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List of symbols for physical quantities:

Ar
E(B)
E(Y)
E(vH)

<E>

relative atomic mass of an element

beta ray energy

gamma ray energy

annihilation radiation

average neutron energy for a neutron spectrum
Westcott g-factor

resonance integral cross section ‘
resonance integral cross section minus 1/v contribution
isomeric transition

number of atoms per unit mass

number of atoms per unit volume

beta ray emission probability

gamma ray emission probability

sum of omitted beta ray emission probabilities

sum of omitted gamma ray emission probabilities
reduced Westcott. s factor

half-life

average lethargy for a neutron spectrum

average neutron speed for a neutron spectrum

decay constant

mass density

thermal cross section for E = 0.0253 eV

activation cross section

calculated cross section

calculated cross section averaged over a fission neutron spectrum
fission cross section for E = 0.0253 eV

cross section averaged over a fission neutron spectrum

measured cross section

measured cross section averaged over a fission neutron spectrum
energy dependent cross section

equivalent fission flux density for the reaction °2Co(n,y)®0Co
equivalent fission flux density for the reaction °%Fe(n,p)>*Mn

equivalent fission flux density for the reaction °®Ni(m,p)38Co



Preface:

This document was prepared within the framework of the activities of the

subgroup 'Nuclear Data' of the Euratom Working Group on Reactor Dosimetry

(EWGRD). This subgroup has the following aims:

a. Preparation of recommendations to the EWGRD to apply certain neutron
detection reactions for specified purposes;

b. Preparation of recommendations to the EWGRD to apply particular energy
dependent cross section data (from a specific file), so that each la-
boratory in the Community uses the same data sets (where necessary pa-
rallel to own preferred data sets);

c. Preparation of recommendations to the EWGRD to apply specified nuclear

data (decay schemes, half-lives, fission yields, etc.).
d. Preparation of recommendations to the EWGRD, to apply specified fis-

sion product yields.

A previous document, edition 1977 (ECN-37), was prepared according

to the decision of the EWGRD on June 1977. Since then a few comments
from EWGRD members and also some more evaluated data have been received.
According to the decisions of the Working Group on May, 1978

the present document should be considered as an official recommendation
by the EGWRD. However, the title of the document does not refer to

a recommendation, but to a "guide". It is hoped that within the
European Community, all reactor neutron metrologists will follow

this guide.

It is expected that this guide has to be updated after one or two years,
implying an improvement and extension of the nuclear data relevant to
reactor radiation measurements.

Where appropriate this guide gives numerical data from a few preferred in-

formation sources which are listed below.

List of preferred general references:

. , reference
quantity of interest sources code
: : - Holden Ho79
relative atomic mass ' Handbook of Physics and We79
mass'den51Fy {Chemistry (59th edition)
melting point
1 1 sch Martin, Ma76
evel schemes Nuclear Data Sheets various authors
decay data:
(Ty, Eg, Ey, etc.) Chart of Nuclides Wa77
Kocher Ko77
ENSDF (MEDLIST) MED78
S, , BNL-325 Mu73
<o>t Fabry Fa77, Fa78
o (E) ENDF /B—-IV Ma75




The numerical data are preferably presented in units of the International
System of Units (S.I.), except the energy data which are expressed in
units of MeV and keV.The S.I. implies that the cross section values are

expressed in the unit m? or in a suitable recognized submultiple

1072802 = 100 fm?
1 fm2 = 1073%2 = 0.01 barn = 10 millibarn

like the fm?. Note that|l barn

Il

There has been some opposition against the replacement of the unit barn
by the S.I. unit fm?. This fm? unit was chosen in the 1977 edition, since
the Council Directive of the CEC forbade the use of the barn with the end
of 1979. This directive seems not to be based on a recommendation of
international bodies active in the field of nuclear data.

The International Nuclear Data Committee, various national and regional
nuclear data committees, and the Meeting of the Nuclear Reaction Data
Centers, have issued recommendations to continue the usage of the unit
barn. However, for pure practical reasons, it was felt convenient not

to change too many units in the contents of this guide, going from the
1977 edition to the 1979 edition. TIn some new text parts the units

barn and fm? are used on equal footing.

When a long half-life is expressed in years, one should note that in
general a tropical year is meant. This implies that for 1 tropical year:

[T a = 365.242 20 d = 31 556 926 s |1S075]|.

For convenience of the user the data are grouped per reaction of interest;
these reactions are presented in order of increasing photon number (Z) of
the target element, and equal for Z in order of increasing nucleon number
(A=Z+N) of the target nuclide of the detection reaction.

Furthermore the principle is followed that where possible each numerical
value is referenced,

The uncertainties quoted are those from the original literature sources.
In this respect the following notation by Martin [Ma76{ was followed:

recommended value 3.624
3.624(12) means {uncertainty 0.012

The uncertainties quoted in the various references are assumed to be

standard deviations (lo).

With respect to the isotopic composition data, it is worthwhile mentioning
that, according to a recent international recommendation, the expression
"atom percent' should be replaced by "mole fraction'.

The mole fraction of isotope i (symbol: Xi) is defined by



x; = ni/% nj o,

where n; is the number of atoms of isotope i, and where the summation

is extended over all naturally occurring isotopes.
In the past one sometimes expressed the isotopic composition in terms
of a "weight percent'". This term should now be replaced by "mass frac-

tion". The mass fraction of isotope i (symbol: w;) is defined by
Wi = mi/Z mj ’
J

where m; is the mass of atoms of isotope i.

For the case of a radioactive parent (p) feeding a radioactive daughter
(d) in a fraction (f) of the parent decays, the ratio of the daughter

activity to that of the parent at time (t) is given by

£.T) /5P [l_e‘<kd‘kp)t] ’

(n
T(1/2)<P)"T1/2<d) -

where T]/z(p) and T]/2

decay constants (A =1n 2/T

(d) are the half-lives, and A_ and Aq are the

p
) of the parent and daughter, respectively.

The activity of the daughtéﬁzis assumed to be zero at time t=0. For
cases in which the daughter is short-lived compared with the parent,
the parent-daughter activity ratio approaches a constant value with
time. For a time large compared with ]/(Ad—kp), Eq. (1) reduces to
£.T),5(P)
T, 2@ ~ T, (D

. ' (2)

For example, 99%Mo decays to 997cM (6.02 h) with T1/2<P) = 66.0(2) h,
T1/2(d) = 6.,02(3) h, and £=0.8752(18). For 1arg¢ t (£>10 T]/z(d)
is sufficient here), the ratio of 29Tc™ activity to that of 29Mo is
(0.8752(18))(1.1004(4)) = 0.9631(20). Thus, to correctly account for
all radiations from a 2°Mo source, the radiatiomns from 9Tc™ (6,02 h)

should be multiplied by 0.9631(20) and combined with those from IMo.

In some cases, where the decay schemes of product nuclides are rather
complex, energy levels and radiation transitions may not have been indi-
cated in all completeness. As a general rule the decay schemes show only
transitions with abundances larger than 17, while the beta and gamma

transitions are only listed when their abundances are larger than 0.1Z.



For reasons of comparison also values for the 2200 m/s éross section
were derived from differential data sets by multiplying the average
cross section over a Maxwellian neutron spectrum (characterized by

T = 239 K) by 2//7 = 1.128. This value is the ratio of the cross
section at the average and at the most probable speed in a Maxwellian
neutron spectrum for a material with a 1/v cross section shape.
Therefore the values derived in this way should be denoted as g.o,,
when the Westcott convention is used.

Unless otherwise specified, the values for the cross sections averaged
over a fission neutron spectrum have been calculated using the Watt
representation for the 235U spectrum,

Lines where numerical data are different from the previous (1977) edi-
tion, are indicated with the symbol "+" in the margin.

It is hoped that the next edition can refer to evaluated energy depen—
dent cross section data, which in the near future will become available

in the form as the ENDF/B-V dosimetry file, and the International
Reactor Dosimetry File (IRDF).

For (nearly) all detection reactions three figures are presented

1. a figure showing the cross section as function of energy. These
plots are consistent with the cross section library DOSCROS77
| 21377

. The energy scale is taken linear for threshold reactions,
and logarithmic for radiative capture reactions. The cross section

scale is always logarithmic,

2. two figures showing the energy dependence of the response function
which is defined as the integral of the energy dependent reaction
cross section and the flux density per unit energy as a function of
energy. The response function is presented in this report as the
response per unit lethargy. The energy scale is linear or logarith-
mic as under 1. The response functions have been normalised to unit
integral, i.e. fG(E).¢E(E)dE =1 or fc(u).¢u(u) du = 1.
Two response plots are given for all reactions present in the DOSCROS77
library,pne for a light water reactor,and one for a CIR TOKAMAK neutron
spectrum. The light water neutron spectrum applies to anexperiment
position in the middle of the fuel region of the High Flux Reactor (HFR)

at Petten. The neutron spectrum used has been calculated by means of



the
The
The
The

diffusion code TEDDI-M for HFR position E5.

high energy region has been smoothed.

CTR TOK&MAK neutron spectrum is obtained from lDi79|.

plots are included for illustration purposes only,

The reference flux density spectra are shown below.
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3. The plots are accompanied with energy ranges of response.
90 per cent range means 5 per cent of the response and 5 per cent above
this range.
A median is calculated so that the responses below and above these
ranges are equal.
The CTR spectrum was obtained from |Di79|, the fission neutron spectra
252¢f and 235U are described by Grundl and Eisenhauer |Gr75|, |6r77],
the CFRMF data come from Rogers et al. ‘Ro78!, the I data come from
Fabry et al. |Fa75|, the MTR spectrum is a spectrum for an experiment
position in the middle of the fuel region of the High Flux Reactor at

Petten.

A few specific subjects have been considered in appendices.

Appendix 1 gives attention to the role of the ENDF/B-IV dosimetry file,
and the classification of the detection reaction in two categories.
Appendix 2 reviews the present status of the fission spectrum represen-—
tatiomn.

Appendix 3 considers the quality of the integral cross section data. Some
tables give a comparison between measured integral cross sections, and
integral values calculated using evaluated differential cross section
sets.

Appendix 4 presents comparisons of measured and calculated values for
the following types of cross sections : the 2200 m/s cross section, the
resonance integral cross section, and the cross section averaged over a
fission neutron spectrum.

Appendix 5 compares the influence of various representations of a fis-—
sion neutron spectrum on the average fission neutron spectrum.

Appendix 6 lists some data for radionuclides which can serve as gamma
ray spectrometry standards.

Appendix 7 lists the characteristics of the neutron spectra which are
applied for the response functions.

Appendix 8 presents values for the effective thfeshold energy for a

series of threshold reactions and some reference neutron spectra.



All people interested in reactor radiation measurements are invited to

give their comments on the contents of this report.

Thanks are due to all persons who supplied ecomments on the previous
edition. Especially the helpful contributions of W. Bambynek (JRC, BCMN,
Geel, Belgium), and K. Debertin (Physikalisch-Technische Bundesanstalt,

Braunschweig, Federal Republic of Germany) should be mentioned.

w.L, Zijp

Netherlands Energy Research
Foundation (ECN)

Postbus 1
1755 ZG Petten (NH)
The Netherlands



23 Na (n,y) 24 g

Material constants

Relative atomic massof element: A_(Na)= 22.98977(1) |H079|

0.971 Mg.m™3 1 lwe79]
370.96 K = 97.81(3)°C |

26.20x1024Kkg™!

25.44%x10%7m™3

Isotopic mole fraction : x(23Na)= 1007 |H079l

Mass density ip

Melting point : T

Number of atoms per unitmass : N

Number of atoms per unit volume Ny,

Disintegration scheme

ZL&Na

4,123
+ Y2
2 |
1.368
ot "
0
24g

Disintegration data |MED78]

+ 2%Na: half-life

15.00 (4) h

A = 12,836x10"65™1
+ E(R™) max 1390,2(7) keV
+ av 553.9(4) keV (99.935(4)7%)

3 weak B's omitted (IPB = 0.07%)

E(y;) 1368.53(5) (100%)
E(y,) 2754.09(5) (99.863(5)%)
4 weak y's omitted (gPy = 0.06%)



-9

Activities induced in sodium

23Na(n,v)2"Na
Ty = 15.00 h |MED78| opce = 53.0(5) fm® [Mu73]
I =31.1(10) fm?[Mu73[1’ = 7.5(10) fm? |Ba63]
g value Westcott conv. 1

so value Westcott conv. 0.1597

Evaluated cross section data

620 group data : |Ma75|, |Z21j77|
Integral data : g.op = 53.66 fm? }

121377 |
I

33.15 fm?

Response data

For table and figures sce next page.



RESPONSE DATA FOR THE REACTION:
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NAZ3 (NsG)YNAZ24G

SPECTRUM ENERGY RANGE OF RESPONSE
trmrr e, ——————— trm e, ———— b e ——— torm—————- +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER £ UPPER E LOWER E UPPER E LOWER FE UPPER E MEDIAN
---------- o e e e e e e e e e
CTR 1e2E-03 3.0E=01 1e2E=03 2.5E=02 1.2E~03 1.2E~03 1.26-03
ZSgCF Se0E=02 447L+00 2.2E=01 244E+00 S.0E~-01 leSE+00 942001
235U 3e4E=02 4¢3E+00 1o9E~01 242E+00 4+3E=01 1.3E+00 8.0£-01
CFRMF 1e3E=-03 543E~0]1 Z2.6E=03 1,1E=01 Ze8E=03 4.0E~03 2.8t-03
SIG.S1G. leSE=03 6s9E=01 Ze6E~03 1e6E~0] 2e8BE~03 S5.3E~02 3.2E-03
MTR SeOE-09 1e2E~04 1,5E=08 1e5E=07 2+6FE=08 6.0E~08 3.8E-0K
ALL ENERGY VALUES IN MEV,
<
&
8
10—34_
1610 u;’“ u;'° u‘)" 12;‘3 u;" 10 u;" 1t;'2 167 10° u;’ 10°
ENERGY / MEV
»lf : T 1 1 T T T L} T ¥ T T E
£ ]
10 £ 3
§ E 3
é - ] MTR
@W"zs
g f 3
& ) ]
‘0—8 — N 1 :_ '_g --s n-‘ l.a l-2 o 1 1
10" 16° 10° 167 16° 10° 10t 6% 1wt 6t o 1 o
ENERGY / MEV
>.1d, 3 T T T T T T T T T T T 3
i |
g“’"s 3
g f ] CTR
5| i
guoE 3
b z
lo-s -lo 1 s l-a 1 7 l-6 1-6 |4 j-s 1_2 1 l 1 1
1070 10° 16° w? 16° 16t w0t 16 10? w6t P i iF

ENERDY / MEV



24Mg(n,p)z"’Na

- 11 -

Material constants

Relative atomic mass of element:

Mass density

Melting point

Number of atoms per unit mass
N8mber of atoms per unit volume:

Isotopic mole fractions

©
|

x(%oMg)=

Disintegration scheme and - data

See the reaction 23Na(n,y)2“Na

Activities induced

in magnesium

24Mg(n,p)24Na ;
2°Mg(n,p)?Na ;
qug(naY)stg 3

25Mg(n,y)2%Mg ;

26Mg (n,v)2 Mg ;

Evaluated cross

= 10.00(1) %

24.305(1)
1.738 Mg.m 3
921.95 K=648.8(5)°C
24.779%10%%kg™}
43.066x1027m™3
78.99(1) %

|Ho79|,}

}IWe79|

|Ho79]
11.01(1) %

T4 = 15.00 h  MED78|;<0>=1.53(9) mb=0.153 fm® |Ca74|
T = 60 s |Wa77];<0>=3.2(16) mb=0.32 fm? |ca74 |
stable 30, =0.052(7) b=5.2 fm?
; I =0.030(4) b=3.0 fm2
stable 50, =0.180(32)b=18 fm? IMu73]
; T =0.111(20)b=11.1 fm?
T} = 9.45 min |Wa77|30, =0.0382(8)b=3.82 fm2
; T =0.025(1) b=2.5 fm2

section data

620 group data :

Integral data

Response data

See next page.

|Ei74], |21377|

: for a 235U fission spectrum

:<o>o=1.498 mb }>|21377|
=0.1498 fm?

<o>m=1.480(82) mb

=0.148 fm? |Fa78]

S



RESPONSE DATA FOR THE REACTION:
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P4

MGZ24 (N9P)NAZH

SPECTRUM ENERGY RANGE OF RESPONSE
T - T e > am  a s ——— - - - .- +
90 PErR CENT 60 PER CENT 30 PER CENT
E LOWER £ UPPER E LOWER E UPPER E LOWER E UPPER t MEDIAN
---------- P e = e~ - - -
CTR 1o0E+0]1 1o4E+01 144E+01 1o4E+01 1 4E+01 1.4E+01 l.4b+01
252CF 6.SE+00 1e2E+0]1 7.1E+00 9e8E+00 7.TE+00 B.8E+00 8.2E+00
235U 6e5E+00 1e2E+01 7.0E+00 Ge4E+00 7.6E+00 8.6E+00 B.0E+00
CFRMF 65E+00 1e2E+0U1 7o1E+00 Fe7E+0G0 ToT7E+(0 8.7E+00 B.lt+00
SIGeSIGe ©6.5E+00 1.2E+01 740E+00 944E+00 746E+00 8.6E+00 8.0E+00
MTR 65E+00 142E+01 TolE+00 9¢7t+00 7o7E+00 848E+00 8.2E+00
ALL ENERGY VALUES IN MEV,
1w
10
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27 Al {n,a) 24 Ng

Material constants

See the reaction 27A1(n,p)27Mg.

Disintegration scheme and —-data

See the reaction 23Na(n,y)2"Na.

Reaction of interest

28A1
(n,Y)
2741 (n,a) . 24y,
(n’p
27Mg g
25y

Activities induced in aluminium

See the reaction 27Al(n,p)2"Mg.

Evaluated cross section data

620 group data : |Ma75[, [Zij77
Integral data : <o>f = 0.06843 fm? |zij76 |, |zij77]
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RESPONSE DATA FOR THE REACTION. ALZ7 (NyA)NAZ4

SPECTRUM ENERGY RANGE OF RESPONSE
Y T T L P e e e e e ————- D trccccee- +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER £ UPPER E LOWER E UPPER € MEDIAN
B e L T e trcm e rcc e, ———— trrmcca—- +
CTR L1eOE+01 1e4E+01 144E+01 1e4E+01 1.4E+01 1.4E+0]1 1.4£+01
252CF 6.5E+00 1.2E+01 7.4E+00 1.0E+01 8.0E+00 9.3E+00 8.6E+00
235U 64E+00 1e2E+0]1 Te2E+00 949E+00 7.8E+00 9.0E+00 8.4E+00
CFRMF. 6.5E+00 1.2E+0]1 7T 3E+00 1.0E+01 7.,9E+00 9,2E+00 B.,5E+00
SIGeSIGe 6e4E+00 162E+01 742E+00 9.9E+00 7.8E+00 9.0E+00 8B.4E+00
MTR 6.5E+00 1e2E+0]1 7<3E+00 1eO0E+0]1 8.0E+00 9.2E+00 8.6E+00
ALL ENERGY VALUES IN MEV.,
29
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F ]
c | i
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27 Al (n,p) 27 mg

Material constants

Relative atomic mass of element:

Mass density

Melting point

Number of atoms per unit mass

..15_

Ar(Al) = 26.98154(1)
: D = 2.6989 Mg.m™3
¢ T =

N =

Ny, = 60.24x1027q=3

Number of atoms per unit volume:

Isotopic mole fraction

Disintegration scheme

Disintegration data

1 2+27Mg

27Mg: half-1life

A

E(B]) max

E(B7) max

av

av

|MED78|

|Ho79]

933.52 K=660.37°C
22.32x102%kg™!

: x(27A1)= 100% |Ho79 |
B1
3/2+'
82 'y

|

1/2%4
Y2 Y3

5/2% 1

9.462(11) min
1.2209x10~ 351

159 4.8(12) keV

645.8(5)

keV

1765,5(12) keV

724,3(6)

Total B~ av 701.5(6)

E(vy)
E(y2)
E(y3)

170,686 (15)
843,76(3)
1014.44(4)

keV
keVv

keV
keV
keVv

(29.0(4)7%)

(71.0(4)7%)
(100.0(6)7)

(0.80(10)72)
(71.8(4)7%)
(28.0(4)7%)

27A1

|We79]

1.014

0.843
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Activities induced in aluminium

27A1(H,P)27Mg
Ty = 9.462 min|MED78] <0>=0,386.(25) fm? |Fa77|

2771 (n,v)28A1

T} = 2.240 min|Ma?6| cact = 23.0(3) fm?|Mu73]

27Al(n,a)qua
Ty = 15.00(4% [YED78| <o> = 0.0705(40) fm?|Fa77|

Evaluated cross section data

620 group data : ‘Ma75l, Izij77 ‘
Integral data : <o>f = 0.41 fm? | Zij76 [, IZij77l

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: ALZT7(NP)MGZ2T

- an D S R LD an e AR G T D P e P D WS - D S R Gk G5 mm D e P m S G ST TS S D M R Y G W W e G D D S D S S e o T S T -

SPECTRUM ENERGY KANGF OF RESPONSE
v ce - ——— trrm - T S, b m e ———— +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER £ UPPER E LOWER F UPPER £ MEDIAN
---------- b e st > e e o B e O o o o e mm o o o o o
CTr 61E+00 les4b+01 lo4r+0] lo4b+0l le4E+0) 1e4b+01 lo4c+01
252CF 3e5E+00 9eBE+00 4.5E+00 7e7E+00 So3E+00 6.,7E+00 S.9£+00
235U 3e4E+00 9e3E+00 4.4E+00 7e4E+00 S1IE+00 6.,4E+00 S.7£+00
CFRMF 3e4E+00 946E+00 4.4E+00 Te6E+00 S542E+00 6.6E+00 2.9£+00
SIGeSIGe 3e4E+00 Ye4b+00 4e3E+00 7o4E+00 S1E+00 6.5E+00 S.8E+00
MTR 3e4E+00 Ge6E+00 4.4E+00 Te6E+00 SelE+00 6.5E+00 S.7E+00
ALL ENERGY VALUES IN MEV,
Y S —
154
515“;
#
§10'3|_
1074 s L
Iy 20
,_10‘ T L] T T 1 ] T T T T T ) L L l‘lf:
1) 5 E
£ | '
T 1
;‘1005 §
- ] MTR
& 1
g
i |
10_2 i N IS S | H L 1 1 i } - 1 1 H H j S | 1
Iy 5 10 16 20
ENERGY / REV
,_1[} o] T 13 ¥ T 1 1 L] 1 T ¥ T Ll _‘__‘l T 1 ¥ T
X :
z
1.00 E 3
" :
@iﬂ ‘1—— 3 CTR
g E
i 1
10’2 RS S T NS SN WU SN SN SUN RN T S A [ S SO T |
[\ 5 10 1% 20

ENEROY / MEY



31p (n,p) 31si

Material constants

Relative atomic mass of element: A._(P) 30.97376(1) |Ho79|

(white) 1.82 Mg.m™3 = | |We79]|
317.25 K= 44.1°C (white)
19.44x102%kg™!

