BLEOH L EEMATH B, FIAE, KD I 7 olififs 7 — 57 38D TE%)
BRREL 12D, BERDT — 5T, BEFEHE S oficy v — 7HABL EABERINTO 3, i
HiD 7 — 9D Consistency % £Z 288, ZHEFND T 7 L+ — 53 EEA EETHLEDH B
LRHATHY, ZHic, BED Dosimetry Kk TRENCEFIRIET — 5 BULBELDTREL,
I ANVF - HREROMAROMMBESHREIN TV R EBLELDOTHLEFEHET &
WTE 5B,

RiT, EBHRARY P LOBRECHNT 2 BEPHEMERKO AHEER IR THA 55,

M) e, X3, = —EOMENS 50 51 R8I,
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A , 9 (uy) 0; (uz) 46 (u) 4o (uy) du, du,
(A()'ig 4 ‘7jg')2 =_.ug ug _ (10
/ ./, o (uy) @o (uy) du, du,

ug ug
4, ddo(uy) 4¢y(uy) ELT, B)RICT EDAELSARH LEENLITERN A 7T & RO
LHIcts B,
® YAu(n, 7)KIGED 2 — 8 eVERIRD F-H4MAifEIC OV T,

40
£ =2566 €000, + 003+ 14nl (1)
g

g

@ "In(n, n’) KIED 0.5— 1 MeV SRS O FHEWnERE I,

40

8 — 092 €0/ 00+ 004-14n 1 ) 12)

Og '
BL, €, 0o 3HEER~Y P VORMBEERT L VE — RIS o T €0 0o =—&tio
T560 (5IRBMB) X, 140 1 EODEE ¢,(W=E", (n=10), @D&EX ¢_(u)
=e"™(M=00) &F A - ERLIEED, ¥5 2 ~ S EOEBHTWHE XD T,

CNSDBENEDREICIE B €0{0, KU | dn | DIEAED L S ICHA BIIC & B,

Fig. 204, 2%0, Aufs S UGRRICBOTIIELLEBAICE, o0, =016 XbCh
ZMRICRALT 40, /0, =41BILH155, Fig. 30 '¥In % Fe RRPICBV L &IC
40, /0, =4%, X, 1dnl=1,1071:,E30O, @Lb63-4BEELNE, 2%, =2
7 P VROMEROEB AKX VIBAITE, FUNERIZ, RO EHNOKEBEEL LD
CEDFERILINIEEAL D, BEIEIK, Fig., 2DAT, RLa—I VT LIEART b
OB & ENHROMS, WHAKREILTLE 2% Fig, 4 1oRd, chid, L@
—HLIBHBRTH 5,

1300 . v ¥ T L] 1 )
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1100
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Fig. 4 *U@GZRRA~I b ATOY Au (n, 1) BILD
2-8eV LMt BHARARY P AER L~ U
YUkl ZEDELERT,
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i

N
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5. MIEEDREEE(COT S

JU 2RO MBS RRIC £ 0, RERER T O REFMIE O AR~ D 80
BEZRT. @ALAHE " Au(n,7), "SIn(n,7), "SIn(n,n’) 5" In, *°Co (n,
r), ®Mn(n,7), YAL(n,a), ®Ni (n,p), *Co(n,a), *Tj (n,p), “Ti

(n,p), *Mn(n, 2n), %Ni (n, 2n) & “"Au(n, 2n) O 1 I, TALE-BHiZL
H-IMO = 0768 TRASNTHY, BERICIE, A 10BOBENEL SHTH S, Ytk
FHRRY P vERE LT, BEmiciteashi KR4 Unfolding L 7-#&%45 Fig, 5 Th
bo 5B, TOBABR, HERRI PLOREERIZS v & ot Fluctuation JAD A & L T\ 3,
BEMEBORERPIC LD, 0.1 MeVELF TORMEESEN C &A% 3,

RIT, #EERX T P VORBEEM ¢, ROKIGRE, WEROELLE SRR OXEE & o A%
% Fig. 6, 7 iKiRd, , .

Fric BV U3, Fig. 7 T, ISR SMHEREDOEED 0 ~ 5 BOERT, BKBOKE
EBZHMICENLTHBT ETHD, CNBRIERAEROE 7 — 9 FBOBROIEE L5018 3
ThhAD,

X, WH®D Table 2 kU Fig. 81, Sensitivity Anlysis Ok5E% % LHTRT, Total
Flux Z#ld 2842, " In(n,7), Mn(n,7), 8Nj (n,p) » Sensitive THO, &
CERSNE " Au(n, ) i3, TOBEAITIZZD Sensitive TIZEC EMR B,

103 T T ST Y1183 LAEER PR == i 3 2 B2 Band T T 7 T IrYY
ISl e oy I

T v 707
1. A Ltk

)
]

8 10F 3
2 . L . .
V] u RKbDotLlc A7 poav -
2 - D+ 10 OREH -
\
s [ -
[~ ol H ‘ -
-1 Resolution “ \
= 10 WEZT b D | —
+1o O®WHA ‘\ 3
- %
1% B
N\
Neutren Energy (MeV) “ |‘ .
1 ] 11 lJJll' - IJJIIII' ;| A 2 lJljl' ‘.
001 0.1 1 10

Fig. 5 ° Unfolding 172 <% b v DF
(HEEZXR7 PVORBEER L 70%, RIGREE=0%)
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E 10 (0.7 1.5 He‘l)_;_: ;E' 1 A 0.7 - 1.5 Mev —
o—>82—8—0—1 3§ O 1.5 -3.3Mev 3
(0.33 - 0.7 MeV) 4 3
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b‘ - ,;" o -
[
1 YR U N W K WO S U NN 0.1 1 M | 1 | 1 |
0 0.5 1.0 0 10 20 30
X AR Ao
€9 value i ig
(o] Y 4
= Pl
Fig. 6 H#EERRY b VORREENY €, & Fig. 7 4R; /Ry X3R#HM1 40, /0,
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Sensitivity Anaiysis Results of

Estimated Grouo Flux and Total Flux
to Reaction-rate and fguess spectrum.
(In a case of € = 0.3 & v = 0)

Reaction or $h 2an L
v 7(0.33 géz) (1.5 3&2V) Total~flux
Guess Spectrum
197aAu(n,Y) -5.78 -0.03 -0.065
11510 (n,y) 8.31 0.08 1.31
ssMn(n,'y) 0.97 0.012 -0.467
$3¢o(n,Y) 0.20 -0.03 . 0.187
115In(n,n') -3.96 -0.164 -0.163
58Ni(n,p) 1.32 1.50 0.21
27A1(n,a) -0.34 -0.31 -0.041
$0(0.015-0.033MeV)} 0.03 C.014 -0.013
$0(0.033-0.07) 0.08 0.015 0.007
¢0(0.07-0.15) -0.06 -0.007 -0.005
$0(0.15-0.33) 0.02 0.004 0.004
$0(0.33-0.7) -0.02 -0.011 -0.0009
$0(0.7-1.5) 0.004 0.005 0.0004
$0(1.5-3.3) 0.0002 -0.0003 0.0001
$0(3.3-7) 0.00004 0.00003
LOE‘ e | lllll!‘l' T 111ﬁr{ ':-o"t‘uuqu 0]
C : tn(n,n)S
N ln(n,f) ' L
- . -
z? - E -y
-d ’
2 '
5 01 L-o—~3 0.01
2 = ¢ o
U =~ . -
w =t ¢ -
per ' -y
R -
t
B Neutron Energy (MeV) : 7
t
001 | N I | llllll 1 2 Jll)lll L 4 4 ll:ll 0.00]
001 0.1 1.0 10
Fig. 8 Sensitivity of Estimated Total flux Values to each

Energy Cross-section Values of 135In(n,y) and (n,n')

reactions.
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6. &

Reactor Dosimetry iC& 13 5 AHEEM AT 2541, k2 )7 b v RUMERIC
20T, TANVF-DRELERLULCBEFESLINBIRETHATEERL, HD, ok
Ay, VERD GEHEE) x (DR V2 =—F &0 S B THBERO S 5 ¢ & 475
L7 '

WoaMTEREELEAMNUT 28I, EAXRY bv (ZOBEREER <7 b V) ORFEENH
I & BIEOAERESTEAMNDRICEMEINS L A2RL, 2EBHOBEEMER L. X,
B{&#)75 Unfolding #lZmRL, MIGBRRUBEROBELZ S BLINIKT ZENEE LT LA
rU7,

S, WET AL,

O ZEHELTEZCEVTRDONI AR P VOEFERMERINS T &, Boficitsy

B 55t BIBA I, TR GMHEICT 5T &,

@ BT-2BOTE, TINVF-RELHEICLIET, BEFEEITOIC L, X, #H

Bk baHld 5 &,

PED2/RicHbEEZXATN S, (k)

8% 30k

(1) Lorenz, A., INDC (NDS)-100/M "Summary Report of TIAEA 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) wORM, hREH BO % JHECLBREHMEET - 5 DL~ ARFEFHER

Bms 4 ERONHE A39.
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ST +

+{ o, (u)dy) ACu,) 2 )
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=LY — Y uilEBi 3 Total collision £
=—El Lb,

KEIC, b BT T VTOHRMAEIT S,

HEMIEAXT ot - shd 7L LT, T0% Multi —channel Pulse Height Analyzer
KTT-9ZlSLIctd 5, COTF- 5 EZDEEPHFRNI MV ENZTOWEHDET B,
(RX7 b oxt—9DRERER F/hsnEd3)

ZDEE, PHADF v+ v 2 0ihh0 (NI RNVE-DEEE) ELTF -9 5&EZ, u~
ut O ORI EIEN Colu) TH-1 T2, COEE, HHBEF v v 210 2EZ ML,
CRICHBIT B0 5 Q?”=~E®%%ﬁ&éo

X, TOFEIAIZ Poisson 3 HICHEDI DS 4Cslu) =/ Cslu) TH 3o

ML@%%&WVT,¢ﬁ¥1&7bw¢MwK9hT%N6%:()
o\u

T, 27 b i3 Colu) 2L~V 0 TEH-T dglu) = 5 L1553,
X, o (MxEA) Xy &2 F -3 kE i3
4y 4
( ¢Mw)x _ Cwaf~
dolu) Cslu) (u)

KD—EE 5,
2F0, K7V UrhBOKIHMHEE S ONFAPHAREZ D E VSR EFLIC LD,
CORBRADPEHINTV S, - T, TOREBAIHICHHT X <7 b vDd TR BEHED
2R AN LTV BT THBEZALL Do

Pk aEs#n,

Q: /MK E(HAH)

B rrvF -t TOSOMmBHICR SN 5 X 75 Self —Shielding 734 U % & 5 1k th 28
it B AL (BEERAL) ORURVCTHEABRKICI WA SHZ00 2 flicEZ, Bk
EEVDTLEID?

A dRIE#H (HKL)

W%ﬂfamEﬁ%ﬁéﬁﬁﬁﬁ%ﬂﬁ?%@ﬁﬁﬁ?dﬁbﬁm&¥iQnitﬁ "))

&aicd, BEBHLOELEERM OB X 2 MEERSREZE L LTH

%E#&Oiﬁoaéwﬁ&bfm,wb@é%ﬁ%@ﬁﬁﬂﬁ:—r%mmt 1/E&R
7 b it B ILERMEAROBERILL T HENEZ ShEd, COEE, Fig. 2
MG Fig. 4R UIc kS IERERM (KT 2P U) ofBIBICL S, 27 b rd
Fluctuation BEHRINT TS, ThAEBRLELEFZEZ B, ﬂbb)@iﬁﬂi’&?’%%%ﬁli)y) %
o OAMME L L TR, BRHIZED 3 7uﬁ@%MwKTIYTTL%¥LT%<W
BB ET, (AL Yol - RIBOERNER, £ -@IBOTNRE) X, KR
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+ dug o(u) du

/ /, ug-f-dug du

o, = [ "¢
=/ Sl (1 50we)” ) > ()

Vg

ELTRODBLHENSELONE T, CDiE, BOERIRUEL Yy > ¢ OBAICEE B
EPUTEH **Mn, #*Na, #Co BED I', > I'y OEBRIGIKSWTIE, ROBEIEL S 50
FHA. HOBESICOKD 0, BHBLULOBELBIE L1 in L, BOELES R
FREMELEZ SN T,
Q: hEFEX (MBF)
FYX M) ~Ti, 7 -9 DFMblEICHT 28 EDRE L LTR, s s848%hs
The (BRI, BEREL LTRRIRIUOMIEIMEEIC &ETY, )
A HRIEWR
BRALLRENBLCAT CRRENBCEARALE T, RBEDEEE, TrLE—5)
MEEZARL, TOLEOBEREDMBEV S 2EBORMHSUE, BHERKB T 70+ — EE
TOE (ThEBRRXICT & D, BREAICT~NE MG, HrxhTtohig, &b to'IC b
F0) ERELI T, UBATHOMARBEICOVTIR, (EMEE) X (T 30+ -85
B—ELVHBRBEE 3T TTLS, LDO—EEERRTHLLEDOED, BlTHAHLHE
WEd, ’



JAERI—-M 8769

7. Nashville 23% (C&EMHMH &% ¢ BEN 7B 150 BFR
DIFRIQICET BERES v ROV A)

ARME"

LOTOFEIAIRT 2 ¥~ M+ v v a2 EATITbhE TREMERD S E < N1 BHIEKORE
®ﬁ¥@M%T5@%77£71—ATﬁbﬂt$E¢,@%ﬁwé@&@hTﬁ%Téo%K
CERN®ISOLDET%%ént“Li@ﬂ“ﬁﬁ@@¢ﬁ%&%,GSIT%Eénn
Z>50, NC82HBDZ Dalihtk, Berkeley DRAMA %V THIES Q-8 KO
Eﬁ%?&%x&7bw(&UCH%MPT*%tT%vxeygéﬁwgéﬁﬁ),7477
%¢®&¢5v—f—ﬁ%&m&%ﬁ%ﬁ&m%@ﬁ%®xay,&%—xyh,747#—7
V?b%@ﬂ%%%ﬁi6oﬁBBMMbyTﬁbhtZIIO4&®WW,kav@ﬂiﬁ
FICBT % Fal L OFE b i g,

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 B8 delayed
neutron emitter (!lLi) made with ISOLDE, CERN, Discovery of new o 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.

* HETY¥KY Tokyo Institute of Technology
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1. 280 &

rfﬁﬁ&b%ﬁ(%ntﬁ?&ﬂ%®ﬁ%ﬁj&Pﬁf-7®@%VVf91—Au1979
FOHI0HADLSIA 1 3BFHIET, TAVADF4 ¥ M, Nashville O Vanderbilt
Um%mnyTﬁﬂntoVVfﬁn*A®ﬁﬁ§ﬁ§ﬁjji&mMMMVm®HMtUmﬂ
T%éofﬂfﬁAﬁTﬂms1K®&Tbéo%%®an%dm$ i3, 198012 HFic,
North—Holland 2SS 3 FELDT, COBEHHRSNWEEICE, AATHAF
%&ﬂ65oé%®§Mﬁm%9OﬂT,187@#6%0ko§mﬁﬁ,TXUh(SO%),
ﬁﬁ(7)®@,ﬂ&,i&.797@%@Tbct0797@5m,4VF(2),¢@(Q
HAE (2) T, BA»SE, JIIEES W) LEE58mMLLE,

YY#®Za-sOF —<3" Future Directions " Th 545, {FROBLICEbtEd L+ b
UTU(,ﬁﬁmédwb?—ﬁ&Uﬂmﬁ%®ﬂ%ﬁﬁ®%ﬁﬁ%ﬁT%ctoBﬁ&bf@
At - 1o BEE AN NTAH B &, KROS5,

(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

Cofo@F D I SOL Ok & LT,
P.J. Nolan (Liverpool and Daresbury): Daresbury-ISOL & Recoil Separator
D.S. Brenner (Clark Univ.): TRISTAN (Brookhaven)
Fhd -1,
(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?
%ﬁ@@%fﬁ%f%é@ﬁC®ﬂiffbéﬁﬁ,ﬁ,ﬁ%%%b@&bf
(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)

ST oD, HEOBERE FIMBERED -7 EbH D' LI,
BELDT —<icBlT 2ROEBE2HI P.G. Hansen B ERE LD, 1981 4ELHF
V=250 THMIMB LD TH B,

2. EI3HR

1) P.G. Hansen, "On-Line Experiments with High-Energy Protons: Recent
Results and Possible Future Directions.
COBBL ~BREICH > 108, HERCHACHESETH 1o UFIKEZDER DAY,

® 600MeV OBF & — LTk 24 \

Cern ® ISOLDE T3 600MeVEF(3 A) E— LD, BFATIE *He (910 MeV)
ZEMLBHTEHEDELS PC(1030MeV) bERAREL K2 FETH %o LIiiD & SE D
KMEBMET, TLh ) EBESOHRTA 4 LU TRED, BETREAA A O LFEH
EORRICKII L, oy YIEDA 4 Abbikd X Hicti -1z, Fig. 1icNb powder
U uranium carbide 5D Br [AFONEERY, COEA A4 VEOBEDOER, 2Co
(68s), *C2(33s), " Br (33s) OFMEEFER L1z, X *%Br bRH LI,

® A=100MEOERMR

NZ90 Do FHAMICER TS0 EBECHONTO A0, RETRASI00DHT
N6 0D oREMEI B L b5 > THi (Fig. 28M) . i Cern T “Nb—Sr,,
DHENBEMES 07D T | COBBMMERBTII N E VLS (Fig. 2 81)

® '¥2Sn OE—FHEEERN ,

'3Sns; (ddouble magic THBMN, TOH | MEEMIE 3™ T 2 THB T &5,
uFKﬁNéiﬁﬁiﬁT%%énto%5,%KJMRMDW®HsqmmmrHBEFK$
% fission product DWET, '**Snd 1.7 ps Ddecay 75 4.4 15 MeVAERIAS 2.1 ns ¥
WAL 4" LREENT: (Fig.3 M), ISOLDE T, %] n®ddecay »5 0.374L£0299
MeV iz ONIREMBHDAE TV, TN ODEBIEMI NBE2EHREXH, 404 1 MeV
BEALD parity XIETHH SO E5Y »teo BT DRERNL 27 & W0 5 DBsE b b
SLVY, COERREZTHOE, 1T LS AL - T 5,

"Inm A decay iz 4351 MeV 17 SASEIE s, 12Sn 7 4 v = —®decay b
SRBRASNIEO LI HENLS, 4351 MeVH#EMN I e bBbh s,

@ F delayed neutron BEHEE DD TORE, 2 , "Li

"Li (85ms) ¥, 2000°C it L7 uranuim carbite % 600 MeV p THEL
[SOLDE THEN#T 5 Lick>TiH SN (15atoms/ s ) o CAMSHE S h 5 h
VET 23 50 *He BB TAIE & hizo DR <Y b % Fig. 4 (a) CRE, TDRNRY
bvD4oDE-213, *Be (t,p)''Be THAMSOcthE£2 )7 b VE—K 4 5 (Fig. 4
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(b) ZBH) 2%, BUCEs LEUIMBER RS b UhEE - F, O 2 P T IBHC L B b
DTHLEELT, ROEBREIT- 1o

F1g 4(C)ICARTLHBEETn —n [FHFEER -1 " Lig A4 v AR ITRY & 573 long
counter DHIZHN 20 D long counter ¥E 23¢cm, EX60cm OHERD/ N5 7 4 v
DRI 5D *He DB HEE LB L Th 5. ZAWIICHLNT delayed coincidence %
B L7 #5R@ Fig. 4(c)icmd &9, 277'=100 s Ddecay curve 155, ZD
long counter DWHAEFH~Z 10, 1.9kg D UERNRICEE, PUOHREK SR I
£5 27 OREFORHA FEEME Lo 2ORE, BICRT LS50, 27 =106ps &%
5, COIEIZT D long counter NOBWT-OEIEEHITH L 05 e CDESIC
LT, "Li Odecay icfkd 2 ik + (FES) B HHERS N, X B UEFAW &I X
D, To2hUFBENE, "Li ®FT decay d9 +3BLBEINS (MLi D £~ decay
ORHEFHRMEIL 61 LT BEFEELE)
® HBHEA 4/ E - LDIEH
IMHDEé%hf%%ﬁ%éhtﬁ%&4tVE—Am&%ﬁiuﬂKéﬁméhfhéo

@ [EEP~DOBUREOEA

PIZE "MIn, °CAd #EALT "Sn O X 29 7 — S ROEBR AT 5 5.

