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l. Introduction

For evaluating the decay heat of fission products, the decay data,
7. 2., half-life, Qg or Qpc., energies and intensities of 8%, y and con-
version electron, and feeding rate from the parent nuclide, have been
accumulated for fission product nuclides from A=66 %o A=172. The number
of the required fission product nuclides and metastable states in this
mass number region is 1172. The 1172 nuclides and metastable states,
however, include 283 nuclides not identified by experiments, 187 nuclides
and matastable states with incomplete experimental informaticn, and 140
stable nuclides. The adopted experimental data have been selected by
scanning the ccmpiled data, Nuclear Data Sheets and Table of Isotopes, and
the original papers published in journals. For the nuclides with no or
with incomplete experimental information, necessary decay data -have been
estimated with gross theory of B-decay and Qg calculated using Uno-Yamada's
mass formulal!) if necessary. The details of the estimation will be
described in a separate reportz).

A computer code PROFP*has been prepared for calculating the average
decay energies of f-particles and y-rays which are the part of the input
data for summation calculation of decay heat. PROFP also stores other
necessary input data for summation calculation, except for the data on
fission yield and neutron capture cross section. The energy spectra of
electrons and/or positrons from B-decay and internal conversion processes
and of photons from y-transition and annihilation of positrons can be
printed out from PROFP in 200 groups in a uniferm 50 keV binning between
0 and 10 MsV,

The calculations of average energy, its uncertainty, and energy
spectrum are mentioned in section 2.

It seems to be worth-while to present some of the calculated results

* The computer code PROFP was written in FORTRAN IV for use on FACOM

M-200 computer in JAERI.
_1_
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and related information in a tabular form in order to compare with other
similar data file. PROFP QUTPUT FILE has been made for this purpose.
PROFP OUTPUT FILE contains the decay data for 889 fission product nuclides
and metastable states including 187 nuclides and metastable states with
incomplete experimental information for which the only available information,
mostly the half—lifg, is listed. This file has been extended so as to
include not only the calculated results based on the experimental data but
also the estimated results, and named as FP DECAY DATA FILE. The results
based on the experiments and estimated results are distinguished by flagging
in the table.

The explanation of PROFP OUTPUT FILE or FP DECAY DATA FILE is given
in section 3. The printed out table from FP DECAY DATA FILE is presented

in secticn 4.

- 2. Calculations by PROFP

2.1. Average decay energies*
1) gamma rays and internal conversion electrons
The average decay energy due to the y-transitions [EYI is given by
"
NI Eyi - Iy{
=1

[EY] = ~"~7Too ’ (L)

where Evg and Iy; are the energy and relative intensity of Z-th y-ray, and
N is a factor converting the relative intensity to the absolute intensity
(Y's per 100 decays). The uncertainty of average decay energy A[EY] is

calculated as

ZlEyi-Iyi)z Ehz, 2

n
N . 2 .. a2
AfEy] = 755 \/1151{ (Iyg BByi) 2+ (Byg BIyg) 1+ (1,

* In PROFP, the unit of energy is keV
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and related information in a tabular form in order to compare with other
similar data file. PROFP QUTPUT FILE has been made for this purpose.
PROFP OUTPUT FILE contains the decay data for B89 fission product nuclides
and metastable states including 187 nuclides and metastable states with
incomplete experimental information for which the only available information,
mostly the half—lifg, is listed. This file has been extended so as to
include not only the calculated results based on the experimental data but
also the estimated results, and named as FP DECAY DATA FILE. The results
based on the experiments and estimated results are distinguished by flagging
in the table.

The explanation of PROFP OUTPUT FILE or FP DECAY DATA FILE is given
in section 3. The printed out table from FP DECAY DATA FILE is presented

in section 4.

2. Calculations by PROFP

2.1. Average decay energies*
1) gamma rays and internal conversion electrons
The average decay energy due to the y-transitions [E?] is given by
”n
NI Eyg - Iy{
=1

[EY] = —~7Too ’ (1)}

where Evq and Iy; are the energy and relative intensity of i-th y-ray, and
N is a factor converting the relative intensity to the absolute intensity
(Y's per 100 decays). The uncertainty of average decay energy A[EY] is

calculated as

2(AN

L Eyg-Iy)? (%, (@)

1

"
N . .y 2 .. a2
AtEy] = 755 \/ifl{_(lm-zsaw) + {Byg-BIyg} 1+ (1

* In PROFP, the unit of energy is keV
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where AEBvy, AIyi and AN are the experimental errors or uncertainties of
Ey{. Iy; and N, respectively.

In calculating the average energy of internal conversion electrons,
the characteristic X-ray emitted in internal conversion process has not
been taken_into account. According to the assumption that wholé-energy
released in internal conversion process is taken out by only the conversion
electron (Ecg =Ey), the average energy and its uncertainty of intexnal con-
version electrons are calculated by Egs. (1) and (2) replacing Ey and Iy

by Ecgand Ipp, respectively.