35.39x1027 ™3

Mass density

]

Melting point

p

T
Number of atoms per unit mass : Ny

N

Number of atoms per unit volume:

v
Isotopic mole fraction : x(31P) = 100% |Ho79]|
Disintegration scheme |En78|
372"
3lg:
Si 6T .
3/2
I 1.27
a
l/2+ ¢Y1
cp 0
P

Disintegration data |MED78|

157.3 (3) min.
73.442 x 1076g-1

31gi : half-life : T

decay constant : A

E(BY) omitted 0.07 7
E(B8%) max 1491.6 (11) keV

av 596 keV 99.93 (5) %
E(y1) 1.27 keV |En78| 0.07 2

Activities induced in phosphorus

31p (n,y) 32P; T} = 14.29(3) d|MED78|; 00,=0.180(7) b=18.0 fm?

I=0.08 (2) b=8 fm?
31P (n,p) 318i; T} =157.3(3) min|MED78];<0o>= 36(3) mb= 3.6 fm2~1Ca74|
31p (n,a) 28A1; T} =2.240(1) min |Ma76];<0>= 1.9(6)mb= 0.19fm2}

}!Mu73‘
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Evaluated cross section data

620 group data : |Ma75],|21377|
integral data : for a 235U fission spectrum:<o>=33.01mb ..
_3.301 £m2} 14771
<o>=35.5(27)mb3} -
M=3,55 fm? J‘aml
Remarks

* The phosphorus targets can be in different states: white, red and black
phosphorus. The mass densities of red and black phosphorus are 2.20

Mg.m 3 and 2.25-2.69 Mg.m 3 !We79[, respectively.

Response data

Threshold energy : ET = 2.4 MeV

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: P31(NyP)SI3l

SPECTRUM ENERGY RANGE OF RESPONSE
trremcee—-—— - e > o - --—-—-—— trcme——- -t
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- B T e e e L R P e e e DL L Dl kel
CTR 2.9E+00 1+4E+01 6.1E+00 1.4E+01 1.4E+01 1.4E+01 1.4E+01
252CF 2.2E+00 Te4E+00 2.7E*00 5.3E+00 3.2E+00 4.4E+00 3.7E+00
235U 2.1E400 7.0E+00 2,7E+00 5.1E+00 3.1E+00 4,2E+00 3.6E+00
CFRMF 2.1E+00 7+1E+00 2.6E+00 S5.1E+00 3,0E+00 4.,2E+00 3.5£+00
SIG+SIGe 2.0E+00 6.9E+00 2.6E+00 4+9E+00 2.9E+00 3.9E+00 3.4E+00
MTR 2.1E+400 7.0E+00 2.6E+00 4+9E+00 3.0E+00 4.,1E+00 3.5£+00

ALL ENERGY VALUES IN MEV.

vvvvv LA AR AL A N Zat S S SEns S S S des

20
ENERGY / MEV
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32S(n,p)32P

Material constants

Relative atomic mass of element:

Mass density

Melting point

Number of atoms per unit mass

Number of atoms per unit volume:

Isotopic mole fractions

Disintegration scheme

+
1

32

Disintegration data |MED78]

32p =

: half-life : Ti
decay constant :
CE( BT) 1710.4(6)

695.0(3)

max

av

Activities induced in sulfur
32¢g (n,p)BZP; T%
*%s (n,p)?%p; T4
345 (n,p)3%P; T}

12.4

14.29 d |MED78] ;<0>
25.3 d |Wa77];<o>

s |Wa77|;<o>

Ay (S)

]

14.29 (3) d
A = 5.6141x10~'s-!

keV
keV 100 %

It

69(4) mb
76(15)mb
0.43(5)mb= 0.043 fm2

32.06(1)  |Ho79]|

rhombic monoclinic

2.07 1.957 Mg.m 3

385.95 392.15 K |we79|
112.8 119.0 ©°C

18.79x102%  18.79x102%kg™!
38.89x1027  36,76x1027m™3

95.02(1) 7
0.75(1) %
4.21(1) %
0.02(1) 7

|Ho79|

6.9 fm?
7.6 fm?

I}

|ca74]

n
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323 (n,v)33s ; stable 300 =53(4) fm?2
388 (n,v)378 ; Ti= 5.05 min |Wa77| ;0. =15(3) fm?
3%S (n,a)318i; Ti=157.3 min |MED78|;<0>=0.22(2)fm?

Evaluated cross section data

620 group data : |Ma75| ,|zij77|
Integral data : <o> = 6.505 fm? |2ij77|

Response data

for table and figures see next page.

}

IMu73]

|Cca74|
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RESPONSE DATA FOR THE REACTION: S32(NsP)P32

SPECTRUM ENERGY RANGE OF RESPONSE
D - T Y S, Dy S
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- Tl T T RNy GRS Uy S Py g Y
CTR 2e9E+00 l1e4E+0) 6.1E+00 144E+01 1.4E+01 1.4E+01 1.4E+01
252CF 2e3E+00 7TeBE+00 3.0E+00 Se6E+00 3.5E+00 4.S5E+00 4.0E+00
235U 2e2E+00 Te3E+00 2.9E+00 S3E+00 3.4E+00 444E+00 3.9E+00
CFRMF 2e2E+00 TeSE+00 2.8E+00 Se4E+00 3.3E+00 4.4E+00 3.8E+00
SIGeSIGe 2¢2E+00 7e3E+00 2.TE+00 5.2E+00 3.2E+00 4.2E+00 3.7E+00
MTR 2e2E+00 Te4E+00 28E+00 Se2E+00 3.3E+00 4.3E+00 3.8E+00
ALL ENERGY VALUES IN MEV,
w® ———————————————r—r——

CROBS SECTION /7 M%

20
ENEROY / MEV
gtu‘ ML JS RN N SN SRS NN BENS TN SENE SN BN NN BN BRSNS RN RN
= s
;ld’ E
g . MTR
giﬂd 3
tu"! U T N SN N SN R N JU N T T, VIO N WO N I
o 1} 10 16 20
ENEROY / MEV
101 F LN A B R B SR RN S R BN RN N SR SN SN SR
g g ] E
..: o -
EHP 3 =
g L - CIR
QIO—‘ 3 4
10“2 TS NS TN S TN NS TR TS NN NUUNS SN TN W | T S T S |
3] 3 10 16 29

ENERDY / MEV



+

- 24 -

45 g, (n,y) 46 g,

Material constants

Relative atomic mass of element: A, (Sc)

44.9559(1) |Ho79],

Mass density P = 2.989 Mg.m™3 |Wwe79]
Melting point : T = 1814.15 K= 1541
Number of atoms per unit mass Nn, = 13.40x102%kg™1
Number of atoms per unit volume: N = 40.04x1027p™3
Isotopic mole fraction : x(*°sc)= 100% |Wa77|
Disintegration scheme
|7 “8sem 0.142
IT Y
4F 0 83.83 d
465C
i
+
4 2.009
Y2
+
2 0.889
Y1
+
L 0
4611

Disintegration data ]MED78|

18,70(5 s
37.067x10" 351
142.528(3) keV (62.0(20)2%)

L6gcm; half-life
A

Ey
83.83(2) d
95,700x10~ %™}

4635¢c: half-life
A

E(8”) max 357.3(8) keV
av 112.003) kev  (99.9%64(7)%)

E(y1) 889,25 (3) kev (99.9840(1Q)7)
E(y2) 1120.51 (5) keV (99.9870(10)%
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Activities induced in scandium

45g¢ (n,y) 65
Ty = 18.70 s|MEB74 ogcr = 960(100) fm?

”5Sc(n,y)4680 ﬁlMu73|
T} = 83.83 d hED78| Cact = 1690(100)fm? (direct)
" Oagct = 2650(100) fm? (direct+indirect)
-~
I = 1130(100) fm? |Mu73|
L+6Sc(n,y)wSc

¥ Ty = 3,351 d [MEDB| oact = 800(100) fm® |Mu73]

45Sc(n,p)”5Ca
T, = 163 d |Se74]

45sc(n,a) 2K
Ty = 12.36 h |Se74]

Evaluated cross section data

620 group data: |Ma75|, [2ij77 |
Integral data : g.0o = 2650 fm? |Z2ij77 |
I = 1160 fm? [21377 |

*Remark
The value of 3.351(2) d |MED78| and |PTB78| for the half-life of "*7Sc
deviates clearly from previously published evaluated data:
3.41 d |Wwa77|
and 3.422(4)d |Ma76].

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: SC45(NsG)SC46
SPECTRUM ENERGY RANGE OF RESPONSE
tmm—w——— crcm———— s cmc e ——-— e r e — - ——— tmrmm——— -
90 PER CENT 60 PER CENT 30 PER CENT
€ LOWER E UPPER E LOWER E UPPER E LOWER E UPPER £ MEVIAN
—r—ere———— e e L T O P b m————— +
CTR 4.5E-04 5.0E=01 3.4E-03 6.8E-02 3.4E=-03 2.5€-02 9. lﬁ 03
252CF SeSE=02 3.4E+00 2.6E=01 1.5E+00 4.5E-01 1.0E+00 6.6E-01
235V 4,5E=02 3.1E+00 2.3E=01 144E+00 4,0E-01 9.2E-01 6.3t-01
CFRMF 1.0E=03 8,0E~01 7.6E=03 3+4E=01 2.4E-02 1.6E-01 6.0£-02
SIGeSIGe 1.0E-03 8.8E-01 8.4E=03 3.,6E-01 2.7E~02 1.8E-01 7.6E-02
MTR SOOE-OQ l.4E-06 1.4E-08 1le0E=07 2+4E-08 S.5E-08 3.6£-08

ALL ENERGY VALUES IN MEV.

—

1674 ]
:ﬁ°m*;ﬁ 167 10® wstf 16° 162 15' 10° 10t 1?
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Ti (n,x) 46 g¢

This reaction comprises *8Ti(n,p)“®Sc and

L+7Ti(n,n'p)l+68(:.

Material constants

Relative atomic mass of element: Ar(Ti) =

Mass density

also 47Ti(n,d)q6Sc and

47.90(3) |Ho79|,
4.54 Mg.m~3 |Wwe79]

P
Melting point : T = 1933.15 K=1660(10)°C
Number of atoms per unit mass : N = 12.57x10%%kg™!
Number of atoms per unit volume: Ny, = 57.08x1027m3
Isotopic mole fractions : x("Ti)= 8.1(1) %
x(*7Ti)= 7.4(1) %
x(*8Ti)=73.8(1) % \ |Ho79|
x(*97i)= 5.4(1) %
x(30Ti)= 5.3(1) %,

Disintegration scheme and data

See the reaction 4580 (n,y)46Sc
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Reaction of interest 4771
(n,y)
L6y (n,p) . 46ge (n,v) _47sc
8" Ty = 83.834d
L+6Ti

Activities induced in titanium

4671 (n,y)*’Ti stable 0o = 60(10) fm?2 =

4778 (n,v) *BTi stable 0o = 170(20) fm?

4874 (n,y)*oTi stable 0o = 780(30) fm? & |Mu73]

4974 (n,v) 9011 stable 0o = 220(30) fm?

507§ (n,y) S1Ti Ty = 5.8 min|se74| oo = 17.93) fm® |
+40Ti (n,p)"*bsc TL = 83.83 d <o>
+*7Ti(n,n"p)"bsc Ty = 83.83 d | |yppogfo> ¢ = 1.180(75) fn?  |®a76||Fa78|
+47Ti (n,d)"*®sc T4 = 83.83 d <g>
+477§ (n,p)*7Sc x T} =3.3514d <o> = 1.90(14) fm? |Fa76])Fa78|
+4874 (n,p)*8sc T} = 43.7 h |MED78| <o> = 0.0300(18) fm®™  |Fa76|/Fa78|

4811 (n,a)"*2Ca Ty = 163 d |Se74] <o> = 0.0013(6) £m? |ca74|

507i(n,a)*7Ca T} = 4.54 d |Se74| <o> = 46(23) am? |ca74|

Evaluated cross section data

620 group data : |Pph77, |Zij77]
Integral data : “®Ti(n,p)"®Sc; <o>f = 0.9920 fm?

b 1zijze], |zij77
47Ti (n,np)“®Sc; <o>f = 3,171x107% fm? | l’ l 317

% See remarks at the reaction “°Sc (n,y)*°sc

Response data

"For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: TI46(NsP)SC46

SPECTRUM ENERGY RANGE OF RESPONSE
P e L e ————— brmec e ———— T +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- o o e B W > e e o o e o O o e e
CTR 6©e1E+00 1e4E+0]1 1e4E+0]1 1ea4E+01 1.4E+01 1l.4E+01 l.4E+01
252CF 3e8E+00 9«8E+00 4.6E+00 76E+00 S«3E+00 6.6E+00 5.9E+00
235U 3.8E+400 9.3E+00 4,5E+00 7.3E+00 5.,1E+00 6.4E+00 5.7E+00
CFRMF 3e8E+00 9e6E+00 4.6E+00 7eSE+00 S5.2E+00 6.,6E+00 S5.8E+00
SIGeSIGe 3eT7E+00 9e4E+00 445E+00 T7e4E+00 Se2E+00 645E+00 5.8E+00
MTR 3.7E+00 9,7E+00 4,5E+00 7.5E+00 S5.1E+00 6.5E+00 5.7E+00
ALL ENERGY VALUES IN MEV.
1w ——r—r—————r—— ’
107
0%
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RESPONSE DATA FOR THE REACTION:

SPECTRUM ENERGY RANGE OF RESPONSE

P ae e ———- e c et - e e —————— trmamc———- -4

90 PER CENT 60 PER CENT 30 PER CENT

E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- e R b e P} " ——— -
CTR 1o4E+01 144E+01 1.4E+01 1,4E+01 1,4E+01 1.4E+01 l.4E+01
252CF 1e4E+0]1 1e8E+01 1+SE+01 1.7E+0]1 1.5E+0]1 1.6E+01 l.6E+01
235U 1e4E+01 1o7E+01 1,4E+01 1.7E+01 1.5E+01 1.6E+01 1.S5E+01
CFRMF 1.4E+0]1 1.8E+01 1,5E+01 1.76+01 1.5E+01 1.6E+01 l1.6E+01
SIGeSIGe 1e4E+01 1e8E+01 1e5E+01 1.7E+01 1.5E+01 1.6E+01 1.6E+01 .
MTR lo‘i‘E*Ol 1.8E"01 1.4E+01 1.7E*01 IQSE"’OI 1.6E*01 1.6E*01

- 30 -

T147 (NyNP)SC46

ALL ENERGY VALUES IN MEV.
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47 Ti (n,p) 47 Sc

Materidl constants see the reaction Ti (n,x)"*0se

Disintegration sclieme

142 0 3.351 d
47SC
B1
SN\_7/20 0.159
2
5/2° "
h/, 0
|+7Ti
Disintegration data |MED78)|
478¢: half-life = 3,351(2) d %
A = 2,3941x10" 651
E(Ry) max 440.6(20) keV
av 142,5(8) kev (68.0(20)%)
E(B2) max 600.0(20) keV
av 203.8(8) keV (32.0(20)%)
Total B~ av 162.1(9) keV (100(3)%)
E(yy) 159.381(5)keV  (68.0(20)7)
* See remarks at the reaction"5Sc (n,v)"®Sc.
Reaction of interest 48pj
(n,Y
"7%1  (n,p) — *73¢

g~ Ty = 3.351 d,

|+7Ti

Activities induced in titanium

See the reaction Ti(n,x)”6Sc.
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Evaluated cross section data

620 group data : |Ph77|, lZij77?
Integral data : ”7Ti(n,p)“7Sc; <g>
q8Ti(n,np)”78c; <g>t

£ - 2,174 fn?

1.820x10™% fm?

b olzijre] ,|zij77]

n

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: TI4T(NsP)SC47

SPECTRUM ENERGY RANGE OF RESPONSE
b mmme oo - e o - - - - o acacencee- L Y bt 4
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- e mc e e e c e — b m e n e m————————— - - - = = = =
CTR 3.TE+00 1.4E+01 140E+01 1e4E+0]1 1.4E+01 144E+01 1le4E+0]
252CF 1s9E+00 8.0E+00 2.7E+00 Se7E+00 3.3E+00 4,6E+00 3.9c+00
235U 1eGE+00 7eSE+00 2.6E+00 Se4E+00 3.2E+00 4.4E+00 3.8£+00
CFRMF 1.7E+00 707E’00 204E+00 5046*00 300E+00 4.3E+00 3.6t*00
SI1G.SIGe. le7E+00 7e4E+00 2.4E+00 S,2E+00 Z2.9E+00 4,1E+00 3.SE+00
MTR 1.8E+00 7+6E+00 2.4E+00 Se2E+00 3.0E+00 4.2E+00 3.6E+00

ALL ENERGY VALUES IN MEV,
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RESPONSE DATA FOR THE REACTION:

SPECTRUM

90 PE
E LOWER

- 34

TI48 (NsNP)SCa7

ENERGY RANGE OF RESPONSE

T T vy, P m e e - ----—- P E .- — - - - - - -4

30 PER CENT

R CENT 60 PER
E UPPER E LOWER

CENT

E UPPER E LOWER

E UPPER E MEDIAN

.......... P m mrm e T m e e am e - - - - — = -

1.4E+01
1.2E+01
1.2E+01
1.2E+01
1.2E+01
l1.26+01

NORMALIZED RESPONSE PER UNIT LETHARGY

NORMAL[ZED RESPONSE PER UNIT LETHARGY

le4E+01
1.8E+01
1.,7E+01
1.8E+01
1l.7E+01

l.4E+01
1.3E+01
1.3E+01
1.3E+01
1.3E+01

le7E+01 1.,3E+01
ALL ENERGY VALUES IN MEV,

le4E+01
1.6E+01
1.6E+01
1.6E+01
1le6E+01
1.6E+01

l.4E+01
le4E+Q1
1.3E+01
l.4E+01
le4E+01
l.4E+01
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l.4E+01
1l.5E+01
1.5E+01
1.5E+01
1.5E+01
1.5E+01

MTR

CTR

l.4E+01
lo4E+01
l.4E£+01
l.4E+01
le4E+01
lo4E+401



48 Ti (n,p) 48 g

- 35—

" ‘Material constants.See the reaction Ti (n,x)“GSc.

+

+ + ++ 4+

+ +

Disintegration scheme

()+

Sc

Disintegration.data |MED78|

48Sc: half-1ife
A
E(BI) max
av
E(By) max
av
E(Bg) max
av
E(By) max
av
E(B ) av
E(y1)
E(y2)
E(y3)
E(yy)

E(yy)

43,7(1) h
=6 1
4.4060x1Q “s-
482(6) kev
157.9 (23) keV

657(6) keV
226.5(25)

1694 (6)keV
680(3) keV

3006 (6)keV
1299 (3)keV

229(3)keV
175.357(5) keV

keV

43,7 h
1
N5 L6
6" 4
T
Y3 Yy
4t l !
1
Ys
2t ¥
|
ot —i
48pg

9.85(9)%

90.0(3)%

0.6 %

0.6 7
101.0(4)7%
7.47(8)7%

983.5010(20) keV 100.0(5)Z

1037.5 keV
1212,849(7) keV
1312.087(3) kev

97.5(5)7%
2.380(22)7%
100.0(5)7%

3.508

3.333

2.295

0.983
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Reaction of interest 497§
(n,Y)

487§ (n,p) _ “8sc

B TL = 43.7 h

‘+8Tl

Activities induced in titanium

See the reaction Ti(n,x)“GSc.

Evaluated cross section data

620 group data : |pn77|, | 21377]
Integral data : <o>f = 0.01695 fm? [Zij76|,‘Zij77i

Response data

For table and figures see next page.