® HIBROEBICLIKXBOIxLvE—v7 ¢

Fig. 5 O EBICRT L0, 1 ,=1- 1505, | ;=1 IKECTHLEE, 4] =+ 1T
55@?,%@%@@6@,Lﬁ%®K%?&Utﬂ%®¢ﬁﬁ?%&ﬂbﬂﬁﬂﬁﬁéﬁ
VWOT, HERORTHICE, FTRAXOBTIES, f-T, COEX%ES2 KXEOT
ANF-BEROKXRLAIVFE - OOl Y7 b 325 TH B, MELtuE, ERoEs
&, LREROTFHEOKEFSELOERTHD, RETS KX BRSO THEE K3
PHThHb,

ZEFILY %7, bent crystal spectrometer % [ SOLDE ic 248 L, —#l& LT
Fig. SImd k518, Cs &¥Cs DECIKLBKXBOT 20— % s L7-,
PICs DECH d1 = - 1 OfIT, LOBALHTSBH, KENICIIED 110, ' Csh
ECR AT =0T, WHOEBEFHHICHS KXBRTIVE-2RTETHE, LT
dE =112+ 9 meV &40, FHRHED dE=126 + 6 MeV EXLS—H U, BBER

+
ﬁm,dEz—Ag 2

THZoh5, AL, AREED, g Wil 4 2 ik -~ 5

X~9T£50C@;ﬁﬁ%@ﬁﬂ%ﬁ@d,ﬁ%ﬂDEf,Ql*l&Me@ﬁﬁéﬁ
mm?® OEFICHE L ERIHKR D5 TH B,

(2) E. Roeckl (GS1 ) : Recent Experiments at the GSI On— Line Separator
® GSI On -—Line Separator i€ & % fUEOHE

GSI Tl#E MeV /B T E‘—A%Bﬂﬁﬂjﬂééﬁﬂbﬂiﬁﬁkmass separator °) % on ~
1memﬁﬁbfﬁﬁbrwéw,cwéﬁvwﬁ%uA>100@¢ﬁ%$%&wm6hf
W5, CZDmass separator DEHIZI 4V -2tk b, F ig.6dD kM (a)ic =D
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14 VHERS, COA4 VDT &% Febiad Sourcet3) &L, 10° Torr g ®

BETHFET 2, 20PHRIEL, Kr, Xe X T50 BCHEHEE 8 ms IKBEIE0,

Hg X3 Po GCOBHMBDBAE, FRMHSIOHAE, 258 320%, BOBAIE, 10%
Tdhb,

GS1 dSeparator THA LI FHD —Fl, *Cs D@4 Fig. 7® F& (b) Tk
To “Cs3Cs O&EK 'PCs £0 19 btk FOL LT, PNi (*Ni,pn) '§sCs 4,
TS, Ey =290MeV (5MeV/ /B T) T.20D& % O#ERIL 0.2 mb T,separator
D collector KD SNINER, 300 atoms. s TH5,'“Cs FaGIEKRVPEC « 8+
L, HIKEC -8 gillik, MTNIakFHHT2, 4 delayed proton emitter
KRU #—delayed a emitter TH %, Fig, 7(b) iC G TENI: proton decay & A7 KL
SNTVE, 300atoms “sec MDORBHHIUE, " Xe HD 7LD bAlfET,
BRI 449 keV (27) | FEHIEAER 1 148 keV bRIBIN TV B,

@ aBifORE

GSI separator TSn—Cs OFHFRED 12 0 a BEELFRE SO, zhig,
S VI B ) CHIRLLTOT S o T A COfth Pb SEEKIC bW 2R LA
L, Hf —Re #ilf, Th —Pa #iCTb L { >nRE LT 3, (ZHEDFERICIT separator
DT EE T8 SHIP 2 AV SN TV 3, ) ChLDFa kI3 Fig. Titir& h
TWbo Fig. TicdZ ofic, 56k 0 RIS QT2 a B, o BEEERmAS 1 0% s &
THEIOW 8 (CORDEN10® s UT LR I0TRATEESLZ4 S50 5) RUEA 4 v/l
SRUGOMEEDL 1mb £ SN a8 (COBONMLROEEEEL oh3) BIRENT
V5o 15k, MCs, 110 Te ©Q; (MeV) 13, 2 ZH "Cs (3226) ,'7Te (3.982) |
PTe (3414), 'Te (3117), 'MCs DaBiOMBithb, 4, by=18x107 &
AEI NI,

RicZhoFa st~ s 2B, BTER, kU a BiRBEIIE D 7 - 4 »Fig.
BOLSRRDBLENT, Fig. 8(a) TR, amilinQ,, EC A" decay dQ p, RO 2 hK

BT OB F AL ¥ -SEFA LT, Xe, Te, Sn, [ n OENFBOERBRED F56
EDREOTV S, A OTANE—DREHBOLER, f/ECHDQpy £RDT B,
Fig. 8(b) 32D afiti (S wave ) DIMHER W, 4 a B0 hit FHE RO &
LT oy bLIbDTH S, Pb DBBF G- T 5, K2 "5 Pb,,, DO W, 34
hewve (COF-s@PLERMBENTVS) , 2ADOERELT, N= I 26, N=82m
magic line T, W, B/NMEEZI-TH0, dHTHO L DRKE VDS D magic line
(€l - T EFERERL T B0 N<B82TH ' Ted7— 4 LS, ¢ oBMHEL
WEdBE, N=500Dline K[ » T, WoBML TwakEEEZ 00, I FREK
DN=500 magic D ~DDIICIZY, ' Sy LT D TR MEEZ SR T
%5 (GSI DB T, MEEISNS S SOFRBRMTE TN,

(3) V.Berg. The New Orsay On-—Line Isotope Separator . ISOCELE I, and
the Beginning of Its Exploitation for Nuclear Physics
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7§szu,mUD$<m%ﬁﬁ%ﬁm%ﬁ(%nt&wmﬁmﬁ%%%efﬁm(ERN
@IMHDE%M%LCIr,H,Au%@B@ﬁﬁ®&®ﬁ%%ﬁatoL@L%%ﬁ
decay scheme 2§57 Hicid= v v 9 4 LBLBEL DT, Orsay T 27 o444 sabay
iRl &, OISV -7TDEPAT On line separator DSEZFINF-, 2551 SOCELE
ITHb, 20y v7o4470borDe—nit, BF 158 MeV (200nA), *He(100
nA) ThH%b, [SOCELE THAHV/-KERIZ 197443 AICts 108, v/ a4 4soto
Y ORBROBEFE DI, VELLGELEL T, LHALIORIK, FHFRALLTENS
—% v FAu, Pt+B, Er +Cu$%2MAT Au, Pt, Er ZOBOMEETS T & bk,
N SDOERIIRD [SOCELE T KWMTi s -1,

il ysogy4ro0roroe—-nid, BTE200MeV (6 rA), 218MeVa, 283
Mw"Hefééoiyi4yMﬁ¢ﬁ%%m%<ﬁL<@&énto%M%F@.mcﬁﬁo
LETFTCKRTEN OB Yy 709470 bayDE—6ThHb, HEidn= 0507 5° %=k
A HHRTEY, A=200IKMAT collector AMTHDERICKT20HIEH# 2 1 0mm T
%o rcollector T3 DOHEAFEFHCH D HE 20, —FBBROEH IS5 —EERHHE4AE
DSN%EEFBC EDHK S,

[ISOCELE ITWE, #-%» F&LTIE, Au, Pt —B, Er —Cu, Bi , ThF4 +NaF,
Gd, Pr, Nd, Ag,Sn, Tb, Ni E2dil&ah, P R *He E—-4lTkDFr, At, Po,
T¢, Hg, Au, Yb, Ho, Dy, Eu, Sm, Nd, Pr, Ce, Ba, Te, Sb, Sn, In, Cd, Ag,
Zn, CuFOEREMBIE# K, i *Sm 2B TRAIL, VLEBIR 42 s ERIE S hi,
”%@&‘“Hgmoﬁw¥ﬁﬂ%M@L,%n%hm%<<wmps(”%@),n4<18%s
(‘¥Hg) &15-1z,

(4) E.H. Spejewski et al ® UISOR icp8d 3 &

UNISOR B89 23635 - HHOF % —M& - Titbh i, E. H. Spejewski FUNIS
OR ®Head T, %ifi0afi%x L7z, UNISOR &3, University Isotope Separator at
Oak Ridge OWT, 74 ) HOWEMEHORFOHEF — L DIHEES VS, Fig. 10(a),
(b)ICZ DFPHERBRENS, (a) @Y1 70 bV RUY Y FLOE - 43— =& Separatord
DRIRERT. ¥4 70 bo” (ORIC) AVF 44270 bovTE (MeV) =100q2/A
DEXFNVF-ZEL, FERTH#IE 0.2 - 0.6 particle tATHB, ¥ VFLEEFE25MV
DLOT, FEBOLTHLTED, 1980 FBEICIIE - 2T EVHFTHL, CD¥
YTLDE =~ LRKD K S ICEE separator ICE — AEEB T EICIESTOBA, —H 44 2
PO e - LEARNLRENSqDA AV ERAEL, E=100qYARHYT 250 %0
F—ICE L T, Separator K bENBZ EICH1-> T3, Separator DIEMN7IRES 1
Fig. 1 l(blicR&h 3,

UNISOR TR o7k L, E.F.Zganjar (N<82DZH#%) , K.S. Toth ( a A
) , F.T.Avignone (Hg FHIEHD ns LTFOHEGRAE) Itk -~ THBIN-AaHE 2~
SEANCIG HNIHROFE LY ¥ €, BERESE LVRES L->TOBNES TH B, L b
BoLD &DTIRIENH, UNISOR TREMICIE SN R & LT Hg OB & [RGLAD HE Ry S
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AFig. 111LFde 2055 —BNODOL B2 Hg i3, BEGCS [ THES NI bDTHBY
“Hgd 0 #AI(375keV ) DFHHMI, UNISOR 7 -7 1k 09+ 03ns &
fESNTEO, i (shape —isomeric E 26:f8) L0106 EVC EMFEHEN 3,

(5) J. Aystc , Current and Future Directions in the Study of Light and
Meduim — Mass Nuclei with the On—Line Mass Separator RAMA.

RAMA L) %i&EI3, Recoil Atom Mass Anal yzer B8 T, Berkeley® 88”7 +4
B boviZon— line IKERINIHBRNH#NTHS, (Fig, 1288), Fig. 12iKR&h
TVBLSIC, #4780 Y- ARLBERUETERS N AIEAERYIE, He # 2thic
UHL, B#EEN 5, aerosol ELTxzFLrvsyY)a—-—nvifntzHe V2o VRT, EHD
2Fv—lCEoNb, £T Taerosol ZRMNIIGERZ hollow cathode 1 A4 ¥ 7
(2000°C) I3V M A bah18keV TSN, HWHVEBRYHB TERYH S
NHEDOFROLH#EIZI0LI - 0.5%T, Na, Mg, Al, Si, P, KOoogicshLTW\W5, 2D
LORTHIE SN R EBIHIE 100ms f1TH 5,

TAYVRAEYEZEROHBALERFENICHTTIBMNTRAMA ZHO T8O ik 7 R
@M delayed proton emitter HREI N T3, 2D —FlE LTFig. 13icHSi £*Sio
delayed proton d2~<7 b vERT ', M ohiRKIEHZAER Mg (®He, 3n)*Si
(E3;, =70 MeV) RO *Mg CHe, 2n) *Si (Hs,, =4 1MeV) TH5, *Si @
delayed proton BT T 3 V¥ - DHEIED iR S Nt, FkicL T, **Mg (95ms)
® delayed proton DT 2 vF¥ -bllEEI NI, COLIICLT, Fig.l4imEhd L Hig,
®Na RU Al 00 (T=2) OBz 1¥ - (NLHAR) BRES I, ThsERALT,
A=20RUA=24DT7A YV FRAEV5&EIR (T, =—-2, -1, 0+1, +2) OFXNTHRES
hico TNHDF -9 2HVTT A v N—FERARAR

M (A, T, T,) =a (A, T)+b (A, T) «T,+c (A, T) -T%
+d (A, T) T +e (A, T) T

DFBAERD D Efksha, b, ¢, JMLOERH L OLEKDONI-bDE, consistent T FHd,
e BREZEOCEHHTO L »To —HA=8, RUA=9 THINSDFEEMN0 L1 SV ELH
B h5,

(6) E.W. Otten, Laser Spectroscopy Probing Nuclear Structure off
Stability

EHAESBREL -V -2V A LIRLDEEGOFTROREREDR Y, BE—- 2V
b, TAY =7 YT b B> THEREOSHE RN SHHEMKSC EBECRLATY
5, CO#HMEIONHORROEFOBRERETH D, EFICHKECERTH - 1o b8, b
A7V DT, Otten DIET 5 Mainz TITOH TV 5 2 DOERRLERT 2 ~ 3 OEkD 5%
YIBRHI R R 2 R R B iC & D B,
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© w2V -H#F-%HI time — dependent perturbed angular correlation #&

F—DHER 1 , V=¥ —fhicd time — dependent perturbed angular correlation
ThY, TO%BAFig. 151" d, BlIKRTkIic, ISOLDE THEEE N 107 shio
Ffakpgo T TS Hg hiMo ik —BED Shicik, ERICEK - T Resonance Cell
(AR IKE SN, ~vzfbantcv - -THiiEsh b, TOL—#-DNLVRIEIR 3 ns T,
MO 2kW, 27 b RIE1GH, TH b,

KRR BT TiThbh 5, 87, V- -REIBERILSET, ThThOHRKO
He a6 OBEIR B AR 0 50 I PRI 65 1So— 65 6p °Py (1=2537A)%H
WA, IREBHOBEIR, MoT#o Reference Cell KEIL V—#—NE2@BTC Ltk » TIT
HN B, Reference Cell iz i3 B & O/KBRERNAEDSEB L TEO, T HIC/AEH S hiss
Ho #03 T, €-=v$Ricky, LEMNEEZREST, 2O LEDELDBEEHVT, V-9 -
HOREBHB KD ON B, .

HBRPEE LTI, Resonance Cell Cg5fis% i, LIRS TO MBS AR OB &
LTKRDSB, V- YOS DELUEBKESOH, EFd, 107diERONETFig. 16
KRTEDENY - hRoNE, T, 2RTFROAECYEF=1+ 077 - EEEHE
TV, ZOERBEEFOADADBEEET 51D TH D, TD¥Y — Y OREKIZ, KBE I
R DBAE, 7~ —RBRO 2L 150, 7~ — R v |

VL:gF :U'BHO/h Ts—i%n, gl‘\ 6i

gy FE+D ] G+HD -1 +1)]
2F (F+1)

gy

THAo0 5, Fig. 16 DliRE 7 — ) < £ d 5L, KO LCRINBZLICZDRHE
Bv=83MH, &Bon, | =13/ 20#ATE LIS,

b3 W Hg" DISETH B, BRICKRTA V< —PITTIBS He p2 /i34 ~TI
=13/2 ERESI NI,

@ EEETF (Xd4 4 ) - nicEfTic v —¥ - %45 BHE T 5 4k

OiTiBR~<T- Hikid, A% SNz 4A 4 v —s%h—Hcollector Tlkd7/-%, BARIH
T Resonance Cell it8WT, V% —42BETEEVIEDTH-71, COHETRIETF
B Cell OHEEICL 5> 20 THIEDDBENSH S, X Cell DBREA LW THTE-L%2RE
SHBHELHHH, E-LDIYRA-bDEH10~10 Dazxbidb,

LTTHRNG HEE, Fig.1T@QERTLHICEBDEES NI - LICEfTTRY -~ %
HTHHDTHb, - LKEHBLHTHHEGD LN, TDHETE, 14 OFEIIKE
107 ecm/s T, L-#—E—-LOEBEA ImmeddE, 10 sec LARIGHRAL N, &
IR UTFig.18(a) D& H I Hic B S 5 HETI, 20100 B RIGHESEN S,
DOCDHEDORER, 14 vENETE LIk, SROAA VYBERCHEETZA14 D
EESMICERTEF v 77 - B2 1005 ES/NSCRECLETH S, BB, EL—
LNIRBEATAEBHT A v F —BRROLHCEXHEE 3,
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2

mv? mc
=mvov =—— 4dv, v, =const
2 D D

5E=5( -

ME, PHEE v &EEERORIE —EIIES, LEN-TFy 75 -v7hdy,, RUFy
77 WOV DB —EL VI EIRIEE, WhAIUE, M#ETAILickD, KEF
w77 - VI NERBZABPOOIL, Fu T BN S RS, 1A VRiICBT B4 A VD
HEMPREICENT 26010 E4 5L,

1
ov,= 7(1<T/eU)I/2 ov, (0)

