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MULTIGROUP BETA AND GAMMA SPECTRA OF
INDIVIDUAL ENDF/B-IV FISSION-PRODUCT NUCLIDES

by

T. R. England and M. G. Stamatelatos

ABSTRACT

Delayed beta and gamma group-energy spectra were cal-
culated for 180 individual fission-product nuclides having
spectral data in ENDF/B-IV fission-product files. The beta
spectra, in uniform-grid 75-group structure, and the gamma
spectra, in uniform-grid 150-group structure between 0 and
7.5 MeV, are sufficiently detailed for collapsing to any de-
sired practical group structure. These spectra have been
used in decay-heat summation calculations for comparisons
with corresponding experimental beta and gamma spectra.

I. INTRODUCTION

The fission-product Fvaluated Nuclear Data Files Version IV (ENDF/B-IV)
are currently the most comprehensive source of evaluated data on fission-product
nuclides. They contain cross sections, decay constants, decay energies, fission
yields, etc. on 824 fission-product nuclides. They also contain spectral data
for the 180 most important of these nuclides from the point of view of decay
heating.l In recent comparisons of experimental beta and gamma spectra with
summation calculations,2 these 180 nuclides were seen to account for some two-
thirds of the total decay energy even at very short cooling times after fission
(2’10 s) and also to account for 90-98% of the total decay energy at times of
3 100 s after shutdown.

The purpose of this report is to document the intensity-weighted group
spectra for the 180 fission-product nuclides used in the LASL comparisons.
Also, the fine-group spectra can easily be collapsed to wide-group spectra used

in reactor design and safety studies involving aggregate fission products.



II. GAMMA SPECTRA

Of the 180 fission products having spectral data in the ENDF/B-IV files,
172 have gamma and 163 have beta spectra. Gamma spectral data are given in the
ENDF/B-1IV files as line energies and intensities. These line energies, weighted
by the intensities, were incorporated in 150 constant-grid (50-keV) groups be-
tween 0 and 7.5 MeV, a range that contains all fission-product decay gammas.

For comparisons with experiments, it is desirable to energy broaden the
lines before multigrouping in correspondence with the experimental energy reso-
lution. This energy broadening, however, is strictly dependent on the experi-
mental set-up used and was not applied to the spectra given in this report.
Nevertheless, the structure of the spectra given here is fine enough that broad-
ening can be applied to the multigrouped data without significant loss of accu-
racy, especially when these spectra are further collapsed to coarser group

structures.

IIT. BETA SPECTRA

The beta spectral information on 163 ENDF/B-IV fission products includes
intensities and end-point energies. The intensity-weighted group spectra re-
ported here were calculated in the following way.

The probability of beta disintegration with total relativistic energy W,

in electron rest energy units in group i, 1is

W

1+1
Ni(Z) =/ N(Z,W)dw ' (1)

W,
i

where Wi and Wi+1 are the i-th group energy boundaries, Z 1is the atomic

number of the beta-emitting nucleus, and N(W)dW is the probability of the beta
disintegration with energy in the W to W + dW range:

2 2 2
N(z,W) = c|u] F(Z,W)K(W)W‘/(W ~1) (W,-W) , (2)
where
F(Z,W) = electron density ratio (or Fermi function),
C = a universal constant,
2
]M] = the square modulus of the transition matrix element,



W
0

K(W)

maximum value of W

shape factor dependent on the type of transition
(allowed, forbidden unique, etc.)

The electron density ratio, also known as the Fermi function, is given by

the following relativistic expression

S
4(1+= 28 2
~ (1+) 2R\*° & (we-1)® ]I‘(1+S+iy)]2 , (3)
F(Z,W) = ———__2 A
]P(3+28ﬁ \¢c
where
S =‘/1 - (ocz)2 -1
- -13
AC = n_c 386 X 10 cm . (4)

Discussion of the Fermi function and approximations thereof can be found in
Ref. 5.
Equation (3) is a complicated expression with complex gamma functions
which make Eq. (1) impossible to integrate analytically. The spectra given
in this report were obtained by numerically integrating Eq. (1) using a variable~
grid Simpson integration until a desired accuracy (0.01%) was achieved. A con-

stant grid (100 keV) was used between 0 and 7.5 MeV.