RESPONSE DATA FOR THE REACTION'
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TI4B8(NsP)SCa8

SPECTRUM ENERGY RANGE OF RESPONSE
- — o - e - .- e - D . - - - - +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
-———-—— -———— - —— - - -—— e c e ————- e ————- e —— -4
CTR 1e4E+01 1.4E+01 1.4E+01 1.4E+01 1,4E+01 1.4E+01 1.4E+01
252CF 60E+00 103E+01 6.9E+00 1.1E+01 Te6E+00 9.3E+00 844E+00
235U 5.9E+00 1.2E+01 6,7E+00 1.0E+01 7.4E+00 8.8E+00 8.0£+00
CFRMF 6.0E+00 l.3E+01 6.9E+00 1.0E+01 7.6E+00 9.1E+00 8.3E+00
S1GeSIGe Se9E+00 l1.2E+01 6.8E+00 1.0E+01 7.4E+00 8.,9E+00 8.1E+00
MTR 6 0E+00 1.3E+01 6,9E+00 1.0E+01 7.6E+00 9.2E+00 8.4E+00

ALL ENERGY VALUES IN MEV,
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55 Mn (n,2n) 54 Mn

Material constants

See the reaction °°Mn(n,y)°®Mn

Disintegration scheme and data

See the reaction 5L*Fe(n,p)‘c’!“l\dn.

. . > 6Mn
Reaction of interest (n,v)
3
55Mn (n,2n) S4%Mn
E.C.
T% = 312.5d
Stcr

Activities induced in manganese

See the reactionssMn(n,y)56Mn.

Evaluated cross section data

620 group data : |Ma75|, |zij77 |
Integral data : <o>f = 0.0232 fm? |2zij77 |

Response data

For table and figures see mnext page.



RESPONSE DATA FOR THE REACTION'
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MNSS5 (N9 2N) MNS4

ALL ENERGY VALUES IN MEV.

SPECTRUM ENERGY RANGE OF RESPONSE
" - - trme e n e ——-- e - .- ---—- b ————— -
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- - e = s > = - - = = = = -
CTR 1.4E+01 1.4E+01 1.4E+01 1.4E+01 1.4E+01 1.4E+01 1.4E+01
252CF 1e1E+401 1.6E+01 1.2E+01 144E+01 1.2E+0L 1.3E+401 1.3E+01
235U 1.1E+401 1.6E+01 1.2E+01 1.4E+01 1,2E+01 1.3E+01 1.3E+01
CFRMF 1.1E+01 1.6E+01 1.,2E+01 1,4E+01 1.,2E+01 1.3E+01 1.3e+01
SI16G.SIGe 1+1E+01 146E+01 1.2E+01 1.4E+01 1.2E+01 1.3E+01 1.3E+01
MTR 1.1E401 1.6E+01 1.2E+01 1.4E+01 1.2E+0L 1.3E+01 1.3€E+01

NORMALIZED REDPONSE PER UNIT LETHRRGY

g
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<
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NORMAL EZED REDPONSE PER UNIT LETHARGY
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55 Mn (n,y) 56 Mn

Material constants

Relative atomic mass of element: Ar(Mn) = 54.9380(1) [Ho79l,
Mass density tp = 7.20 Mg.m 3 lWe79l
Melting point : T = 1517.15 K= 1244(3)°C
Number of atoms per unit mass : Ny = 10.96x102%kg™1
Number of atoms per unit volume: N, = 78.93x1027m™3-
Isotopic mole fraction : x(°5Mn)= 100% IH079|
Disintegration scheme
+

3" 0 2.5785 h

= +
SN2 3.3696

B2 \L2+ 2.9598

" \\2+ —1 — 2.6574
- \2+ Y2 Y3 Y Y5 s Y7
') 0.8467
Y1
L | 0
S6Fe
Disintegration data lPED7ﬂ
56Mn: half-life = 2.5785(6) h
A = 74,672x107 65”1
E(B]) max 324.8(12) keV
av  98.8(5) keV. (1.16(3)2)
E(87) max 734.6(12) keV
av  254.8(5) keV (14.6(4)%)
E(83) max 1037.0(12) keV
av  381.5(6) kev (27.8(8)%)
E(BG) max 2847.7(12) keV
av 1216.3(6) kev (56.3(9)%)

Total B~ av 829.8(9) keV  (100.0(13)%)
3 weak B's omitted (ZPR = 0.,12%)
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56Mn: E(y;) 846.754(20) keV (98.9(3)2%)
E(yp) 1810.72(4)  keV (27.2(8)2%)
E(ys) 2113.05(4)  keV (14.3(4)7)
E(y,) 2522.88(6) keV (0.99(3)%)
E(ys) 2657.45(5) keV (0.653(20)7)
E(yg) 2959.77(6) keV (0.306(10)%)
E(y7) 3369.60(7) keV (0.168(10)Z)
3 weak y's omitted (ZPy = 0.16%)

Activities induced in manganese

55Mn(n,y)ssMn
Ty = 2.5785 h [ED78| oucp = 1323(20) fm? |Ry76]
I = 1400(40) fm2pMu73|1' = 780(30) fm? |Ry76]
g value Westcott convention I

so value Westcott convention 0.6653

»55Mn(n,2n)5”Mn
Ty = 312.5 d [MD78]  <o> = 0.0244(15) £m? |Fa76], |Fa78]

Evaluated cross section data

620 group data : |Ei74|, |zij77 |
Integral data : g.o, = 1337 fm? |2ij77 |
I = 1560 fm?

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: MNSS5(NeG)MN56

SPECTRUM ENERGY RANGE OF RESPONSE
‘e, ———- T LD P Y S LT P tm—m—— ———
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- P S ettt St D L LD DL LD Ll Lol Sdl ettt 4
CTR 1.7E-04 6.8E=02 1.7E-04 142E-03 1.,7€-04 1.7E~04 1.7E=04
252CF 4e0E-02 4.0E+00 1.9E-01 2.0E+00 4.5E-01 1.2E+00 8.0£-01
235U 3.6E-02 3.TE+00 1.7E-01 1.9E+00 4,0E=01 1.1E+00 7.2e-01
CFRMF 2.8E~06 2.8E-01 3.2E-04 1.56-02 3.2E-04 1.0E-03 3.4E-04
S1GeSIGe 2+8E=04 4+0E-01 3.2E-04 4,0E-02 3.2E=04 1.1E-03 3.4E-04
MTR 5 5E-09 3.4E~04 1.6E-08 8.0E-07 2.8E~08 B.0E-08 4.5E~08

ALL ENERGY VALUES IN MEV,

CROSS SECTION / n®

1620 17® 16?177 16° 16° 16t 10 w0t 16t 10® 10t 10f
7 MV

lf e L) L] L) L4 i 1 L R 1 1 L B
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3 3
lu's 1 Il 1 U A 1 1 g
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&= o 1
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g i 1 cIR
EIO-QE 3
20-8 1 1 3, - L 1 L - . H
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54 Fe (n,p) 54 Mn

Material constants

See the reaction °8Fe(n;y)>°%Fe.

Disintegration scheme

+ 5’+Mn
3 0 312.5 d
EC
2+
0.8348
o+ Y
Shop 0
Disintegfation data ]MED78|
5YMn: half-life = 312.5(5) d
A = 25,672x107 % g1
+ E(y) 834.827(21) kev (99.9760(20)2)
55
Reaction of interest Fe
(n:Y)
Shpe_ (TsP) Slipn
EC
T} = 312.5 d
Stcr

Activities induced in iron

S“Fe(n,p) " Mn Ty = 312.5 d|MD78] <o> = 7.97(49) fm? |Fa76|

54Fe(n,y) 55Fe TL = 2.7 a |Se74| <o> = 225(18) fm? |Mu73|

56Fe(n,p)fMn  T; = 2.5785 h[METY <o> = 0.1035(75) fm?|Fa76|

+ 58Fe(n,y)5%Fe T} = 44.529d|MED7§ oucr = 115(2) fm? |Mu73|
I = 119(7) fn® |Mu73|



Evaluated cross section data

620 group data : !Ma75[, [Zij77 |
Integral data : <o>f = 7.846 fm? | 2ij77]

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: FES4(NsPIMNS4

SPECTRUM ENERGY RANGE OF RESPONSE
e T L TUr P e rccrcer——- T e -
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
N L L L L T e ccccc - - B L e T Ty +
CTR 3.TE+00 1e4E+01 7.8E+00 1e4E+01 1.4E+01 1.4E+01 1.4E+01
252CF 2.5E+00 Be2E+00 3.2E+00 6¢1E+00 3.8E+00 S.2E+00 4.5E+00
235U 2,4E+00 To8E+00 3.2E+400 S5.9E+00 3.7E+00 S.O0E+00 4.3E+00
CFRMF 2.4E+00 8.0E+00 3.1E+00 6.0E+00 3.6E+00 S5.0E+00 4.3E+00
SIGeSIGe 2¢3E+00 TeTE+00 3.0E+00 S.9E+00 3.5E+00 4.9E+00 4.0E+00
MTR 2.3E+00 Te9E+00 3.0E+00 S5e8E+00 3.6E+00 4.9E+00 4.2E+00

NORMALIZED RESPONOE PER UNIT LETHARGY

10

%

Y
<

ALL ENERGY VALUES IN MEV.
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96 Fe (n,p) 56 Mn

Material constants

See the reaction 58Fe(n,y)nge

Disintegration scheme and data

See the reaction 55Mn(n,y)56Mn

Reaction of intefest
(n,y)

56Fe  (n,p) 56Mn

57Fe

g-
Ti = 2.5785 h

Sépe

Activities induced in iron

See the reaction 54Fe(n,p)54Mn

Evaluated cross section data

620 group data : |Ma75|, |zij77]
Integral data : <o> = 0.1035 fm° |zij76], |zij77|

Remark
. 56 57
The reaction ~ Fe (n,y) leads to the stable product ~ Fe.
For the absorption cross section of 56Fe, sometimes required for a

burn-up correction, the following value is available :

6a = 263 (21) fm® |Mu73|

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: FES6(N+P)MNS6’

SPECTRUM ENERGY RANGE OF RESPONSE
L LT L T Y D trmmr et e e ——— trrm— e cr e — e ———— trmm————- +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER £ UPPER E MEDIAN
---------- T R it bl et L L L L PR LDl P Ll i 2
CTR 1.0E+01 1.4E+01 1.4E+01 1.4E+01 1,4E+01 1,4E+0L L.4t+01
252CF 5.SE+00 1.2E+01 6,2E+00 943E+00 6.8E+00 B.2E+00 7.SE+00
235U Se4E+00 1e1E+01 6.1E+00 849E+00 6.6E+00 7.9E+00 7.2E+00
CFRMF Se4E+00 1e2E+01 6.2E+400 9¢2E+00 6.8E+00 B.1E+00 744E+00
SIGeSIGe SeSE+00 lo1E+01 6.1E+00 B.9E+00 6.7E+00 7.9E+00 7.2E+00
MTR Se4E+00 Le2E+01 6.2E+00 9.2E+00 6.8E+00 B.2E+00 7+4E+00
| ALL ENERGY VALUES IN MEV.
~28

20
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g!ﬂ-lz 3
E 3
g C 3
10'2 | S N S F N TS SN W NS SHNUS NS WU S N N R | 1
1) ) 10 16 20
ENERGY / MEV
gle : T 1 Ll ¥ T ¥ T T 1 + 1) Ly svwan T ¥ T T =
l_g_ L 4
ICP E 3
g : 3 CTR
g P ;
T -
10‘2 1 1 1 i 1 1 1 1 1 1 1 1 L 1.1 | 1
1] 6 10 16 20

ENERBY / MEY



+

<+

58 Fe (n,y) 59 Fe

Material constants

Relative atomic mass of element:

Mass density
Melting point

Number of atoms per unit mass

Number of atoms per unit volume:

Isotopic mole fractions

Disintegration scheme

3/27 5%

- 48 -

A (Fe) = 55.847(3) |Ho79|l
2 p = 7.874 Mg.m 3 [we79|
: T = 1808.15 K= 1535 f

N, = 10.78x10%%kg™1

N, = 84.91x1027p73

: x(O%Fe)= 5.8(1) % I

x(37Fe)= 2.1(1) %

x(°6Fe)=91.8(1) % |Ho79]|
x(°8Fe)= 0.3(1) z‘f

44,529 d

Disintegration data  |MED7§|

59Fe: half-life = 44.529(7) d

A

1]

E(8T) max 130,8(20) keV
av 35.8(6) keV
E(B2) max 273.4(20) keV
av 80.8(6) keV
E(B83) max 465.8(20) keV
av 149.3(7) kevVv

1.435

1.292

1,095

0.18016x]10"6g-1

(1.27(3)%)

(45.6(8)7%)

(52.8(12)7%)



_49.—

E(B:) max 1565.0(20) keV _
av 635.8(8) keV (0.18(4)7)

Total B8 av 117.4(8) keV (99.9(15)%)
1 weak B omitted (ZPB = 0.08%)

E(y)) 142.648(4) keV (1.00(3)2)
E(yp) 192.344(6) keV (3.00(7)%)
E(y3) 334.80(20) keV (0.270(10)2)
E(yy) 1099.224(25) keV (56.1(12)2)
E(ys) 1291.56(3) keV (43.6(8)7)

2 weak y's omitted (¥Py = 0.08%)

Activities induced in iron

See reaction 54Fe (n,vy) 54Mn.

Evaluated cross section data

620 group data : |Ma75|, |2ij77]
Integral data : g.op = 118.7 fm? |Zij77]

I = 155.8 fm?

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: FESB(NsG)FESY

SPECTRUM ENERGY RANGE OF RESPONSE
tmrrcr e — e ——— L T pp——. e ———— tmr—————— +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- e s ™ e e o o e = e e e e e o o
CTR la7E=04 1.4E+0]1 1.7E=04 1.4E+0]1 1.,7E~04 6.,8E=02 3.4E-03
252CF 1e2E=01 4,9E400 4¢0E~01 2.7E+00 6.9E~01 1.7E+00 1.0E+00
235U GeBE=02 4.5E+00 3.6E=01 2.,5E+00 6.3E-01 1.6E+00 9.6E~01
SIG.SIG% 2e2E=04 1.0E+00 3.4E-04 3,4E~01 3,4E-04 1.2E-01 l.1lE-02
MTR SQBE_OQ 3.4E'04 1.7E-08 2.3E-06 3.0E-08 8.8E-08 408t-08
ALL ENERGY VALUES IN MEV.
1w
150 u;‘° 1;'° 1;"7 u;'° 13’5 1&" u;"° “;-z 1;" “;o 10! 1%
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5900 (n,a) 56Mn

Material constants

} see reaction 59Co (n”y)60Co
Activities induced in cobalt

Disintegration. scheme

T - } see reaction 56Fe (n,p)56Mn
Disintegration data

Evaluated cross section data

620 group data IMa75|, |zij77|
Integral data : for a 235U fission spectrum
<0>p= 0,143 (10)mb = 0.0143 fm? |Fa78]

<o>o= 0.1457 mb = 0.01457 fm®  |2i}77|



RESPONSE DATA FOR THE REACTION:
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COS9(NsA)MNSE.L

SPECTRUM ENERGY RANGE OF RESPONSE
b m e — e, ————-———— b —————— - T o ———— -——
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- b e = = = = = ——— -
CTR 1.2E+01 1o4E+01 1.,4E+01 1.4E+01 1,4E+01 1.4E+01 1.4E+01
252CF Se9E+00 1.3E+01 6.9E+00 1.0E+01 7.6E+00 9.1E+00 8.3E+00
235U S.7E+00 Le2E+01 6.7E+00 9.7E+00 7.3E+00 8.,7E+00 8.0E+00
CFRMF - S.BE+00 1e2E+01 6.8E+00 1.0E+01 7.5E400 B.9E+00 8.2E+00
SIG.SIGs SeBE+00 1.2E+01 6,7E+00 9.7E+00 7.3E+00 B,7E+00 8.0E+00
MTR 142E+01 6.8E+00 1e0E+01 7.6E+00 9.0E+00 8.3E+00

S.8E+00
: ALL ENERGY VALUES IN MEV,
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59¢o (n,2n) 98co

Material constants

} see the reaction 59Co(n,y)GOCo
Activities induced in cobalt

Disintegration scheme

} see the reaction °8Ni(n,p)°8Co
Disintegration data

Evaluated cross section data

620 group data : |Ma75|, [2ij77]
Integral data : for a 23°U fission spectrum :
<o>,= 0.262 mb = 0.0262 fu?® |Ma 75,2|
(for a Watt representation)<o>,=0.1624 mb = 0.01624 fm? |Zij77|
for a 2°2Cf spectrum <g>p= 0.57(6) mb= 0.057 fm? |Fa78|

Remark

Because of the high threshold value (about 10.6 MeV) and the uncertainty
in the shape of the 235y fission neutron spectrum above about 8 MeV,
the calculated cross section value, averaged over a fission neutron
spectrum is strongly dependent on the representation of the fission

neutron spectrum.

Response data

For table and figures see next page.



RESPONSE DATA FOR THE REACTION:
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SPECTRUM

90 PER
E LOWER

l.4E+01
1.1E+01
1.1E+01
l.1E+01
1.1E+01
l1.1E+01

- 54

ENERGY RANGE OF RESPONSE

CENT

le4E+01
1.,6E+01
1.6E+01
1.6E+01
le6E+01
le6E+0G1

60 PER CENT
E UPPER E LOWER

le4E+01
1,2E+01
1.26+01
1,2E+01
1.2E+01
1.26+01

E UPPER E LOWER E UPPER

---------- D - - - ——— - ——— T e s T - - - - -

le4E+0Q1
le4E+01
le4E+01
loe4E+01
le4b+01
le4E+01

30 PE

ls4E+01
1.2E+01
1,2E+01
1.2E€+01
1.2E+401
l.2E+01

CO59(N+2N)CO058

R CENT

le4E+01
l.4E+01
1.3E+01
l.4E+01
1.3E+01
1.3E+01

E

e e - D . - - - . W - —— - - - -y - <+

MEDIAN

le4t+01
1.3E+01
1.3E+01
1.36+01
1.3E+01
1.3E+01

ALL ENERGY VALUES IN MEV,
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59 Co (n,y) 80 Co

Material constants

58.9332(1)  |Ho79|
8.9 Mg.m 3 |We79]

Relative atomic mass of element: A, (Co)

Mass density :p =

Melting point : T = 1768.15 K= 1495°C
Number of atoms per unit mass Np = 10.22x102%kg™!
Number of atoms per unit volume: Ny, = 90.95x1027p73
Isotopic mole fraction + x(5%Co)= 100Z |H079[

Disintegration scheme

2+ 60¢com
10.47 min
5+ IT B
= 5.271 a
6OC0

+

4 2.5057
+

2 2.158

+ 1

* | 1.33246
ot Y
0

Disintegration data |MED78|

+ 60coMm: half-life = 10.47(2) min
A = 1.1034x1073g™1
" 1T E(y) = 58.6 keV (2.07(13)%)
. B(8 ) max = 1549.73(14)
+ av = 606.38(6) (0.247)
T+ E(y) av = 1330(10) (0.25%)
+ ©0Co : half-life = 5.271(1) a %)
+ A = 4,16:71x107 %!
+ E(By) max 317.87(1 ) keV

av 95.80(10) keV (99.920(20)%)
Total B~ av 96,22(10) keV (100.000(20)%)
2 weak B's omitted (EPB = 0,09%)

%) la = 365.24220 d = 31556926 s |ISO75|



E(Yl) 1173,210(10) keV (99,900 (20)%)
E(ys) 1332.470(10) keV (99.9824(5)%)
4 weak y's omitted (IPy = 0,02%)

i

Activities induced in cobalt

59C0(1’1,'Y) 60Com
2000(200) fm?

Ty = 10.47 min |MED78 0act

>9¢Co(n,y)%%o0
Ty = 5.271 a NED78 IOact 1700(200) fm? (direct) >|Mu73]
Oact 3720(20) fm? (direct+indirect)

I = 7550(150) fm*|Mu73| I' = 5310 fm? |zij65,2]

1

g value Westcott convention 1,00

so value Westcott convention 1,611

GOCom(n,y)elco
60co(n,y)®lco
59Co(n,p)59Fe
59¢o(n,a) °®Mn
59Co(n,2n)58Co

[
]

1.6 h |Se74] o 5800(800) fm?
1.6 h |Se74| o,0p = 200(20) £m?2
44,529 |[MED7d <o> = 0.,142(14) fm? |ca74]

2,785 h|Ma76] <o> = 0.0143(10) fm?® |Fa76)|Fa78]
70.80(8) d |MED78| <o>=0,40(4)mb=0.040fm? |Ca74|

t
2 }Mu73]

i

R e T
Ni— LAy LETE N M
"

Ll

Evaluated cross section data

620 group data : |Ma75], |Zij77 |
Integral data : g.op = 3739 fm? |Zij77
I = 7576 fm?