&0, T=1500K, MEBEU=5KV £45&, EADI v, (0) DRTICHHBK {1
17400 &155,

WA 4 Y 3BEOAIRAOBRER LY —F —ClREBHEE KO DT, 25 - Lk
Al v -BELT, TOEBKI AL LE FHEETRETS (Fig. 1 7(a)88),
A4 O R, 7Toh ) @RBEMERBT A EICL - THRE ERHE S, COME
R L OB S 0 bFEA EE LISV, (i8I o1, AESROWERIZ 10 em? T,
CDEREE (RO 2B LS EHENARLD 2HOAZ VA STH B,

Fig.17(blic Mainz @ Triga Reactor & on —line IKESFIN-ERAHELH L
TiTbhEB8A%RT ), COEBRTE “'Rb (58s) Otk —aic, 1=4201A
(mzS%~»eﬁP%)@v—f—E—A%bftéef&éowmmmgmﬁﬁﬁﬁﬁw
MEBEEZEZ, LEB->TFY 77 -v7 r2EZATirbhil, LBBIZ 15MH, TER
WD 10£5TH 5,

® YHEIREOH

LB LS WHHET [ Csqy 75 '12Cse, T TORICKEED 2 € v HSHE S 11019
Fig. 19, 55&HDOKE 74 Nilsson diagram T, EEs#iric o TEDEEA LH

TS ERT6DTH B, LR g, »5 (413),,, (420),,, (422)
4 2 Vs

uoz@Q&ﬁUo%ﬁﬁﬁéiﬁ%ﬁmofméo

RIZTAV b =77 bPORBERERT, 74V -7 v 7 M, BlS i Biskmess
ARY bDELD, (BLTED) BEKA SECBHL TIT A VI, ThiEEAO
FHENMOEICEAT 5, FFFfield shift 0 v, CHBEBEFORBERICLKT % mass
shift OMTH 3, b

3/2 ’

1s™ =608 LK (A= A)/AA" (A, A’ BERE)

% “JAD mass shift &, EOETFTIR/AIOL, 1 EFETFRNS OB R EH
BTX5H, hoBBEFz <y FVEBEESD IO LT LB, field shift (3%
DEEHELED 2 ROZ( 6 <r? > L FoL5 5MELS 2,

/ 2 ’
3 vyt = S mze’ 4| p(0)]° 5 <r? >
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AL, 4[e0)]" i, BFBBICEYIHABTEROLE TS S, EbATA Y h—T o
7hE0<r? >ichBlT B EELTEY,

Fig. 19@74 v b =7 v hoRkDon0<r? >hdtk FHOBBELTT oy b
LcbDTHB, N=820Df%EIr? >=0&,LTHBH, N=2820F cHIFIl -
Tdo T8, N=82 TRINEKTH B, 2D oThBiit - TRERSAS (12
CETREDBEFISHMAE KD, BIE N 8 2 TR, NOBAXL-Td, ERHSKE I/
ELRBOTr? >OMMIIEER (0T 1,2 6 <r? >standard & B /-) L O/hE

VO3, N>82 TN LHICEBHREBOEHEDT, E-EEOICT F5, XM
B&mIIENEST S,

(7) L.P.Somerville , New Spontaneous Fission Activities Produced in the
Bombardments of **Cm and ***Bk by '3C, "N, %0 and 0O Ions
TAHTARRBIE L 10T, KRB ZOEHICHE Lo, EMED L. P. Somerville
i3 Berkeley @ G. T.Seaborg & A.Ghiorso ®%4 (Ph.D 3—2) Th b, BED 7 0
—7%, Dubna OFlerov /'v—7 LWL TZ > 100 DEKEBOHFEAD > T 3 h,
Flerov SORR LIHBRBETNTELVEER, Z0OBRET- TV 3, COBMEZD—

HT, Dubna @ FER L7 104 (76 +8ms) 4BRALT, ThAEBEL, H5 <260 gy
OF¥EPIE 19+ Ims EEHRLTO B,

PEDOBHTUTD 4 2DRIEET - Tl 3,
® G0+ %Cm — X By (1994 06ms)

E, =92MeV, 6=44nb
0

® IN+UBk = X HIK (1924 1L1m)

Eisy =819MeV , 0=82nb

13 249 4n 358 258
® GC+7Bk = > Lr (48 +£07sec) —o,No (1.2ms)

E130270MeV , 0=2—4nb

18 248 6n 260
@ 0+ Cm — X

8 96 104

E[s() =109MeV, o¢=8nb

Fig.20ic®@ ORIGOMEEMER T, MEEIR, SISGEEYE 0025 mm OEXD Ni 7
—TIREGT, <A HORBBRING (BOUBH ERE) $THET S H5ETHS, Ni 7—7
DESEFIT0m T, MEHEER 05m sec Thb, COXIICLT, RIGERMOE Rk
FRICK DR ORI, FHHEOBKE LTRSS, Fig. 2010, Berkeley @
7 =% & Dubna OF -y BHILSO T B0, MBRRILRE->TVS, Chic# LT, Dubna
DV.V.Volkov 16 T3 MEN - 1ehr] VS HEMHH - 72 BHIZ Mno J RTHEEEO
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Somerville IZ& < &, Dubna 2 0°HEIDAER->THOBEDT, 50 HBEREMBHI-DIESS
EDT &,

FBRELTO, @, @ORIENS 192+ 06ms DEREMKINLSEESN, T0ms JRE
DRIGIK b RHER P72 E LTS, 19ms OBME LTI, 20104 OafElis®mns,
@D (0, 6n) OMEEHLERLD 5056 KX0C EAMERE LTV 3,

(8) G.N.Flerov, New Approaches to the Synthesis of Heavy and Superheavy
Elements

IEEDO T AV F - bEROGBANCLTOBILAST, BOHTEORERORE - FIELT
W, BlAE, Z=107 DRRA,

"Bk + 2 Ne = *'107+5n+a
Tiibhn, 610 em? ThHd, LHRHOBRTH S, COLSBMRIETZ = 114,
N=184 OBE CRERRHFKS RiAZET,

Dubna Tix A2 EBO L5 Tx/2 T10%y LEbhABELEE (FHTFEEEH ) H
HLzcts, HRABEOMERTEZAEY -7y b ETEIRUGIC LD ZORIBEEMOMNT D S,
ZD (Z, N) OBBEZLTHELVEVER STV B TRIMKITE CRET 2 HEIZES 1)
&5 0. Schult (Julich) OAMICHLT (MRENDEATVE] LDETH -1

BRI IE K 1 - 7o DT, QAT OHFEOEBMIIEES 5,

" M

JAH (J6F) ©  neutron deficient nuclei @ yield #Sspaelation reaction ®Jhs
heavy ion reaction ® yield X0 &\ i2fAH

AK: CERN®D600MeV p o spallation yield A% D3, Wifi#&ss heavy ion KU
DFELVEVEVIBEKRTEC, target DEM100gr PLEEEW S yield BE L1
%o

JRHE (R6F) © Pseudomagic &id & DD Ebkb,

AR: R;=E /E, LE&L, Fig.21Dk5Hic, Pd DEKOR 2R, OEHE LT
By hgBE GPd,, @AV MI (Variable Moment of Inertia ) XD, 5
RK&E(FHha, VMI oKX &R

Jd+1)
(1) Ej=C(1—h)2+——L-
21
IE
2) — =0
ol

TEES 5o OV L L)) 3 EMMURET, C, 1, B35 25 —Th b, Flai 'UPd,
% Pseudomagic nuclei ®—fITH%, Zhid do blevmagic @ '%Sn,, ® 4 proton

4
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hde—4mMumpmﬂde®&&%i%ﬂéoﬂ&K,dmmknwgc®2pmﬁde—
2 hole Xid, 4 particle — 4 hole ®#i% pseudomagic nuclei &%, R g "Ry 7oy
PHVMI MRS FNBHIEEEZ SN DB, 2 particle — 2 hole DFIE LT, **Ti

' 22 26

i&r“,‘ﬁT%O,ﬁﬁmn4ﬁﬁo,4;mnwm—4hMe@%&Lzy'xp%4@mm,

132

20Clos i Xey, , "Ry, , 'mTe,, Shsdons,

24 24 54 78 86
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G. N. Flerov, Dubna, Union of Soviet Socialist Republics

New Sgontaneous Fission Activities Produced in the Bombardments
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V. Berg, Orsay, France
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Fig. 4 (a) Pulse-height spectrum of beta-delayed neutrons from !lLi.

(b) Decay scheme of 11Li, neutron emission from !!Be was also

observed from the reaction %Be(t,p)llBe.
(c) Distributions of correlated events in the !lLi experiments

and with a 1.9 kg sample of 238y,
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Fig. 10(a) Beam line lay-out of the Holifield heavy-ion facility.
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Fig. 15 Schematic diagram of the on-line
laser-spectroscopy experiment.
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Z DAtho
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4/21-25 Advisory Group Meeting on Nuclear Structure and
Decay Data (IAEA NDS)

5/12-14 Symposium on Neutron Cross Sections from

10-50 MeV
5/22-23 Meeting of NEA Data Bank Committee
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for Fusion (IAEA)
6/9-11 11th Meeting of INDC
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December NEANDC Specialists' Meeting on Capture ANL,
Cross Sections of Important Fissile and USA
Fertile Isotopes .
1981
March 22nd Meeting of NEANDC Bologna,
Italy
BE 30w

D Tv7=] %5EMERS : AAREF%45%, 21, 840(1979),
2) )IIFERE: JAERI —M 8163 (1979), p. 51.
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9. ﬁ%&@ﬁﬁt&—&ﬁ@*ﬁ%mﬂ%
(1T I

RTBEORRE FHBROLHNAE BRI A, SR T B, &< IC, BETHELMICL >l
SHIHBRAXEPPHLCHPT 5. CORRDE bUKMO—I12, BRIEDAL T2 0
E%ﬁ%%@%iéc&Tﬁéo—ﬁﬂﬁ@mowfu,55@@%%%%k&%@%@¢m&
DANDZ LILL > THADFENARICKESNhEC L2,

Theories of Nuclear Masses and Beta-Decay Half-Lives

Masami YAMADA*

Nuclear masses and B-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 B-decay, it is pointed out
that incorporation of some shell effects into the gross theory greatly

improves the predictive power of the theory.
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* EMHEAY¥  Waseda University
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WI20e SHICERBEICL TS, BTHZ, hHFRNZAZTASHEICRTSHR bbIT,
WEDRDPOHE - HREBY, TDHLORFICHNNEHERH LD RENTH S, Ll
TNIbM ST, TNETNOMBICKH L TE T TARNEBEMICH T 20455 L L TH8
ELTHBEEDD LI, bhbhOZ ORMEOHRICKNICEL D EARENETHEA S,
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LEICIE, ZOESB—HWLEEFHEE T 2 DT T VLIV, EBAISICERT 2R, BHE
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iteration EREL S B LI NBEREL D TH -1 LIERTETH A9, £ Thhbh
i3, B)ROBE—IG oy &L,

ay =09a,’+01a; (7)

m%%%%uaz&*btotﬁLaém,zwﬁ%m%of%n€nﬁﬁ21tuﬁﬁzmo
WTD a,’ OFH (RE->T a, OEETHHS) Thdo dyic o0 THEAKI Lo 09 &
01 EWSHELE, "EBRE™ £ ialb—va Y TE->TRILEER, RKEVFELELK
WEHITRDI-bDTH 5,
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Fig. 1 The most probable value of the proton shell parameter
PZ for linear shell form.
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Fig. 2 The most probable value of the neutron shell parameter
QN for linear shell form.
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=108} M“E decay of odd-mass Bi i

1 1 L 1 I 1 1 1 1 ]
191 193 195 197 199 201 203 205 207
A

Fig. 9 B++s partial half-lives of the ground (9/27) states of odd-
mass Bi isotopes. The solid line shows the values
calculated by the gross theory including the shell effects
on the decays of the 9/2  states.!V See also the caption
of Fig. 7.
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Estimation of Experimental Beta- and Gamma-Decay Half-Tlives
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which we met in evaluation work on the nuclear structure and decay data
are presented and reliabilities of different methods of gamma-decay
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LD EICHOVTRANG, 7 ABEMOERBIC> VTR, HERVL LN TV 242 ORIEED
B EMEA, LT ho0FHEBEELTITBRRE T EITLIZ,

+ BAXRRTAGESH,  Japan Atomic Energy Research Institute
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2. B MBI R DM

BOLD on line BEMTRDREIC L LB HIEICL > T, stability line A 5k < B
I DEEOEHMZICOW THREH AT » fo —H TRAESEOITRED S, 1020y BL
FTORFBAZICOVTHRBHDBRD SN B L ST > 10 LT TR, HkDFMIETD S iC
PR < B - 12 4 BlIC > T < B |

2.1 JGHam%T O i

BA2DHE- 1 AR TESn, Te LODKEMKICEL, Ag, Cd&h, #DHTIEBa, Cs, Pr
1$ &S stability line o SANIEGH G TH > T, on line BEMFE LS T — 7BH%E
EHEDHIAEICLE F— s REBHLOBOLAT S, RIENRELTIEE, 1EDHIC
delayed neutronz,) proton3)’&iﬁll StBbH B, oY 1 DEBETREKRTEZ3EF— s 58
BTEOL, BESE -2 0BETELVAGH 5, RADFMLIEETS - & bEHEGOH
M,GmmMBMK;6mCd®MET,0%610m55%%f“50CﬂHmU®&ﬁﬁi
B#% TRISTAN CHB DML, 7 SOM%RER > bDTH B, KIC Fig 1123 Cd & 12 n
DN TOL DHhDRIER- % B L BB ERR Lz, 2ICd ko0 T, 4-oflEm® ™8
BEYE-TVED, L LREBOBRENTA->TVHVLEDHEELNE, ChinENLD
ﬁ%ﬁ¢é<ﬁ%%ﬂﬂ§th%i&%ﬁ%?5oﬁbﬁ%ﬁ%mdﬁﬁﬁﬁ%&a 135+
0.3s%#HHB L1,

ZORD W In T, BHEESTY D5y FEE SIckE Ve BICEH LU 1974 EORIE
EOFEO TR E  BFSMIEVEE L5 LA2F I U0, ZCTREFFY =7 v 7 ® 2210 (7,
p) RIST ! In O r OMEEE > MHIGBRAERET -1 E 05, ™o ErEEcH
(T, BEBROBENE A THEEZFAUCEDEOEE > ERABIEIC & w5 - 12,
2 o 9710 13 Fig, 10 FORIKRS W TV 50 MERBOKES S, 10744
D Grapengiesserl‘o@ﬁﬁnfﬁ% bRIZSTHY, 5% adopted value & LTERAH L1z, 73
BYuta 59 I kB bOREHGLE LR £ ERTHSH, M3 ISOLE, OSILIS 72 E0HE
SHBRERHOIERTH B,

22 '*'"™Spn(55y) o BHILE
m%nﬁﬂ/?ﬁ%?,%Mﬁ@¥ﬁﬂ?”%M®b@+«ﬁ@ﬁ?%ﬁ,%ﬁi?

Isomeric transition O#ifllid 755> - 72, Fogelberg S0 g PIMn (23.1s ) 25 21Sp A
ﬁﬁ%%ﬁ%ﬂ%b,%Drﬁ®12w¥—§#6”m&ﬁﬁmliw¥—ﬁ6%kWT&5C
&Y f, KENBS @ Huchinson 51213, ¢ 6.20keV M4 7 &#80 partial half life
ﬁ,%*ﬁ%ﬁﬂtaﬁkﬂsmuow%mWT,76yﬁ£5c&m%,ITﬁ§®ﬁ&mﬁ¢
SRV EETHL, ZDMRE3T.2keV ¥ BROBELREHEREL /2o 8 —photon [6# 5t
iEE R BRI, Fig. 2 It/Rd notation icf - T

*) ar i3 ENBERE T HREK
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(Ig1+ 1g2) ./ disintegration = 1.147 X 10® sec™!. g}
37.2 keV 71 BRDEE I3
I,,/ disintegration = 214 x10* sec’!, g!
37.2keV 7D ap = 11.0 2T,
8. D branching = M =~0.224 1 0.020
Ig1+1g:
BIES Y FL—9—Z2R0T, 629keV 1 & PBEFBRTELEROBERO %L 328
B ~HERLI, ML LTAETO E-DONTI/: isomeric transition 2SEBICIE T7.6% -
20#8THY, 1008 LBbONT7z BHEIAS22.4%10150, B> TZ D unique first
forbidden B transition ™ log fit i3 9.005 5 9.65iICKICZEH B Eicti - 72
BIABHRIIC OV T, BALIED bDIc>0 TR, 30 r SOBREHIED &7 0 DREE
THEARETH 2 LEX TRV, L LEBEICHEBROS S log ft EE L 1250135 B
BORBIENZLEND D0, TN SR r RBEERIC T ORBELHSHBEINTH S,
T RBUHERED SO BRI BEAD B DT, HERVATEOLV LD LS, BEIED
partial halfHdife VI EHR TR R VANA L BE,LE -> TV 3,

2.3 ' Te OBVl
Fig. 313 ' Te 12 HiIE{KRED & 123Sb 7,2 + BT {kIE~D ECHIHAICDW T, Nuclear
Data Sheetls)ltﬁéﬁj SNIBDERL TN D, "Ted10%y & 005 Fukfli,  Aldermaston
551 5 KETIBOMEIck 2 (1244 010)% 10 y £5ic L bdTH 55, 205
AIDRIE 12 K- capture partial half—life & LT > 10' y, > 2x10"y, L- capture
partial halfife & LT>5x 10" y#55 53 cnodvsn b BROERNELK, L - X
ﬁ@ﬁﬁﬂﬁ@é%@nté@f&%ﬁ,”%b@u@¢&k@ﬁ@uumyr§g@gmﬁ
77 Y FllEERMES %, Aldermaston 2B\ T, fiid\ =6 bhris VOEHHETHELTH S
CTENRB,
C @D unique second forbidden B transition iZx} L ¢, lag fot~18 3—Hbé-t b5 L
CBZ %, ekt L T, unique second forbidden transition O
S =qg/1080
(g BKETFHED=2 MY/ DO m,c BIOEHE) 4+EM4 2L
log fot = log fot +1log S =~ 92 '
A 60** C DfEild second forbidden & L Ti3/hxd X3 L, BICCDEBN s, 15 ge,
NDOOL =4 DLIEGEETH L LAEET 5 L2 NSBE 5o FEOERIIE 2 ~ 3
ordet K& TRWVWHDEBLNZ, 7B Raman HO log ft {8 ® systematics ,15) B LU 0ak
RMg@TDV?AK&%%ﬁEM&&@ﬂﬁ&@ﬁk(hgﬁhﬁ&éoﬁ%@ﬁ%®ﬁmﬁ
PHETIODOT, Zh5DRI>VTHRHATTH B,