IV. DATA FORMAT -

Following a list of beta- and gamma-group upper boundaries (Table I), the
beta and/or gamma spectra are given in Table IT for all 180 fission products
having spectral data in ENDF/B-IV. Each isotope for which spectra are included
is identified by the charge (Z), chemical symbol (CM) and atomic number (A) using
the notation Z-CM-A. 1If the nuclide is isomeric, this is noted by an M fol-
lowing this notation. Each nuclide is also identified by its ENDF/B-IV MAT num—
ber. The spectral listings include the group number and then the number of group

gammas (or betas) per disintegration.



V. USE OF SPECTRA AT THE LOS ALAMQOS SCIENTIFIC LABORATORY

The latest and most versatile version of the CINDER code (CINDER-10), de-
veloped by one of us, is being used to calculate nuclide densities, activities,
total beta and gamma decay energies, etc. Spectral routines are also included
in CINDER-10; however, unlike other nuclide decay and absorption parameters, the
individual nuclide spectra are not required in the CINDER-10 calculation, except
for spectral calculations. Frequently, the same CINDER run is used for various
spectral calculations, that is, using different group structures or experimental
resolutions. Therefore, the results of each CINDER run (individual nuclide
activities, total beta and gamma decay energies, etc.) are stored, and the
desired spectra are folded into the results of these runs using auxiliary rou-
tines. The individual-nuclide spectra in this report have also required the
development of other codes.

The spectra of individual isotopes are calculated with a special computer
code FPDCYS which we recently developed at the Los Alamos Scientific Laboratory
(LASL). This code has the capability of generating beta and/or gamma spectra
with user-requested characteristics, that is, energy-broadened or-unbroadened
gamma spectra, "'exactly'" calculated beta spectra or beta spectra calculated with
approximate, fast, analytically integrable spectrum functions,5 etc. This code
processes such data directly from the ENDF/B-IV files.

Finally, these spectra and the fission-product activities calculated by
CINDER-10 are combined in a computer program FPSPEC, developed by one of us, to
yield cumulative fission-product beta and/or gamma spectra at any time auring or
after fission. These spectra, normalized to the total energy rates from CINDER-
10, compare very well with recent experimental gamma spectra measured at LASL