(2) electrons from R -decay
The average decay energy due to electrons from B™-decay [Eg-] is

given by

m
l - A T S —-—— - - . .
[Eg-1 = mjil(Qg "E’Q‘J) R J(QB Egsv 7+ 1) Igj R {3)

where Qp” is the transition energy between the ground states of parent and
daughter nuclei, Epd the excitation energy of the j-th level fed by B~ ~decay:

and IBj the absolute intensity (8's per 100 decays). The gquantity

R_j(QB-'EZj' Z+1) is the ratio of average energy to the end-point energy

of the B-particle, and is expressed as

Ca -Eg . _ _ .
R (QR™-E Z+1) IOB g Eg-P7(ER, QB ~Eggs Z+1)dEg .
J - ,Q,j' = - - : ’
(0g™-Bg ) [38 TV 7 (mg, 0gT-Bgy, ZH1)dRg

P (W, Wor Z+1) = F(Z+1, p)-p-w-(wo—w)2 ; (5}

if statistical type of B-spectrum is assumed. In Eg. (5), W’zEB'*mOCZf W
and p are respectively the total, maximum and kinetic energies of electron.
F{Z+l, p) is the Fermi function, and Z+1 the atomic number of the daughter

nucleus.

The uncertainty of average decay energy A[ER”] is calculated by the



JAERI-M 9357

following expressions ;

\/a[E -1 ., m lEgT] . blEgT] .
AlEgT) = \/( s AQpT)? 4+ T {(——— ABg ) "+ (- AIgs) %}, (6)
B B - + o SIBJ. BJ

99"~ =1 3E
d[EQ™] m
=L - - 9R:™
— = L AR -E, .)- .
30g 100j=1{ F- Qg7 Ey ) 55? }r1g;
3[EE"]
_ l — .- __ i - BR i
By 100 {-r;™ + (957-Eg7) 55%;& (7)
3{EB_]

1 _ -
8Tg; 100 (Qg"-Eg ) R;

In Eq. (7)., Rj_(QB_’EQj' Z+l} is abbreviated as Rj_.

3) positrons and annihilation gamma rays

The average decay energy due to positrons from B+—decay [E3+] and its
uncertainty are calculated by similar expressions to the case of B -decay.
The ground state transition energy corresponding to Qg~ in BT -decay is
usually given as Qgq, Q-valuve for electron capture. In the following
expressions, however, Q3+ S Qpe-1022 is used instead of Qpc. Since the
atomic number of daughter nucleus is Z-1 in B+—decay, expressions

corresponding to Egs. {(3), (4) and (5} are

3

™
‘_.l

4 g o). RF (Oat-Fo s, Z-1)*Tas
106, Qg -Eg4) - Ry (Qg"~Eg4, 2-1)°Igs (8)

QB’*—WER.. ot +.. P

R:¥Y(Qat~Eps, Z-1) =
g \xB TERg LS .
(QB+_EQj)ng Fag P+(EB'QB+—ERJ’ Z-1)dEg

PH(W, Wg, Z-1) = F(-(Z-1), p)rp - (Wy-W)> (10)
The uncertainty of average decay energy A[EB+] is calculated by Egs. (6} and
. - — - + s .
(7) replacing Eg”, Qg~ and Ry~ by Eg’, Qgt and Rg+, respectively.
Since the energy of annihilation gamma, Yi, is 511x2 =1022(keV), the

the average energy and its uncertainty are given by

Ll
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m _
£y o 1022 (11)

{Ev"] = ——— ¥ Ip.
Y . ’
100J=1 BJ

s lo22 [T 2
e T EIAIBJ- , (12)

where Ig; and AIBj are absclute intensity and its uncertainty of positron

from BT-decay.

4) total average decay energy

The total average decay energy released by photons [E$] and its

uncertainty A[E$] are obtained by

(E]) = (B, + (B, (13)

AET) =\[AlBy1? + BBy (14)
The total average decay energy released by B-particle [EE} and its
uncertainty A[E$] are given by 7

(£]) = (Ecg] + [(Bg7) + (Eg"] (15)

p T2

AEE) = ‘/A[ECE]z + AlEgTI? + BIEGTIT (16)

The total average decay energy [ET] and its uncertainty AET) are
Ty - Ty . T
[E°] = [Ey] + [EB] (17)
pET) = \fBERE v bERIE (18)

2.2. Energy spectra
1) photon energy spectrum

The photon energy spectrum is represented as the number of photons
per 100 decays in each bin of 50 kev Qidth ranging from 0 to 10 MeV. In
the Z-th bin (=1 to 200), the absolute intensities of Yy-rays with energy
EYj’ 50(Z-1) < E -iSOi, are summed up. By using the same notation as Egs.

Yd

(1) and {(2), it is expressed as
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Sy; = NI Iy; for 50(4-1) < Einsoi ©(19)

The uncertainty is

,n 2 7 2 AN,
ASv: = NYJ I ATvs"+ (L I, () {20)
7
Y =1 YJ j=1 Y N

For the nuclides decaying by positrons, the intensity of annihilation

gamma ray is added to the 11l-th bin SYll of EY:=500 to 550keV. Thus

m
s\'(ll = sYll+2_Z Igg (21)
J=1
m
sy1r = |/ 8sy1n” +4_ZlAIBjZ (22)
J:

2} beta energy spectrum

The i-th bin of electron and/or positron energy spectrum is obtained by

)
Spy = J.-E_ISO-CJ"P'(EB,L-', Q8 T- EEJ-, Z+1) 'IBJ;
m £
+'E SO'CJ*'P-’_(EBﬂp Q8+_E2j' Z_l)-IBJ'+N-Z ICEJ' (23)
J=1 ’ / J=1
Eg; = 507 - 25 ; center of i-th bin, (231

where Cj_ and Cj+ are the normalization constants for P7 (W, Wg» Z+1) and

pt(w, Wy, 2-1), and given as

T F-Eg+ .3 _
Lo 1/]%B+ 'y P¥(Egss QB+_EQJ’ z2t1)dEpy (24)

CJ

The third term in Eg. (23) represents the line spectrum of internal con-

version electron with energy ECEj' 50(i-1}<ECEj§50i. The uncertainty is



JAERI-M 9357

n
bsgi = T {50-c;7-p"(Eg;, Qp -Egi, Z+1) -AIgs}
J=1

1 3

.t o oy 12
+ {50-Cj -P (EBil QB —BQJ' Z-1) AIBJ}

J=1

% %
4N T ATops® 4 (T Iggs) 2AN° (25)
j:l j:l

3. Input Data for PROFP code and Intermediate File

The average decay energies released by B~ and y-rays have been calcu-
lated by the computer code PROFP for 702 fission preoduct nuclides and
metastable states with complete experimental information. For 87 fission
product nuclides and metastable states having Q-values of > 5MeV, however:
the average decay energies estimated by gross theory of fB-decay have been
adeopted for the reasons discussed in a separate reportz), although the ex-
perimental information is available. In addition to the data on these 702
nuclides, the estimated results for 187 nuclides and metastable states with
incomplete experimental informaticn are contained in PRCFP OUTPUT FILE. 1In
FP DECAY DATA FILE, the data from PROFP CUTPUT FILE and the estimated data
for 283 nuclides not identified by experiments are included. The necessary
input data for PRCFP code and the calculated variables contained in PROFP
OUTPUT FILE are explained in the next paragraph. Input and output formats
are given in appendix 1 and 2, respectively.

Input Data

1) atomic symbol and mass number
2} decay type
°R7, or B* and/or EC

®isomeric transition
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n
Asgy = [/ I 150+C;7-P™(Egg, Qp ~Egi. z+1) -AIg;}?
J=1

m
( *.pt (Bor. Oat-Ees, Z-1)"ATas)}?
+ L {50-c;" ¥ (Egy, 0g ~Epj. Z-1) brgst*

2
T Iaes) 2AN? {25)

3. Input Data for PROFP code and Intermediate File

The average decay energies released by fB- and y-rays have been calcu-
lated by the computer code PROFP for 702 fission product nuclides and
metastable states with complete experimental information. For 87 fission
product nuclides and metastable states having Q-values of > 5MeV, however:
the average decay energies estimated by gross theory of fB-decay have been
adopted for the reasons discussed in a separate reportz), although the ex-
perimental information is available. In addition to the data on these 702
nuclides, the estimated results for 187 nuclides and metastable states with
incomplete experimental information are contained in PROFP OUTPUT FILE. 1In
FP DECAY DATA FILE, the data from PROFP CUTPUT FILE and the estimated data
for 283 nuclides not identified‘by experiments are included. The necessary
input data for PRCFP code and the calculated variables contained in PROFP
QUTPUT FILE are explained in the next paragraph. Input and output formats
are given in appendix 1 and 2, respectively.

Input Data

1) atomic symbol and mass number
2) decay type
°87, or B¥ and/or EC

®isomeric transition
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®y-transition
°internal conversion

3} Qg or Q¢

4) level enerqgy if it is metastable state

5) transition probability

6) number of betas and their maximum energies

7) number of gammas and their energies

8) number of conversion electrons and their energies

9) relative intensity and normalization factor of each beta, gamma
and conversion electron

10) parent nuclides and feeding rates

Output Variables

1) atomic symbol and mass number

2} number of parent nuclides

3} half-life (sec)

4} decay constant {1/sec)

5) flag for uncertainty of half-life, IEL
0 : experimental value
1 : estimated value
2 : half-life itself has been estimated by gross theory of

R-decay

6} Qp {MeV)

7y flag for uncertainty of QB‘ 1EB
0 : experimental valus
1 : estimated value

8) QOpc (MeV)

9) flag for uncertainty of Qg-, IEE

0 : experimental value



JAERI-M 9357

1: estimated value
10} total average decay energy (MeV)
11) beta and conversion electron decay energy {MeV)
12) gamma decay energy (MeV)
13) beta decay energy (MeV)
14) conversion electron decay energy (MeV)
15) decay type
16} parent nuclides
17} feeding rate of each parent nuclide
For the metastable state, its level energy is printed out in the column
of Qg. For the nuclides with estimated decay energies, uncertainties of Qg.
Qrc and average decay energies are all zero, and flags IEB and IEE are used
for another purposes.
IEE = 3 for the nuclides and metastable states with incomplete
experimental information
IEE = 4 for the nuclides and metastable states with Qp > SMeV, for
which the decay energies have been estimated by gross theory
of B-decay

for 12°™ps and '2°Ra of which decay energies have been

I
W

IEB

assumed to be zero, since the decay schemes are difficult
to make up. Because of their negligibly small fission
yields, this assumption does not affect the final result at
all

IEB = 4 for 283 nuclides of which decay data are not available

experimentally

4. FP Nuclear Decay Data Tables

JNDC nuclear decay data of fission product nuclides and metastable
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estimated value

10) total average decay energy (MeV)

11) beta and conversion electron decay energy (MeV)

12) gamma decay energy {MeV)

13) beta decay energy (MeV)

14) conversion electron decay energy (MeV)

15) decay type

16) parent nuclides

17} feeding rate of each parent nuclide

For the metastable state, its level energy is printed out in the column

of Qp. For the nuclides with estimated decay energies, uncertainties of QB’

Qpc and average decay energies are all zero, and flags IEB and IEE are used

for another purposes.