**)C@M%KOPT@»MBE(Ek)ibanP%htYéibho
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2.4 3Te, 3%Te o 2# BHLE

Fig.4i3 Table of IsotopeB T L O -7 '8 Te, Te OFEREKLTHZH, 1020y
U EDFBIABRE S 0 BDBE ORI TH S, B Te, BTe B ond, @D Sb BLUI
LobrarvF-mELS, BEOBEKRTIILRERNIITHE (Abundance (3% Te 1.9 %, '3°Te
39 %) THaHH, —ROBEFTEREL T/ SRR THE,

28Te > 8Xe + B, + Vi +B+Vy, I (2-v)
DEHIE2 DDBEFENPWHFEBILT BN ATREICTE S, $26 L T & Ktk
FHE—TH0 (Majorana =2~1+1/), L7+ YEURELEN T 35E1ICH,

128Te — 128Xe+ B, +8, D(0=v)
DEIIC=a— b)) 7 RHEEDLEN 2E BHBLTRET, 2OERGFAHOELELIETH 3,
COEIBRNFHLEDHBEAL S, HHD 2E HBEORIEREE LITONTRED, 205
TEBHFMDIIHICEIT T T positive KIERME SN T I - 2,

196 0FERDOEED S, HTWILATICET NS Xe R &, AKRPIREENS Xe 2D
abundance DH#D HFipAKD % &S geological SRIEED BFRIC & » TEFHE 2@
HEBENBEIICH 1200 GROERRMEE OK—Ar (131x10° y) IKEBAr # 2%
WTITHON TV 508, SOOHFICERICH LY b0t Xe 12D ' Xe, ¥ Xed Abundance
NEGHO b DIB~NTEO DR, HETIKEThE Te D2 EAMBICLEbDOTHEE LT
Kb kR

Kirsten 18)

ack
t Ty ( 130T ) = 1pel3¢t0az ¢

19 . — 1021.33‘-’10.10 y

Srinivasan
EEV—HABTV 5, %7 Hennecke 243

Ty (' Te)
Ty (13%Te)

— 10320fe01

S

L0, Tye (BTe) = 10205002y 240m4
CDratio S, 2EBFHBOFEL AN =X LRRIUMTFORBEEE S bOBETELC LA
ALTV B, ' :
TD=a—bY) AL LS 2 HEABMBAEBEBAIL LS LV SRABV L ohd
5%, Fig.513, "*Gen2 MHEANET 258 % OBITH 2, Fig 6icRd L5, 250
BRFOTALF DI, —a— b/ BHZESIHICIZERER <7 M ICE B0, =2 —
U/ BHEEDTORICR TERET A L4 —ITHYT 208V E— 2 BSSNEETH 5,
Fig.5(3 Ge BT, HOHHOHIC 7.67%® natural abundance T2 3 ®Ge M 2045
MeV HEEICHON 5 bHNIE W peak 2L LD LV S DT, BELEKEREL - Eic,
YT TV Y AVDRITHELAAT 440 0B IDRIE 1T - 120 K513 negative T, °K,
B BBy, EThIC K BNy 7 75V FRLEICRBRIS hiih 5t =2 — M) HRIAMEPTS
W2EBBIBOEME L TR, COFERBRIKED T2 (Ge 1 0—v) >5x 102y L5 flisss
HEOBMREL L THEZ 5TV 3,
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3. 7 BB E RO

r BRI SRNECRE DO ERIRRIE X, BADRIER B LUBEFLE, ARBENORBICK-T,
BERT—IDBBONELHICE TV, BIIEKIGTRHE L BEE S HHEN S r i
A ¥ — D Doppler shift ZF A L REEBMOESICL - T, 1EAERCRE Y FiIKBd
L0 OPDFEIKEED ps BEOHEMMRIEIND I E, HEGICH LVaEEIREL T n
D205 5b. r FRMONEEIEEERTH-T, TNODTXTERERTELLBEBAAR
ARETH D L, BRAVFEMEH TEHR - -HBATH->T, TOEBNTHIEN, &£
L r FRMHEOSRIKE BT EDOICEYITH 5 LIRSV, FRIAHIE DSk OMBK
HE LT, Fig. itz DA &L BIERRE ERIHORBER L, b AAZNLRERDE
#, 1EAE T RO A VE -, R OI A V¥ -RBLEOBMTEH-» T, EEEDOEVT—%
BRENTHOLEFEDS - EHBFMUBABTOAEONE I EREIETTHR L, LEM-TRA
BAMBICHE L CHSART S C ERTERVOT, UFENTNOKH B0 Lk M
CEAL, 1, 2 OREFEENT 5. '

Blocking , Channeling (3 7 fiE L~V TIREL, BIIGV_XVOHEGIBGEL 76D TH 5
A, OB EELOHBD1-DICFig. TIREDTT L.

3.1 BIEERREE
CHEb-EbELDOSHVLONTRAFET, KICH2 BB, rBREalETHRIbENS 7
B, NEERETE XEsOMMBRAETRETHNL, PRMKEDEMEZNET 25
BEThHb. BoLORIES, [EEEEN, STEELE OES ICk > THEAAMEENKTIcKE SN,
FHC T 2 W -SG9 MELZ D Ge RNBAMATACLDTE 2 ms, ps FAETI, HHS
FRERE I L T > L b BWIEAETH 5. Lo L ns order D5 FH MM T IR 5 W 6E
M &y Nal, plastic scintillation counter iZ# 5 & 3 %1875\, Fig. 813 12 Te @ 7T iKEEDFH
% 25O Nal W T rr(t) BIEL 7, Fig. 913 ' Ted 61 {KEED Fér % Nal & plastic

BB AT BT (ORE L BT, 2022404+ 0024ns, 6912 ps 28T 32
BT 7 BEREAIC A U C B IR A S, BRI LTI, T R — R
BEASTE 1201C T DIRD, N9 75 Y F OBBIC & » TRVEEERIC Vo BHBT DAk
DIER & LT, % 20T & 1 BOBERMHES, MEEO VAL LI~ L5 H>T 18
DHIBARET 575 EOHEDS 3o

3.2 7 —wa v

CHOBITRLHMONTVAHETHEDOTIS THLLARD T LG LEWY, ZOFEEIZ
RN TR FRIC AR T BICE S BRI E(L T 2 BREEERICK B TFEOMETH
Bo AR T DI v+ —HhCoulomb barrier L FTH 5 & &, ZORHEM I ERXTS
BRICERICHAT 5, B0 r BB RROA > nEMABRIcL 3 0t>21, 07>37, ot—4e?
13 EDESXHIE reduced transition probability BE2, BE3, BE4 DK & X 2R 5 DITKE
HERELI, '
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FIEA Y EROLETR ORI S KBk 5 Doppler shift % FIH L TCRIEE~NDIGATS &
H 5o BT HBMIEER - 1T}, ROEMER TR ICEHEOSVWHETH 25, &
HETHEBED 6D L, ERBETE IC WREBICH L TRBIETE 0o 2 OHET
EENE S N DD FESRHIE 7 /I & 2 partial half-life Th - T, THAMMDS ETER -
T BEIRED total-life & HBKT B 1bicid, EAIRE2 +M1 OM1 EBORZEE, B
RE (BLUSLDRE) DR EVDl, T 17 DORIRIKED S KIS 02D 7 ¥ROD 5 i L 75
EOMBAEVELET B,

3.3 Nuclear Resonance Fluorescence

TSy MRICAS A S WIE, HAEIREL FRICHE T T3 v E — 428 - T
LK, T MEIHBBENEWEEL SN S, TOMELMERD SREERED L ~XVIEE, L
1> TERERD B HETH B, Fig. 10 LU Fig. 1113 Metzger 5ic £ 3T 20—l
ZREH, M Tek 0 '*'Sb DB THINE NS 576 keV 7 HEHU IS TR H LS
LLH&Ed %, 576 keV BIRRIREDHFMIBH 107" s TEDO L3 ERICNE L, 576
keV 7 SiIDH XN BT OKBE TS 1.5 eV DT xVF — LD L HIKIRIN I LTV, £
CTFig 11IERT LI Te MBAEREIE B EICL-T, KBKTE -2 7 LFE— 4[]
B LB A ES 43, Fig. 10 DHRICET & 5 ICBEORERES FF2 I/ -7, $9
BT A V¥ —DNS12506 keV 7 SROMIEMELKRBEICHL B0, DWT576 keV rigid
HIBHEDEOHEH 5, THOAHRNEFRBLADE ST LTk 9 BRIKEED total-life A3
KE o COMCOBMFELMLTHEI I LF-FHOLD, BB F LINAC 2> 50 | &)
BHr WEMCSED, O r &%, 1223V (n, 1)OrEEHVSED, (p, 1) KGIC
L LBED y RBELESLEDHENH D TDOHER 1070~ 10715 S LS A # SRl %
Froh, WBHMKRELy 4y MK, RERE~D r BRBLHLEESLELT 2,

3.4 Recoil Distonce Method (RDM)

Fig. 12 DA MCRD MOFFENAERT, &EA 4 VEKIG, 7 —o ViR ET target %43
KD 0.1 ~¥¥— & v FEETHAERIROM T, 4 -4 hSIED OB ICSEBIOK
Be% stopper (plunger) MEAN T\ B, EEDTHENVIEZLS T E15<. Effthicy Ak
HLUIBEIC, bEDrzavd —-%Eo, IKBRHE DHEITH M & RSSO AES 0 & LT,
Ey =Eo(1+(vt)cosb) dDxrrf— o, TOICX L CHEEED %% - T, stopper
PTh-> T OB SNI T DT VF~ZE, =Eo Tk %o

Fig. 123D ("0, pr) "O ET7OD8T1 keV D 7 % 6 = 122° TEIH L #-HI T
5 D=ODBARTNTIE-Thd 782K L, 780 Doppler shift kE &kt D —
D =2.54 mm T3 Doppler shift L7:855 keV & shift LT 50871 keV rihs
comparable SIS TRON B, X HICDEKRE T3 LA EBETNIC 7 AR L1 b0
iC18%0 CDF 5 DRHTH O RBEEDILEA vC = 3.6 B, KBS 162ps & ¥ty
DPITHRHEIICBT1 keV DE~ 27 DBIAYSNCIEBDAS, 1.73 mm, Hdsk < 15310
WE->TH—%"» b&plunger DEEBEIX & > ENE 75 B, HE- TRIEAIRES Harid 1 ps BEE T
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Tbh b,

g =4y b& plungerDWEREE—EICR D, HOBMMICED HK, /-2 OE%ER 30K
BIAREHD LD, VP —RBEROBHENE O, LWOSNbHE 0 SELHFHER XA
%o MAFMOMERELHET ZICEBORB T X VE -2 0EL 3, $1-BiET 2iRMIC
LT, €0 é comparable/SHEREHESEHVHRIRREDN SO 1 GAE L TRLESIC IR
FHICHHICIT Do TOMITOBBENS — 4y M Tk BB D H A & D 50D E A
BREBESH B, L LEAS, FEMICIAZICEREDS CERBESETS - T,
107 ~ 107%s f TRb-LHHEATH 3.

3.6 Doppler Shift Attenuation Method (DSAM )

IRBH% % absorber D TIE BBAIE3~5 X 1073 s TH B4, BAELLD LS EQAT
NI TR BpIEP TN, TOFRALEDEO RIS ¥ BEKILT 2D TR4LIC Doppler
shift Lz 2 v¥—%52 30, EMEHEREMNECERTER L, FREGHEERICEVE
FRA EDERITIE > Th S shift LISV r AT O T, RROFARSSH L, H{ LT 107
~ 107" s fftkA Doppler TYk - /- lineshape %54, (@M EDHNE L%, Fig. 13
Bve~1%D"AlD 1014 keV 7#%, 65D absorber Ca, Cu, Ti, Ba, Ta, Au T
B 60T D 2 nEnORITEMO peakid shift LW 7 BICES bD, Z2DOEHICH< S
ATV BD M Doppler shift L7z r 8D lineshape 5% 3, BRDT LM LEWCa DAY
Wo KO ERBBEIED S LRSS, BOoN-EtgEMITI Ta D1.68ps 1, Cad
2.27ps &L~ THO, MDAk, THbHHERDM, resonance fluorescence 75 & D 3R
KEBEOSVHDIF2.1~2.2ps TTi, Ba absorber ZH 1z DITiHEV CDIESHED
BRI absorber HOBILD B IRV OREED S BETHS EEASNTNEN, ok
HIEE I PR DORERIZ B A TRl - 7 KERI, RO T 3 L E - dUNES 0 & 2 A TREBABT
DHBEOEALHRFERI fluctuation 252X 3¢ LOEZEDONT UV B, > TRIEE BT &
IRBET AV F—2KELT BT EEEDNBEICI 5,

T AEMS RGO X O LIETFRIC LT3, RDM T bRIBAICTS - 755 O Bt HEAT H>
Bﬁwﬁﬁﬁﬁ%“@fﬁﬁﬂm@ﬁﬁﬁwﬂéoij4ﬁmYb®§Eﬁ%@ﬁN7FKE
1565 8%, 101, 12RO PEBERERD1HITE B,

DSAM #E DEERT -y DBAERICE > T, BHTICSLEIHIEDE SN > TRT
WAL, FRBALICHEKDS ZFTHORRIKEDE  Hips order D Wil - TB2 &
Po, SRFTESTCOEEMANT OOLEDONL, EREBOMALTED 1o, ke
B ERET 2HENVLVAELOLNTEY, b-LbHNbDTIRO0(2C,a) *Mg %
LT, M#Mgo 13.21MeV 8T HRIBICH LT, 33+16, — 1.8fs AEOAT 2D

3.7 LS THE

BETIRIDFFHDO—EDI —o VI EEZ TRV, 12 ¥ LEIFREIKEVWTIR Y — o /48
AfEMAS, BRMBSBEBAEEB (EL) AM20IEL, BRI CE 2 — o VHEER
A8 <, MAMRSEMIERB (ML) %Ml 201V, BEENICEEREDOSVHETH S A
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ML L TRTBERRICEL DYy 775V F, TAVE-DIREHSBOC &, D 1HEHISE
ONBZMERIDIENT L EBET SN B,

Mossbauer %)%, Blocking, Channeling iZ2WTld, MEHBHAITHZ T &, AEick
NIHEERBETER LS BB TN E05, TOMETIRBRAT S,

4. AEFEOHE

SETICBE LIt AWALRIEREE, ZORERME» ORI E- o @AMRAEL, #-T
HHMERBICHT 2HRDPOZTDHEOBEEHT 5T LMKV, T > Tidref. 27 h o,
E8&RLOREE S A —N=5 5 LT B 220050 T, EOBEO-—-EMESATH
%NS 5o
‘Table 138XV Fig. 15 132*Mg® 1.37 MeV B REDOEEHEGAELHE L1 6D TH 5,
Fig. 16 KB THRA SO —FHHL O LWME 1.97ps 3, WEORWVW4->D 7 — o VD 7
—IDPOWMONI-bDTH D, MMIIERRED 2RICHEIHIT Z2BT, HEONFEEDNE
LHDOEEOLANT 2 DD contour id, £DHITIF consistent, ZDIATIFSI/ Sh /i
EPNSBELLVSHE AR 525, 7 -0 VEIEEIZ 1960FEDF - 4 2REERLAE-TWV 3,
EFHELbE 27— o YEHEIGEV,, Zhicst LT resonance fluorescence 13 2 D30 25,
fthd 6 BB E 2% 52 5, DSAM (37 — o Vil &k 0 &V fEAFSA5, contour DT
BESE>TW 5, DSAM OFEA &+ VA2~ 128 Ti3, 7 — o VlRIGEVEOESLE S h
TW%, —ARDMIE Y — o VHEICENTR S GWMEAH LTV 555 contour DHRICA » T
B9, 2ps ABEL TR —BBRBVWERINETH 5,

Table 2 & X U Fig. 163 2Si @ 1.78 MeV Bl REEIC OV CRIBOLE AT -1 6D TH
b0 DT -4 FH VDML, DSAM DT B2EE L TESDVL TS, ZniEE
WBTHWT &R 5,

6. HHYIC

LB 2 DPEHBERR T — 5 O %23 2 LT, WAVARIEICK 720, BLAFE 1260

ZHic LT, FEHEO A RN, A2 ORMEBMASHREINTRIERITZ, BRAD
FICHRICLIET 2 v F - DRHEREEIC DWW T H, HHOB SN TV S EDIIFEA EDKT
LOBU PO L~NITBE SV, B TSI 2805 6, ISHITOHEEE» S b, kK
WHEHTEHEMRIET -7 DB oNE T ENEETNTH B,

REOFMEHEZB TR LD, B, r¥BlEOVTRIIEVTS, BicaEHo s
CATERFLECOENSI T -5 %<, TOFRR%ZIELFERT 2 DICHKHN), HRWEL -
PO LI ERSND E VWS T ETH D, RAFMADUNIBEED B ki, BEICHELT
BN OEPIRDOBNIBE %, 42 DFFMIEBITEIE 5 L S ICHNIEEE - TV B,
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I 1 1 v T T T T T L T
(a) 121cq —o—

— —- -1

L o
——i
i ] (] i L 1 1 T 1 1 ] 1
10 15 Sec Ti/2

(b) 121gIn - -

e —

— —
—8—i
(] [ 11 I [ 1 I L 1 i
20 25 30 Sec Ty)2

T T T L) ' r 1 ¥ ¥ ¥ T

(c) 121y
— —i- ~
*— —
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Fig. 1 Comparison of the lifetimes of some short-1lived activities.
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Fig. 5 The apparatus ;nd local shielding used in 76Ge double

beta-decay experiment of Fiorini et al. (ref. 21).
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Eo

Ee = EBl + EBz

Fig. 6 Theoretically predicted spectrum of the sum of
two B-rays of the double B-decay.
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Fig. 10 Decay scheme of !21Te and dependence of
the resonance scattering of the source
velocity in centrifuge method (ref. 23).
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Fig. 11 Experimental arrangement for the scattering
experiments with the centrifuge method (ref.23).
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Fig. 12 An example of a recoil distance lifetime measurement2%,27)
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,
170, respectively, The decay curve is shown as a
function of the target-to-plunger distance.
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Fig. 13 Doppler-broadened lineshapes for the 1014 keV Y-ray
from 27A1 slowing down in six backing materials.25527)
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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Fig. 14 Doppler-broadened lineshapes for transitions in !7%vp
produced by 595 MeV !36Xe incident on a 174yh forget.26’27)
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Fig. 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 (AT)”2 where At is
quoted uncertainty (ref. 27).
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Fig. 16 A plot of the lifetime measurements of the 1.78 MeV
level in 28Si (ref. 27).
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Table 1. Lifetime measurements of the 1.37 MeV level in 2L‘]"Ig (ref.27)