.Remarks:
With the gamma ray spectrum of 60Cco there occur escape peaks at energies

of 822 keV and 662 keV,

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: COS59(NsG)CO60

SPECTRUM ENERGY RANGE OF RESPONSE
trrr v —————-——— trrr e m——————— e ————————— tm—mem—— -
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- e e v e o o e e o e e o e e
CTR 6.1E=05 6.8t=-02 6.1E~05 641E=05 6.1E-05 6.1E~05 6.1t£-05
252CF 1o 1E=01 3.8E+00 3.4E=01 1.9E+00 643E-01 1.3E+00 9.6t-01
235U 9.2E=02 346E+00 3.0E-01 1.8E+00 5.8E-01 1.26+00 8.8E-01
CFRMF 1-2E-04 3.2E“01 103E-04 1.6E’04 1.3E-04 1.4E-04 103&’04
SIG.SIG. 1.0E~-04 6.6E-01 1.36-04 lalE-01 1.3E-04 2.2E-04 1.3E-04
MTR 6.0E~09 le4E-04 1.9E~-08 1e3E~04 3.4£-08 2.,4E-07 5.8t-08

ALL ENERGY VALUES IN MEV.
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58 Ni (n,p) 98 Co

Material constants

Relative atomic mass of element: Ar(Ni) = 58.70(1) |Ho79|
Mass density o = 8.902 Mg.m 3
Melting point T = 1179.85 K = 1453°¢
Number of atoms per unit mass : Ny = 10.37x 102%kg™}
Number of atoms per unit volume: N, = 92,32x1027y73
Isotopic mole fractions : x(O8Ni)= 68.27(1) %

x(O0Ni)= 26.10(1) %
x(®INi)= 1.13(1) %
x(®2§i)= 3.59(1) %
x(®%Ni)= 0.91(1) Z

Disintegration scheme

|Ho79]

(st om
Z(+)IT Yh
58C0
EC
9t 1.675,/+ /EC
' +
58Fe
Disintegration data hED78 |
58CoM: half-life = 9.15(10) h
A = 21,043x10765"1
E (vy) = 24.88(6) keV & 0.0367 |Le78|
58Co: half-life = 70.80(8) 4
A = 0.11331x1076g~1

E(BZ) max 474.6(14)keV
av 201.2(6) keV (15.00(5)2)

}lWe79|

0.025

9.15 h

70.80d



_.59_

E(y;) 810.757(18) kev  (99.4 ( 3)7)
E(y,)  863.935(18) kev  (0.676(10)%)
E(y3) 1674.68(4) kev  (0.517(10)%)
E(v¥) 511,0034(14) keV (30.00 maximum)

Reaction of interest

58¢om

| T4

38¢o

T}
B+

53¢co (stable)

70.80 d

58re (stable)

Activities induced in nickel

S8Ni(n,y)%%Ni - Ty = 7.5(13)x10%a |Ko77
62Ni (n,v)83Ni T, = 96(4)a |Ko77|

B4Ni (n,v)65Ni Ty = 2.520(2) hjKo77
8Ni(n,p)%8com T} = 9.15(10) h MED7S |
58Ni(n,p)%8Co Ty = 70.80(8 ) dPMED7S |
58Ni(n,a)55Fe Ty = 2.7 (Da |Ko77]
58Ni(n,2n)57Ni T} = 36.0 8(9)h MED78|
58Ni(n,np)°7Co T} = 271.5(5) d [PTB7§
S0Ni(n,p)®%CoMm T} = 10.47(2) min|MED78]
®0Ni(n,p)®%o T} = 5.271(1)aMED78|
61Ni(n,np)60Com Ty = 10.47 () minlMED78[
62Ni(n,a) >%Fe Ty = 44.29(74  [MED78|
58CoM(n,y) %3Co stable

58CQ(n,y)5900 stable

Jo
do

Co

<g>
<g>
<o>
<g>
<g>
<o>
<g>
<o>
<g>

<g>

i

460(30) fm?
1420(30) fm? > |Mu73|
149(3)  fm?

3.40(22) fm? See re—
7.45. fm? (direct) marks

2 (direct+
10.85(54) fm? |Fay7 ;¢ 70T
0.30(9) fm? |Ca74|
0.00577(31)mb=0.000577fm |Fa78|

0.022 fm? |2ij65]
0.21(3) fm?

0.23(4) fu? ! |ca74]
0.5 fm? |2ij65]
0.009(7) fm? |Ca?4]
13.60(10) .pm? | Ma73|

0.1880(120) pn?



_60_

Evaluated cross section data

620 group data : |Ma7%|, |2Z1j77]
Integral data : <o>f = 10.28 fw? |zij76], [2z1j77]

Remarks

With respect to the reaction °®Ni(n,p)°8Co, it is assumed that the ratio
of the cross sections for the two reactions leading to metastable state

and the ground state respectively is better known than the separate va-

lues.

The value of this ratio is taken equal to (3.54%22)/(11.3-3.54) = 0.456

|Cca74
indirect reaction one has therefore (10.85x3.54)/11.3 = 3,40 fm?.
For the direct reaction one has (0.85x7.76)/11.3 = 7.45 fm2.

. The value for the sum reaction is 10.85(54) fm? |Fa77|. For the

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: NISB(NsP)CO58M

ENERDY / HEV

SPECTRUM ENERGY RANGE OF RESPONSE
= emwr  an - o s - o 9 o o - - o - - - - e = .- +
S0 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- e mo e ———————t e — e ——————— e — e — et~ o —o=t
CTR 2.9FE+00 l.4E+0]1 6,1E+00 1.4E+01 1.4E+01 lo4E+01 lo4b+01
252CF 2.1E+00 8.0E+00 3.0E+00 S5.9E+00 3.6E+00 4.9E+00 4.26+00
235U 2.0E+00 7.6E+00 2.,9E+00 S5.7E+00 3,5E+00 4.7E+00 4.,0E+00
CFRMF 1.9E+00 7eB8E+00 2.7E+00 S.7E+00 344E+00 4+7E+00 4,0L+00
SI1GeSIGe 1+48E+00 7.5E+00 2.6E+00 5.6E+00 3.2E+00 4.5E+00 3.8E+00
MTR 1.9E+00 ToTE+00 2.7E+00 S5.6E+00 3.3E+00 4.6E+00 3.9t£+00
ALL ENERGY VALUES IN MEV.
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58Ni(n,2n) ®7Ni ~57co

Material constants

See the reaction °8Ni (n,p)58Co.

Disintegration scheme

57Ni
2 2804
! T
5/2-12 b 920 /81
3/ D—— 11753/5
1/2— 3/2° h505
3727 411 53781184
I |
Y3 Yu Y5 Ye
7/2 J l l 271.5 d
37Co
5/2° |0.7O6J/ EC
|
5/2~ 10,136
11 8.7 ns
Y8 Y9 Y10
3/2° 10.0144
97.81ns
I/E:I;{__i____l__/—a:
S7Fe stable
Disintegration data |MED78|
S7Ni : half-life : Ti= 36.08(9) h
decay constant : A = 5,3365 x 10 6s 1
E(BT) max 302(7) keV
av 130(3) kev 0.41(5) 7%
E(BE) max 464(7) keV
av 197(3) kev 0.86(10)7%
E(8¥) max 716(7) keV
av 304(3) kev 5.0 (4) 7



E(Bt) max 843(7) keV

av 359(3) keV 34,1(9) 7%
Total B* 346(3) keV  40.4(10)%
E(yp) 127.19(3) keV 12.9(9) %
E(ys) 1046.40(20)keV 0.125(3)%
E(y3) 1377.59(4) keV 77.9(23)7%
E(yy) 1757.48(8) keV 7.1 (7)7%
E(ys) 1919.43(8) keV 14.7(10)%
E(yg) 2803.90(20)keV 0.132(3)%

14 weak Y's omitted (ZPy = 0.5 7%).

57Co : half-life

[
i

271.5(5)d |pTB79| *
295.49x10” s~}

T
decay constant : A

E(y7) 14.4127(25)  9.54(13)%
E(yg) 122.063(3)  85.59(19)%
E(yg) 136.476(3)  10.61(18)%
E(y;g) 692.00(3) 0.160(5)%

6 weak Ys omitted (¥Py = 0.03%)

Activities induced in nickel

See the reaction 58Ni(n,p)SBCo.

Evaluated cross section data

620 group data : [Ma75|, |zij77]

Integral data

for a 235U fission spectrum:<o>.=0.00254 mb = 0.000254 fm?® |Zij77]
<0>,=0.00577(31)mb=0.000577 fm? |Fa78|

Response data

For table and figures see next page.

*
Remark: It is believed that the value 270.9(6) |MED78[ is not correct.



RESPONSE DATA FOR THE REACTION:
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NISB(Ns2NINIS7

SPECTRUM ENERGY RANGE OF RESPONSE
P —— - trme— e m e, ———— trmer e —————— trre———— -
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER £t MEDIAN
---------- o o e o o e e e e o St e e o o
CTR 1e4E+01 1le4E+0]1 1.4E+01 le4E+01 1.4E+01 1.4E+01 Llo4tb+01
252CF 136401 le7E+0]1 1.,4E+01 1.6E+01 1.4E+01 1.5E+01 1.5c+01
235U 1e3E401 1e7E+0]l 144E+01 1.6E+01 1.4E+01 1.5E+01 1.5t+01
CFRMF 1e3E+01 1.7E+01 1.,4E+0]1 l.6E+01 loe4E+0]l 1.5E+01 1.5E+01
SIGeSIGe 1e3E+0)1 le7E+01 1.,4E+01 1.6E+01 1.4E+01 1.5E+01 l.5E+01
MTR 1e3E+01 le7E+01 1.4E+0]1 1e6E+01 l.4E+01 1«5E+01 1.5c£+01
ALL ENERGY VALUES IN MEV.
w® e ——————————
10°%
e
£
I e
0 [ 10 16 20
ENEROY / MEY
gt& ¥ T L} T LR ¥ T L4 T T L] L B ¥ T l-
E T |
EI&E 3
: 3
+ . MTR
Em"; 3
10-! PSS TS T W W SN SO S N A ) TR SR N T B B
Q [ 10 16 20
ENERGY / 1V
,_"d P ¥ T T T T L} ] T T T T T T T ¥ T 3
;"Ps E
g [ ] CTR
gi0'k 3
10-2 L 1 e L L 1 1 1 L 1 1 r_ll } - 5 N
g g 10 16 20

ENERGY / MEV



- 65 -

60N (n,p) 80co

Material constants

. . . ) } see the reaction 98Ni(n,p)>8Co
Activities induced in nickel

Disintegration scheme

— } see the reaction 59Co(n,y)6000
Disintegration data

Evaluated cross section data

620 group data : |Ma75|, |2ij77|

Integral data : for a 235U fission neutron spectrum (Watt representation)

<o>.= 2.443 mb= 0.2443 fm? |zi377]
<o>e= 2.658 mb= 0.2658 fm? |Ma75,2|

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: NI6O(NsP)C0O60

SPECTRUM ENERGY RANGE OF RESPONSE
terecc et e - trmmrrc e e c——- trmmrr e e - tr—m——— -
90 PER CENT 60 PER CENT 30 PER CENT

E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN

---------- e T P ittt Dol LDl Lo 4
CTR 7e8E+00 1.4E+01 1.4E+01 1.4E+01 1,4E+01 1.4E+01 1.4E+01
252CF 4.9E+00 l1.1E+01 6.0E+00 9.0E+00 6.6E+00 B.0E+00 7.3E+00
235U 4.BE+00 lo1E+0]1 S.8E+00 B.7TE+00 6,4E+00 7.7E+00 7.0E+00
CFRMF 4.9E+00 lo1E+01 5.9E+00 8.9E+00 6.6E+00 B.0E+00 7.2E+00
SIGeSIGe 4<8E+00 1 1E+01 S.9E+00 8,7E+00 6.5E+00 7.8E+00 7.1E+00
MTR 4.8E+00 1.1E+01 S.9E+00 9.,0E+00 6.,56+00 8.0E+00 7.2E+00

ALL ENERGY VALUES IN MEV.
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63Cuhma)6000

Material constant

see the reaction 63Cu(n','y)6L*Cu

Activities induced in copper

y

Disintegration scheme and data see the reaction °2Co(n,y)®%Co

Evaluated cross section

620 group data : lMa75l, [Zij77[

Integral data : for a 235U fission spectrum

(for a Watt representation) <o>, = 0.3472 mb = 0.03472 fm? |zi377]
<g> = 0.168 mb = 0.0168 fm? |Ma75,2]
<o>yp = 0.500(56) mb=0.0500 fm® |Fa78|

Response ‘data

Treshold energy : E; = 6.8 MeV |Fa78|

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: CU63(NsA)CO060

SPECTRUM ENERGY RANGE OF RESPONSE
P LT T B b mm e m e~ ——————— b mmm———— +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER £ MEDIAN
---------- P e L T e L L et L L b Lol 4
CTR 1.0E+01 1.4E+01 1.4E+01 1.4E+01 1,4E+01 1.4E+01 1.4E+01
252CF 6o1E+00 1.2E+01 6.8E+00 9.9E+00 7.5E+00 8.9E+00 B.2E+00
235U 6.1E+00 1.1E+01 6.7E+00 9.5E+00 7.3E+00 B.TE+00 7.9E+00
CFRMF 6.1E+00 1.2E401 6.BE+00 9.7E+00 T.4E+00 8.8E+00 8.1E+00
SI1GeSIGe 601E+00 1e1E+01 6,TE+00 S+5E+00 7.3E+00 8.7E+00 7.9£+00
MTR 6.1E+00 1e2E+01 648E+00 9.8E+00 T.SE+00 8.9E+00 8.2E+00

ALL ENERGY VALUES IN MEV.
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63cy (n,2n) 82cy

Material constants see reaction 93Cu(n,y)®"Cu

Disintegration scheme |Ve74|

9.74 min

2 Y 2-302 0,765 ps
! |
+
0 l !2‘0§2§?+EC
[ i
Y1 Y2 Yo +
ot | 1.173 g, +KEC

Y3
B
0* l i JEE

®2Ni stable

Disintegration data |Ve74]|

62Cu : half-life : T4 = 9.74(2) min

decay constant : A = 1.1861x10 " 3s™1

E (in keV) Pe(in %)
Bl 870(10) 0.77
By 1750(10) 0.135
By 2925(7) 97.20
E(y;) 875.71(7) keV (a62) T 0,147 )

E(yp) 1128.98(10) keV ¢ 9.5¢5)T  0.0318 7%

E(y3) 1173.02(10) keV oo T 0.335 3%)
E(yy) 2301.96(8) keV (12.1(6)7  0.0406 7%
E(Yi) 511.0034(14) keV 196.27 maximum

T relative y-ray emission probability normalized to 100 for
1173.02 keV,

no correction for internal conversion of the gamma rays has been
applied.
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Activities induced in copper

See the reaction®3Cu(n,y)®%Cu

Evaluated cross section data

620 group data :° [Ma75], |2ij77]

Integral data : for a 23%U fission spectrum:

(for a Watt representation)x :<0>,=0.08464mb

(for a Grundl modified represent.?: <0>,=0.09151mb
<o> =0.122(12)mb=0.,0122fm?
<0>.,=0.464 mb = 0.0464fm?

for a 2°2Cf fission spectrum : <o>, = 0.30(3) mb = 0,030 fm?

Response data

Threshold energy : ET = 12.4 MeV |Fa78]

For table and figures see next page.

See appendix 2.

0.00864fm? |2ij77]|
0.009151fm? (App.5)

lFa78[
[Ma75,2]
|Fa78]



RESPONSE DATA FOR THE REACTION:
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CUO3 (N9 2N) CUB2

SPECTRUM ENERGY RANGE OF RESPONSE
R L e e Prm e —---——-—— e +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
,—crcecccaca- trrccc e ca e ——— et b S A P b ccaccc e mra—- L e +
CTR 1e4E+01 1e4E+0]1 164E+40]1 164E+401 1.4FE+01 1.4E+01 1l.4E+01
252CF 1e2E+01 1oe7E+0]1 1e3E+01 1e5E+01 13E+01 1.4E+01 1.4E+01
235U 1e2E+01 1.6E+01 1.3E+0]1 1.5E+01 1.3E+01 1.4E+0]1 1l.4E+01
CFRMF 1e2E+01 1.7E+01 1.3E+01 1.5E+01 1.3€E+01 1.4E+01 1l.4E+01
SIG.SIG. 1e2E+0]1 147E+01 1.3E+0]1 1e5E+01 1.3FE+01 1.4E+01 1.4E+01
MTR 142E+01 1.7E+0)1 1.3E+0]1 1.5E+01 1,3E+01 1.4E+01 1.4E+01
ALL ENERGY VALUES IN MEV.
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63 cu (n,y) 64 Cu

Material constants

Relative atomic mass of element: A_(Cu) = 63.546(3) [Ho79| '1

Mass density p = 8.96 Mg.m 3 |we79]|
Melting point : T = 1356.55 K=1083.4(2)°C {
Number of atoms per unit mass N, = 9.477x102%%kg™!

Number of atoms per unit volume: N, = 84.92x1027p3.

Isotopic mole fractiomns : x(53Cu)= 69.17(2) 7 |Ho79]|
x(55cu)= 30.83(2)

Disintegration scheme

ne. g* 2 12.701 n

2 1.346 -

Disintegration data hED78I

64Cu: half-1life = 12.701(2) h
A 15.160x1076571
intensity EC+RY 62.8(4)7

[

E(B*) max 652.9( 8) keV
av  278.1(11) kev (17.87(18)7)
E(R™) max 578.2(15) keV
av  190.3(5) kev (37.2(4)%)
E(y1) 1345,9(3) keV (0.49(4)7%)
E(y4) 511.0034(14) kev (35,74% maximum)
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Activities induced in copper

63cu(n,y)%"cCu
Ty = 12.701(2) h |MED78] Oget = 450(10) fm? |Mu73]
I = 490(40) fm? |Mu73| I' = 279(18) fm?  |Ry74|

g value Westcott convention 1.00

So value Westcott convention 0,6996

65Cu(n,y)®%Cu T4 = 5.10min |Wa77| Oact = 217(3) fm? [Mu73]
66Cu(n,y)®7Cu T} = 61.7 h |Wa77| Oact = 13500(1000) fm® |Mu73|
63Cu(n,a)80Co* Ty = 5.271 a|MED7§ <o> = 0.0500(56) fm?  |Fa76]
63Cu(n,2n)®2Cu Ty = 9.74 min[Wa77| <o> = 0.0124(11) fm* |Ca74]
S5Cu(n,p)®SNi Ty = 2,520 h [Ko77| <o> = 0.048(8) fm? |ca74]
®5Cu(n,2n)f%u Ty = 12,701 h[MED78| <o> = 0.0124(11) fm* |Ca74]

Evaluated cross section data

620 group data : |Ma75|, |2ij77]

Integral data : g.oo = 451.8 fm? [2ij77|
I = 538.6 fm?

*
Remark:

The following competing reactions occur

6L*Zn(n,'y)65Zn
R~ B* (Ty = 243.9 d)
(T%= 12.8h)
63Cu(n,Y)SL*Cu

The nuclide ®5Zn emits gamma rays of 1.115 MeV which is close to the ener-
gies 1,17 MeV and 1.33 MeV of the gamma rays emitted by 60co,
This fact might cause problems, especially when scintillation counting

equipment is used.

Response data

For table and figures see mnext page.
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RESPONSE DATA FOR THE REACTION: CU63(NsG)CUbL

SPECTRUM ENERGY RANGE OF RESPONSE

terrrrcsrm e e———- ‘e —e————— -t — e e ———————- trcmm———- +

. 90 PER CENT 60 PER CENT 30 PER CENT

E LOWER E UPPER E LOWER E UPPER E LOWER £ UPPER E MtOIAN
---------- o e > e e e = = e e e n e o e
CTR 4.5E=04 S.0E-0]1 4.,5E~04 2.5E-02 4,5E-04 9.1E~-03 3.4t£-03
252CF 6e9E=02 4+2E+00 3.2E-01 2.1E+00 S.3E-01 1.3E+00 8.8t£-01
235U SQBE-OZ 3.9E+00 2.8E‘01 2.0E+00 4.8E-01 1.26+400 8.,0t-01
CFRMF Se8E=04 7+2E-01 S.8E-04 244E-01 2.0E-03 S.3E~02 9.2E-~03
SIGeSIGs 5e8E-04 942E=01 S.8E=04 3,2E-01 7.6E-03 1l.2E-01 2.7E-02
MTR 5.5E-09 1.2E-03 1.,7E-08 1.4E-06 2.8E-08 B.4E-08 4.5t-08

ALL ENERGY VALUES IN MEV.
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65¢y (n,2n) 84¢cy

Material constants \

Disintegration scheme and data

—

See reaction 63Cu(n,y)sL*Cu

Activities induced in copper J'

Evaluated cross section data

620 group data : |Ma75|, |Zij77|
Integral data : for a 235U fission spectrum

(for a Watt representation) <o>, = 0.2976 mb = 0.02976 fm? |Zij77]

Response data

Threshold energy = ET = 10,06 MeV |Ca74|

For table and figures see next page.



RESPONSE DATA FOR THE REACTION:

SPECTRUM

—————————— G e T A " o —_— =~ S = om v -

CFRMF

SIG.SIG.