IEE = 3
IEE = 4
IEB = 3
IEB = 4

for the nuclides and metastable states with incomplete
experimental information

for the nuclides and metastable states with QBI>5MeV, for
which the decay energies have been estimated by gross theory
of B-decay

for !?°Ma and !'?°Ba of which decay energies have been
assumed to be zero, since the decay schemes are difficult
to make up. Because of their negligibly small fission
yields, this assumption does not affect the final result at
all

for 283 nuclides of which decay data are not available

experimentally

4. FP Nuclear Decay Data Tables

JNDC nuclear decay data of fission product nuclides and metastable
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states are shown in Table 1. Table 2 gives the comparison between the

experimental decay energies calculated with PROFP code and the estimated

results for the nuclides having Q-value larger than 5MeV. The following

information is needed to understand Table 1.

NUCL.

HALF LIFE
DECAY CONST.

P-BETA

Q-EC
E-TOTAL
E-BETA
E-GAMMA

E-IC+X

1E

.

Atomic symbol, mass number, and state identifier
{blank for the ground state, M and N for the first and
second metastable states, respectively)

Decay half-life

Decay constant

O-value for beta decay. If nuclide is a metastable
state, this means level energy of the metastable state
Q-value for electron capture decay

Total average decay energy

: Average beta energy

"

"

Averadge gamma energy
Average decay energy of internal conversion electrons
and associated x-rays

Flag for estimation of decay energy. If IE is equal
to 0, Q-BETA and/or Q-EC, their uncertainties, and the
average decay energies were cbtained from experimental
data. If IE is equal to 1, Q-BETA and/or Q-EC were
obtained from experimental data but their uncertain-
ties were estimated, and the average decay energies
were cbtained from experimental data. If JE is equal
to 2, the half-life was obtained from experimental
data but the average decay energies were estimated
with gross theory of 3-decay. If IE is equal to 3,

both of the half-life and the average decay energies
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were estimated theoretically.
SG : Flag for neutron capture cross section. If SG is equal
to 1, the nuclide has the data for neutron capture

cross section.

M. NUCL. : Nuclide name of the parent nuclide.
DTYP : Decay mode of the parent nuclide.
DTYP =1 for the B -decay-
DTYP =2 for the isometric transition.
DTYP = 3 for the (n,Y} reaction.
DTYP =4 for the BY and/or the electron capture decay.
DTYP =5 for the G~decay.
DTYP = 6 for the delayed-neutron emission.
BRANCHING : Branching fraction for the decay mode of the parent

nuclide.

ERROR OF BR : Uncertainty of the branching fraction.

In table 1, values in second line from third to tenth column for each
nuclide represent the uncertainties of the guantities in the first line.

The notations in Table 2 are same as used in Table 1.

5. Discussions

The summation calculations based on preliminary DECAY DATA FILE which
includes the averagé decay energies for 889 nuclides and metastable states
calculated by PROFP code were made for a few typical cases. The details
will be described in a forthcoming report. The results showed concider-~
able disagreement with experimental data on specifically gamma burst

235y thermal fission ; the calculated results are considerably

function of
low at cooling time of around 50 seconds and slightly high at cooling time

of around 1000 seconds. This disagreement is not seen in the calculations



lid

JAERI-M 8357

were estimated theoretically.

sSG : Flag for neutron capture cross sectlon. If SG is equal
to 1, the nuclide has the data for neutron capture
¢ross section.

M. NUCL. : Nuclide name of the parent nuclide.

DTYP

Decay mode of the parent nuclide.

DTYP =1 for the B -decay.

DTYP = 2 for the isometric transition.

DTYP = 3 for the {n,Y) reaction.

DTYP =4 for the B' and/or the electron capture decay.
DTYP =5 for the oa-decay.

DTYP =6 for the delayed-neutron emission.

BRANCHING : Branching fraction for the decay mode of the parent
nuclide,

ERRCR OF BR : Uncertainty of the branching fraction.

In table 1, values in second line from third to tenth column for each
nuclide represent the uncertainties of the quantities in the first line.

The notations in Table 2 are same as used in Table 1.