——
Method . T (psec) Reference
Electron-scattering 1.9 +0.2 Hel 56
1.85 4 0.2 Tit 69
1.89 + 0.19 NT 72
. 201 £ 0.12 JD 74
Resonance-fluorescence 1.7 + 04 DS 58
' 1.1 +04 . 0S 59
1.1 £02 Kai+ 65
1.11 4+ 0.13 HK 70c
1.6 + 0.6 . MSR 60
1.95 4 0.26 Sko+ 66
1.3 +04 BCW 64
1.92 4+ 0.15 . Swa 71
Coulomb-excitation 1.3 + 0.4 And+ 60
198 + 0.14 Hiu+ 70a
20! + 0.10 VHS 71
' 1.92 + 0.14 HDF 72
1.92 4+ 0.13 BPB 75
DSAM 1.60 + 0.2 CJ 68
14 + 045 MRR 72
1.7 £ 0.8 AR 69
1.44 £ 0.22 RB 68
18 + 0.6 Bak+ 72
DSAM HI 2.07 + 0.34 Cur+ 70
‘ 1.65 + 0.15 Pel+ 69b
1.82 4 0.14 For+ 74
1.92 4 0.12 Sch 73
RDM 2.11 4+ 0.16 ) AB 70
' 225 + 0.09 BBE 73
209 + 0.13 Hor+ 75
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Table 2. Lifetime measurements of the 1.78 MeV
level in 28si (ref.27)

Method 7 (fsec) Reference
Electron-scattering ' 600 + 100 Hel 56
540 + 50 Lie 66
810 4 110 NT 72
Resonance-fluorescence 720 &+ 60 SR 63
560 + 150 BCW 64
710 4 100 Sko+ 66
600 + 120 BI 67
620 4 150 CJF 68
Coulomb-excitation 500 + 200 ' And+ 60
660 + 130 Afo+ 67
718 + 38 Hiu+ 69b
' 689 + 83 NSD 70
DSAM 580 =+ 100 GBM 68
710 £ 60 RB 68
710 + 80 Mac+ 68
860 + 110 AR 69
870 + 220 GL 69
610 + 180 Ale+ 70
DSAM HI 730+ SO Pel+ 69a
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FNz=9 sBNBERHCT280~2750keV DEHTH Vv~ HEEARELE., F
v =0 LGRS EEOBERE L ABHONRY - FH v < BRABO T&E Lo 2Mn,
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Precision Measurements of Gamma-Ray Intensities

Yosei IWATA*, Yasukazu YOSHIZAWA*, Toshio KATOH**,
Tetsuzo KAKU*, Yasuo IINUMA*, Jian-zhi RUAN***
Toshiyuki KOJIMA*** and Yasushi KAWADA****

To determine relative intensities of gamma rays in the region of
280 v 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 52Mn, 3%Co, 88y, 90yp, 110myg  133g, 134cg,
152Eu, 15L*Eu, 1921y, 198Au and 297Bi 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.
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Debertin 5" ~5), Idaho ® Gehrke 1’96), Livermore @ Gunink & " itk >T 1 %2
* NI = N 2 Hiroshima University

** 2R KE Nagoya University

*kk Y B KF Rikkyo  University

*rxx BB RNKRE AT Electrotechnical Laboratory
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Table 1 Evaluated values of calibration gamma rays.

Gamma-ray Intensity
Nuclide Half-1life energy per decay
(keV) (%)
2%Na  14,987+0.020 h 2754.0 99,881 +0.008
1368.6 99,994 +0.003
S 0Nb 14.6 h 2319.1 81.81 +0.08
1129.1 94,22 +0.09
88y 106.61 +0.21 4 1836.1 99,24 +0.07
52Mn 5.67 d 1434.3 99,9871+0,0014
: 935,5 94,89 +0.03
6%co 5.272+0,002 v 1332.5 99,9816+0.0015
1173.2 99,89 +0,02
22Na 2.603+0,004 vy 1274.5 99.94 $0,02
“6g¢c 84.34 +0.13 4 1120.5 99,9871+0,0012
889,3 99.,9836+0.0016
S%in 312,16 #0.11 4 834.8 99,9746+0.0025
13%¢cs 2.061+0.005 y 795.8 85.51 0,05
604.7 97.64 +0.06
108Mag 127 21 y 722.9 99.7 :o.4a;)
. 614.3 100.00 ¢0.03a)
434.0 99,48 +0.09
85sr 64.68 *0.24 4 514.0 98.4 +0,4
203y  46.60 *0.02 d 279.2 81.48 +0.08

a) Relative intensity.
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Table 2 Error estimate of ®°Co 1332 keV gamma rays.

Item Error (%)
Hiroshima Nagoya
Source Systematic 0,201 0.201
Statistical 0,042 0.042
Evaluated gamma-ray intensity 0.002 0.002
Half-life 0.002 0.002
Peak area Tail ki, k: 0.02 0,02
Counts 0.045 ~ 0,116 0,073
Background shape 0.01 ~ 0.04 0.01 ~ 0,04
Source-detector distance 0.4 0.14
Sum correction Total efficiency 0.005 0.013
Angular correlation 0,001 0,002
Normalization of counts a) 0.030 0.154
Total 0.261 0.303
a) Normalization of integrated peak counts for different energy

range spectra.

Table 3

x? for various efficiency curves. xu2

means the reduced

x? value, xv2=x2/v, where v is freedom. The last

expression shows the final efficiency curve, where A

means the graphical correction.

Hiroshima Nagoya
Efficiency curve
xz sz xz X\)z
ag™P 362 26 212 21

exp(ao+a1E +a;E2+asE3+a4E*) 358 33 55 7.9
a;eb‘E+azeb2E+a3ebSE 9.0 0.9 7.2 1.2
a,E P (i=1,2,3) 21 2.1 5.1 0.9
exp(a_i1/(E~b)+ao+a; (E~b)) 26 2.2 13 1.7
exp(a-1/(B-t)+ao+a; (E-b))+A 9.2 2.8
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Table 4 Gamma-ray intensities for °2?Mn, %®Co, %%y, °%Nb,

110m 133 4
"Aq, Ba, 13 Cs, 152Eu’ ls“Eu, 1921r’ 198Au

and 2°7Bpji,

Gamma ray
Nuclide
Energy Relative intensity Intensity per decay
(keV) (%) (%)
52Mn 46,0 1.032 +0,026 1.032 0,026
398.1 0.088 +0.011 0.088 +0.011
399.6 0.170 £0.017 0.170 0,017
502,1 0.218 +0.026 0.218 +0.026
600.1 0.387 £0,026 0.387 0,026
647.5 0.43 0,03 0.43 +0,03
744.2 90.8 *0.3 90.35 0,07
848.,2 3.39 +0.03 3.39 0.03
935.5 95.0 0.3 94,89 +0,03
1246,2 4,32 +0,09 4,32 +0.09
1247.8 0.37 0.09 0.37 +0.,09
1333.6 5.07 #0.03 5.07 0.04
1434.1 100.0 0.3 99,9871+0.0014
1645.8 0.056 +0.004 0.056 *0.004
1981.1 0.036 £0.003 0.036 0,004
S¢co 486,5 0.061 +0.010 0.061 0,010
733.6 0.193 0,012 0,193 $£0,012
787.8 0.305 #0.013 0.305 0,013
846.8 100.0 0.3 99,920 £0,007
896.6 0.095 0,018 0.095 0,018
977.4 1.435 +0,016 1.434 +0.016
996.9 0.129 +0,014 0.129 +0.014
1037.8 14,16 0,05 14,15 +0,07
1089.1 0.05 +0.03 0.05 +0,03
1140.3 0.131 0,021 0.131 +0.021
1160.0 0.095 +0,014 0.095 +0,.014
1175.1 2.241 +0,012 2.239 +0,014
1198,8 0.051 +0,009 0.051 +0,.009
1238.3 66,06 +0,21 66.0 0.3
1272.0 0n.025 0,008 0.025 *0,008
1335.5 0.130 +0.006 0.130 +0,006
1360.2 4,265 +0.017 4,262 +0.,022
1442.,7 0.172 +£0.007 0.172 +0.007
1462.3 0.084 +0,006 0.084 £0.006
1640.4 0.070 +0.011 0.070 +0.011
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Table 4 (continued)
Gamma ray
Nuclide
Energy Relative intensity Intensity per decay
(keV) (%) (%)
1771.4 15.49 %0.05 15.48 0,07
1810.7 0.657 *0.023 0.656 0,023
1963.8 0.707 *0.011 0.706 *0,011
2015.4 3.026 *0,014 3.024 *0.017
2034.9 7.766 *0.028 7.76 *0.04
2113.3 0.363 *0.007 0.363 0,007
2213.0 0.389 +0.008 0.389 +0,008
2276.1 0.124 *0.007 0.124 0,007
2373.5 0.083 +0.011 0.083 +0,011
2523.8 0.068 *0.011 0.068 +0,011
2598.6 16.96 +0.06 16,95 +0.08
2657.4 0.021 *0.006 0.021 0,006
88y 898.0 94,4 +0.3 93.7 £0.4
1836.1 100.0 +0.3 99,24 *0.07
*ONDb 329,1 0.12 *0.07 0.12 +0.06
371.3 2.14 %0.04 2.02 *0.04
518.6 0.59 +0.09 0.56 *0.09
561.6 0.124 *0.024 0.117 +*0.023
757.9 0.069 +0.024 0.065 0,023
827.7 1.30 +0.06 1.22 0,06
890.6 2.05 0,06 1.93 0,05
1051.5 0.25 *0,03 0.23 *0.03
1129.2 100.0 +0.3 94,22 +0.09
1270.4 1.253 +0,020 1.181 +0.019
1470.5 0.50 +0.03 0.471 +0,029
1575.0 0.531 +0,025 0.499 +0,024
1611.8 2.54 +0.03 2.40 +0.03
1658.1 0.302 +0.023 0.294 +0.022
1716.3 0.561 +0.025 0.528 +0,023
1843.3 0.73 +0.03 0.69 +0.03
1913.2 1.41 +0.03 1.33 +0.03
2056.3 0.13 +0.05 0.12 +0.04
2186.2 19.19 +0.08 18.11 *0.08
2222.3 0.67 0,03 0.630 0,029
2319.0 86.68 +0.28 81.82 +0.08
2741.0 0.0102+0.0026 0.0096+0.0025
2747.8 0.0081+0.0026 0.0076%0.0025
11ofMy 365.4 0.091 +0,019 0.086 +0,018
387.1 0.08 +0.04 0.07 +0.03
396.9 0.06 +0.03 0.06 +0.03
446.8 3.955 +0,028 3,739 +0.027
620.4 2,965 +0.019 2.803 +0.019

— 163 —



JAERI - M 8769

Table 4 (continued)

Gamma ray

Nuclide
Energy Relative intensity Intensity per decay
(keV) (%) (%)
626.3 0.228 +0,014 0.216 +*0.013
657.8 100.0 0.4 94,54 *0.20
676.6
6776 } 11,09 +0,08 10.48 +0.09
687.0 6.80 0,06 6.43 +0,06
706.7
208.3 ! 17.66 0,10 16.70 0,12
7443 5,000 +0,027 4,73 *0.03
763.9 23,55 0,09 22.26 *0.13
818.0 7.76 +0.04 7.33 £0,05
884.7 76.76 0.26 72.6 *0.4
937.5 36.31 *0.12 34,33 *0.20
997,2 0.142 0,005 0.134 0,005
1085.4 0,066 +0,012 0.062 +0.012
1117.5 0.041 *0,006 0.039 0,005
1125.7 0.038 +0,008 0,036 *0,007
1163.2 0.079 0,012 0.075 +0.,011
1164.9 * - L ] L] - L]
1251.0 0.024 $0,007 0.023 0,007
1300.0 0,025 +0.008 0.024 0,008
1334.4 0.149 +0,006 0.141 *0,005
1384.3 25,66 0,08 24,25 0,14
1421.0 0.03% 0,003 0.037 +0.003
1475.8 4,222 +0.017 3.902 0,024
1505.0 13.78 0,05 13.03 *0.07
1562.3 1,087 +0.007 1.028 +0,008
1592.6 0.0221+0,0013 0.0209%0,0012
1629.6 0.0061%+0,0011 0.0058+0,0010
1775.4 0.0067+0,0011 0.0063+0,0010
1783.4 0.0103+0,0011 0.0097+0.0010
1903.5 0.0158+0,0015 0.0149+0,0014
133pa 276.4 11,53 +0.06 7.15 *0.03
302.8 29.48 0,14 18.28 0,06
356.0 100.0 *0.4 62.00 0,14
383.8 14.39 $0.06 8,92 *0,04
134csg 563.1 8.57 *0,03 8.37 £0.05
569.2 15.78 *0.06 15.40 *0,08
604,7 100.0  *0.4 97.64 0,06
795.8 87.5 0.3 85.52 0,05
801.8 8.89 *n,03 8.68 0,04
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Table 4 (continued)
Gamma ray
Nuclide
Energy Relative intensity Intensity per decay
(keV) (%) (%)
1038.4 1.008 *0.005 0.984 £0.006
1167.7 1.827 +0.,008 1.783 +*0,010
1365.0 3.074 +0,.013 3.001 0,017
152y 295.9 2,14 *0,04
329,4 0.711 0,014
344.3 127.9 0.6
367.8 4,16 *0,04
411,.1 10.90 +0.05
443.9 15.06 0,06
488.,7 2.031 +*0,015
503.5 0.768 *0.018
564.0 2.43 *0,04
566.6 0.64 *0,06
586.3 2.19 0,08
656.5 0.71 0,05
674.6 0.94 0,05
678.6 2.28 0,05
688.6 4,20 0,04
719.3 1.67 0,03
764.8 0.95 *0,05
778.8 62.16 0,22
810.4 1.56 0,04
841.5 0,837 *0,023
867.3 20,33 +0.10
901.2 0.40 *0.05
919.3 2.08 *0.06
926.2 1.38 *n.06
930.5 0.37 *0,06
963.3 +
964. 0 70.14 0.23
1005.1 3.078 *0.024
1085.8 48.15 *0.16
1089.7 8.35 0,04
1108.9 1.0n 0,05
1112.0 64.67 *0.21
1212,0 6.85 *0.05
1249.,9 0.875 *0,024
1292.7 0.46 *0.03
1299.2 7.80 0,05
1408.0 100.0 *0.3
1457.6 2.391 *0.029
1528.1 1.346 £0,013
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Table 4 (continued)
Gamma ray
Nuclide
Energy Relative intensity Intensity per decay
(keV) (%) (%)
15%Eu 401.2 0.49 *0,04
444.5 1.64 +0,03
478.3 0.626 +0,027
557.6 0,758 +0,024
582,0 2.61 *0,03
591.,7 14,35 0,06
625,2 0.927 +0.021
676.5 0.47 +0.05.
692.4 5.182 +0,025
723,2 58.19 +0.21
756.8 13.18 0,07
815.5 1.51 +0.05
845.4 1,687 +0,021
850,7 0.692 +0.023
873.1 35.18 0,12
802.8 1.497 +0.026
904.1 2.62 0,03
996.2 30,09 *0,12
1004.7 52.04 *0,19
1128.,5 0.90 *0,04
1140,7 0.671 +0,014
1241.4 0.38 +0,05
1246,2 2,49 +0,04
1274.4 100.0 +0.3
1494.2 2.058 +0,.016
1596.7 5.247 *0,026
19271y 283.3 0.303 0,022 0.251 #0,018
296.0 34,62 0,17 28,70 +0.28
308.5 35.84 +0,18 29.71 +0,29
316.5 100.0 +0,5 82,9 +0,6
374.5 0.861 +0,008 0.714 +0.009
416.5 0.800 +0,010 0.661 +0,010
420.5 0.078 +0.009 0.065 *0,007
468.1 57.50 +0,23 47,7 +0,4
484.6 3.810 +0,018 3.16 +0,03
489.1 0.525 +0,009 0.435 x0,008
588.6 5.398 +0.021 4,48 +0,04
593.4 0.052 +0.003 Nn,0432+0,0026
604.4 9.75 +0.04 8.08 +0,07
612.5 6.336 +0,025 5.25 0,05
884,.5 0.3420+0,0024 0.284 +0,003
1061.5 0.,0631+x0,0011 0.0523+0,0010
1089.9 0.0010+0.0005 0.0008+0,0004
1378.0 0.0016+0,0005 0.0013+0.0004
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Table 4 (continued)
Gamma ray
Nuclide
Energy Relative intensity Intensity per decay
(keV) (%) (%)
198aqy 411.8 100.0 +0.4 95.56 *0,08
675.9 0.841 +0.003 0.804 *0.005
1087.7 0.1664+0,0021 0,1591+0,0021
207gp§ 569,7 100,0 *0.4 97.74 0,03
897.3 0,122 +0.013 0.119 *0,.012
1063.6 75,79 +0.,25 74.0 0.3
1442,2 0.132 +0.005 0.129 *0,005
1770.2 7.026 £0.029 6.87 *0.04
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Table 5 Intensity balances between feeding and outgoing

transitions.