MTR

90 PER
E LOWER

1.4E+01
l.1E+01
1.1E+01
l1.1E+01
1.1E+01
l.1£+01

- 76

ENERGY RANGE OF RESPONSE

CENT

le4E+01
l.6E+01
1.5£+01
l1.6E+01
l.6E+01
l.6E+01

60 PER CENT
E UPPER E LOWER

1.4E+01
1.1E+01
l.1£+01
1.1E+01
l.1£+01
l1.1£+01

le4E+01
le4bE+01
le4E+01
le4E+01
l.4E+01
l1.4E+01

CUBS (N+2N) CUb4 -

N 30 PER CENT
E UPPER E LOWER E UPPER E MEDIAN

l.4E+01
l.2E+01
1.2E+01
1.26+401
le2E+01
1.2E+01

le4E+Q1
1.3€+01
1.36+01
1.3E+01
1.3E+01
1.3E+01

. - > - - - - n - - o - P .- - on - - - +

le4+01
l1.3E+01
1.2£+01
1.36+01
le2E+01
l.2E+01

ALL ENERGY VALUES IN MEV,
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64z (n,p) 64c,

Material constants :

Relative atomic mass of element: A_(Zn) = 65.38(1) |H079|,

r

Mass density o = 7.133 Mg.m™3 Iwe79]
Melting point D T = 146.43 K =419.58°¢C

Number of atoms per unit mass N, = 9,212x102%kg™1

Number of atoms per unit volume: N, = 65.71x1027m~3

Isotopic mole fractions : x(®%Zn)= 48.6(1) %

x(®%Zn)= 27.9(1) %

x(87zZn)= 4.1(1) Z y|Ho79|
x(%82Zn)= 18.8(1)
x(7%n)= 0.6(1)

N

Disintegration scheme and data

see the reaction ®3Cu(n,y)®4Cu

Activities induced in zinc

[

647Zn(n,p)®*Cu; T}
6”Zn(n,Y)652n; T%
64%7n(n,2n) 63zn;T}
66Zn(n,p) 66Cu; T
®7zn(n,p)®7Cu; T}
682n(n,p)68cum;T%

12.701(2)h MED78| ; <o>= 29.9(16)mb= 2.99 fm? |Fa77|
243.9(1) dMED78| ; oo = 0.78(2)b = 78 fm?  [Mu73]
38.1 min [Au75| ; <o>= 0.040(*70)mb=0.004 fm?|Ca74|
5.10 min [Wa77| ; <o>= 0.62(11)mb= 0.062 fm?|Ca74 |
61.7 h |Wa77| ; <o>= 1.07(4) mb= 0.107 fm?|Ca74|

3.8 min |Wa77|

]

1]

]

’{ <0>=0.0156(25)mb=0.00156 fm?|Ca74|

68Zn(n,p)68cu; T = 31 s lwa77] ;

8Zn(n, v)6%2n™;T} = 13.76(3)h |Ko77| ; o, =0.072(4) b = 7.2 fm? |[Mu73]

687n(n, v)®%Zn; T4 = 57 min lWa77| 5 0o = 1.0(1)b = 100 fm? |Mu73|

687n(n, a)®°Ni; T} = 2.520 h  |Wa77| ; <o>= 0.074(6)mb=0.0074 fm?|Ca74]

70zn(n, y)71ZnM; TS = 3.97 h Wa77| ; o, = 8.7(5) mb = 0.87 fm? |Mu73
o}

70Zn(n,v)’Zn; T4 = 2.4 min |Wa77] ; o, = 83(5) mb = 8.3 fm® |[Mu73
(0]

Evaluated cross section data

620 group data : |La75|, |zij77]

Integral data : For a 235y fission spectrum :
<o>o= 42.94 mb = 4.294 fm?|Zij77|
<o>p= 29.9(16) mb=2.99 fm?|Fa78|



RESPONSE DATA FOR THE REACTION:

SPECTRUM ENERGY RANGE OF RESPONSE

e it T P b r e —————— b ———— tr—w———— -4

90 PER CENT 60 PER CENT 30 PER CENT

E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- P e e e r e et T e e e e e e = = i o = =
CTR 2.9E+00 1.4E+01 7.8E+400 1.4E+01 1.4E+01 1.4E+01 1.4E+01
252CF 2¢3E+00 8.1E400 3,0E+00 S,9E+00 3.5E+00 4,9E+00 4.1E+00
235U 2.3E+00 7.6E+00 2,9E+00 5.6E+00 3.4E+00 4.7E+00 4.0E+00
CFRMF 2¢2E+00 TeBE+00 2,9E+00 S.6E+00 3.4E+00 4.6E+00 3.9E+00
SIGeSIGe 2.2E+00 7+5E+00 2.8E+00 S.6E+00 3.3E+00 4.5E+00 3.8E+00
MTR 242E+00 747£+00 2.8E+00 S.5E+00 3.3E+00 4.5E+00 3.9E+00

_78_

64ZN (NsP)64CU

ALL ENERGY VALUES IN MEV,
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64z, Un2n)632n

Material constants

see reaction®“Zn(n,p)®%Cu

Disintegration scheme |Au75|

0.0

3/2°
637n
+
3/%};/2_l 2.536 EC
|
Yy
3/2- ! 1.547
! T
| T+EC
5/27 :1.412,//;1
] | +
5/23% 10.962] 0.61 ps
l
| gt
1/2” los696/ "3*EC .22 ps
i
I |
Y2 Y3 Ys YGI B¢+EC
3/2‘# l l 4 0.0
83¢u stable
Disintegration data |Au75|
637zn : half-life : T} = 38.1(3) min
decay constant : A = 3.0321x107"%s™1
‘e . .
. E6+\1n keV) PBf(ln Z) B (in %)
B1 932 0,51 0.44
83 1400(30) 5.1 1.2
8% 1690(30) 7.2 0.94
By 2340(20) 80.0 3.7

Q+ =E (B) + 2 mc2 = 3365.3(27) keV

38.1 min
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E(y1)  449.93(5) keV ( 2.88(20) +; 0.24 %)
E(y2) 669.62(5) keV (100 3 8.4 %)
E(ys) 962.06(4) keV ( 79(4) t3 6.6 7)
E(yy) 1123.72(7) keV ( 1.35(14) +; 0.113%)
E(ys) 1412.08(5) keV ( 9.1(4) t+3 0.76 %)
E(yg) 1547.04(6) keV ( 1.49(6) +; 0.125%)
E(y+) 511.0034(14) kevV (185.67 maximum)

t relative y-ray emission probability normalized to 100 for 669.62
keV.

Absolute y-ray emission probabilities are calculated using P (669.62y)
/P(BY) = 0.0914(36), theoretical (E¢/8%)-ratios, and requiring an inten-
sity balance at each level and a total of 100 (EC#8%+y)~transitions

to the ground state.
This gives Py(Z%)/Py(rel) = 0.084(4) if Py(rel) = 100 for the 669.62keV vy.

Activities induced in zinc

see the reactionG”Zn(n,p)GQCu.

Evaluated cross section data

620 group data : |Ma75|, |zi1j77]
Integral data : for a 235y fission spectrum
(for a Watt representationx) : <0>.= 0.01657 mb=0.001657 fm? |Z1377]

(for a Grundl modified representationx):<0>C=O.0]839 mb=0.001839 fm?
(App.5)

Response data
Threshold energy : Ep = 12.04 MeV |ca74]

For table and figures see next page.

* See appendix 2.



RESPONSE DATA FOR THE REACTION:

T . T A D - TR R D WR D D TR D W an S R D S G S S g W mp S e S R ST G D e e R e R G R D e G D e SR an

SPECTRUM

.......... ¢ 2" = > o= ==

CFRMF

SIG.SIG.

MTR
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ENERGY RANGE OF RESPONSE

90 PER CENT
E UPPER E LOWER

E LOWER

le4E+01
l1.3E+01
1.3E+01
l.3E+01
1.3€+01
l.3E+01

le4E+01
l.7E+01
l1.7E+01
l.7£+01
l1.7£+01
1.7E+01

60 PER CENT
E UPPER E LOWER

l.4E+01
le4E+01
l1.4E+01
l.4E+01
lo4E+01
le4E+01

1s4E+01
1.6E+01
1.6E+01
1.6E+01
1le6E+01
le6E+01

64ZN (N92N) 637N

30 PER CENT
£ UPPER E MEDIAN

l.4E+0Q1
l.4E+01
l.4E+01
l.4E+01
le4E+01
l.4E+01

l.4E+01
1.5E+01
1.56+01
1.5E+01
1.5E+01
1.5£+01

P Y P R - o o O o o - - L Y e e aatesdendand oo - P

1.4E+01
1.5E+01
1.5E+01
1.5E+01
1.5E+01
1.5E+01

ALL ENERGY VALUES IN MEV.
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907, (n,p) 90y

Material constants

See reaction 29Zr(n,2n)8%zr

Disintegration scheme |Ko75,1]|

- 82 -

7+ — 0.6820
90ym . 3.19 h
IT | N
Y2 Y3 N
3= 10.2025 "\
l 250pS N -
Y ‘ \Ef
1
2= i 64.0 h N5~ 2.319
- 0.8092 s
Y , l
N I
b |
\ I
ot | 1.761
P | ! . 61.3 ns
I I
vy 'S
- [
B3 \\\9+ | | 0.0
. i stable
9OZr
Disintegration data |Ko77]
90ym half-life : T4 = 3.19(1) h
decay constant : A = 6.0358x107°s7!
E(8]) max 642.1 keV  <0.008 Z |Ko75,1|
E(y;) 202.51(3) keV  96.58(18) %
E(yp) 479.53(4) kev  90.71(7) %
E(y3) 682 keV 0.36(8) 7
30y half-life : T4 = 64.0(1) h

1
2
decay constant : A

3.0085x1076571


file://�"�/3.19
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E(£3) max 518.5 keV  0.0115% |Ko75,1}
E(B3) max 2276(3) keV

av 931.0(12) keV 99.984(3) 7%
E‘(‘YH) 1760.7 keV 0.01157 }IK075,Il
E(ys) 2319.10  keV  <0.008 7%

Activities induced in zirconium

see the reaction 90Zr(n,2n)892r

Evaluated cross section data

|Ma75] , |2i377|

620 group data :
Integral data : for a 235U fission spectrum
(for a Watt representation):<o>c= 0.3567 mb = 0.03567 fm?

<g> = 0.18(6)mb = 0.018 fm?2

Response data

For table and figures see next page.

|2i377|
|ca74 |



RESPONSE DATA FOR THE REACTION:

SPECTRUM ENERGY RANGE OF RESPONSE

e e L A e T e e e e - e rccraccace~- - +

90 PER CENT 60 PER CENT 30 PER CENT

E LOWER E UPPER E LOWER E UFPER E LOWER E UPPER £ MEDIAN
---------- P e e E E e e e T - s - T -
CTR IQZE*OI 104E*01 1.4E*01 le4E+01 1.4E+01 l1.4E+01 1.4E+Q1
252CF 4o6E+00 1e2E+0]1 Se8E+00 9«SE+00 646E+00 8¢3E+00 7+4£+00
235U 4.5E+00 1e1E+01 S.6E+00 940E+00 6,3E+00 7.9E+00 7.0L+00
CFRMF 4.6E+00 142E+01 S.TE+00 S.3E+00 64SE+00 8.2E+00 7.3E+00
SIGeSIGs 4e6E+00 1e1E+01 STE+00 9«1E+00 6.,4E+00 8,0E+00 7.1E+00
MTR 4.5E+00 1e2E+0]1 S.TE+00 9.4E+00 6.,5E+00 8.,2E+00 7.3E+00
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SUZR(NsP)I0Y

ALL ENERGY VALUES IN MEV,
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90Zr(n,2n)892r

Material constants

91.22(1) |Ho79],
6.506 Mg.m™3 - |we79]

Relative atomic mass of element: Ar(Zr)

Mass density o =

Melting point ;T = 1578.85 K= 1852(2)°C
Number of atoms per unit mass Ny, = 6.602x102%kg™!
Number of atoms per unit volume: N, = 42,95x10%7m"3

Isotopic mole fractioms : x(30zr)= 51.5(1) Z\
x(®lzr)= 11.2(1) 7%
x(?2Zr)= 17.1(1) % \ Ho79
x(O%Zr)= 17.4(1) % ?
x(%%zr)= 2.8(1) 7 |

Disintegration scheme |Ko75,2]

1/2 0.5878 4.18 min

Y1 IT

2.9 78 .43 n

8921.

9/2%

(11/2)7*
7/2+

5/27

89y
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Disintegration data ‘Ko75,2!

8.9Zrm

(87 ,EC):

(BZ,EC):

89y

4.18(1) min
2.7637x1073 g1

Pol—

half-life : T
A

decay constant :

E{g}) max 890(3) keV; E(BT) av 390.4(13) keV;
Por 1.341%; Pg 4.702

E(yy)  587.8(1) keV  (89.50%)

E(ys) 1507.4(5) keV  ( 6.04(6)%)

E(y+) 511.0034 keV ( 3.02% maximum)

= 78.43(8) h
= 2.45494x10765™1

1
2

half-life + T
A

decay constant :

E(B3) max 900(3) keV; E(B}) av 394.9(13) keV;
Po+ 22.64(19)%;  Pgg 76.297

E(y,) 1620.8(2) keV  (0.071(7)%)
E(ys) 1657.3(2) keV  (0.100(1)%)
E(yg) 1712.9(8) keV  (0.77 (7)%)
E(y;) 1744.5(2) keV)  (0.130(1)%)

E(y) 511.0034 keV.

half-life 2 Ty 15.7 s |Wa77]
decay constant : A 4.4150%x1072s™1

E(y2) 909.2(1) keV (99.870(10)%)
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Activities induced in zirconium

30zr (n,p)%%Y ; T = 64.0 h |Ko77| 5<0>=0.18(6)mb=0.018fm? |ca74|
30zZr (n,2n)892r;T} = 78.43 h |Ko75,2|;<0>=0.076(19)mb=0.0076fm® |Ca74]

90zr (n,y)°!Zr; stable 30, =0.10(7) b=10fw?
_ | Mu73|

; I =0.20(3) b=20fm?
92zr (n,y)%3zr; T} = 1.5x10% a [Wa77|;0, =0.26(8) b=26fm? [Mu73|
92Zr (n,a)89Sr; T} = 50.52 d  |Wa77|;<0>=0.014(4)mb=0.0014fm*> |Ca74|

S%zr (n,y)3%Zr; T} = 64.0 d |Wa77| ;0. =0.056(4)b=5.6fm?
I =0.30(3) b=30fm? |Mu73|

36zr (n,y)%7Zr; Ti = 16.8 h |Wa77| 30, =0.017(3) b= 1.7fm?

I =5.0(4) b =500fm?

Evaluated cross section data

620 group data : ]Ma75l , IZij77|

Integral data : for a 235U fission spectrum: -

(for a Watt representation™) <0>,=0.07953 mb=0.007953fm®> |2ij77] "
<0>p=0.247(17)mb=0.0247fm®  |Fa78]

(for a Grundl modified represent.x) <0>=0,08714 mb=0.008714fm® (App.5)

Response data

Threshold energy : Ep = 12.07 MeV |ca74|

For table and figures see next page.

* See appendix 2.



RESPONSE DATA FOR THE REACTION.
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ENERGY RANGE OF RESPONSE

90 PER CENT

E LOWER

le4E+Q1
1.3E+01
1.36+01
l1.3E+01
l1.36+01
l.3E+01

l.4E+Q1
l.7E+01
l.7E+01
l.7£+01
1.7E+01
l.7E+01

60 PER CENT
E UPPER E LOWER E UPPER E LOWER

l.4E+01
1.3E+01
1.3E+01
1.3E+01
1l.3E+01
l.3E+01

le4t+01
le6E+01
1.5E+01
le6E+01
l.6E+01
1.5E£+01

ZR90 (Nys2N) ZR8B9

30 PER CENT
E UPPER £ MEDIAN

led4+01
le4E+Q1
l.4E+01
le4E+01
le4E+Q1l
le4E+01

le4E+Q1
1.5E+01
1.5E+01
1.5E+01
1.5E+01
1.5£+01

P mme e e - L R R T P R T Y LR R L b e +

le4E+Q1
lo4b+01
l.4E+01
le4b+01
l.4t+01
l.4E+01

ALL ENERGY VALUES IN MEV,

9 b 10
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93Nb (n,n’) 93NbmM

Material constants

il

Relative atomic mass of element: A, (Nb) 92.9064(1) lHo79l,

Mass density :p = 8.57 Mg.m™3 |We79|
Melting point : T = 2741.15 K= 2468(10)°C
Number of atoms per unit mass N, = 6.482x102%Kkg™!

Number of atoms per unit volume: N, = 55.55x1027p™3
Isotopic mole fraction : x(23Nb)= 100% |Ho79|
Disintegration scheme
93me
j - - 0.03075
§
’YI
9/2 + L) 0
93Nh
Disintegration data
*
93Nb™: half-life = 16.4(4) a lL177]
A = 1.3393x107 957!
IT decay = 100%
E(Y) = 30.75(10) keV (4.5(10))x107%7 )
E (Ka) = 16.6 keV |Ba78]
_ j- (11.6(4)7%
E (KB) = 18,7 keV
Peg/ Py = 0-189(3)
Activities induced in niobium
93Nb(n,n') 3N T} = 16.4 a’|L177] <o> = 8.7(1.4) fm2 1) |Ex76|
93N (n,y) o M® T} = 6.26(1)min [MED7S] 0o = 15(10) f£m? |sh74|
93Nb (n,y) °*Nb8 Ty = 2.03(16)x10* a |MED7 (O = 115(5) fm? |Mu73]
mtg  oget = 100(15) fm? | Go66 |
_ I = 850(50) fm? [Mu73]
93Nb (n,p)?3zr Ty = 1.5x10%a [se74|  <o> = 0.1 (¥8:12) fm? |Ex76|
93Nb(n,2n)92Nb™ T} = 10.15 d |Se74| <g> = 0.048(0.004) fm? |ca74]
: +0.08
b (n,20)92Nb Ty = 2x107 a  |Er76| mg <o> = 0.11(Cg" ) fm? |Ex76]
93Nb (n,a) 2 0Y™ Ty = 3.19 b  |se74] <o> = 0.00267(17) fm? |ca74 ]
93Nb (n,0) 20Y Ty = 64.0(1) h|Ma76]  <o> = 0.00707(51) fm? |ca74|

See remark at end



94 9 5yt =

Nb (n,y) 7 Nb Ty = 86.6 h |Se74] } oo = 1360(150) fu? Mu73]
94Nb (n,y) %M Ty = 35.15 d [Se74|
S4Nb (n, 2n) 23Nb stable <g> = O.S4(i8'§§) fm? |Ex76]

" 1) other value 9.7(3.5) fm? |He71|

Evaluated cross section data

620 group data ¢ no data found
Integral data :

Differential cross section: |He77|

Remark

Values reported in literature for half-life, X~ray emission probabili-
ties, and cross sections, show appreciable scatter. The values presented
here may theréfore be somewhat inconsistent,

Other results for Ty:

13.9(15) a |Ba78|

13.6 ‘a |wa77].

The most recent results frbm continued measurements in Geel indicate an
increase in the half-life value:

15.3(12) a (unpublished, April 1979).

The half-life measurements are continued both by Lloret (Grenoble) and by

Bambynek (Geel). Between these two laboratories there will be an exchange

of sources.



98 Mo (n,y) 99 Mo

Material constants

Relative atomic mass of element: Ar(Mo) = 95,94(1) [Ho79[,

Mass density :p = 10,22 Mg.m 3 |We79|
Melting point : T = 2890.15 K=2617°C
Number of atoms per unit mass N = 6.277x102%kg™!
Number of atoms per unit volume: N, = 64.15x10%27m™3
Isotopic mole fractions : x(°2Mo) = 14.84(1) Z
+ x(2*Mo) = 9.25(1) %
x(?Mo) = 15.92(1) %
x(%®Mo) = 16.78(1) % ) |Ho79]|
+ x(97Mo) = 9.55(1) %
+ x(98Mo) = 24.13(1) %
x(%o) = 9.63(1) %
Disintegration scheme
+
Lz ) 2 66.0 h
99 *\\
Mo
81
N2
E\J — — 1.1420
$(3/27) !
+ |
é§<3/2) 1 ! L_0.9208
- 1
\(3/2) /TN 0.5092
Bg A Yy Ys Ye Y7 Y8 -
k?g‘i t | i 4 o0.18106

0.1429

—
7/2%%} 0.1403
Y2 Y3
9/2%
‘-----!-§g-------o
Tc

Disintegration data |MED7ﬂ

66.0 (2) h
2.9173x107 65!

+ 99%o: half-life
+ A

+

E(BT) max 214.9(10) keV
+ av 59,.9(3) keV (0.111(3)%)
E(R3) max  352.7(10) keV
+ ‘av 104.3(4) keV (0.134(4)7%)

+



+ o+ o+ 4+

+

- .92 .~

+ o+ o+ o+

E(R3) max 436.1(10) keV
av  133.0(4) keV (16,55(7)%)
E(BL) max 847.6(10) keV
av  289.6(4) kev ( 1.17(3)7%)
E(RT) max 1214.1(10) keV
442.7(5) kev (81.96(18)%)
Total B~ av 388.7(6) keV (99.94(20)%)
2 weak B's omitted (Ip8 = 0.01%)
E(y1) 40.587(15) » kev (1.15(4)%)
E(yp)  140.466(15) kev (4,95(9)7)
E(y3) 181.057(15) kev (6.06(8)%)
E(yy)  366.421(15) kev (1.193(24)%)
E(ys)  739.500(15) keV (12.194(17)%)
‘E(yg)  777.921(20) keV (4.32(7)%)
E(y7) 822.972(15) keV (0.133(4)%)
E(yg) 960.69(3) keV (0.101(5)%)
25 weak y's omitted (IPy = 6.27%)
I9Tcm: feeding of 99Tem in 990 decay = 87.52(18)%
half-life = 6.02(3) h
A = 31.984x10 651
E(y,) = 140,466(15)keV  (88.97(24)%)

2 weak v's omitted (Ipy = 0.027%)

yY-rays emitted per decay of 29Mo in case of radioactive equilibrium of

99Mo and 99Tcm: Y1s Y3~Y7 see %o

E(yo) 140.466(15) keV (90.6(4)%)

Activities induced in molybdenium

98Mo (n,v) ¥%Mo
Ty = 66.0 h  |MED78 ogcr = 13.0(6) fm® [Mu73]
I = 620(30) fm? |Mu73|
g value Westcott convention 1.0

so value Westcott convention 55.90(311) (for co=15(2) fm?) lKi73|



10006 (n, ) L 01Mo Ty
97Mo(n,y)%Mo stable
92M5 (n,y) ?3Mom T}
92Mo(n,y)93Mo T1

%2Mo (n, p) 92Npm Ty = 10.15 d
95Mo (n, p) ?°Nb Ty = 35.15 d
96Mo(n,p) ?6Nb Ty = 23.4 h
92Mo(n,a)89Zr T{ = 78.4 h

Evaluated cross section data

620 group data : -
Integral data : -

Remark:

99

P is now 0.8752 x 66.0
Y2

_93_

)

= 6.9 h |Se74|

]Se74|

Oact

I

Oact =

= 3.5x103 a\se74‘cact

<g>

<g>

<g>

<g>

19,9(3) fm?
220(70) fm?
<0.6 fm?
~4.5 fm?
0.70(6) fm?
0.014(1) f£m?
0.023(3) fm?

|Mh73l

|Ca74|

0.004(2) fm?