5. Discussions

The summation calculations based on preliminary DECAY DATA FILE which
includes the averagé decay energies for 889 nuclides and metastable states
calculated by PROFP code were made for a few typical cases. The details
will be described in a forthcoming report. The results showed concider-
able disagreement with experimental data on specifically gamma burst
function of 2%°U thermal fission ; the calculated results are considerably
low at cooling time of around 50 seconds and slightly high at cooling time

of around 1000 seconds. This disagresment is not seen in the calculations
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based on other data filesa)’“). This discrepancy seems to be due mainly

to adopt two levels of 6.0 and 10.0 second half-lives as the states of %°y.
In other decay data files, the half-life of 96y ground state is 2.3 ninutes,
But the 2.3 minutes state is assigned to other nuclide by recent experiments)
and if the half-lives of °%Y are replaced with the new experimental values,
the results calculated using the previous data file perhaps disagree with
the experiments. The similar disagreement to the present result is seen in the
preliminary summation calculation using other data file* based on the new
compiled nuclear data library, in which the half-lives of 6.0 and 10.0
seconds are adopted to the ground and metastable states of 36y, Therefore,
the cause of the disagreement with the experimental data must be sought

for ancther reasons.

In the results of PROFP calculations, there are some nuclides which
have large QB-values and show the unreasonably low values of E§/QB‘ 1t
seems to be likely that the low E#/QB is caused by missing highly excited
levels in constructing the decay scheme from experimental information.
Therefore, the calculated average decay energies have been replaced by the
estimated values using gross theory of B decay for 87 nuclides which have
QB—values larger than 5MeV. The situaticon of disagreement between the
summation calculations and experimental results is largely improved by
such replacement.
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Appendix 1

Input Format of PROFP
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Card NO Variable Format Definition and input data
#1 Disk file input option
DK (A2) DK: read old file and add new data
#2 Tdentification of nuclides and decay type option.

ELT (AZ)a) Atomic symbol

IMAS (13) Mass number

TATO (13) Atomic number

ISOM (A2) G _: ground state, M , MI, M2, ....: 1isomer.
Put card #5 for isomers.

IGAM (AL GAMM: gamma-decay; put cards #8-1, 2 and 3.

ICON {AL) CONV: internal conversion; put cards #9-1, 2
and 3,

IBET (AL) BETA: negative beta~decay; put cards #6, 10-1,
2 and 3.

TIECA (A4L) ECAP: electron capture decay; put cards #7,
11-1, 2 and 3.

TPOS (A4) POSB: positive beta~decay; put cards #7,
12-1, 2 and 3,

ISKP (ALY SKIP: mnot calculate average decay energies
and spectra, STAB: stable nuclide; put only
card #4,

IQB (Ad) QBET: QB input; put card #6.

IEC {Ad) ECA: QEC input; put card-#7,

NPAR (I1) Number of parent nuclides.

a) Exact format of #2: FORMAT(AZ, 213, A2, g(A4,1%X), I1)
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Card NO Variable Format Definition and input data
#3 Half 1ife; put if ISKP'2xSTAB
THF (F8.0) Half life
UNT (A1) Unit of half life; S: sec, M: pin, H: hr,

D: day and Y: vyear,

DTH (F8.0) Error of half life; unit is the same as half life.
EST (A3) EST: estimated error
#4 Parent card
ELTP(I) (Az)b) parent nuclide atomic symbol
IMP(I) (13) Mass number
IATP(I) (13) Atomic number
ISOP(I) (A2) Ground state or isomer(ex. G , M ...)
DTYP(I) (A4) Decay type; BETA, negative beta-decay,
I=1, NPAR IT : 1someric transition, EC__: electron

capture and positive beta-decay, ALPH: alpha-

decay and D-N : delayed neutron decay.

BRT (F8.0) Branching ratio
DERT (F8.0) Error of branching ratio
#5 Energy of isomer; put if ISOM#Z#;_;
EISO (F3.0) Energy of isomer(keV)
DEISO (F8.0) Error of energy of isomer(keV)
EDEI {A3) EST: estimated error

b) Exact format of #4: FORMAT (A2, 2I3, A2, A4, 2X, 2F8.0)
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Card NOI Variable Format Definition and input data
#6 Q35 put if IBET#Zégggé;or IQB#2=g§§1.
QBET (F8.0) Qp(keV)
DQB (F8.0) Erxror of QB(keV). If DQB=0, DQB=0.2QB

and EDQB=EST

EDQB (A3) EST: estimated error

#2 #2

#7 Qs put if TECA'"=ECAP, IPOS" “=POSB or
rec’ 2-qeca.

QEC (F8.0) QEC(keV)
DQE (F8.0) Error of QEC' If DQE=0, DQE=O.2QEC and EDQE=EST.
EDQE (A3) EST: estimated error

#8-1 Gamma-decay data; put if IGAM#2=§éE§.
NGAM | (13) Number of gamma-ray energies
GCF (F13.0) Normalization constant of gamma-ray intensitiesc)
DGC ' (F8.0) Error of normalization cinstant

#8-2 Gamma-ray energies and intensities
EGAM(T) Gamma-ray energy(keV)
DEG(I) Error of energy(keV)
TGAM(I) Relative intensity of gamma-ray
DTG(I) Error of intensity
I=1, NGAM (8F8.0)

#8-3 Estimated errors to replace DEG=0 and DTG=0
ADEG (F8.0) Estimation of DEG/EGAM(Z)
ADTG (F8.0) Estimation of DTG/TGAM(Z)

¢) Multiplication factor converting the relative intensity to the absolute

intensity per 100 decays
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Card NO Variable Format Definition and input data

#9-1 Internal conversion data; put if ICDN#2=QQEE.
NCON (13) Number of internal conversions
CCF (F13,0) Normalization constant of conversions
DCC (F8.0) Error of normalization constant