b

and beta spectra measured at the University of Illinois. Documentation on

the FPDCYS and FPSPEC computer codes will be given elsewhere.
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57 0. 107 0. 7 BeS9%E=02 &7 0,
58 0, 108 0. 8 6,834E=02 S8 0,
89 o0, 109 0 9 4,93¢E=02 59 0,
60 o, 110 0o 10 3,084E=~02 60 0,
61 o, 111 0. 11 1.48%E=02 61 0,
62 0, 112 0. 12 34909E=03 62 0,
63 o, 113 0o 13 3,899E=04 63 0,
66 0, 114 0. 14 1,509E=04 64 0,
6% 0, 118 0o 18 3,977TE=05 £S5 0,
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68 o0, 11R 0. 18 0. 68 0.
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R7 o, 137 0o 37 o.
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89 o, 139 0 39 0.
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GAMMA SPEARTRUM BETA SPFCTRUM
1 0. sl o, 101 0. 1 1,585E=01 51 0,
2 0o 52 0, 102 0o 2 1e545E=01 82 0o
3 0o 83 0, 103 0o 3 1+413FE=01 83 0. B
4 44000E=03 84 o, 104 0o 4 1e239E=01 54 0, “
5 1+960E=02 &5 0, 105 0e S 1¢064E=01 55 0.
6 3,200E=02 &6 0, 106 0e 6 Bs939E=02 &6 0,
T Do s7 o, 107 0o 7T 7¢107TE=Q» 57 0, °
R 0. 58 0, 10R 0. 8 5,319E=0p2 88 0.
9 5,006E=02 59 0, 109 ne 9 3.714E=072 59 0,
10 3,120E=03 40 0, 110 0o 10 2.409E=072 60 0.
11 #,720E=02 &1 0, 111 0o 11 1e822E=02 &1 0.
12 04 62 0, 112 0o 12 9¢312E=03 62 0.
13 0o 63 0n. 113 0o 13 5¢0641E=03 63 0,
14 o, 64 0, 114 0e 14 2,18lE=03 &4 0,
15 6.800E=03 65 0, 115 0o 15 74230E=-04 65 0.
14 o, 66 0, 116 Ne 16 44,200E=04 66 0,
17 6.400€E=02 67 0, 117 0. 17 3.123k=04 67 04
18 n. 68 0, 118 0o 18 2,275E=04 68 0,
19 o. 69 o0, 119 0. 19 1.494E=046 69 0,
20 2,160E=02 70 0, 120 0. 20 B+s270E=05 70 0,
21 8,000E=02 71 o, 12) 0 21 3.266E=-08 71 0,
22 0o 72 0. 122 0o €2 4eR9BE=0k T2 N,
23 2,624E=01 73 o, 123 0. 23 04 73 0,
24 1.112E=02 74 o, 124 0o 24 (e T4 Oe
2% a,160t=03 75 0, 125 0. 25 0 7% 0,
26 24792t=01 76 o, 126 Qe 26 e
27 0. 77 0, 127 0o 27 0
28 1,208E=02 78 o, 12R 0 28 e
29 o 79 0. 129 ne 29 Qo
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35 3,360E-02 AS 0, 135 0o 35 0.
36 7,520E=02 86 0, 136 04 36 0,
37 5,600e-03 a7 0, 137 o. 37 0.
38 0. R8 0, 13” 0. 38 04
39 »,960t=-03 89 0, 139 0, 39 0,
41 7,200E=03 9l 0, 141 0. 41 0.
42 0. 92 o, 142 0 42 0.
43 0. 3 o, 143 0o 43 04
44 0, 9 o, 146 0o 44 0o
45 0, 9% 0, 145 0o 48 0,
46 0, %6 0, 146 0o “6 0. .
47 0, 97 o, 147 0o 47 0
48 0, 98 o, 148 0o 48 Q4
49 N 99 n. 149 Qe 49 Qe
S0 0, 100 o, 150 0 S0 0,
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GAMMA SPEATRUM BETA SPECTRUM
1 0, sl o, 101 0o 1 74.949E«03 81 0,
2 0. 52 0. 102 0o 2 1.023E=02 &2 0,
3 0. 53 o, 103 0 3 1,269E=02 &3 0,
4 8,500E=01 &4 @, 104 0o 4 1.523E=02 54 0,
S 0. 55 0, 105 0e S 1«778E=02 55 0,
6 0. |6 O. 106 0. 6 2.031E-0? a6 OQ
T 0, 87T o, 107 0o T 2¢278E=02 87 0,
R 1.17VE+«00 58 p, 108 0o 8 24514E=02 5R 0,
9 0. 59 o, 109 Qe 9 2.7T38E=02 59 0.
10 o, 60 0o, 110 0o 10 2.947E=02 60 0,
11 0. 61 0. 111 Oo 11 30138E-0? 61 0.
12 0. 62 0, 112 0o 12 3,310E=07 62 0,