Mo is usually measured in radiocactive equilibrium with I9rem,

T o-6 oz * 88-97 + 4.95 = 90.67.

When equilibrium has not been reached, one should take into account the

build-up of_99Tcm (see preface).



103Rh (n,n") 103RAM

Material constants

- 94 -

Relative atomic mass of element: A_(Rh) = 102.9055(1) |Ho79[,'1
Mass density : P = 12.41 Mg.m™3 |We79]|
Melting point : T = 2239.15 K= 1966(3)°C {
Number of atoms per unit mass N = 5.852x10%%kg™!
Number of atoms per unit volume: N, = 72.63x1027n™3
Isotopic mole fraction x(103Rh)= 1007 |Ho79|
Disintegration scheme
103gym
7/2 + 0.398
Y
1/2 - 10:Rh 0
Disintegration data [MED78]
103ppM; half-1ife = 56,12(1) min
A = 0.20585x1073g~1

EY = 39.8 keV (0.07%)

Auger-L 2.39 keV (76.6(15)7)

Ce~K~1 16.530(7) keV-(9.5(3)7%)

Auger-K 17 keV (1.8(3)%)

Ce-L-1 36.338(7) kev (71.290(10%)

Ce-M-1 39.123(7) keV (14.4(4)%)

Ce-NOP-1 39.669(7) keV (4.70(20)7)
X-rays L 2.7 keV (4.0(13)%)

L 20.07370(2) keV (2.19(12)7) *

Kal 20.21610(2) keV (4.17(21)7) *

Kg 22.7 kev (1.30(7)7%) *

* SPRx = (2.19+4.17 + 1.30)% = 7.66%.

IPKX measurements at CBNM, Geel, result in a higher value 8.4(5)7.

Measurements at SCK/CEN, Mol, confirm the results of CBNM.



Activities induced in rhodium

103Rh(n,n") 1 03RA™

H

Nl

H

Nt

103Rh(n,y) 1 0‘+Rhg

103Rh(n’Y)104Rhm T%

104Rhg+m

103Rh(n,2n)102RH® T

=

103Rh(n,2n) 1 02RKE

H

Nl

1l

102ppmtg

103Rh(n,p)103Ru T

Nojeme

Evaluated cross section

56.12(1) min [MED78] <g>

42 s |Se74| %
4.4 min |Se74| 0o

%o

1
2.9 a  |Se74] <o>
206 d |se74| <g>

<g>
39.35 d |se74| <g>
data

620 group data
Integral data

: |La75|, |2ij77]

73.3(38) fm?
13900(700) fm?
1100(100) fm?

15000(500) fm?
110(5)x103 fm?

0.065 fm?

0.010 fm?

+500 2
“300)

0.0107(6) fm2

0.0740(

1 <o> = 72.4(43) fm? |Sa74|
(for a Watt representation):<o>.= 713.5 mb = 71.35 fm? {Zij77[

Differential cross section :]Sa74|

Response data

For table and figures see next page.

|Fa77|
|Mu73|
|Mu73]|

| Mu73|
|Mu73|

| Pu76]
| Pu76]
|Ex76|

|ca74|



RESPONSE DATA FOR THE REACTION:
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103RH(NsN) 103RHM

SPECTRUM ENERGY RANGE OF RESPONSE
) termc e e —ccam——— I L L PN tmrmrccrccc e termm——- -—
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- b e e e e b = 4 S o e e e =
CTR 3.0E=01 1.4E+0]1 B8.2E=01 1.4E+01 1.,7E+00 6.1E+00 2.9E+00
252CF TeOE=01 6,4E+00 1e3E+00 4e1E+00 1.8E+00 3.1E+00 2.4E+00
235U Te2E=01 6,0E+00 1.2E+00 3.8E+00 1.7E+00 2.9E+00 2.2E+00
CFRMF 3.6E=01 S5.2E+00 6.9E=0]1 2.9E+00 1.0E+00 1.9E+00 1l.4E+00
SI1G.SIG, 3e66E=01 5e0E+00 7e2E=0]1 2.8E+00 1.0E+00 1.9E+00 1l.4E+00
MTR S5eSE=01 S5.6E+00 1.0E+00 3.4E+00 1.SE+00 2.5E£+00 1.9£+00
ALL ENERGY VALUES IN MEV.
10—+ ————s
;w“ 3 E
b A
glﬂ-z E §
g g ]
10-8 - i L l-7 l-c l-s l-‘ l-a l.z ." 3
10" 10° 16° 167 10° w0 160t 160 16t ! i W oF
ENERGY / MEV
1d F T T L} L) L} T ¥ T L] 1 ¥ :
Pl 3
5t ]
;ﬂp E 3
g r ] CTR
@10—1 E g
10“2 4 i 1 1 'y 1 L 1 1 Il
160 16° 16® 167 17® 16° 160* 10° 16?2 Wl P 1

ENERGY / MEV
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109 Ag (n,y) 110 Agm

Material constants

Relative atomic mass of element: Ar(Ag)

107.868(1) [Ho79|

Mass density He) = 10.50 Mg.m™3 i|We79|
Melting point : T = 1235.08 K=961.93°C 5
Number of atoms per unit mass : N, = 5.583x102%kg"!
Number of atoms per unit volume: NV = 58.62x1027m™3
Isotopic mole fractions : x(107Ag)= 51.83(3) % IH079|
x(10%ag)= 48.17(3) ¥
Disintegration scheme
+ 110, m
6 Az 117-7 949,78 4
1+ 0 224,63
IIOAg
T — 2926
c ‘ o 2876
Y3 Yio Y13 2479
1 I
L 2219
Bq'é""j l | 2162
Pd + YuY8 Y9Y12 Yi6Y19 Y2 Y
‘é:“'\ 1 % + lt L i 1542.
LI 1475
657

v1 from 110Ag decay

Disintegration data |MED7 8]

110pgMm: half-life = 249.78(4)d  |PTB79]|
A 32.1184x1079s71
IT decay 1.33(10)7%

B~ decay
E(RT) max 83.9(19) keV

av 21.5(6) keV (67.5(9)%)
E(R,) max 133.8(19) kev

av 35.3(6) keV  (0.408(12)%)
E(B3) max 530.7(19) keV

av  165.1(7) kev  (30.6(4)%)
Total B~ av 66.2(14) keV (98.7 (100 %)
4 weak B's omitted (EPB = 0.187)

. . . “ e e
~N N e O O O O~


file:///Y14Y15

+

+ + + + +

+ + + o+

E(y2)
E(y3)
E(yy)
E(ys)
E(ye)
E(y7)
E(vg)
E(yg)
E(y10)
E(y11)
E(y12)
E(y13)
E(y1y)
E(y1s)
E(Y16)
E(v17)
E(y18)
E(Y19)
E(y20)
E(y21)
E(v22)

40 weak y's

110Ag:half—life

A

EC decay

365.441(15)
446,797 (8)

620.346(11)
626.246(10)
1 657.749(10)
676.60(10)

677.606(11)
686.988(11)
706.670(13)
708.115(20)
744.,260(13)
763.928(13)
818.016(12)
884.667(13)
937.478(13)
997.233(18)
1334.304(17)
1384,270(13)
1475.759(22)
1505.001(21)
1562.266(22)

omitted

24.6(2)

B~ decay
max 2235.0(19) keV

E(By)

E(B5)

av

- 98 -

keV  (0.106(9)7)
keV (3.6674)%)
keV  (2.78(3)%)
keV  (0.235(7)%)
keV  (94.70(10)7) *
keV  (0.142(19)%)
keV  (10.72(11)%)
keV  (6.49(7)2)
keV  (16.74(12)%)
keV  (0.28(10)%)
keV  (4.66(55)%)
keV  (22.36(23)%)
keV  (7.32( 8)%)
keV  (72.9(8)%)
keV (34.3(H %)
keV  (0.125(5)%)
keV  (0.133(10)%)
keV  (24.35(25)%)
kev  (3.99(4)7%)
keV  (13..11(14)%)
ke¥  (1.184(13)%)

(ZPy = 0.92%)

s

28.177x1073g™1
0.30(6)%

894,1( 9) kev (4.4(3)7)

max 2892.8(19) keV

av

1199.3( 9) keV (95.2(3)%)

Total B~ av 1185.1(9) keVv (99.7(5)%)
9 weak B's omitted (P38 = 0.09%)

E(y1)

*Remark: It is believed that the value 94.7(10)% [MED78[ is not correct.

657.749(10) keV
12 weak v's omitted (ZPy =

(4.50(23)%)
0.1072)
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Activities induced in silver

10756 (n,y)108agm Ty = 127(21)a [MED78 0gce = 300(150) fm?
107 o0 (n,y) 1 08Ag Ty = 2.37(Dmin |[MED78 04y = 3720(120) fu?
10946 (n,y) 11 0ag™ Ty = 249.78 d |ETB79 o4 = 498(47) fm?
109pg (n,y) 1 04g Ty = 24.6 s [MED78 0,0, = 8900(400) fm?

Gact = 9100(300) fm? (!!0Agg*m)
110p0M (5 y)1llag Ty = 7.45(1) |MED78/04ct = 8200(1700) fm?
logAg(n,y)lloAgm

I = 8110(220) fm? |si68| 1I' = 7770(210) fm? |Si68]
g value Westcott convention 1.000

so value Westcott convention 17.61

Evaluated cross section data

620 group data : |Ei74!, ‘Zij77‘
Integral data : g.op = 415.2 fm? |2ij77|
I = 6552 fm?

Response data

For table and figures see next page.

Mu73
} 1 éﬂzgglm

lsi6s]
(}10agg)

IMu73|
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RESPONSE DATA FOR THE REACTION: AGl09(NsG)AGl10M

SPECTRUM ENERGY RANGE OF RESPONSE

o - > - e m———-—— b o 1ot e e P cmm———-t

90 PER CENT 60 PER CENT 30 PER CENT

E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- b o 2 e - T - ——— -
CTR 1.7E-04 3.7E+00 4.5E-04 648E-02 3.4E-03 2.56-02 Y.1E=03
252CF Te6E=02 4.TE+00 2.8E~01 2,5E+00 S.8E~01 1.6E+00 1.0E+00
235U 6+6E-02 443E+00 2.6E=-01 2.3E+00 5.0E-01 1.5E+00 9.2E~01
CFRMF 2.8E=04 9.2E~01 1.,2E=03 2.8E-01 1.3E-02 1.3E-01 S.3t-02
SIG.SIG. 649E=05 1.0E+00 2.3E-03 3.2E=01 2.3E-02 1.5E~01 6.6E-02
MTR 1s5E=08 440E=05 1.3E-07 5.3E-06 5.0E-06 5.0E~06 5.0t-06

ALL ENERGY VALUES IN MEV,

ﬁ“uﬁ w’iﬂ 16° 16° 16* 10° 16% 16 10® 10 1d
ENEROY / MEV
gld £ L L L L ¥ L T L T T T 3
5 o -
;'AOo 3 3
E L J MTR
gw" E E
10-2 1 L 1 1 L L 1 L
1w 16° 150 167 w6 10° w0t Wt it T AT Y
ENERGY / MEV
glm o 1 T L T T T L) T 1 ¥ T 3
’; o -t
;1""5 3
g I ] CTR
B1o” 3
10‘3 1 L 1 i § 1 1 1 1 1 1 5
1070 16® 16° 167 10® 160 16t 16 16?6t P 1

ENERODY / MEV
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115 | (n,n7) 115 1 M

Material constants

See reaction 11%In (n,y)116In™

Disintegration scheme |Ra75]

115y,
- In
1/2 ' 336.241 , 4,
IT \ A
_ Y1
9/2 0.0
5.1x101%a
11511’1 *
3/27 4£97.3
|
Y2
BIN1/27 0.0
115gn stable
Disintegration data MED78 |
1151nMm: half-life = 4.486(4) h |Ha74]
A = 42,920x10"65"1
IT decay = 96.3(8)%
E(y1) = 336.241(25) keV 46.7(6)%%F
B~ decay = 3.7(8)%
E(B7) max  859(9) keV
av 290(3) keV 3.7(8)%

1 weak B's omitted (EP3 = 0.04%)

* See remarks at the end.
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1151n: half-life = (5.1(4))x10""a |MED78]

115gn: E(ys) 497.3(5) keV PYZ/EYI (1.03(2))x1073 |Ha74]

Activities induced in indium

1157n(n,n')1151n® T} =4,486(4) h [Ha74|<o> = 18.9(8) fm2 |Fa77|

see for other reactions the reaction 11°In(n,y)ll6rn®

Ty = 99.4 min; EY = 392 keV (64%)

Evaluated cross section data

620 group data : ISm76|, I_Zij77|
Integral data : for a 23°U fission spectrum:
(for a Watt representation): <o> = 0.1768 b-= 17.68 fm®> ~|Zij77]

most recent evaluation:<o>f=17.28 fﬁ2|5m76]

Remark

Experimental activity values and derived cross section values depend often
on the y-ray emission probability of the 336.241 keV gamma radiation. In
some publications (and also in the ENDF/B-IV dosimetry file) a value of 507%
is used. :

For the y-ray emission probability of the 336.241 keV gamma radiation the
ENDF/B-IV dosimetry file]

following values have been reported : 50 %

45.9(1) 7 |Ha74|
46.7(6) % |Ma76|, |MED78|
46.7(7) % |Ko77|

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: IN11S(NsN)IN115M

SPECTRUM ENERGY RANGE OF RESPONSE
- - o ——— . " - P ———————-- tm———— - -
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
----- - e o o e o 8 e v A
CTR 8e2E=01 1e4E+01 1.7E+00 1e4E+01l 2,9E+00 6.1E+00 3.7E+00
252CF 1.1E+00 6.2E+400 1.7E+00 441E+00 2.2E+00 3.2E+00 2.7E+00
235U 1e1E+00 5¢9E+00 1.7E+00 3.9E+00 2.1E+00 3.1E+00 2.6E+00
CFRMF 8e4E-01 5.6E+00 1.3E+00 3.5E+00 1.8E+00 2.7E+00 2.2£+00
SIGeSIGs Be4E-01 Se4E+00 1.3E+00 3.4E+00 1.8E+00 2.7E+00 2.2E+00
MTR 1.0E+00 Se6E+00 146E+00 3.7E+00 2.0E+00 2.9E+00 2.4E+00

ALL ENERGY VALUES IN MEV,

10—

10 4
o
=
~ -
0™t 4
gio"sx.
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ENEROY / NEY

1 E L NN 20 S 2 Eumy U S S Sy SEN S BEN NN BN B AN
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ol :
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115 |n (n,y) 116 1n M

Material constants

Relative atomic mass of element: Ar(In) = 114.82(1) |Ho79[,
Mass density :p = 7.31 Mg.m™3 |we79]|
Melting point : T = 429.76 K=156.61°C
Number of atoms per unit mass : N, = 5.245x102”kg—1
Number of atoms per unit volume: N, = 38.34x1027m"3
Isotopic mole fractions : x(1131In)= 4.3(1) ¢ ] lHo79|
x(1151n)=95.7(1) % (
Disintegration scheme |Ca75|
8 fT o 289.66 2,18 s
5 * Ym 12727 5415 pin
]+ 116 pml )
TTorn 14.10 s BE\\\‘
B3 4+ 3046.4
BE\\\\ 4+ 2801.2
55:::: 4 2529.00
i+ 2390.67
21§ 2112.15
|
Y12 Y14 Yig Y17
2+ } b ] |1293.54
Y15 vis8
Qu i lg 0
1165, stable
Disintegration data [MED78|
1161ym, : half-life :T) = 2.18(4) s |ca75]
decay constant:l = 3.1796x1071s7}
IT decay
E(Y,,) = 162.39(2) keV |ca75|



+

ll161nm

11611.1

1%

half-life
A

B~ decay
E(B]) max
av
E(B,) max
av
E(B3) max
av
E(By) max

av

- 105 -

54,15(6) min

0.21334x10"3g~1

keV
keV
keV
keV
keV
keV
keV

302(8)

87(3)
352(8)
103(3)
597(8)
189(3)
869(8)

294(4) kev

E(BET) max 1807(8) keV

av

Total av

138
262

E(y1)
E(yY2)
E(y3)
E(vy)
E(ys)
E(ve)
E(y7)
E(yg)
E(y9)
E(y10)
E(y11)
E(yv12)
E(y13)
E(v1y)
E(y15)
E(yis)
E(v17)
E(v18)

355

689

1097
1293
1507
1753

25 weak v's

: half-life

A =

.326(8)
.95(8)
278.
303.
.36(4)
416,
463.
655.
.0(3)
705.
781,
818.
972.
.30(20)
.54(4)
.40(20)
.8(6)
2112,

351(4) keV
307(4) keV

keV
keV
keV
keV
keV
keV
keV
keV
keV
keV
keV
keV
keV
keV
keV
keV
keV
keV

49(8)
80(7)

86(3)
14(12)
7(4)

7(3)
1(8)
70(20)
55(3)

1(4)

omitted (IPy =

14.10(3) s

49.,159%107 387}

(0.33(4) %)

(2.71(10)%}

- (10.2(4) %)

(33.6(15)7%)

(51.8(11)%)
(98.6(19)7%)

29¢12)7%)
12(3)7%)
143(17)7%)
(0.118(17)%)
(0.83(5)%)
(29.2(15)%)
(0.83(5)7%)
(0.11(5)%)
(0.16(3)%)
0.17(3)7%)
(0.110(21)7%)
(11.5(5)7%)
(0.454(17)7%)
(56.2(12)%)
(84.4(18)%)
(10.0(4)7%)
(2.46(8)7%)
(15.5(5)7%)
1.02%)

(3.
(0.
.
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For the !18In the decay energies and emission probabilities for g- and

gamma transitions are not included in this guide, since for radiation
metrology purposes only the decay of 1161nm1 with half-life of 54.15

min is of interest.

Activities induced in indium

131 (n,y)  HH1n™2 310(70) fm? a

| = 42 ms |Se74l o =
113 j(n,y) 1410 Ty = 49.5 d [se74| o = 440(70) fm?
113In(n,y)n‘*In Ty =71.9 s |Se74| o = 390(40) fm?
Total o = 1140(110) fm?
I = 28200(3000) fm?
1151 (n,y) 1610™2 Ty = 2.18 s|Ca75] o = 9200(1400) fm? § |ma73]
1151n(n,y)1161nm1 T% = 54f15 uﬁJﬂMED7ﬂO = 6500(500) fm? ’
115 116 B _ o = 15700(1500) fm (my+mp)
In(n,y) In Ti = 14 1s |MED78| o = 4500(400) fm2
Total o = 20200(200) fm?
= 330000(10000) fm?_J

g value Westcott convention 1.03

11510(n,a")}15Ia® % T} = 4.3(1) b |[MED78[<0c> = 18.9(8) fm? |Fa76]
11510 (n,p) 1 5cd Ty = 53.38 h > g~ 115In® <o> = 0.01 fm? | Ro60|
|5e74] egrimatea <o> = 0,0041 fm? |Ca74|

Evaluated cross section data

620 group data : |Ma75][, |21j77]
Integral data : g.o, = 15920 fm2 |2ij77|
I = 323000 fm®

See remark at the reaction 11SIn(n,n")USInn

Response data

For table and figures see next page.



RESPONSE DATA FOR THE REACTION:

SPECTRUM ENERGY RANGE OF RESPONSE
e cc e ————— e - ——-—— e, e~ ———— P m———— +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
—————— - e —————— frm e —————— e, ——————— T L +
CTR 1.7E-04 8.2E-01 1.,26-03 1.8E-01 3.4E-03 2.5E-02 9.1E-03
252CF 1.2E-01 3.1E+00 4.5E-01 1.9E+00 7.6E=01 1.4E+00 1.0E+00
235U 1.1E-01 3.0E+00 4.3E-01 1,8E+00 7.2E-01 1.3E+00 1.0E+00
CFRMF 2.4E=04 1,3E+00 3.4E-03 S.0E-01 2,7E-02 2.3E-01 8.8E-02
S16.SIGs 2+2E-04 1e4E+00 942E-03 640E-01 4.0E-02 2.8£E-01 1.2E-01
MTR 1.7E-08 1.6E-06 5.56-07 1.4E-06 1,4E-06 1.4E-06 1.4E-06

- 19

7 -

INLI1S(NsG) IN116M

ALL ENERGY VALUES IN MEV.
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127, (n,2n) 126,

Material constants
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Relative atomic mass of element: A (I) = 126.9045(1) |Ho79|]
Mass density H = 4.93 Mg.m™3 [We79|
Melting point : T = 386.65 K = 113.5°
Number of atoms per unit mass Np = 4.746x10%%kg™1
Number of atoms per unit volume: N, = 23.40x1027m 3
Isotopic mole fractions x(1271) = 100% fHo79|
Disintegration scheme |Au73|

ot 13.024d

1261
i N
56 .3%ZEC+B 43.7% B
BT
\\\2+ 0.8805
2+ 1420 l
Y5 Ys BE Y8 Y9
\\2+ J  ]o.3885
2t cx&%z}/ EC, +8} I
Bs Y7
+
Y3 \HJ l rO'O
0+ i 0.0§ EC,+B, 126%e
© 1267e

Disintegration data [MED78|
1261 half-life s TS = 13.02(7) d

decay constant : A

6.16170x10 /g1
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Percentage feeding to 1261a: 56,3(20)2 EC+S+ decay.