#9-2 Interal conversion electron energies and
intensities
ECON(I) Internal electorn energy{(keV)
. DEC(I) Error of energy(keV)

TCON(T) Relative conversion electron intensity
DTC(TI) Error of intensity

I=1, NCON (8F8.0)

#9-3 Estimated errors to replace DEC=0 and DIC=0
ADEC AF8.0) Estimation of DEC/ECON(Z)
ADTC (F8.0) Estimation of DTC/TCON(Z)

#10-1 Negative beta-decay data; put if IBET#2=§EE§.
NBET (I3) Number of negative beta-transitions

#10-2 Level energies of daughter nuclide and

branching ratios

ELEV(I) Level energy of daughter nuclide(keV)
. DEL(I) ‘ Error of level energy(keV)

TBET(I) Branching ratio(?%)
i DTB(I) Error of branching ratio(%)

I=1, NBET (8F8.0)

#10-3 Estimated errors to replace DEL=0 and DTB=0
ADEL (F8.0) Estimation of DEL/ELEV(Z)
ADTB (F8,0) Estimation of DTB/TBET(%)
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Definition and input data

Card NO Variable Format
#11-1
NEC (13)
#11-2
ECLE(I)
DCL(I)
TECA(I)
DTE(I)
I=1, NEC (8F8.0)
#11-3
ADCL (F8.,0)
ADTE (F8.0)
#12-1
NFB (13)
#12-2
EPLE(I)
DPL(I)
TPBT
DTP(I)
I=1, NPB (8F8.0)
#12-3

ADPL (F8.0)

ADTP (F8.0)

put if IECA#2=ECAP.

Electron capture decay data;
Number of electorn capture transitiions

Level energies of daughter nuclide transitions

occur and branching ratios

Level energy of daughter nuclide(keV)}
Error of level energy(keV)

Branching ratio(%)

Error of branching ratio(%)

Estimated errors to replace DCL=0 and DTE=0
Estimation of DCL/ECLE (%)
Estimation of DTE/TECA(Z)

put if 1PoS” 2=POSE.

Positive beta-decay data;
Number of positive beta-transitions

Level energies of daughter nuclide and

branching ratios

Level energy of daughter nuclide(keV)
Error of level energy(keV)

Branching ratio(%)

Error of branching ratio(%)

Fstimated errors to replace DPL=0 and DTP=0

Estimation of DPL/EPLE(%)

Estimationof DTP/TPBT (%)

o



Appendix 2

OQutput Format of PROFP

Line NO Variable Format
#1
ELT (A2)
TMAS (13)
JSoM (A1)
NPAR (12)
THFS (E13.5)
DTHFS (£13.5)
RAMDA (E13.5)
DRAM (E13.5)
IEL (12)
#2
QRET (E13.5)
DQB (E13.5)
IEB (I2)
QEC (E13.5)
DQE (E13.5)
IEE (12)
#3
TDE (E13,5)
ETDE (E13.3)
TBETA (E13.5)
ETBET (E13.5)
TGAMM (E13.5)
ETGAM (E13.5)

JAERI-M 9357

Definition and input data

Atomic symbol

Mass number

State identifier

Number of parent nuclides
Half-1life

Uncertainty of half-life
Decay constant

Uncertainty of decay constant

Flag for uncertainty of half-life

~value
g
Uncertainty of QB
Flag for uncertainty of QB
QEC—value
Uncertainty of QEc

Flag for uncertainty of QEC

Total average decay energy
Uncertainty of total average decay energy
Average beta and conversion electron energy

Uncertainty of average beta and conversion

electron energy
Average gamma energy
Uncertainty of average gamma energy
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Definition and output data

Average beta energy

Uncertainty of average beta energy

Average conversion electron energy

Uncertainty of average conversion electron energy

Decay type

isomeric transition

neutron capture reaction

+
3 and/or electron capture decay

delayed neutron emission

Line NO Variable Format
#4
TBETZ (E13.5)d)
DTBTZ (E13.5)
CONEZ (E13.5)
DCONZ (E13.5)
J1l - J7 (711)
J1 : stable
J2 B_—decay
J3 :
J&
J5 @
J6 : g-decay
J7
#5
JPDN(T) (12)3)
ILTP(I) (A2)
IMP (1) (13)
JPIS(T) (Al)
BRT(I) (E15.7)
DBRT(I) (E15.7)
I=1, NPAR

Decay mode

Nuclear symbol of parent nuclide
Mass number

State identifier

Feeding rate

Uncertainty of feeding rate

d) Exact format of #4:

e) Exact format of #5:

FORMAT (4E13,5, 3X, 7I1)
FORMAT (I2, 2X, A2, I3, Al, 2E15.7)
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Table 2., Comparison with Experimental and Estimated Values of Average Decav

KO,

DX/ AR W

Energies for Nuclides with QB > 5 MeV

EXPERIMENT ESTIMATE

NUCL . HALF LIFE Q-BETA E=-TUTAL, E-HETA E-~GAMMA E=TOTAL E-BETA E~GAMMA
(SEC) (MEV) (MEV) (MEV) (MEV) (MEV) (MEV)  (MEY)