13 o0, 63 n, 113 ne 13 3.460E=072 63 0,
14 0, 64 0, 114 0e 14 3.588E=02 64 0,
15 04 65 0, 115 0o 195 3,692E=02 65 0,
16 0. 66 0, 116 0o L6 3¢771E=02 66 0o
17 0o 67 0, 117 0o 17 3eR25E=0? 67 Qo
1R ¢n. 68 04 118 0o LR 3+R54E=02 6R 0.
19 n, 69 0, 119 0+ 19 3.R58E=07 &9 0.
20 0o 70 0. 120 0o 20 3¢R36E=02 70 0.
21 0. 71 0, 121 0o 21 34789E=07 71 0.
22 0o 72 0. 122 0o 22 3¢718E=072 72 0o
23 n. 73 o, 123 0e 23 3.623E=02 73 0,
26 0. 74 0, 124 0o 24 3¢506E=02 74 0.
2% n, 75 0. 125 0N 25 3.368E=07? 75 0.
26 0. 76 0. 126 0o 26 34211E-07
27 1.000E«00 77 o, 127 0. 27 3.036E-07
28 0, 78 0, 12R 04 2R 2,845E-02
29 o, 79 0, 129 0 29 24641E=02
30 o, RO 0, 130 0. 30 2.426E=02
31 o, Rl o, 131 0. 31 2,203E-07
32 n. Re 0, 132 0. 32 1,974E=0>
33 o, A3 0, 133 0. 33 1.,7642E=072
34 0. R4 0, 134 0. 34 1.511E=02
35 o, 8S 0, 135 0 35 1,285E=02
36 0, R6 0, 134 0 36 1,0668=0?
37 o, ar o, 137 0 37 Be589E=013
38 o, RB 0, 138 0 38 6.6TTE=013
39 o, 89 0, 139 0. 39 4,965E=03
40 0. 90 0, 140 0o 40 3,499E=013
41 0. 91 0, 141 0. 4] 2.304E=03
42 0. 92 0, 142 0o 42 1,344E=01
43 o, 93 o, 143 0o “3 64333E-04
44 0, 94 0, 164 0o 44 2,102E=04
45 0. 9% o, 145 0O 45 6.193E=05
46 0, 6 0, 146 0o 46 9.010E=06
47 0. 97 o, 147 0. 47 Q.
48 0, 98 o, 148 0 4R 04
49 o, 99 o, 149 0. 49 04
50 0. 100 o, 150 0. 50 0,
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GAMMA SPECTRUM BETA SPECTRUM
1 1.,026E+00 s1 0, 101 0. 1 1.760E=01 51 0,
2 0. s2 0, 102 0o 2 1.817E=01 52 0,
30, 53 o, 103 0o 3 1.759E=01 &3 0,
4 2,320E=-02 S84 o0, 104 0o 4 1,5872E=01 54 0,
5 9.,060E=01 &% g, 105 0o 5 1+2R3E=0N] &5 0,
6 0, &6 0, 106 0. 6 9,355E=«02 56 0,
7 0o s7T o, 107 0. 7T Se753E=02 &7 0,
B 2.,110E=03 &8 o, 108 0. R 2.549E=02 &R 0,
9 3,200£=03 &9 o, 109 Q. 9 4.652E=03 59 0,
10 0. 60 0, 110 Qe 10 2.n82E=06 60 0.
11 Oo 61 0. 111 0‘ 11 00 61 00
12 o, 62 0, 112 0 12 0. 62 0o
13 o, 63 0, 113 0. 13 0. 63 0,
14 3,200E=04 64 0, 114 0. 14 0. 64 0,
15 4.500E=04 65 0, 115 0o 15 0o 65 04
16 0, 66 0. 116 0« 16 0. 66 0.
17 5,000E=04 o7 0, 117 0 17 0. 67 0.
18 0, 68 0, 118 0e 18 0. 68 0.
19 o, 69 0, 119 0. 19 0, 69 0,
20 0. 70 o, 120 Qo 20 0. 70 0,
21 o, 71 o, 121 0. €l 0. 71 0,
22 0, 72 o, 122 0o 22 0. 72 0,
23 0, 73 o, 123 0+ 23 0. 73 0.
24 0, 74 0, 124 0 24 0 74 0,
25 0. 75 0. 125 0o 25 0, 75 0,
26 0, 76 0, 126 0 26 0.
27 0. 77 0, 127 0« 37 O
28 0, 78 o, 128 0 28 0.
29 0, 79 0, 129 0. 29 0.
30 o, RO 0, 130 04 30 o0,
31 o, al o, 131 0. 31 0.
32 o, g2 0, 132 0o 32 o,
33 o, R3 o0, 133 0. 33 o0,
34 0, _R4 0, 134 0. 36 0.
3% 0. 8% 0, 135 N 3% 0,
36 0. R6 0, 134 0. 36 0.
37 o, 8T o, 137 0o 37 0.
38 0, R8 0, 138 N 3R 0.
39 0, 89 o0, 139 Qe 39 0.
40 0. 60 o, 140 0 40 0.
41 0, 91 o. 141 0o 41 0.
42 0. 92 0. 142 0o 42 0
43 0, 93 o0, 143 0o 43 0,
44 0, 94 0, 144 0o 44 0,
45 0, 95 0, 145 0 45 0.
46 n, 96 0, 146 0 46 0,
47 0. 97 o, 147 Qo 47 0.
48 n. 98 0, 148 0o 48 0.
49 o, 99 o, 149 0 49 0,
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