Activities induced in iodine

1271 (n,y)1281

1271 (q,p) 127 7eM
127I(n,p)‘127Te
1271(n,2n) 1261
1267 (n,y) 1271

b

ws

b

'T%

= 25.00 min |Wa77}; o,

I
T} =109 d |Wa77| ;<0>
Ti =9.4n IWa77];<o>
T{ = 13.02d  [MED78| ;<0>

; stable 35 O

o]

[

6.2(2)b=620 fm?
147(6)b=14700 fm?

E(BT) max = 1134(5) keV; av = 508.4(23) keV; 3.34(22)7.
E(ys) 666.331(12) keV  (33.1(25)%)
E(ys) 753.819(13) keV  ( 4.2( 4)%)

CE(yg) 1420.19 ( 3) keV ( 0.295(23)%)
E(vY) 511.0034(14)keV  maximum (6.68%)
Percentage feeding to !26Xe: 43.7(20)Z B decay
E(B)max 371(5) keV; av 108.9(17) keV =~ (3.6(3)%)
E(g;)max 862(5) keV; av 289.7(20) keV (32 (3)%)
E(R3)max 1251(5) keV; av 449.5(22) keV (8 (3)2)
total B~ av 304.,1(22) keV (44 (5)7%)
E(y;)  388.633(11) (34 (3)2)
E(yg)  491.243(11) (2.85(22) %)
E(yq)  879.876(13) (0.7%6) %)

|Mu73|
[Mu73|

0.0128(8)mb=0.00128 fm?|Ca74|
0.0088(5)mb=0.00088 fm?|Ca74|
mb = 0.09 fm?|Ca74]

0.9(1)
5960 b
40600b

2
596000 fm |73 |
4060000 fm?
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Evaluated cross section data :

620 group data : |Ma75| , |zij77|

Integral data : for a 23°U fission spectrum :
(for a Watt representation): <o>. = 1.149 mb = 0.1149 fm? ]Zij77|
| <o>, = 1,368 mb = 0.1368 fm? |Ma75,2|
<o> = 1.050(65)mb = 0.105 fm®>  |Fa78]

Response data

Threshold energy : ET = 10.5 MeV |Fa78!

For table and figures see mnext page.



RESPONSE DATA FOR THE REACTION:

--_-—-----———-—---———---_—--—----_—--—--—----—-——-——-—-—--———---—-—
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I127(Ne2N)TI126

SPECTRUM ENERGY RANGE OF RESPONSE
P m e —— e —— e e ca e ————— P m e ———-—————— tm———— ——
90 PER CENT 60 PER CENT 30 PER CENT |
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIA
- P — - - ———— e ——-— D et g, tm—mm——— -
CTR 1o4E+01 1o4E+01 1.4E+01 1o4E+0]1 1.4E+01 1.4E+01 1.4E+01
252CF 9eTE+00 145E+01 1.0E+01 1.3E+01 1.1E+01 1.2E+01 1.1E+01
235U 9.7E+00 1.4E+01 1.0E+01 1.3E+01 1.1E+01 1.,2E+01 1.1E+01
CFRMF  9.7E+00 1.5E+01 1.0E+0] 1.3E+01 1.1E+01 1.2E+01 1.1E+01
SIGeSIGse 9+7E+00 14SE+0]1 1.0E+01 143E+01 1.1E+01 1,2E+01 l.1E+01
MTR F.TE+00 1.5E+01 1.0E+01 1.3E+01 1.1E+01 1,2E+01 1.1E+01
ALL ENERGY VALUES IN MEV.
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181Ta(n,'y)182Ta

Material constants

Relative atomic mass of element: Ar(Ta) 180.9479(3) |Ho79|

16.654 Mg.m™3 [We79|
3269.15 K= 2996°¢C
3.328x1024kg"1
55.43%10273

Isotopic mole fractions : x(180Ta)= 0°012(1)Z‘%|Ho79l

Mass density

©
it

Melting point : T

Number of atoms per unit mass : N

Number of atoms per unit volume: N

x(181T2)=99,988(1)%

Disintegration scheme lSc75]

— -
182p,™ 19 I 0.2128 15,84 min
Yy
7+ t 0.3349 1IT
6+ 0.1633
Yo
+
5 0.0165 4 283
3~ 0 114.41 d
1827,

g~

BY
BE\\\A— 1.553
\

85 \‘71".)”[,.4- 1.510
- 4= Y12 Yl YJGI .487
BL+\ T T i
5
oz 2 — 1.374
N
B7 3T 1 1.331
3-8-\\2— Y9 Y10 1t l1.289
VAR | 1.259
\\\g+ 1.221
YT s o Y20
4t : 329
Y15
2+ { , 0.100
I
Y7
Q+ 4 0.0
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Disintegration data |MED78|, |PTB79|

182p,M

decay constant :

Y2
Y3
Yy
Ys
Y6

E(y)

146
171
184
318
356

half-life

(in keV)

.785(15)
.586(15)
.951(15)
.40 ( 5)
.47 (10)

1821, half-life

decay constant :

: T

]

Nl—

>

> -

E(B) max (in keV)

Total B~

4 weak B”s omitted (FPR

main y-rays

Y7
Ys
Y9
Y10
Y11
Y12
Y13
Yin

E(Y)

100.

113
116

152,
156.
179.
198.
222,

258(3)
301(3)
324(3)
368(3)
437(3)
480(3)
522(3)
554(3)
590(3).

(in keV)

1064 (3)
.6670(12)
LA149(17)
4281(14)
3817(12)
3904 (18)
3477(22)
1010(20)

i

It

15.84(10) min
7.2932x10""s™1

Py (in %)

34.8(24)
45,7(21)
22.9017)
6.4 (6)
0.27(5)

114.41(2) d
7.01209x10-8g™1

E(B)av (in keV)

71.5 (9)
84.7(10)
91.8(10)
105.9(10)
128.5(10)
142.8(11)
157.1(11)
168.0(11)
180.6(11)
126.2(12)

= 0.15%)

Py (in %)

14.23 (42)
1.87 (6)
.445(15)
.95 (9)
.63 (5)
09 (&)
1.44 (2)
7.50 (10)

w N O O

Pg

28

(in %)

.6(10)
.13

2.70(20)

20

40

100

.66(4) .

(3)

(5)

.0(20)

(7)



Y15
Yie
Y17
Y18
Y19
Y20

Activities

229.316 (3)
264,071 (5)
1121.28 (3)
1189.04 (4)
1221.418(25)
1230.97 (3)

- 114 -

induced in tantalum

181Ta(n,Y)
181Ta(n,Y)
182Ta(n,Y)

18174 (n,a)

182Tam’ T
L]

182, ;

3
Nt
Il

1837, .
b

—
Nt
1]

17814 -
L]

3
[T
0l

3.64
3.62

(5)
(6)

35.30 (32)

16.44
27.17
11.58

(15)
(25)
(11)

15.84 min |MED78];0, =10.3(25) mb = 1.03 fm? |Mu73]

114.41 d

5.0 d

28.4 min

620 group data :
Integral data

|Ma75], |21j77]

I

=300 mb = 30 fm?

|PTB79]| 50, =21.0(7) b = 2100 fm?
=720 b = 72000 fm?

=8200(600) b =820000 fm?|Mu73|
I =1000(100) b =100000 fm?|Mu73|
|Wa77| 3<0o>=(1.6(8))x10"*mb=16 am® |Ca74|

|Wé77| Hy

(for a Watt representation):<o>c= 0.1036 b

Response data

800
I

n

21,03 b
763.4 b

For table and figures see next page.

I

0o

I

for a 23°y fission spectrum:

10.36 fm?
2103 fm?
76340 fm?

121377]

|wa77|
|Mu73|
|wa77]



RESPONSE DATA FOR THE REACTION:
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TA181(NsG)TALB2

SPECTRUM ENERGY RANGE OF RESPONSE
' P m e —————— e, ———— trmmcc e — e e ———— b ———- +
$0 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER £ UPPER E LOWER E UPPER E MEDIAN
---------- o . e, e m e, — e —— e — e — - - ————
CTR 6e1E~05 3.0E-01 1.7E-04 2.5E-02 4.5E=-04 9.1E-03 1.26-03
252CF 6.9E-022.6E+00 207E-01 1.5E+00 405E-01 IOOE*OO 7.2&'01
235U SeBE=02 Z2e5E+00 2.4E-01 1.4E+00 4.3E=-01 1.0E+00 6.5t-01
CFRMF 9.6E-05 6.9E-01 4,0E-04 2.,0E-01 1.1E-03 4.3E-02 5.0E-03
SIGeSIGe 348E-05 840E-01 4.5E-04 2.7E~01 2.7E-03 9.6E~-02 1.8t-02
MTR 2¢8E-08 2.3E-04 4,0E-06 3.4E-05 4.,3E-06 1.,0E-05 4.3E-06

ALL ENERGY VALUES IN MEV,

I

1 bl

g

Lol L arins

.
9
S

NORMALIZED REBPONSE PER UNIT LETHARGY

T T TTI

RN

AW ' N

1
16% 167 10° 6% w0t 16 w6t gt

ENEROY / MEV

. 1

i

3.

T 1T
Lot r g1y

CTR

L4 t11i14t

NORMALIZED RESPONSE PER UNIT LETHRRGY

T T T ITITe
1Ly

8

1 1 1
16° 107 1% 1wt P
ENEROY / MEV

. )
710 450 1g® 158 15°

16 77
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186y (n,y) 187y

Material constants

Relative atomic mass of element: A, (W) =
Mass density ) =
Melting point : T =
Number of atoms per unit mass Ny =
Number of atoms per unit volume: N, =
Isotopic mole fractions : x(180y) =

Disintegration scheme

— 23.9 h

B3 \3/2_

183.85(3)
19.35 Mg.m 3
3683.15 K =3410°C
3.276x10%%kg™!
63.39x1027m"3
0.13(1)%
x(1821) =26.3 (1)%
x(183%) =14.3 (1)Z
x(18%W) =30.7 (1)%
x(186w) =28.6 (1)7

|Ho79]|

Ho79

Bl+ \ts/z—

772

85 \(1/2)+A
R6 3 2+

9/2~ '3

Yy

618

206

¥TZQ+Y1

Ppues

134

B 8 \5/2+Y 2

187R¢

0.0

1 [we79]

. 880

685.
625.
.37

810
52

.280
.220



Disintegration data |MED78|

187y

: half-life : Ti
decay constant : A
E(B7) max (in
BT 433.5(18)
B> 448.4(18)
B3 540.0(18)
B 627.1(18)
Bs 687.4(18)
Bg 694.5(18)
B7 1178.7(18)
Bs 1312.9(18)
total B~
9 weak B's
E(y) (in keV)
Y1 72.060(10)
Yo 134.220(10)
Y3 479.530(10)
Y 551.550(10)
Ys 618.370(10)
Y6 625.520(10)
Y7 685.810(10)
Y8 772.880(20)

keV)

- 117 -

23.9(1) h.

8.056x10 %57t

127.
132.
163.
193.
.2(7)
.8(7)
9(7)
.3(8)

215
217
401
457

E(?_)av (in keV)

1(6)
1(6)
1(7)
6(7)

263.2(9)

omitted :IPR = 0.37 Z.

Py (in 2)

11.9 (5)
9.4 (4)
23.4 (10)
5.45(22)
6.7 (3)
1.17 (5)
29.3 (12)
4.42(18)

PB (in %)

0.478(19)
0.603(24)
4.33 (20)
58.9 (22)
1.56 (7)
7.2 (3)
1.7 (10)
25.1  (24)
100 (4)
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Activity induced in tungsten

P80y(n,y)!8w: 1y = 121.2(3) d |MaT6]
o = 350 fm?
act ,  [Mu73]
I = 20000 fm
18%y(n,v) 185 Ty = 75.1(3) d |Ma76|
Ogop = 180 (20) fm?
, [Mu73]
I = 1400(200) fm
18uW(n,Y)laswm: T% = 1.65 min
Oagcr = 0.20(10) fm? |Mu73|
186y (n,y)187w : Ty = 23.9(1) h |MED78]

3780 (150) fm?
50000(3500) fm?

0act

, |Mu73]
I

It

Evaluated cross section data and response data

No data available.
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197 Au (n,y) 198 Ay

Material constants

196.9665(1) |Ho79|,
19.32 Mg.m™3 |We79]

+ Relative atomic mass of element: A, (Au)

Mass density :p =

Melting point : T = 1337.58 K= 1064.43°C
Number of atoms per unit mass : Nj = 3.058x10%%kg™!
Number of atoms per unit volume: N = 59,07x1027m™ 3
Isotopic mole fraction : x(197Au)= 100% [Ho79|

Disintegration scheme

19gp,m 2D

2.3 d

1.08769
0.411804
0
Disintegration data |MED78|.

+ 198ay: half-life = 2.696(2) d

+ = 2.9757x10 %571

+ E(B1) max 285.3(6) keV; average 79.60(20) keV; (1.30(10)2)

+ E(B2) max 961.2(6) keV; average 314.80(20) keV; (98.70(10)%Z)

+ total B average 311.78(21) keV; (100.02(15)%)

+ - E(yy) 411.8044(1) keV  95.404(19)7%

+ E(y,) 675.890 (4) keV  1.06 ( 5)%

+ E(y3) 1087.692(24) keV 0.23 ( 6)7
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Activities induced in gold

197 pu(n,v) 1 98Au
Ty = 2.696 d [MED78] Oact = 9880(30) fm?  |Mu73]
I = 155000(4000) fm?|Ji60| I' = 149000(4000) fm? |Ji60]
g value of Westcott convention 1.0l

so value of Westcott convention 17,02

198pu (n,y) ! 9%u Tl
lggAU(n,’Y)?OOAU T%

3.139 d|MED78] Tact
48.4 min |Se74| oact

2580000 (120000) fm2
3000(1500) fm?

It

|Mu73 |

Evaluated cross section data

620 group data : |Ma75!, [zij77]
Integral data : g.op = 9976 fm? |Zij77l
I = 156400 fm? [2ij77]

Remark
The isomeric state of 198Au™ with half-life of 2.3 d |Wa77| is not

formed by neutron irradiation of 197 pu.

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: AUL97(N.G)AULGS

S A G T D W G, W D D D Y WS gy SO WD A T WD - G G T Ty T P iy - WD W - . -y -

SPECTRUM ENERGY RANGE OF RESPONSE

b o e —————- B yuupp S b ————- bmm——— —-———
90 PER CENT 60 PER CENT 30 PER CENT

E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- o o e = e e o e = = = = 0 = o = =
CTR 1.7E=04 3.0E-01 4.,5E-04 2,5E-02 4.5E~04 9.1E-03 1.2E-03
252CF 6e6E=02 3.0E+00 2.6E-01 1.7E+00 4.5E-01 1.1E+00 7.2E-01
235U S.BE=02 2.9E+00 2.4E=01 1.6E+00 4.3E-01 1.1E+00 6.9E-01
CFRMF 1.5E=04 6.6E-01 6.0E~04 2,0E-01 1.4E~03 5.86-02 7.2£-03
SIGeSIG. Se0E~06 7.6E-01 3.8E-04 244E-01 1.8E-03 8.4E-02 1.7E-02
MTR 1.5E-08 5.8E-06 1.2E-07 4.8E-06 4.5€~06 4.8E-06 4.86-06

ALL ENERGY VALUES IN MEV,

L AN SNM A T T T

U T S A1 a

2 -1 Q 1 2

10% 16° 167 167 1w® 16 gt 16 16% w0t 1 10t w0
ENEROY 7 HEV
td : L] T T T T L] L] T L T A}
E 3
g L
@1005 3
g I T MTR
gu'e 3
g E E
fo -
xo‘e L i 1 {l 1 1 L L
167 16° 16 107 16% 16° 16* WP w6? 1w o W
ENEROY / PEV
lf = Li T L} T 1 T LI ] 1 T
E N
-l
- o B
510": ]
gk E
g L i
CTR
BioE E
P 1
- -1
10’3 1 i - J) 1 I 1 L 1 1
16%% 15° 10?167 10% 1% w6t 16 162 w6t o it o

ENERGY / MEV
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2327, UL2n)231Th

Material constants

Relative atomic mass of element: A.(Th) = 232.0381(1) |Ho79],
Mass density tp. = 11.72 Mg.m™3 ‘We79(
Melting point : T = 2023.15 K=1750C
Number of atoms per unit mass : N = 2,595x102"%kg™1
Number of atoms per unit volume: N, = 30.42x1027n™3
Isotopic mole fraction : x(232Th)= 100% |H079[
Disintegration scheme |Sc77|
(5/2%) 0.0 25.52 h
231Th
- BT
Q7=390(4)keV BT NZ/2t 247.34
1007 gz
5
5/2% 183.50
5/27 174.18
53 T
Bf Yy Y5 Y8 YoYR Y2
Be 9/2% ’ 111.66
3/2+ 102.27
7/29\ ‘ 101.43
3
5/2*‘1 84.21
Y2 Y10
772§ 58.57
Y3 Y7
32760 a

231p,

1007 o-decay

to 22

TAc



Disintegration data

231Th: half-life

decay constan
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|MED78 |

: Ty
2

it

t: A

8~ number EB_ max (in keV)
1 143(4)
2 172(4)
3 207 (4)
4 216(4)
5 288(4)
6 289(4)
7 306 (4)
total

6 weak B's omitted IPg = 0.097%

v number Evy (in keV)

1 25.
17.
58.
72.
.24(2)
82.

N

81

84
89
99

(=] [Te] @ ~ [} (€] = w

o]

102.
11 163.

64(2)
2 (7)
57(2)
78(2)

11(2)

.21(2)
.95(2)

.28(2)
27(2)
12(2)

37 weak v's omitted

231pa : half-life

* 1 a=365.24220 d

Activities induced in thorium (other than of fission products)

= 31556926 s

23210 (n,7) 233 ;5 T)

232Th(n,2n)231Th; T}

25.52(1) h

It

E

: T3 = 32760(110) a

25.52(1) h
7.5447x107 671

g— av (in keV) PB (in %)
37.6(12) 2.8 ( 5)
45.8(12) 0.32(20)
55.7(12) 12.8 (11)
58.4(12) 1.30(20)
79.6(12) 12 (7
79.9(12) 37 (15)
85.1(13) 35 (20)
77.0(13) 100 (30)

Iy (in 7)
14.8 (13)
44 (16)
0.48 (&)
0.251(20)
0.89 (7)
0.40 (4)
6.5 (6)
0.94 (8)
0.120(10)
0.41 (4)
0.155(12)
* |sc77], |Lo78].

| 15075]

22.3(1) min |E178|; o,= 7.40(8) b=740 fm?

|Mu73|
I =85(3) b = 8500 fm?
MED78| <o>= 14.2(11)mb=1.42 fm?|Ca74]
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Evaluated cross section data

620 group data : ]La75|, [Zij77!
Integral data : for a 23°U fission spectrum

(for a Watt representation): <o>c=15.03 mb=1.503 fm® |21ij77}

Response data

See next page.
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RESPONSE DATA FOR THE REACTION: TH232(Nys2N)231TH

SPECTRUM ENERGY RANGE 0OF RESPONSE
P e ————————— o — e e ———-—-——- b ———————————— e —a——- +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
—————————— e e e e e e e e e e e e = = = m  n e e o = =
CTR TeBE+00 144E+0]1 1.4E+0]1 1e4E+01 1,4E+01 1.4E+01 l.4E+01
252CF TelE+00 1e2E+01 7<6E+00 9.8E+00 HBe0E+00 9.0E+00 8.5E+00
235U TeO0E+00 l1ol1E+01 7.5E+400 G.6E+00 7.9E+00 B.8E+00 B 3E+00
CFRMF TelE+00 1.2E+01 7.6E+00 G«7E+00 B,0E+00 B.9E+00 8.4E+00
SIGeSIGe T7.0E+00 141E+01 7.5E+00 946E+00 7.9E+00 8.9E+00 8.4E+00
MTR TelE+00 1e2E+01 7.6E+00 9.8E+00 B.0E+00 9.0E+00 B.5£+00
ALL ENERGY VALUES IN MEV.
Y NI
10
gm%
:
glg'm.
“J'al Y A - -
o 20
gld T L T T ] 1 1 1 ) T i T L T 1) ¥ T T 3
g N 4
1.00 = 3
6 z
1 !
Elﬂ-ls 3
w-g 1 1 L L 1 1.1 3 L 1 1 1 1 1 1 L L 1 1 1
b 6 10 ] 20
ENEROY / MEV
gtol = T T T T ¥ T T T L T T T __L_ L T L] ¥ =
: R J
l& 3 3
£t E
g I 1 cIR
Ew"; E
10"2 ) L l L .t 1 1 1 3 1 1 1 1 [

3

10
ENERDY / MEV

16

20
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2327h (n,y) 2331h £233p,

Material constants see reaction 232Th(n,2n)231Th

Disintegration scheme |E178|

(1/2%) 0.0 22.3 min
?
Th o=

1 ,
(1/2,3/2)* 764 .
1007 B- N ) 4

QT=1245.2(21)keV 87
f\(1/2,3/2)+ 553.9

83 I
\\3/2+ Y4 Y5 94,70

o st L £,
- 7% b 57.15

5 -
/27 v, s 6.65
0.0 27.04d

233Pa ' \B“
)
=N\ 3/2*
37\\ =

} 1007 g 415.78
Q =572.3(24)keV _ 398.49
Bg T
83 \{/2+ Y6 Y7 Ysg
* 340.47
‘ 311.89
BTo l

7/2%

; \ Y9 Y10 Y11 YR YB Y1 V5
T1

40.35
0.0

233y, (1.592(2)x105a)

1007 a-decay to 229Th
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Disintegration data 233Th [E178|,233Pa |Ko77].

233Th : half-life : Td = 22.3(1) min
decay constant : A 5.1805x10 s}
100 7 B~ decay to 233ps (see remark).