Cu 68M 2, 25000p+02 5,3410 1.1673 00,1883 0,979l 1,1530 0,1970 10,8560
CU 70M  4.460000D+01 6.3100 4,5071 1.5758 2.9312 3,8170 1,6500 2.1670
70 4.50000D+00 6.1700 3,1647 2,.5688 0.9759 ?.9920 2.6570 0.2950
GA 74 4.950000602 5,4000 4,07246 1.0245 3,0679 3,4890 1.,28B0 2.4010
GA 76 2:710000+01 &6,7700 4,5975 1,80%1 2.7925 G,2420 1.7460 2.4960
AS Ry 1.65000Ds01 5.7000 2,9287 2.3290 0.608% 2.7380 2.4790 n.2590
GE B} 1.010000+01 5.6000 2.0061 2.4998 0.1153 3.0070 2.1260 0.8814
AS RZM  1.3pp0QDe01 7.4000 5.0172 1.8568 3.160% 4,7170 1.9540 2.7630
A5 B2 Z2,100Q00D«01 7.4000 3.7299 3.2534 (.4765 4.9440 §.9900 2.9540
AS B3 1-41000N+01 5.4600 4.0071 1.2556 2.7514 7.9930  2.0000 0,9930
AS R&  5,8D000D+00 9,554p 5,564 3,9893 1,575& 6.2390 2,8340 3.4050
SE B85  3.2800QD«01 &.1000 33,9427 1./038 2.23%0 4.0180 1.63p0 2.388¢
SE B& 1.670000+01 S.1000 3,4952 1.1468 2,34B5 3.3140 1.3500 1.9640
BR 88 5,57000N+01 7.3000 5.377) 1./377 3,8395 4.8830 11,9470 2.9360
SE B7  5.60000D+C0 7.2700 4.45g0 2.4920 1.9600 4.7230 2.0790 2.6440
BR R7  5.560000+01 &,5000 5.4982 11,5429 3,4553 4,223y 1.8130 2.4100
SF R 1.53p0000+00 7.0000 4.100% 2.38099 1.7:19% 4.1200 2.40640 1.71%0
BR B& 1.630p0D0«01 B,6000 5.6748 2.06177 3,p577 S.,6640 2.4547 3.2100
RR A8 1.06800D¢03 5.3p%0 2.7275%  2.0911 0.6366 31,4870 1.193%0 2.4940
BR 90 1.920000+00 10,3300 5.5218 4.3885 11,1333 6,7510 3.0890 3.6620
RR 9pM 2.58p00D+02 6.4679 4,8392 1.£888 3,3503 4.2100 1.5640 2.6660
RB 99 1.53000D+02 6.36060 4,0516 1.8875 2.1641 4,3300 1.5710 2.7590
KR 91 8.57000D¢00 6.2000 3,7231 1.59p0 1.7331 3,6720 2.0550 1.£170
RR 91  5,82000D+01 5.7000 3,7347 1.5157 22,2190 3,7720 1.4760 2.2960
KR 92 1.85000n+00 6,0800 3,1253 2.,4086 (.7168 3,3400 2.2620 1.07By
RA 42 4.500000+00 7.7700 3,7554 31,4895 00,2659 4,6220 2,8560 1.5660
KR 93 1,28900N+00 8.7000 5.,1672 2.88B9% 2,2772 5,4B40 2,7270 2.7570
RE 93 5.820000+00 77,4500 4.1101 2.7167 1.3934 4,8220 2,1470 2,6750
SR 95 2.44000N+01 6,0900 . 3,2969 2.2653 1.0317 4.0350 1,5930 22,4420
SR 9& 1.015000400 5.3600 2.8877 11,9758 0.9119 2.9210 1.9620 0.%590
SR 97  4.41000N-01 7.2009 4.0271 2.5420 1.6851 46,1040 2.4030 1.5010
¥ $7M  1,130000e00 7.35890 4.2122 2.4020 1.8192 4,1550 2,6830 1.472¢
Y 97 3.70000R«00 6,8700 3.9652 2,1515 1.8137 3.703%0 2.,4720 1.2310
RE 98 1.0R000D-01 10.8509 5.0680 3.8139 11,2547 6.6349 3.7110 2.92390
SR 98  4,400000-01 5.R100 2.7046 2.534R (,1698 32,1900 2,1390 1.0510
Y S8M  Z.00000Ds00 99,0800 5,/837 2.67B3 3,1054 5,5850 2.9890 2.596¢
¥ G8  6.500000-01 A.9840 4.7593  3.9453 (.8140 5.2570 3.2160 2.0%41°0
Y 9% 1.400000+00 6.3900 2.9760 2.4823  (.4938 3,5220 2.3750 1.1470
ZRI101 2,40000N«00 5.9000 2,8696 2.4966 (,53530 3,2519 2.1800 1.091v
TC104 1.092007+03  5,6200 3.5180 1.6758 1.8422 32,9220 1.26440 2.6780
MD105  3.67000D+01  5.4000 Z.4100 2.255¢ 0.1546 3,6550 1.2900 2.365¢
TC108 5.000000+00 B8.0000 4,0942 3.2938 (¢.8004 5,2420 2.72490 2.9930
RH110M  2,85000N+01 5.4000 3,2658 1.3534 2.2125 3.0140 2.2370 0.7770
RHI19 3.00000D+00  5,6000 2.43%99 2,3B39 0.0561 2.6880 2.2020 0.4860