Transition energy Reletive intensity
(keV) . (%)

52cr 2369.6 keV level
398.1 744.,2 1246.2 1645.8 95.34+0,34

935.5 95.02+0.32
éFe 846.8 keV level

1238,3 1810.7 2112.3 2276.1 2523.8
2598.€ 3009.7 3202,2 3253.5 3273.2 99.67+0.31
3451.4 3548.,1 3611.7

846.8 100.03+0, 34
110c4 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
11003 1475.8 keV level

603.1 687.0 744.3 774.8 957.4
1085.4 1186.7

11.91+0.09

818.0 1475.8 11.99+0.06
11003 1542.4 keV level

620.4 677.6 708.3 937.5 997.2
1081.9 1117.5 1163.2 1164.9 1251.0 76.90+0,30
1300.0 1334.4 1384.3

884.7 76.87+0.26
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Fig. 1 Efficiency curves in logarithmic scale.
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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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Fig. 4 Comparison between relative intensity measurements for llomAg.
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Q: BEHHBLH (BX, KD
HRZHD 7 FAE O KI8T Hiroshima D data Aiflat i3 ->TW305, Zhid
T data ERECLIcOn?
A HHAEFMH (KEX)
Z9H7TY,
Q: Mil—8 (EILA)
HY2gART PO E - 7 MEOFME ZNICL BBEIEDMD ?
A SHEF#H (EBX)
E— 7 EROKRD HOFMIKL £ — + O 3@ ik JAERI-M  8196% 28|
o, BMEICHOVTIE Table 208D,
Q : iBlh—# (RIEK)
Ge (Li) RHBOBINSED uncertainty B EDBREO@EME SN ?
A EEHH (EBA) |
BRHEDEROMEMBOBREDHEL T®Co 1332keVDLD% Table 21iC/Rkd, tatal d
BEIEET026%, ZHET030% ThH-70 MOBODEEL0IHBEOLO0.5%TH
st FIBRIBIBHMBORZZ0.IBHEVL05BTH S,
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12. 7 AW AT — v R e 1C & S DOPFRE—
Mol — #*

Tﬁiﬁ¢ﬁ%&m%@%miﬁ%%%&%ﬁm%@ﬁémBﬁ&éoﬁm,m&&&mﬁ,
BB, A CUOEEEOREICO>VTHEN, BMAXEVKE EFRHRZONE R I
WTEKT 3,

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. BUSHIC

BETANF—FESDNTHBRFKICAMHTZE, ZORFRFFRICHESNED, H50
REFED SR OhORFEBIE LEIBE O Trdsskitahz, ¢4b5, (n, x71), (p,
x7), (o, x7) F/d (HL, x 1) RIEDARET 5, COBEIC, Rif x DIBICE b15S
THRBEREROMEREICBERAH B LIIL{HONTVBEZ ETH B,

FEOFePFICRB LIt 5L, (n, x7) KIEOHE (n, 1), (n,n’7), (n,
pr) e BHEZOND, (n, 1) RIEIBGEDH Fick > THHERL, Target BAICKL
LTA+ 1 BOPHTHE T 2 V¥ - LT OREKEOHRALSTOO, $£7:, SdEdbHT
radiative capture i€ &5 &0 EOHEREOHE bIFIEE AICBAILE >TH3 D, (n,n’'7)
KIGTd Target B HS OMEREOFENSTETH D, EEDPHET T 403 — GO I8
BROKEED S (n, n'7) KIKIC & B HEFASHEFREDOENE 15 - TV B, -7,
LITT@E (n, n"7) spectroscopy i€ & » TED & 5 1 FHEIREEDH RS TOR TV 3 h i 5
HDOBNCH>WTHRRBC LT B,

*ﬁil:i‘@‘flﬁ¥fé<’;rfa“ff4 Department of Nuclear Engineering, Tohoku University
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2. BEDEFICKIERAT 2#

HMeV OIEFHBICAS L TIRIBS 13 TROMER <27 F LOBIE Fig. 11c7d?, ¢
DFERD 5, B v #4d discrete 73 line %4 (resolved part ) & continuum N7 %
(Cunresolved part) EMFEAEL T % C &bk B, B TIFHERIVE T HBHEFEB DMK 61 £
Wi ls & D LENFRICIE, < DLKN 7 REROMERHSLET, Fig. 1 05 v GIRHs
B LV 2 R 2 B AV T unfolding &4 Fig. 2 OFEIC convert &4, BB F—s& LT
%ﬁéh%”o$ﬂ%ém&%ﬁmﬁhf®6®T%5®T,ChKohTﬂCﬂﬂiﬁL(M
PUSaN AR

SRR T, low — lying excited states FI® transitions T s 1t 50 3 discrete
energy O T MOEELIEBHDT, Fig. 3IKRONBLSICHRE LTV B r T 5 v+ — &l

KOWTERRERHSB AR OTRIESHh 3,

2.1 #BhEEkBED Spectroscopic probe & LT?D (n ,n' ) KIS

(n,n’'7) IBTHRILE O B 7 BORITH O target % DERIREED level placement %
level [ transition %R % & & SBHCHERID ST TV 3o 7 BHRHZH Nal (T2)
YIFU=5H5Ge (Li) ¥BEREBENLSIER <7 boRa A BERICKD, X5
K,NWZ¢E¥&TOFf%tTmmgﬁﬁ®ﬁ%ﬂiéﬂvﬁﬁiﬁyFﬁﬁﬂKict
1970 FRICAMEDHVRESTONE L SIC -1z, BHTSH, Fk, BFAELH, Zith,
Hiliic £ 2mE? BITbI TN %, —F, BHRETIE Wolfenstein > 12 3|65\ T Hauser &
Feshbach ®) ic & 5 statistical model DFEAITON, (n,n'7) RIGIKE D 5, %2385
TREBMTEROPHT = 2ov ¥ —ic & B2L (FIE2RIE) (3 Target Ko initial state &
final state D spins IKELTVBCEMNELhEL 1, EBIC, H5 TROHERRIZF
O 1 # transition @ multipole mixing ICHKFEFT 3 C & (particle— 7 augular correlation )
DRI SN, T OFE7IEMEDS Sheldon & van Patter itk » CiBEah", DL HEK
Bids, (n, n'7) RIED 7— ray spectroscopy OBFFIIMIT 1 0 FERTIC b7z » THE 4 ~
TD mass region ICH7- > TITHEbLNTE T,

2O (n, n'r) RIKIC & B nuclear spectroscopy DI, B EES B Tibh 3
£ 1 spectroscopy TREFFE LAV EL T 4% VF — DIHERES, PO spin , parity OBHE
C transition LS NTRIEICH A > T low—lying states D RLTEET S B ¢ ET
b5, Lhid, HOBEEKREZ TEYI: systematics FBWRBEBICHBTSEDENE L Yo
7, (p,p"), (o, a’)® (p, He) BEDHERFRIGICL S spectroscopy 12 H.,
HAKR T PBRERISBHRLF DNy 775 9 v FOBBS BEOELEFE VbR TO 5,

2.2 BoEDHEH

k% probe & L TIThN 7 BHEIREEDOBIF (level placement | spin assignment ,
branching ratio of the transition & U r—ray multipolarity) # 5, Elftbhic—,
=DFIEBNT 5,
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a. *Mn o ik ®

L O3 *Ca + 17,4 proton + 2p3n, 174 neutron ®FE LT, F7:Bohr —
Mottelson strong coupling for 1f;,5 shell 2F~<5BDICEBKAE-N T E LD TH Bo

Fig. 41CA 5 k50, *Mn DRk} °*Cr % °Fe @ decay » 5H#H~3 L0 & (n,
n’7) spectroscopy ARV B HBHFTHY, COESR, 984, 1292, 1885 2199
keV & COREREDSA S L 185120 T HDRIEIREED spins , parities DHRIE, Fig.
5DEHIT (n, n'r) RISICBOTHIBE N B transition 7 OB % HIE L,
statistical model 1€ & &S WTHELNIFED — K MANDYF ® & s LCiib A T o 5o
Fig. 52 547T, spin BS—#MICHEL 5 5 b0, —H/AITIZRHHE < BI6L D D ambiguity
BA->TLHbD0HBE VA%, £/, dipole —quadrupole ® mixing ratio 0 (3, AL
fii (HAWTHEE) ORE,SRD SN Eh, CCTRFig. 6DRICY? 7oy FAELSAT

W5o%iﬁ)188MkawlM®ﬁ%ﬁ®M%fﬁg-orz‘Fiéﬁfﬁhvb#

5i3 % T, mixing ratio 0 IDW\TId arctan 6 = —7°+7° &?%3;% LT3, BEREN
@ transition branching ratio & LT, Table LIERENTWB L DT, 70+ 5%%5EBTH
%o deformed model DFHETIX, 7./2° THERE~D branching ratio (387 %, shell
model D BFFERIZ100HB%2 55, £/, 1292keV level bELkD S 3 DT, 7—o
YIEIC & B RERERTIE 1292-984,/1292-0 DREAST6,/4 & BES AT A5, (n,
n‘T)METE22/78 THY, MOMEN FRIEOME L Tu 3,
b. 7*As OBk 0

CORESFig T oMB LI, BUSH SENB AHEORMEIRES CHELCHEL S
50 (n,n'r) RISTHILEN B T#I3, Fig. 8OBENMICALND & IITHYEHTH S
B, **Mn DB LEBS HETHRITS N Fig. 7 b 5 XU Table 21Z/R L 7z level scheme
WHBILTHN TS, McMurray 543, (n, n' 1) spectroscopy M HE LN ERAE & &
ICLTFig. 9ITR L7 As DRIEREED negative parity & XU positive parity states
COWTHRE LR LBREIT-> T 5,
c. ®Nb DRk

Van Heerden 3, (n, n’7) spectroscopy icHd 3—->DpE & LT Nb B33
8084 BKLU 8098keVD doublet state & FiFTu 3, CNiEFig. 1005 Zr 323003
*Mo O decay 25 EHESH TNV, $1, —HOFMEBER FRIETHRHIhTHHEL,
(n,n'7) RISTHINEh B 78 (Fig. 3) ®558084keV & 779.4keV D1 ORI
BIBERIEL T, £0€h, 80840, 8098304 transition TH 5 C & HEEB X
] keVIZHE LISV T R F —%0D doublet state SR S,

»

3. More Detailed Studies

3.1 Magnetic substate population

spin ] % & state ® magnetic substates M(=—], —J+1, - , J-1,])o
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population % (n, n’71) spectroscopy »» H5#-~<%Z &35, Lowell KD group i & » Tiib
P, ISR T EOMES %L Legendre BHABBTEDT & RAD & 5101 o

(24,2141)
W)= X ay*Py(cos 8) =1+2p0,(]) P, (cos 0)

VY even

LT, 0p(]) I3 statistical tensor T RIC & -» T magnetic substates ® population PM)
BAR L TV 5, '

+J
lou(.]) = X Oy (J, M) 'PM)
M=

Lowell group (3
5t 3+
400keV (- )~ BEERKE (- )
2 Na lCd'o’Ué{ 2 2

7t 5%
2078keV(‘2— ) - 400keV(-2- )

126keV(%—) R ( g_

)
SMnicEid s {

1528keV ( g_> agﬁﬁ%(%_)

IZ2WTC, ENEND transition T HMOAERAEZREL, Fig. 11, 12, 13XV 14 TR
TRRISAB M T 2 v ¥ —iC &k 5 population ZLEZE L TV 3, THODERLS, *Na
D& H1EHZITXF L T b statistical compound theory 45, DWBA direct interaction theory
CEFGHEERL O LO—BAERTEERL TV B,

3.2 Collective excitation

deformed #IC X 2 ¥ FOMELRRIC, Z DK D deformation parameter DA & XA M X
NLETENESHEL > TUR, TORHORAPBAICITONS X DI > TE 12, [AEEHERL
@ high spin states (67, 81) 1 & DIEWIEMIELDYET % TOF TRIET 20T, S
5L BRI SRETHLZDT (n, n' 1) RIGIKE S r BERAEST 5 LENSE SNTO 5,

Alberta K% ® Hooper & 13) 13 182,184 Dy o vibrational states DRIEAFTVY, F7- Kentucky
KD Coope 51043 145, 10,1525 % target #& LTED LW, Fig. 151073 & SICHEn
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3.3 Dipole excitation
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Table 2 Comparison between spin and parity values of
75As obtained from various methods. !0

Level E, ' ' 3 3 J*
no. (keV) NDS (yry ) (n,n"y) (“He,d) (“He,d) (present work)
0 0 {° 1 3 3 im0
1 198 i i i 7.3 |
2 265 1 (3°.3) 3 3 0.1 2
3 279 i 3 3 1.1 S
4 303 gv& gi— }1-‘*# gi- l)
5 400 3t 3 3t 3.4 ity
6 468 4,37 (4.1 )] IS 0.3 i
7 572 3 3 3 B I |
8 617 ) 3 3.1 I
9 821 1 3 3 $.3. 4 ="
10 860 3 + + it
1€ seo H } } L1 .
12 886 3
13 1042 - + ] ®
14 1063 3 rid ;‘ ";
15 1075 4.1) 3 7.4 i "
16 1080 3 it 9
17 1095 }
18 1101 19
19 1128 3.3) 3 3 A
20 1172 (i.%i.‘%) b i 13 ";
21 1204 6)) 3 1.3 i h
22 1301 i 3t 3 (¢ 20 M|
23 1309 44159 i M
24 1349 &y 17,47 17,47 =Y
25 1371 4P E R
26 1420 C X)) N
27 1430 37,10 3 17,47 .4.10.¢ 3 Y
28 1503 4.9 C3)] Y
29 1581 3 S
30 1606 4.9 i LIS SN ACE AT M M - Y
31 1654 3 .1 EANE DT AT o ¥ Y
32 1685 @37 9
33 1688 39
34 1873 &9 3 ®)
35 1899 ' 3,199
36 1909 3+ : 3t 3 3 ®)
37 1988 1 )
38 2000 i 9
39 2009 )
40 202! 3°.1%)9
41 2068 37.3%) 9
42 2104 X)) E AL
43 2110 4,37 1.3 3-.1)
44 2147
45 2160 1t 9
46 2176 4. ) I
ry] 2228 A
48 2239 }(5' 1) i 'i-“;
49 2259 4.1 P9
50 2303 4§31 S I AT S A A N
51 2327
52 2358
53 2319 4,3 1.3 17.%
54 2419
55 2502
56 2508
57 2571
58 2609

*) 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 152gy compared with theoretical calculations. )

Measured Theory

Isotope Level (n,n’) (n.n"y) WHF CcC WHF+CC
148gm 2 504 + 40 352 277 629
150g5m 2* 491+ 30 227 439 666
1529m 2' 600 + 40 cee 140 533 673

4 271+ 30 263+35 94 65 159

6 .- 6110 23 9 32

8 7+ 2 0.6 .s RPN

Table 4 Measured inelastic scattering cross sections for
1525m and 150Ng.15)

1525m 150Nd

JT Ex (keV)  opi(mb) op(mb) JT Ex (keV) oy (mb)op (mb)
2t 121.8 600 2t 130.1 617
vt 366.6 259 ground 4+ 381.2 282  ground
6*  707.0 64 state 6%  720.2 55 state
8t 1123.6 6 929 8+ 1129.2 - g5k
oI 684.9 64 0+ 676.0 70
2 810.5 195 B 2+ 850.1 170 B
4t 1123.9 91 350 L+ 1137.2 67 307
17 963.3 224 1-  852.5 171

3 J0k1.1 168 OStupole 3= 9344 148 Octupole
57 1221.4 9] 43 5= 1128.9 60 379
2+ 1085.8 133 2+ 1061.6 199
3t 1233.8 100 Y 3+ 1200.0 151 Y
4+ 1371.5 55 288 L+ 1350.9 48 398
2+ 1292.6 85 1180.0 28
1= 1510.4 ) (1,2) 1283.6 53
2- 1529.8 65 (2,3) 1307.5 70
3= 1578.9 36 1426.7 37

(2-4) 1650.3 43 1518.5 18

(2-4) 1680.7 18 1544 4 28

(57) 1730.0 27 1579.8 L
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Y intensities refer to 35Cr decay.
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Fig. 4a Level scheme of 55Mn obtained by the decay of °5cr
and °SFe (taken from "Table of Isotopes, 7th edition").
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13. UIOVEE L v Wi kg
HHm EX

itk U IR IC BV T, MERICE EFAVHERATRDO D TH B, 20K, K
COVWTORGEFNEERDO—DOTH S LNVEEBANE LTERINBBANEZ L, T
T, L2 F— 4, PIHRIBL NXARIBSOREELS, Rz x V¥ Opis LToL
NUVEEERET SEEOBERAIC OV TR, $7:, SHFRIIETHREL S5 Kev~Mev
PO FP O THNE RS A6, L AVER OB GBI ED L S HEEL §
KOIhZERFTL, LNVEEOBELSREDEER 4R T,

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. FL&HIC

th¥E W HEHI(FE 2T 5 BIET, A OMEFLHENSITONED, ZOK, ZEY <9
T4 EOBHICBT 57—, HEVRNERT Vv e v EE TLICEET S F— 5 s, B
ROIDDANELTHELESND, SHTH, VAVEEEMOEANLEEO—>TH0,
EFNEDIFSENEETHLHED LD TH 3,

VARWERERET B HEE L TR, BT A0 F—BIC INT LN LOMAEOREKZ |
WTHT < Jitk (combinatorial method) &, HRANFHNFET, H2ELDO G ETORET *

¥ HAF-f 340, NAIG 8407
NAIG Nuclear Research Laboratory. Nippon Atomic Industry Group Co, Ltd-
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Bethed b0 2T, HAERM LECHLONTHS L~VEEARE, SESTHBAISIA
AURREBILLDTH S,

thtk TR PRI L C, S TROE AN T 501, Gilbert & Cameror’
icthE 5 Composite formula ThHAH, CNIFEH TR NMF AT, BetheicHikd 5 Fermi —

gas /il

N _exp (2[an) (2]+1) exp (—(J+3)/2e)
p(U,J)==T§ AV S N ()
Exxv¥F—fIT, EREBANIG .

p (E) = CeE/T .................... ettt eeeeeeeeteeerareneene e beneneneneeaen b aanes )
ZRV, » 58N (Ex) THAZEDOMIC (REREICEGHE) DLW THOWESET 560
THbo CHFTHLETHENEN T A VF—ZAV (0 ~8+MeV)itbtc > TLNLEES
BT A ENHEREEINTV S, 15, (1)RPD i3 spin—-cutoff /¥5 4 —%, UidEH
BT 2 v¥—T, PEZ A V¥ —Eh S, BARBTROPHT D pairing energy 42 & L
BloTEOh B, M RERY (FP)OEETHETHERICEER-Th, 45 v5Y, 15
~5), EIZFZS), %@7)0%{&%%@7@% L & T &K< composite fonmulaZ{EH L T3, L H
WonsfHE LT, 1) BRLEEATLRO T X vEF S -0, i) FHAAHT2
BUBE L7259 EDEy POFFECEZOBKBROVTHBINTV AL EDSTON
£9e L, 772 —FIKDO0VTE, HAEEFMMENPHMBICEDAEL TV 354080,
—J4, [EUK Fermi — gas;AHMBEE LUHS, a3 TR IEZBERNTA—9LEEZD
POHEMD b, CORIIET 3 ¥ —HPHA Fermi —gasATH/x— L, EFREAXQDOMFIZ
013, Dilg 613, COHETCadLCmETOH200DTAY b — 7D ULNUVEELR
EL TV A D THEN I, /€54 —5 4850dd— oddBET - 2~— I MeV, odd ABT
—1~0 MeV, even—eventhk TRRIEDEE LB ETH Do TNIEEERBIELT 2 v ¥ —
U=E — 4%1358, 4&L Tpairing energy ZMBBEEDEFLE L O, TR VF— %5
HAIC shift BB EEEM TS, T DEFHback— shifted Fermi—gas €FvESHN 5
HHTH 5, D back—shifted® FLiFRGBEVPT L, »¥5 x — 5 OPE bstraightfonward

KA 20T, 5%k, PHFHREFMIECAMATECEGELTOLVESD,

2 ) Jt#i3 Newton ( Can. J. Phys. 38, 804 (1956 )) & Cameron (ibid, 36, 1040 ( 1958 ))
& i FN
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1:%->T< %, > Tablel, 20a Offi% o = 00888 vaw AY> LIV E L, &< N
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Fig. 7 The effect of optical model parameters and level

density parameters on calculated Oy

of 152gpy,
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The effect of level densities on capture cross section
calculation. Upper figure shows the effect of compound
nucleus level density on o, of 152gm,  Lower figure shows
the effect of target nucleus level density on oy

Fig. 8
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14, N TR AT B U 5 BEMKERIE

BaR e

BNb 24 -4y MEETH _EDHTHBICE > TERYT 5 ®Nb BRADINREFH I,
Westcott OBADHT X5 2 -8 — r VT, Ty OEH0022 EVS5EHEDSET, *Nb
(n, 7)*®"Nb &*Nb (n, 1) ¥ ENb RISOEMWEREIIZNZN061+003b & 146+
0.2b TH 1o MEMKARMOERELZHKITEFNVICIIBRIEELUEST S LITE ST,
HEBDRAE /Y BLUKH /BB BRICBI2NEBTEBEOFSAHE L 1,

The Isomeric Cross-Section Ratio in
Double Neutron Capture of 23Nb

Toshiaki SEKINEY

Japan Atomic Energy Research Institute

Abstract

The yields of 35Nb isomers were investigated by means of the double
neutron caputre of 93Nb target. The effective cross sections of S4Nb
(n,y)gsmNb 9“Nb(n,¥)95ng 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/f7fa = 0.022. The observed isomeric cross-
section ratio of the reaction was éompared 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.

+ BARERTFHHAER Japan Atomic Energy Research Institute
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Table 1 Nuclear data and self-shielding factor, EY' for
the y ray used for the determination of radioactivities

induced in niobium with neutrons.

Half-1ife Y Yfay energy Intensity

Radionuclide G,
(kev) (per decay)
%5p 2.03x10% ¢* 702 1.00° 0.913
871 1.00° 0.921
95mup 86.6 hr 236 " 0.25% 0.868
959y, 35.15 " 765 1.00° 0.916
* %
*Reference24). Reference7). §Referencezs).

Table 2 Observed radioactivies produced in the neutron
93N

irradiation of b.
Run EXO (lO13 n Irradiation Cooling. Radio- Radioactivity
No. cm_zsec_l) duration(hr) time(hr) nuclide (102 dps)
1 2.1140.03 282.1 237.2 94Nb 8.7140.14
95 9.1+0.3
959 245+3
2 1.59+0.02 193.1 145.7 94Nb 1.28+0.03
950, 1.76+0.06
9391 20.6+0.3
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Table 3 Thermal-neutron cross sections of 94Nb
Reaction Cross section ( b )
Present work Literature Reference
"Nb(n,v)?*™b 6 = 0.61+0.03"
b (n,v) %59 8 = 14.6+0.3"
PNb(n, 1), g = 15.240.3%  § = 1544° [1]
| 0g= 12.540.3 0p= 13.6+1.5 [3]
0y= 16.8+1.5 [2]

"WT/T, = 0.022.

§The value of 5/2/20 is not given.

Table 4 Isomer ratio in the thermal neutron capture

reaction of 94Nb calculated by the theory of

Huizenga and Vandenboschlz).

Experimental Theoretical
I
E& 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
93Nb ‘ r

IT 99.%
3. 6:3m 0041

6+ 2-03x10"y 0 n

112- 866h 0235
IT

9/2.3515d{ 0
9Nb

Fig. 1 A schematic drawing for the reactions initiated by
the neutron capture of 23Nb. Data on energy, spin,
parity, and half-life on the metastable and the
ground state of 2“Nb and 95Nb are indicated.

10° 2 T T T T ;
o 107 3
v ]
m -
w ]
o
wn
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z
- }
o
S 102k

-3 1 1 1 1
1075 100 200 300 400 500
TIME (hr)

Fig. 3 A decay curve of the 236-keV Yy ray measured in Run 2. 2)
The Yy ray was assigned to 2°™Nb with the half-life of 86.6 hr’’.
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Fig. 2 A Ge(Li) y-ray spectrum of the niobium source,

counted for 80 ksec (Run 2).



Fig. 4 Level scheme used in the
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cross-section ratio.
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5 The isomeric cross-section ratio plotted vs. C
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The results of the calculation are representedEgor the
two possible values of the spin of the compound nucleus

and at the same time for two

values of the 9°5Np discrete levels:

(s0lid curves) and the high spin case
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15. 2 [alglHEv s 72 i p Sl i Ao 3R
—HRE CLES ) OFIE—

e arili

R T, OREICLIOBEE4E (F, &, K &) KM LEBRSOBRIZEFIA LT,
BT L RETAPEFIC K S 2051V b T REOWMERA B, T, &, &, &
EVINT = I-FRENENSEHFST,, 30 H<T1, <5 @/, 1043 <T\, <308,
Ty, <1053 %5Rd, 2E5HE P FHEOBRICH LT, ROH 5— 55 — v EBAL,
s NE-—K—KR, 2)F KK 3DE-R-—F 2LTLDHIT— -9~ vickiF 526
DOHEERERE (£, K BLOR) BRENICEES N O 26 KB THEDE
ROV R L XKBRIC L DA L, T DR, °Co (5. 274 ), ' 0s (30, 68575 ) £ L5 !124Sh
(60.3 B )DEERK it FEMNEREIC, 2OZh3E, 50/ BLU50045D8EVHE
5,

Present Status of Two Successive Neutron-Capture Cross Sections
- Use of a Chart of the Nuclides (Half-Life) -

Kazuaki NISHIMURAY

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 T,/,, 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 5x108 y < Ty/2, 30 d < Ty/p <
5x108 y, 10 m < Ty72 < 30 d and Ty/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 60Co (5.27 y),

193pg (30.6 h) and !2%sb (60.3 d), respectively.

+ BERFAHAEH  Japan Atomic Energy Research Institute
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Table 1 B—Gi—G. DY —vRRBID oy EHE T ART b
G %nr (b) Decay r —spectra®
A-2Z T% Exp. Value Ref. Gy Gq
Fe  45.1d O X
s 5055d 0.49+010 (@) x I;I%S’er:’ag’ K
Nb  2x10% 15+4 (5) O O
168+ 15 (6) % Zr (decay)
15+ 7 (7)
136+15 (8)
154+0.6 (9)
145 60.3d 6.5+ 1.5 (10) O @)
2000 a
2900&260I 12
114¢§€ (1)
1MCs 2061y 134+1 2 03 §§£g$35
880+ 15% ] O
4Eu 85y
1500+400 (15 ¥Sm(n, 1)
0Tm  1286d X
181 1f 42.4d X

v r@hsoy Dias b E RTINS SO (YES) 2O,
WIS D(NO ) T xH,
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Table 2 B—R—GOD/¥y—/REBFS oy y EHEEr ARSI b

R any (b) Decay r — spectra
A-7 Tl/2 Exp. Value Ref. R G
s 600yearbarn = No r rays
Si  262h Ty, (*si)a(tsi) | B X observed
0 > 006 {1 No 7 rays
Ar 18 3h 0.5+ 0.1 (18 © observed
Ny 6 4.1h <6.5 19 O O
my  319h
105 No r rays
Ru 4.4 4h 0.20+.02 20 O observed
125Qn 9.6 4d X
128 250m X
WCe  1375d 60 +0.7 @1) x ©
uo= Ul(n,f)
187 w 2.3.8h 6 4 22) O X
19305 30.6 h 190 23) X X
~ 8 (24)
31 +5 25)
1550 (26)
209 No 7 rays
Pb 8.25h observed ~ ***Ra(decay )
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Table 3 B—G—RD/»¥—vicBd5 oy LHZET 217 b
G an ¢ (b) Decay 7 — spectra
A—-12 T1/2 Exp. Value Ref. G R
%Sc 83.8d 83+ 14 @7) O O
7.5+ 1.7 (28) ““Ti (n,p)
%Co 5272y 6.0 + 1.4 (29) @) O
2.0+0.2 (30) *Ni(7,p)
e | GEE B
58+8 30)
(100)*% (58)* (31),26
HWmAg 25044 82+11 (32) O O
0pd(n,7)
180Th 723d 525+100 (33) @) X
le6my, 1200y @) X
166Ho 1.12d O
MLy 161.0d @)
7 Lu 6.7 1d @) "
18275 115d 170000 (8,,735) (34) @) X
>10000 (35)
47000+5000 (36)
1300043900 37
15000+2000 (38)
17000 (39)
8200+ 600 (40)
(8249)* 1)
9 Ir 19.4h @) X
M 171d X

*

C ) RIIHERME & 703 FMME
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Q : HBiL—s (LK)

Ta il 2T 22 v+ —REEMSBR O EFNIE, SbOBAICBREREET &5 -,

WIS K&  CVBD RIEFES - O TRV A,
A FaRFIEA (BT )

PUSh o th TR R T A v F — OB E L TERICEIE LI A WIEODThh 57150

B, P Ta kB U KDL EHD B DM BHNIIV,
Q : B —H (HEK )
Reactor neutron ZHWTZIDXDLWRHIERITHESESA, 3 0id double capture %
ZEBEAIC, neutron DS %+ REZ ZLENHED TRV,
A PERTFNEE (JRET)
ZOEDTH D,
Q tARME (HELK)

MESG® EL TR, BEKOBHICLDEE D20/ (n, 7) KIS (double neutron
capture ) 2K AT 208 L VDO, £/ FH (n, r) T radioactive target 21E-T, ¥ h
R AP Z D,

A :PERTFIER (JREE)

RO B WE RS EOBES, N4 radicactive targetd: L CRIEIRAWVWS T &
WHBHH, ToOMELTE®Ta (115d) LHAHISAEV, 7L DEBARAMTEREORE
ThHbH, TORPIIEENKTES target & L7 double neutron capture i€ X 3HBIETH 5,

Q : BRMEA (AR )

¥2Ta DM TR A RD BICY-T, Cd # v bA 7 THEFO T Z A F - 230150 & &
WHWEmbhoh, BUHMEERTFE, FIZECd THy F43E0IHETRATETH 5,
LTS Edud, B REELEZ 2 LItk -T, HARELELWMEIESH 53

* P, 0.0253eV W HREBBHELFERTETREONEL,
A : FERFIEE (R )

Cd OIMFRIT E— 243, "2 Tad 014eVOREE — 7 IKEEZDTEDMD TH 5o

Fa g —REEIANF-BROHELENTH S,
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A ERAEBD DFIRB ORE L L ORIHBEOBRKIC SO TS L, 2 ORI DT bk

N5,
Recent Topics on Decay Power
Kanji TASAKAt

Recent results of the measurements and summation calculations for

the decay power of fission products are described briefly.

1. B3I

B BERY ORI R T FORAUOHEH, S ECEETH S, BFARBCHELSAE
IR L1 > TV EDRBAHMBATR (LOCA ) ThHD, Z0OBER LIS FF SR
(ECCS) EFEENTVS, TOECCSHNDIcERICHEEET 2 005EF HREFOH HE
HAEIRT 5 1 DOREHETFEN >TWWb, ECCSOMIEBS LTLOCADEEA MM 2
L TREOL VB T -5 35 OO TEETH S, £ LOCA% R LD ETEHEHLAD
BEEEROBHROBIICOHHBREITFECTH S, BFABREOEE T —vE LOHEF + X
) DI OED > bIHERREETH 2D,

PDEDESICHBREIRFN T 7Y ORI CEBOTEERRFLL-THBY, ZOREE
5 RSB DS BRI 1S > T B0 FTAEE IR % B OIS IR RIREERIC X 2 REEE O L\ B
B — s HEE D,

CNETHEM T~ 5 & LT T A ) AHFNFROMENBEBAN S 512 piam< b
NTEF, K. Shureodl O Yic bt cED, LOCAIBLCHIEES 2 10°
WUTOREEREIC BT, +20%, - 40%E0SHKEIBEELE T, LA -
TLOCA/ECCSOFHBICE WL TIZANSS 1D 20 ¥¥O@EAmREHRT— 5 & LTHES
£ 51O psis S, 20 % RIEBI TR S IEERE L E A SN TED, COC LM
FE O LB ORE S L CRNGTEORER L2 5 85HATESH N &5 -7, UTIREEDH
BHORES LB BEORK S XOMEAI>X3RY,

+ HAJ ¥ HHAAFK  Japan Atomic Energy Research Institute
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2. BiEsOAE

FBBONEHEICEIRAINLTHR Y A — 5 i L BFHE & BRR, r#A~J MAAISEICE B hiE
ED2OHHb, TNTINDHFEICE 1 E1GHH B, H o) 2 — FIT K BT i3 A s 4 3
ELTHBEMELS 2LV IRMAHBS B, Hh USRI 3501t SRENHEEROBRL 5
METH 720 217 FVAIEICL > TIRE  DIE#HE on, AHERELEQDHATHET 3
CEMWHR, T REOFMD & DM TR B L0 EFHSH 5K, B L TORBILDKS
BEICRIEM H -1, 197 34ELIK, 4 DORE D L WHEBERIE AT bR, 2015 ) Oak
Ridge National Laboratory (ORNL )ickid 3 8, 7z ~» F/UiHIJE(G)%S), (b) Los
Alamos Scientific Laboratory ( LASL )icsid2 4 o JA—#iCk 6?E'Ji§(g)00), (c)
Intelcom Radiation Technolgy ( IRT ) ickid3 8, Tﬁ@é%ﬂl}l?ﬂﬂﬁ@’ (12, BLU
(d) University of California , Berkeley (UCB ) i3 5H 0 2 —5ic & B#l5E @3
ThHbo UTIKINSD itkds L URERIcH>» Tl iciad,

21 ORNLiCHEDBHE

Dickens , et al'® 1O R NLic#50 T U o #helsbe 1 HeAbBIc 58 42 RMS U L 1o
ARHE I~ 10 g THORESIC LD Oak Ridge Research Reactor i€%0 1, 10,100
s@3@ﬁ®ﬁ%%ﬁvtoﬂﬁﬁiﬁrﬁx&ﬁbwﬁ23mélwoos@%ﬂ%ﬁﬁ@
KbtquEéntorﬁz&7FW@M%uNM&M$K¢GTﬁbn,ﬂﬁx&ﬁbw
ORERNE — 110 RHBIC XD fTbir, £ 57— 5 BIEEMBAE > TA<Y b LF— 41C
KL, PHRBIEEE XU r BRI IhZThD R < K WERESD L TRD s hic, RIEREE
(19)B2~T1%Ths, PR, r@HAROMEEREEZ nenitase™ s we | <

Fig. 1ITRd, B3 BRISHEGHTC B L /A 285 T b,
t=tw +05 (tp +ty)

LFABNG, CCTy, tr, tm BENENNERIOHEIHE, BHIMN, MEHETH 2,
RERIL IR I KIRSHY t 2 3E U TRDE AT B, Fig. 2103 2 B MATE & Ol oK
fﬁﬁomg.L2meﬁmw%mﬁﬂmszmﬁ@ﬁﬁ%%@ﬁﬁENDF/B-1me
5%%&%&LTORNL®M%%¥&&<—ﬁ?6c&ﬁﬁéoCh@ﬁ%ﬁﬁ%ﬁ&@@*
HOK T — 5 ODREEDEICL > T B,

T 1329 puo St TR I L€ bR A1 & 0 U L1

TOMBAEENDF,/B— 1 VIc X Bl HASRE B L CFig. 3, 410k %72 Py ek L
THRL Sk & b s Ly

Dickens , et al.

22 LASLits3HE

Yarnell mdI%MHQMLASngwrﬁw«qu%%ﬂ@ﬁaux—az;bmu
DR BRI B T B BIEMERE L e BHRIZ2 X 10%sThH D BERENL 10 s
m61Ws®ﬁ%wbtthéoMﬁﬁE(1a)dﬁmw%ﬂ%@mﬁmfu4%w%MT
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B4, 10° - 10's ORENSREERICE VTR 2B &7 -THD, BEAFLIZRLEED L
WRIEEL WD EBHRD, ho ) x -5 DEEHAFig. 5 6IKRd. AEHOLDBEE L
rRROIANF-RBEN) 9 LATAKICEPESN 52kg DEBICBRIN S 3, 2 LT4K
TREFIERICLOMERRE LS, RRMCBNS MBI 2B IR~ » LICEL Dl
%«UvA%K%Téo«UvA®%%§uméﬁmibﬁﬁén,@ﬁ%m«U¢A®K%%
EHLEAN) Y LOEFEBHORDOND, AAT ) 4 — 5 OBERIT 085 s & I B ichu,
HEROCavet A0 ) X —51c k3 Lott, et al ™ DRISICH 2HEKIE 50 s T - f-.
TRTRARI PVORIERRE S LI EY FALDBEIC LRI r GOREEH SBN 2
BR3IFLUTLHESh TV 3,
PUDHBMOREMSREENDF /B - 1 VICk B3 BAE EOROKTFig. 7107,
AEME LGt B L OMICR RN ST NIEH 2 bODORITME &M EI133FAFEREE (1 0)
OHEHT—H L T3, .
Yarnell and Bendt  3*°U 8L U ¥ Pu OB FHABICHLTHRELE O Y £ —4
%ﬁ“ﬁ@%%ﬂﬁbto%@%%%ENDF/B*IVK;%%%%%&@%@%TF@_&
9IT/RT o *PUDHE & HlE L TAIICEEDSK X 1 - T B, &< iK% Pu OB A I
fEDHHEME L 0K 10 B RMMICAE, HEOERMEEE (1 0) LDiEdhICAXL
HENETHS, ORNLICEI 52 PuDssR L 0% Fig. 10177 Y, ¢ 8ENDF
/B-1VICL B EME L OO TRENT Y B, MRAEREROBMAIIE £ < —B L T B8
ORNLORERERD S HFHEM L D—Bs &\ 25UDHAICIILAS L oflERE RO Hhist
FEED—HHB LS ORNL ORIEERIH 7 B REHITEC O TRV A E bR TU - LASL
LORNL DRIEMED B *  UD[ATH * PuDBATH THIBE TH B, L1h->T2¥pPy &
mU@ME@@&H@HDEﬁT%é&%iBn,£§Kﬁ%&ﬁé@ﬁLASL,ORNLﬁ
HEIC BT BHRBIEAFORDHTH %o BMBLRFOEERH% 5% 50 12 BEIEEI O 306
DEARMTHB, LASL, ORNLO LS SOBRBILRFALDEEL L OAICHOTDH
i, PPUDRIEM LA EMR LB LT Pun AR TATH 200, 7122 Puol
ﬁﬁtﬁﬁﬁ&m;<~ﬁLmU®%éKfnwkéw®m®%%a%§LTE%T%D,k%
BHEE & 15 - T 3,

(10)