AGI16M  1,040000+01 6,.33120 3,6176 1,¥355 1.6821 3,3560 2.3130 1.0430
AG116 1.60800N+02 A,1000 3.5901 2.7232 0,8668 4.2220 1.3970 2.8250
AGL18M  2,00000D+00 7.1289 1.9551 0./924 11,1627 1.3410 0.7890 0.%52¢
AG118  3.76Q000*00 7.0000 3,8657 2.5388 1,3269 3.9490 2.5150 1.4340
aG122 4.BO0CON-01 9,1700 4.B1586 3,6970 1.1185% 5,5590 3,04R0 2.5110
IN122M  1.000000+01 6,5900 3,6522 1.%173 1.7349 3,9220 2.4230 1.49%0
IN122 1.500000+00 6.5100 3,9955 2.7374 1.2582 3,6050 22,3630 11,2420
[NI2&M 2,400000+00 7.3300 4.5064 2.2336 2.2728 4,2190 2.5580 1.6610
IN176 3.210000+00 7.1400 4,1991 2.3328 1.8662 64,0800 2.5100 1,5700
IN125M  1.22000D+01 5.6600 2.5852 2.451R 10,1334 53,4960 1,6600 1.8380
IN12S 2.32000D+00 5.4800 3,1008 1.B074 1,2934 3.0176 11,9370 1.0800
IN1Z6M " 2,10000N«00 B.2100 4,1259 3.66p2 0,6597 4,8710 2.7740 2.0970
IN128 1.530000+00 88,0800 4,.9940 2.48682 2.9257 4,7810 2.7450 2.026U
INI27M  3.760000+00 6.6500 31,2214 2.7947 0.4267 3.9180 2,1910 1.7270
IN127 1.30000D+00 6,4900 3.,0040 2.1763 1.5177 . 3,6950 2.2520 1.443p
IN172BM  5.600000«00 9.3900 &, 4546 2.4514 33,9631 6.1910 2,6340 3,5570
IN128  B,40000D=01 9.3100 6,5181 3.3628 13,1553 5,6820 3.0490 2.6330
IN1POM  2.500000400 7.8000 31,4898 3,2930 0.1968 5,1020 2.1550 2.9470
InN129 9.99000D=01 7.6000 4,2678 2.4574 1.8104 4,4490 2.58B0 1.B6lop
IN13D 5.760000-01 9.4000 5,3684 3.1277 2.2406 5.7560 3,0630 2.6930
IN13L 2.708000-01 8,0000 4,2296 2,2892 1,9404 4,7240 2.7070 2.0170
SNL131M  6,10000D+01 5.0500 2.8014 1.1688 1.4326 3,4890 11,0980 2.3910
IN132 1.300000-01 9.8000 7.0172 2.23%2 4.7779 6.0560 3,1580 2,B9R0
$8132 1.68000D+02 5.5000 3,7719  1.1976 2.5743 32,9250 1.,1970 2.7¢80
SN133 1.470000+00 7.2400 3.4845 33,0993 (.3852 4,2710  2.41060 1.8610
SBL34M 1.04p00D+01 8.4000 5,1627 3.1359 z.(0262 5,5560 22,2840 3.2720
SR134  B.540000-01 B.4000 3.8441 3.8441 0.0800 5.0370 2.7810 R2.25&0
TEL35 1-920000+01 6,2000 3,1299 2.4539 (.6859 4.1520 1.5320 2.6200
1 1%6M  4,480000+01 7.0000 4,3073 2.30%82 z.0021 4,7020 1.7600 2.9420
1 136 8,510000+01 7,0000 64,5202 2.0542 2,4660 64,7020 1.7600 2.9420
[ 137 2.450000+01 5.5000 2.7211 1.%721 0.7490 3,7320 1.2720 2.4600
C5138BM 1.74000D0+02 5.4200 0.9285 0.4014 0.5272 1.0140 0,2800 06,7340
C5138  1.93200D+03 5,3400 3,5789 l.2474 22,3314 32,7690 1.0899 2.6800
XE139 3.955000+01 5.0200 2.52p1 1.7350 0.885) 3,2410 1.0020 ?2.2390
5140 6.37000D«01 6.1700 3.9679 1./518 2.2161 4,2200 1.4290 2.7910
XE1al 1.730000+00 6.1500 3,4006 2.3649 1.0355 3,5370 2,04RQ  1,4899
€514 2.49000D401 5.1¥00 2.7/557 2.0887 (.,b669 3,4110 1.2760  2.1350
XE142 1.24000P+00 5.0400 3,0388 1.8468 11,1920 2.7350 1.7580 0.,9770
(5142 1.71000D400 7.2800 6.4355 32,6237 5.8119 4,2360 27,4490 11,7870
Lal4d  4.21000D+0C1 5.5000 3.1013 1./B75 1,%138 13,4290 1,3380 2,0910
LA146  B.50000D+00 6.3000 3,1771 2.456% p.717R 3,5270 2.1820 1.3450
LAL4B 1.2%000D+00 46,3000 3,0185 2./429 (.8756 33,5360 2,1750 1.3810
PR150 6.20000N0+00 5,7000 2.5743  2.3121 0.2622 31,0930 2,0170 1.0760