23 IRTicBGIRE
D131 RT Comporation k54 T U Bebbt TR 2 114 2 5
BEREQE L7, FEIRMIE | day THO, AHIFEIE 1 55 10° s OFIFIC b1 T B Hl
i@%ﬁﬁ%mz4%ﬁéb,ﬁﬁﬁ%m1s@%mﬁﬁwzm12%,1Nsm$wf4%a
WARY B0 15 DMEREF Nuclear Calorimeter &IEFHN TV 3, CHIZ4000 LK%M
Koy FU—9TIRORIFVF-EBRINT 26DTHY, BEO T 2 ¥ —3REFEED 7
FTRATF 4 v IV FL—ITHRIEEN S,

MEHEREENDF /B - 1 Vick 23 EERE I LT Fig. 11icRd. " 10° s izt
FEBMEB L MERZOWATIZE BT 5. LHL 10°S DIBRAIEMEFHEMEEHEE LR
RIS C13B, Thid r SUHEBORIEREIC REEEDSBAC LI L -T2 EEZ Bh

Friesenhahn, et al.
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5o AR, 7 EBEBOMESREENCHEE Y Ll LR Fig 121084, S e
MOBTER R MEREOWENTHEERE LT, Lol 7 SHSRONEE R
BHAE RIS TN, 10°s DU NRBBICKE < 15, 7 SR ORIERS Bid 31 B i & Hob
LCHREISRIE & bINE <R D, 7 RIS DRENIRED 1 > & L CRINEICA B0 i
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PVEEAE LRI S B RTIC RIS N BB AHNT 51 T HB. 27 T. R. England ™ 1
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AW A RKE PO 7 RHABIC 55 BHA 1 10°s LSBT 5. LA LFriesenhahn
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Thermopile @ 5% ZE|&nEKS 3,
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3. MBROBNEE

31 E#inEsr—y
@?ﬁWEBH5%&%&&&%@%&%Nﬂwﬁﬁﬁmm&ﬁfﬂﬁénéo
d N; (t)
dt

= yi F (t) +?‘ ( 0]1 ¢ (t)+ t]l lj ) N] (t)

— (o ¢(t) + A) Nj(t), e, 1)

ZZT, y, =81 OBSZRUE,
F =Eo%es,
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o =8 | O2RICHTIR,
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A =K | OFIEER.
T AR OERE N; HRE TR REEORE £ 2 V¥~ 2 BEAICFP 2840 Kt
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P (t) = %‘ (Eﬁi +Eri) 1i Ni(t)' ........................ (2)
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mee 1 Correlations Between 1 and Q

logAh = alogQ - b
a b
EdA_S_ 115 7.3 £+ 0.5 | 6.6 + 0?
Odd A > 115 57 + 0.3 | 5.4 = 0.2
Even A < 115 (odd-odd) [10.6 = 1.1 [10.2 + 0.8
Even A > 115 (odd-odd) | 9.2 + 0.7 | 8.8 = 0.5
Even A =115 (even-even)| 3.9 + 0.4 | 3.5 + 0.2
Even A > 115(even-even)| 5.8 + 0.3 | 4.3 + 0.2

Table 2

INEL-S-18 725

FISSION PRODUCTS IMPORTANT IN DETERMINATION
OF NEUTRON ABSORPTION EFFECTS ON DECAY POWER

e ne
90y
3007,
Wiz
105p,,
1y,
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136Cs
140, ,
142p,
b LTPN
147y,

BRECUPSOR(S) | KUCLIDE  PRECUBSOPCS)

8y, 90, 148p,,
e 1&8;;
103p, 149p,,
105,
15, 150p,,
1291‘ 130w; '
B3¢
135, 181,
135y, 135, 153,
140p,, 139, 154g,
1P 156¢,,
1““(5, 1435,
1Sy,
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ORNL for irradiations of 1, 10, and lOOs.(ll+
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Fig. 10 239, decay-heat ratio of experiment to calculation
following a 20 000-s irradiation (calculation uses
ENDF/B-1V).
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Fig. 12 Separate comparison of calculated beta- and gamma-decay powers
with experiment at IRT Corporation for irradiation of 1 day.
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Fig. 13 Fractional gas content following a 25U fission
pulse (fraction of total products).
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Fig. 16 Comparison of UCB results with others on infinite

irradiation basis.
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Fig. 21 Comparison of ORNL, LASL, IRT decay power measurements
with calculations.
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Biological Application of the Nuclear Data

Kensuke KITAQ*

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.
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BHET, A -V EBFOT I X, WE, NHRHEETER O EERIGRER 405 &7
SNFEdo (£DP|%Table 1 iIK/RLE LI, #2501, RHEEHS 1 Bi5E5249 0001 EEITO D
BUIBTONTVET, CORHEMHI L, FZEF, H2HRIOBHEEE LOBELS, b5
HEICH SR TORPRBEWET 2 LNBTE, 2hitL > TEDEREORBRKRESFMT S C
EMT&E 9o photon iLDWT, ZOELBHEEBRRERE» r BHEHERETINA TV S
bDOTT, _

Thid, RoLSicERSNETD4ubs, TAAF—Ei, BIEPI O%TFi (=1,
2, 3 oo ) IS 2 EHEADRRED S, B&th, EHLOEATORFERERX L, a0
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F-Ei ORFICHT 2BR0GEHERE L, CLFT o 7EKEB, L9BHeE

K-y APiBi (hui/p)
i 47l (W/e)

e i (1+B;) (1)

ThHhzoh3, it Peni/0 i HFICHT 2EGOEBMIUEE, W eldZLowil, ol
ELIDEETH 5. ZRAPTOLTORERFELFT o TEERT L, (DX

. A
LEF B, CTiery i
r; = : ZPiE; ( /p) @3
7 4x(wiey 1oici HHeis®

EEEF L1,

CDIy PIEHREBRTEH (exposure rate constant ) T4, KT 6 BXERETEETFT 2
VE-DPRERE LI LEB®RLE T, $70, MREBIETFE 1 BOLICRE L1-BA,
C O H r ST ES (specific gamma— ray constant) " EFEENE T, (3Te % 1.293
mg/ct, w/e = 337 ev?® & L, BFOxzxr¥—%NMeV & LFT &

'y =1952 Zi’PiEi (teni/P) @)

L1590 % F, SEIOHRTE, #e, /0 i Hubbell D% & Ltco ¢ OBEBINESIE

5 kev~ 10 Mev D&PHT 2%, 0.5 kev 55 kev DEBTS BOLEN S AZATOE 3

BHEDHE MBI GLAAMET 2 ENTEETH S, BEHGERTHIINEST 2 T &HkE
TYo HBHVENX, 10 ZF 2 RaD 0.825 1 L THMMICIREST 2 08T $ 9, L L
KBCHE S N/ ERAADHBZBRO T 16BIREICTEEHA, CHODRIEIR, vwin
1950 FERD S 196 0FERILDICHAB1EDT, BEDF -2 3IEEAEH VT A, T
THARICLBEDTHDE T, WAVALEXRMICTIHSNTOBEE, 1B80IKEhE0E->TH
0, TIEAHOBEB LN > TV B HIEGMEDD -1y, Fo20 LEVbDOHH O, (EHtiic
PEBESVNH 0T, S5 16 FIBEFNC, HABEMERNTRG20BA LS 5 2n
FTHHELTOZ 7 MBEERE T D TEREL, FIIC, ZOBATEMTEZ 18 a0
BT - REALT, HOOHEMEERRLCOE T (C OB, f-E2iE, T4V b
—7ERORFHS L LIMEINTV260TH0FT) o 4BREOHMEICSWT, BHCA
RINT B OEMEIRT THEEF(Table 2)HEHED N Y+ bV EVSDTEA, H
NBLDOMT, COLINEHNEFELSTR, FEHELZE LR BDEVDIZAELTHA,
CNODRIER Lic e, /P, WeDN5YFREL 4 BRETH0ETOT, &5, HHE
@@Nﬁv#@}té%@m,%%@1*»#—&&&&&5&&K@0i10Ltﬁwibt

B (B0 MESHER) OEMERE IR THT T,
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BT, bUbhEMEEY S 5\ HERYE R s 2 K 250 AR BET T,
ﬁEI%ﬁEHEMOhTﬁﬁfﬁT%Oi?O%3§K%®1%%%ﬁbi?oHH,Cné
Offild mRem 2 h™! mCi™ ABTE LTHOobanTHE T,

- FU

HFOZAVF - LBER, BEOHVMENEONL LI 10T, 2005 bEic L1+
ENSDF 24 5L LB TRBRE DL TT, 1, FEENET -12C Licko, Eilfa
EOEREBHRRRICIE -2 L b, 2OBBEIREVEEbATT, COC L, HEBERISE
RBEVTRHRBRENEG 2 L0ABUERTT 20T, KEW e OEILONT, &
L ICRP (EMMSHREI#ZE L) 1, 3385 (15) eV &5 HAEE LT3 enmam
BITRHLNTVEDT, 5%, COBEJ-THETE5b0TH0 L4,

X

(1) P. D. Holt, Phys. Med. Biol. 24 (1979) 1,

(2) BESERIE, ICRU Report 19 (1971)2BBEnt-lo,

(3) 7& A, ICRU Report 10b (1962), NBS Handbook 85 (1964),
(4) J. H.Hubbell, Radiat. Res. 70 (1977) 58,

(6) $FARFthfth, Radioisotopes 13 (1964) 427,

6) ICRU Report 31 (1979),
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Table 1 Example of MEDLIST program output

1T14IN IT DECAY (49.51 b 1) I(MIN)= 0.30%
Radiation Energy Intensity A(g-ragdrs
Type (keVv) (%) uCi-h)
Auger-1, 2.34 64 3 0.0039
Ruger-X 20.1 6.0 12 0.0026
ce-K~1 162.33 3 39.8 13 0.128
ce~L-1 186.03 3 31.6 10 0.125
ce-MNO-1 189.44 3 8.83 &5 0.03586
X-ray 1L 3.29 5.0 17 c.0C0Yy
X-ray Ko, 24%.00200 20 9.6 5 0.00u9
X-ray Koy 24.20970 20 13.2 9 0.002y
X-ray KB 27.3 6.0 3 0.C035
Y 1 190.27 3 15.41 8 0.0524
114IN B~ DECAY (71.9 s 4) I(MIN)= 0.10%
Radiation Energy Intensity A(g-rads
Type (keV) (%) pCi-h)
B~ 1 max 685 3
avg 222.3 11 0.200 13 0.0009
B~ 2 max 1985 3
avg 776.9 13 99.25 11 1.64
Total B-
avyg 775.8 13 99.45 11 1.64
Y 1 1299.83 7 0.201 14 0.0056
114SB EC DECAY (3.43 M1 10) I(MINY= 0.10Z
Radiaticn Enerxgy Intensity A(g-rad/
Type (KevV) Z) #Ci-h)
luger-1 3 9.7 6 0.0006
Auger-K 21 1.4 3 0.0006
B* 1 max 2356 20
avg 1059 10 4 4 0.9925
B* 2 max 2750 20
avyg 1242 10 3 5 0.0899
* 3 max 3073 20 ’
B avyg 1328 %8 6.5 9 0.193
* 4 max 39
B avg 1811 10 7.4 8 - 2.87
+
Toral Boe 1728 11 88.4 14 3.25
- L 3.44 0.8 3 =0
§_§§§ Koy 25.04400 20  2.43 11 9.0013
X-ray FKos 25.27130 20 4.56 19 8-0009
Z-ray XK@ 28.5 1.54 7 0 0377
y 1 322.0 10 5.5 & 0 0602
¥ 2 392.0 10 1.10 20 0.00902
v 3 716.6 3 4.9 3 0.3QG
y 4 13993 3 100" > ° 2.77
r “o, o - -
" Haxinunm v* intensity 2176.80%
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Table 2 Published specific gamma-ray constants in mR em? h™! mCi~!

Nuclides:
24y, 5lcy 60co T6pg 124gp 131 141cg 1985,
Published célculated value 12);
1.83 0.015 1.29 0.24 0.98 0,223) 0.035 0.23
1.823 0.0164 1.29 0.22 0.90 0.204C) 0.039 0.238
0.016 1.296 0.34 0.79 0.231 0.06 0.248
1.32 0.19 1.2 0.265 0.0326 0.234
1.35 0.31 0.87 0.229 0.0314 0.58
1.23 0.30 0.98 0.235
1.5 0.33 1.30 0.232
0.957 0.229
Published calculated value IIb):
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 0.990(15) 0.220(5) 0.0460(13) 0.231(5)
1.83(3) 1.325(25) 0.0434(12)
Present calculated value
1.832 0.0178 1.300 0.995 0.216 0.034 0.232
(0.220)%) (0.044)S)  (0.246)¢)

a) AREATIEEBEN I T~ I DLOT, BARTH 5,

b) Raf.5
c) HMHEHRERAE,
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Table 3 Exposure rate constants (Ts) and specific gamma-ra

constants (I') of some radionuclides in mR h™! pci~ at 1 m
Radio- Decay type, N Radio- Decay type, x
nuclide Ty/2 I's (or T) nuclide Ty/2 s (or T)
"Be EC 53.29(2)d | 0.0286 60¢co "B- 5.271(1)y | 1.300
g B 20.38(2)m | 0.590 67Ga EC 78.26(3)h (0.0795)
13y B*  9.965(4)m | 0.501 7264 B 14.1(2)h | 1.34
15 Bt 122.24(16)s | 0.591 7Sge EC 119.8(1)d | 0.66(0.206)
18 B* 109.74(4)m | 0.568 123, EC 13.2(1)h | 0.16(0.0725)
*Na | B*  2.602(2)y | 1.19 131, B™  8.04(1)d |0.220(0.216)
2%Na B~ 15.00(4)h | 1.83 134cs | B 2.062(5)y | 0.882
28yg BT 20.91(3)h | 0.765(1.11) ;3ch B~ 30.1 0.346(0.341)
2857 B~ 2.240(1)m | 0.843 1qo§:+ B™ 12.74(5)dt | 1.29(1.21)
38c1 B~ 37.21(4)m | 0.685 t41Ce | BT 32.501(5)d | 0.044(0.034)
“lay B~ 1.827(7)h | 0.662 '7Nd | B~ 10.98(1)d 0.0926(0.0670)
3g B~ 22.6(2)h | 0.556 170mm | B~ 182.6(3)d 0.100** (0.0013)
“7ca B~ 4.536(2)d | 0.524 1821a | B” 115.0(2)4 1.01%%(0.652)
>ler EC 27.704(4)d | 0.866(0.0178) | 1921y | p= g ok
74.02(18)q | 0.488%%(0.454)
**Mn EC 312.5(5)d | 1.26(0.467) "7Hg | EC 64.1()h | 0.0071
>6Mn B”  2.5785(6)h | 0.860 "8 | BT 2.696(2)d . 0.246** (0. 232)
>7¢o EC 270.9(6)d | 1.33(0.066) 293hg | B™ 46.60(2)d 0.181** (0.126)
* K X-ray & C#H#
*% K X-ray $ 4t
t 14082 o 1/,
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Q: PERFNER (R
r WX TFORBHE LOMBAKSVTHEIN-OTEY, BEP eIz >V TORE
Rifhd0ETh,
A EzZR#ED (KEDD
BiPaiTSH, BRBOEVK T - 2E52&iIcs-T, SBRABOELINEEZC
R, BHEBREMDESLFEILC ELEBVET, AETHBRRBHERSLDONTL 38
T-4i, TOFEHT x ¥ -, MEDLISTRZ DML TE3d, BRI A LE—D
BN DOTH I A VF - THERTEEHLEHSHMEETT,. LFniced, 18 LADE
BFM TR A1 ¥ - MEBRICL 0 ZBLOMESEINTV S EEb AT T,
Q: i B (DD -
ﬁ%ﬁ%$iﬁ®@ﬁ&%0hfh%@d,ﬁﬁbtwﬁ@rﬁ@ﬁvh-t7ol$w¥
—DEBLGHLLEHD, 5F TOMEIBEEDestimation BHEVOT, FCETERALTH
Wb LTV, BEDFHMBAYIEERS,
Al EZRE#EH (RED
ZDEO THbo FHBICA-TL BIERTNT, BEMEHEOT, SEFELTVS bDIC
DVTE, REMVEAONDIZBDEES,
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19. #36, BIUH2D#

RHEZ "
Concluding Remarks
Kichinosuke HARADAT
COMREDT ar 5 sBBD—ATHHAHBR2OEAMEBRT 201, VX IHEHDL
W, WU TEBNLELE CEBRRMIELTH -1 EE-TED A,

Z{ OBED B 1 D5KFNT 5 EWAMT SO EHMM L L DI bhd, FIEE, KYE
RO OGS 2BR LD THY, BERF TEOTIEH SBET— 5 18T 20
BREEBLLODOTH S, _

WAIEED S, MEBRPEREBOESICHY, $T2TLEROBEBICoVT, BEice
NENOBBISVTRIDEORE T 4 V¥ il CORE T — I DBRIE SN TE TV B &
wim%&ﬁwto%ﬁm%%cawfgmmqtﬁ¥&®ﬁLmMEmowfmﬁﬁm,%m
FLOEVS T EREGTHL, BEOHBESTRIT 5LV A0 bEHCEETHS, 2L
T, ZOUHHBARREM OS5 DL, ThThOMOBEHNE OO LOERAETEE 3b
Hﬁw,%h%%f@&wﬁﬂttéxmmwowf,m(o@@%ﬁ%ﬁ%%ﬁ<C&ﬁT%
72 |

e, VAAVERIROVTOFESH ~7ch, BYEIICIZBIC known S h TS 0 b,
WP LFHERILOBRETRIBARDREN /0 — X7 » 78NBC LIcEKEEZ 12, chEi
§ "HCTHLOEE" L5 -TEh B, ‘

! ﬁﬁ%ﬂ%@ﬁi&pfﬁ,mﬁ&&ﬁ#&mémﬂiﬁénéoﬁﬁ,bnbnﬁﬁﬁtf
méﬁl#i@ﬁ%T,E&ﬁ&ﬁmaAmﬁﬁw?—yﬁﬂ%<6m®ﬁﬁf%%#%ﬁwm
K%TC®E@%M,KH%%®I@T&6&%T5otomémbéf,C@EQ%H%%@
DHDIHEANHDC, HIICRCBERMOEG R NH /20 EIKD0T, 7045 ARBO—A
ELTREL TV 3, FEMHEMAROFILE E - TRTObLBLEIIC, FTELEABEL XH
5&?*9%&@?*7&%ﬁ?—ﬁ@ZﬁﬁK@ﬁHT%C&mﬁbLwo%ﬁb(ﬁ,%

DRAREDS 4 b vi" BHEF— 51> T L LT i, BELS -1 D155, KElC
36 - EESOFEEEPT LS IG5,

BRIC, IRREB2AMIKR T TELC LML BERUVYESERE, K5~ 25—
HricER LT,

+ BARFAOHARHA, Japan Atomic Energy Research Institute .
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