]

8 number E(B )max (in keV) E level (in keV) Pa(in 2)
! 480.8(21) 764.4 1.58
z 691.3(21) 553.9 1.7
3 1150.5(21) 94.70 16
" 1238.6(21) 6.65 ~50
> 1245.2(21) 0.0 ~30

10 weak B'somitted PR = 3.6 Z.

vy number E(yy(in keV) Py(in Z)

1 29.36(4) 2.5
2 86.50(5) 2.7
3 94,68(5) 0.8
4 459.2 (2) 1.4
> 669.8 (2) 0.68

relative y-ray emission probabilities were normalized

to 2.7 7% for 86.50 keV.

233pa : half-life : T

27.0(1) d.
2.9713x10" 771

N

[

decay constant : A

100 % B8~ decay to 233y,

B number E(BT)max (in keV) E(B )av (in keV) P8 (in 2)
6 156.6(24) 41.5(7) 21.49(20)

7 173.8(24) 46.3(7) 14.97(7)

8 231.8(24) 63.0(7) 36.3 (8)
E 260.4(24) 71.4(8) 16.88(18)

10 532.0(24) 160.6(8) 1.2 (7)

11 572.3(24) 170.3(8) 9.2 (4)

total B~ 68.3(9) 100.0(12)
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Y number E(Y) (in keV) Py (in %)
6 75.280(20) 1.1458
; 86.590(20) 1.786
8 103.864(10) 0.59 (3)
9 271.58 (4) 0.84 (5)
10 300.124(20) 5.8 (3)
1 311.887(10) 33,7
12 340.470(20) 3.88 (21)
13 375.40 (5) 0.59 (3)
" 398.490(20) 1.29 (7)
r 415.780(20) 1.59 (8)

12 weak y's omitted : Ey av 88.8 Py = 0.19 Z.

relative y-ray emission probabilities were normalized

to 33.7 % for 311.887 keV.

added in proof : y-ray emission probability for 311.887 keV
is 38.6(4) % :|E178| (private comm. from R.J. Gehrke and
C.W. Reich (May 1978)).

233y : half-life : T} = (1.592(2)x10°a [Lo78|
(la = 365.24220 d = 31556926 s [IS075]|)

Activities induced in thorium (other than of fission products)

see the reaction 232Th(n,2n)231Th

Evaluated cross section data

620 group data : |Ma75|, |zij77]
Integral data : for a 23%U fission spectrum :
(for a Watt representation) <g>.= 0.1019 b = 10.19 fm?
go, = 7.396 b = 739.6 fm? |2i377|
I =85.12b = 8512 fm?

<o>,= 103.8 mb = 10.38 fm?
) |Ma75,2]
I =85.58 b = 8558 fm
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Remark

For the 233Th g~ decay : the B intentities were deduced from
intensity imbalance at each level. The summed B~ intemnsity is = 1037.

More precise measurements of absolute Py and Pce are needed.

Response data

See next page.



RESPONSE DATA FOR THE REACTION:

-y S SR R G GRS WD P A D e Y T D D g, - — . . — T - — - - — T oty " ——— T > e WD M WE Y - S W=

SPECTRUM ENERGY RANGE OF RESPONSE
e rm———————————— tommm e ————————— e — e ———————— bm———— -
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER £ UPPER £ LOWER E UPPER £ MEDIAN
---------- e e s o s e e e e = e . = e e o e =
CTR 6+1E-05 Be2E-01 4.5E-04 6.8E-02 1.,2E-03 2.5E-02 9.1E-03
252CF 1e1E-01 341E+00 3.8E=01 17E+00 6,3E-01 1.,1E+00 8B.8E-01
235U 9.2E-02 2.9E+00 3,6E-01 1,6E+00 6,0E-01 1.1E+00 8.,4E-01
CFRMF 1e3E=04 1.0E+00 940E~04 443E=0]1 1.2E-02 1.,9E-01 6.3E-02
SIG.SIG. 6.9E-05 1.1E+OO 3.0E=03 S5.0E=0]1 3.0E=02 2.6E-0]1 1.0E=-01
MTR 1.2E-08 149E=03 S.BE-08 1,2E=04 Z2,1E-05 S5,BE=-05 2.3t-05
' ALL ENERGY VALUES IN MEV.,
}ﬁJ
= f
gw"”l-
g |
174
15" u;"’ 1t;'° xr;"’ u;" u;" u;" w.'6 u;" u;" u;o u:lt‘ 10%
ENEROY / MEV
>1U‘ 3 1 - 1 T T T L IR | T T T E
£l ]
HP - E
£ F :
g [ 1 MIR
Bk
i ]
-! 1 L 1 L
wtﬁ"tﬁ m* 197 19% 1w6® w0t w6 w6 w! P i aF
ENERDY / MEV
EIJ = T T [3 T T T T T L4 1] L} :
éiﬂ"s 3
E“’-ZE 3 CTR
-9 L L i L l 4 1 L 1 1
1otd*°xd* 160 107 0% 16° 16t 160 162 Wt P i o
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ENEROGY / HEV

THZ32 (N9G) TH233



238 (ny) 239y _g_239Np

Material constants

+ Relative atomic mass of element:

Mass density
Melting point

.Number of atoms per unit mass

Number of atoms per unit volume:

Isotopic mole fractions

Disintegration scheme

23.54 min

5/2 0

ZJHU \
BI\ }
5/92

- 131 -

[
H
P
(=
N
I

Z 3 0
[}

2
Il

¢ natural uranium

238.029(1)
19.05(2) Mg.m™3
1405.45 K=1132.3(8)°C
2.530x102"%kg™1
48.20%x1027m~3

x(23%y) = 0.0054(1)Z
x(235U) = 0.720 (1)Z
x(238y) =99,275 (1)%

BIZ\ 7/2+

74.67
31.14

i3\
13 '__1/?+ !

0 2.355 d

239Np

|H079],

|Ho79 |

8§\£7/2+)

B -
2X(72/27)

- 1
33\ 7Y

ei\ s/2®

9/2(")

0 Y12 Y

13

Pu

|we79|

511

391

330
285

163.

75

~

.81

.56

.08
.43

73

.68

.25
.83
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Disintegration data hED78|

239U

239Np:

: half-life

23.54(5) min
A 0.49076%1073s~1

E(B;;) max 1192(3) keV; av 392.4(12) keV
E(Bgz) max 1236(3) keV; av 408,9(12) keV
E(B]3) max 1267(3) keV; av 420.8(12) keV
Six other B;S with_PB< 0,3Z.Omitted.

It

E(y) 74.670(3) kev ~ (50(5)%)
E(y) 43,534(3) keV ( 4,4(5)%)
many other y's with Py< 0.27 omitted.
B~ decay

half-life = 2,355(4) d

A = 3.4066x10 %g71

E(B;) max 211(3) keV

av 57.0(10) keV {1.80(20)%)
E(B,) max  332(3) keV

av 93.0(10) keV (33.0020)%)
E(B3) max  393(3) keV

av 112.0(10) keV C703)%)
E(B:) max 438(3) keV

av 126.0(10) kevV (53(5)%)
E(B:) max  666(3) keV

av 201.0(10) kev | (2.0010)7%)
E(Bg) max 715(3) keV

av 219.0(10) kev  (4.0(20)%)
Total B~ av 118.1(11) keV (101(7)%)

E(y;) 49.410(20) keV (0.100(22)%)
E(Ys) 57.260(20) keV (0.151(21)%)
E(ys) 61.480(4) keV (0.96(15)%)
E(Y,) 106.130(10) keV (22.7(13)%)
E(yg) 181.71(6) keV (0.111(15)%)
E(vg) 209.750(10) keV (3.24(25)%)
E(y,) 226.42(8) keV (0.34(5)7%)

E(yvg) .228.190(10) keV (10.7(7)%)

E(yg) 254.41(8) keV (0.100(18)7)

(73¢10)%)
( 67)
(19(8)%)



E(yg) 277.60(3)
E(yyy) 285.41(3)
E(y,) 315.88(4)
E(y3) 334.30(5)

keV
keV
keV
keV

- 133 -

(14.1(4)7%)
(0.78(8)7%)
(1:59(11) %)
(2.03(18)7)

20 weak y's omitted (IPy = 0.37%)

Activities Induced in

uranium

2387 (n,y)%3% Tj = 23.54min MD78] 0ace = 270(2) fm? |Mh731

I, = 27500(500) fn? |Mu73]

g value Westcott conv. 1.0019

so value Westcott conv. 117.9 } |Oka70|
%39U(n,y)2”0U Ty = 14.1 h |Se74] Oget = 2200(500) fm? )
239y (n, £)FP of = 1400(300) fm?
23%U(n,y)23%0 Ty = 7.038x10%2 1078 | 0gce = 10020(150) fm?
23%y(n, £)FP of < 65 fm?
23%0(n,y)23%0 T} = 2.342x107a|Lo78| oact = 9860(150) fm?
235y (n, £)FP of = 58220(130) fm? f | Mu73|
2360(n,y)2%70 Ty = 6.75 4 |Lo78| Ogct = 520(30) fm?2
2370(n,v)?%80 Ty = 4.468x10%|Lo78| 0,0 = 41100(13800) fm?
237 (n, £) FP of < 35 fm?
23%p (n,y)2*ONp™ Ty = 7.4 min [Se74| ou4cc = 3100(600) fm?
239Np (n,v) 2" ONp T} = 65 min ]Se74| Ogct = 1400(1400) fm?
239Np(n,f)FP ofg < 100 fm?
23%y(n,y)240pu Ty = 6553 a |Lo78| Oact = 26880(300) fm?
23%uy(n, £f)FP of = 74250(300) fm? ~
238y (n, ) <o>f = 30.5(10) fm? |Fa77|
Evéluated cross section data
620 group data : |Ma75|, |zij77]
Integral data : g.op = 272 fm?

I = 27690 fu? 1 1218771

Response data

See next page.
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RESPONSE DATA FOR THE REACTION: U238(NsG)U239

- G R AR N R D D G D S N5 e M T S s S e e S S w GRS T e S GY S A A = T~ D - M - - - -

SPECTRUM ENERGY RANGE OF RESPONSE
tmm————— ——————— trmm e n e ——— trmc e, ———— trmwm———- +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- o e e e e e e e - ————— o e e o o e
CTR 6.1E-05 S.OE-Ol 4.5E-04 6e8E-02 1.2E-03 2.5E'02 9.1E-03
252CF 9.2E=02 2.8E+00 3.8E~-01 1.6E+00 6.6E=01 1.2E+00 9.2E=-01
235U 8+0E=02 Z2.7E+00 3.6E-01 1.6E+00 6.3E-01 1.1E+00 8.8E=01
CFRMF 6+6E~05 1.0E+400 6.0E-04 3.4E-01 4,0FE~-03 1.2E-01 3.2t-02
SIG.SIGs 3e8E=05 1.1E+00 Bo4E~04 4,3E=-01 144E=02 1.7E-01 S¢3E=-0Q2
MTR 6¢0E~06 2.0E-04 6.6E-06 3+.6E=05 6.6E~06 2.0E-05 2.0E=05

ALL ENERGY VALUES IN MEV,

CROB3 SECTION / h*
3

e
1670 16% 16® 167 16° 16° 16* 16° 162 16t 10® 100 10?
ENERDY / MEV
1& t ¥ T ] T T 13 1 T T L =
- -
g 3 ]
g | i
g*; E
g -1 MTR
Em 3 3
10-2 1 |/\J i 1 1 1 i L
10% 16° 1% 167 16% 10 16t 6® 10? wt P t oF
ENERGY / MEV
gld’ E T T T T T T T T T T T
% i ]
ﬁ1.0“"5 g
g . CTR
g
o :
z2 7T ]
10—3 L 1 1 I 1 1 1 1 3 1
w01 0% 16 107 106% 1w6® 10t 160 16?10t 1P 10 i
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Appendix 1: Reference file for cross section data

The ENDF/B-IV dosimetry file |Ma75, 1 and 2|, |Pa77| is now generally

available and has been adopted for international comparisons as a refer-—

ence cross section set. All users are requested to communicate their ex~—

perience with this data file, so that future improvements aid to the aim

of arriving at one generally accepted, internally consistent and extended

dosimetry data file.

The dosimetry reactions have beendassified in two categories ]V177l.

Category I reactions are defined as reactions: )

a) for which the energy dependent cross sections are well known over their
response ranges in standard neutron fields;

b) for which calculated reaction rates in the standard neutron fields are

consistent with the measured reaction rates.

The following reactions belong to category I: 197Au(n,y)lgBAu, 239pyu(n,f),
237Np(n,f), 238y (n,f), °%Fe(n,p)°bMn, 27A1(n,a)2"*Na, ®3cu(n,2n)®2Cu and
58Ni(n,2n)57Ni. (Remark: For the (n,2n) reactions with very high thfes—

hold energies, accuracies of about 10% are presently acceptable).

A number of other reactions are considered category I candidates:
59Co(n,y)60Co, 238U(n,y)239U, llsln(n,n')llslnm, 58Ni(n,p)58Co, 328(n,p)32P,
5“Fe(n,p)5“Mn and °3Co(n,0)°%Mn.

All other reactions used for neutron metrology are category II reactionms.

The ENDF/B- V dosimetry file is expected to become available in 1979,
Furthermore the IAEA Nuclear Data Section (N.D.S.) will also in 1979 issue
a cross section data file, called the International Reactor Dosimetry File
(I.R.D.F.). This IRDF will initially comprise all reactron included in the
ENDF/B-V dosimetry file, and in additon a set of reaction cross sections
which are evaluated by groups outside the U.S.A., with a possible extension

of the file to include additional reactions of interest.
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Appendix 2: Fission spectrum representation

For the calculation of equivalent fission neutron fluences one needs the
values for the cross sections of the activation (or fission) detectors
used, and in particular the cross section averaged over a fission neutron
spectrum.
For the fission neutron spectrum of 233U several analytical representa-
tions have been used in the past years.
In the following expressions, which have been normalized to a value of
unity, E denotes the neutron energy, expressed in MeV:
= the formula proposed by Watt ]Wa52|

x1(E) = 0.48395 exp(~E).sinhv2E

the formula proposed by Cranberg, Frye et al. |Cr56]
X2(E) = 0.45274 exp(-E/0.965).8inhv2.29E

¢

the formula of Maxwellian type proposed by Leachman ]Le56|
x3(E) = 0.76985 exp(-E/1.29).vE

- the modified Watt-Cranberg formula proposed by Wood |Wo73|
x4 (E) = 0.5827 exp(-0.992E).sinh(1.27VE)

The IAFA Consultants Meeting on prompt fission neutron spectra |IAEA72],
held in 1971, concluded that a simple Maxwellian form does not satisfac-
torily fit all observed fission spectra. It was felt then that for the
present a purely numerical representation of experimental results would
be best.
Magurno and Ozer |Ma75,1[ tested the data on the ENDF/B-IV dosimetry file
also by calculating spectrum averaged cross sections using the Maxwellian
spectrum function:

x5(E) = 0.770.VE.exp(-E/T)
using

T=1.29 MeV and T = 1.32 MeV.

Recently Grundl and Eisenhauer lGr75|, |Gr77| from the National Bureau of
Standards made a new evaluation, based on 16 documented differential spec-
trometry measurements of the thermal neutron induced 235y fission neutron
spectrum, and of the 252Cf spontaneous fission neutron spectrum. Their re-
sults can be described in three forms:
1. A reference Maxwellian representation, obtained from a weighted least

squares fit in the energy range from 0.25 MeV to 8 MeV.

For 235U :Xe(E) = 0.7501.VE.exp(-1.50E/1.97).

For 252¢f: y,(E) = 0.6672.VE.exp(~1.50E/2.13).
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2. A seven-group spectrum of adjusted Maxwellian segments, which fit the
data over all energies. Estimated uncertainties are 1Z to 47 for both
spectra between 0.25 and 8 MeV and between 5 and 157 outside this
energy range,

3. A continuous line segment correction to the reference Maxwellian, which
establishes a final fit to the experimental data:

For 235U : Xg(E) = nu(E).Xg(E)
For 252Cf: Xg(E) = u(E).X7(E)

Below 6 MeV the correction function u(E) is linear, above 6 MeV it is

exponential. The correction functions for the two spectra are as fol-

lows:
energy interval 235 252
(in MeV) p(E) for U u(E) for Cf
0 to 0.25 1+0.800E-0.153 1+1.200E-0.237
0.25 to 0.8 1-0.140E+0.082 1-0.140E+0.098
0.8 to 1.5 1+0.040E-0.062 1+0.024E-0.0332
1.5 to 6.0 1+0,010E-0.017 1+0.0006E+0-,0037
6.0 to = 1.043{exp -0.06(E~6.0)/1.043}{ 1.0 exp{-0.03(E-0.60)/1.0}

Similar representationshave been tried for the spontaneous fission neutron

spectrum of 252¢f;

- A formula proposed by Knitter et al ]Kn73l, using a Maxwellian function
with an average energy <E> = 2,13 MeV;

= A more complicated function used by Green ]Gr73l, based on a detailed

evaporation model, and yielding an average energy <E> = 2,105 MeV,

The choice of the representation of the fission spectrum may not be so
important for activation reactions with low thresholds, but it becomes
important when reactions with very high threshold (say about 10 MeV) are
considered.

As can be seen from table 1 the different representations of the 2357
fission neutron spectrum give clearly different results for reactions with
very high threshold energy. The Euratom Working Group on Reactor-Dosimetry
noted that the fission neutron spectrum in the energy region above 8 MeV

is only known with an accuracy of the order of 25Z.

For the application of reactions with high thresholds and for the prediction
of helium production by (n,a) reactions the knowledge of the fission neutron

spectrum should be improved.
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A comparison of the 235U fission neutron spectrum was re-
ported at the Specialists Meeting on Inelastic Scattering and Fission
Neutron Spectra [Ar77|, which was sponsored by the Joint Euratom Nuclear
Data and Reactor Physics Committee,
The meeting was held at Harwell, April 14-16, 1975, and the proceedings
were issued in January 1977. These specialists recommended a Watt spectrum
of the type:

N(E) = exp(-AE) . sinhvBE

where A and B are constants defining the shape; and E = (1.5+0.25B/A)/A.
The correction of finite sample size effect has been shown to be impor-
tant in some cases, having the overall effect of increasing the average
fission neutron energy E. From the proceedings we quote:

"An overall preference for a Watt distribution formalism was found, and

it is recommended that a Watt, as opposed to a Maxwell, formalism descrip-
tion be adopted until such time as a better overall description is avail-
able. That is, a Watt formalism should. be adopted for describing the fis-—
sion neutron energy range from ~0.5 to 15 MeV,

For 235U, the recommended Watt formalisms A and B parameters are A =
1.0123£0.011 and B = 2,1893+0,1552,

This gives an estimated E value of 2.016 MeV, as compared to the ENDF/B-IV
evaluation E estimate of 1.895 MeV ... . It is reasonable to conmsider

that the estimated value for E is reliable to better than 2-3%.."

At the International Specialists Symposium on Neutron Standard and Appli-
cations, held at the N.B.S., March 28-31, 1977, L. Stewart and C.M. Eisenhauer
lSt77| considered these results ana also recent data on 232Cf, and con-

cluded that the Watt distribution should be the recommended parametriza-

tion for all important isotopes on the ENDF/B-V file,

They also concluded that the fission spectra shape is considered to be

well determined over the range of emitted neutron energies from about I to

8 MeV. Below 1 MeV, some experimentalists see a large excess of neutrons

over the Watt or the Maxwellian shape, while above 8 MeV the statistical
errors are often large due to the extremely low flux density in that re-

gion.



- 149 —

App.3.

Appendix 3: Quality of integral cross section data

Integral experiments to determine o, (the 2200 m/s value), I (the reso-

nance integral) and <0>f (the cross section averaged over the fission

neutron spectrum) have been performed by experienced people in recog-

nized laboratories. The values for To» I and<0>f which can be derived

from the ENDF/B-IV dosimetry file lMa75,2|, have been compared in

tables 2, 3, 4 and 5 with evaluated or experimental data in recent

compilations.

For the fission neutron spectra of235U and 252Cf the NBS evaluations

of Grundl and Eisenhauer |Gr75|, |Gr77] were used.

The quality of the comparison can be based on three aspects :

~ the uncertainty in the reported values,

~ the discrepancy between measured and calculated cross section values,
and,

~ the consistency between measured and calculated values.

As a measure for the uncertainty in the experimental cross section

value we take the fractional error (denoted by o) as stated by the

experimenter,

As a measure of the discrepancy one can take the absolute value of the

fractional difference (denoted by A) between measured value and the

value calculated from the evaluated cross section file.

i <om> = <g o>
Thus A = I__.TEEE;__Qw

often considers the ration <0m>/<0c>.

. Instead of looking at the difference A, one

As a measure of the consistency between the measured value and the
calculated value one can take the ratio of the fractional difference

t

and its stated fractional error v.

The following indications are used in the tables :

category | uncertainty |discrepancy | consistency
++ 0 < v < 2% 0 <A<27210 < Nv <1
+ 22 < v < 4% |27 <A <47 |1 < My <2
o 47 < v < 67 47 < A < 6% | 2 < Mv < 3
- 67 < v < 87 67 < A< 8% |3 < Mv<i4
-= 8% < v 8% < A 4 < Ny <
L
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The data for the fission neutorn spectra are taken from recent reviews by
Fabry et al |Fa76| and |Fa77]-

The normalization adopted involves a so-called flux transfer, using the
239Pu(n,f) feaction and the NBS 252Cf source. This californium source was
chosen because of its availability and its well known source strength (er-
ror 1.1%Z). The 239Pu(n,f) reaction was chosen because of its relatively
flat shape in the energy range of interest and its well known cross sec-—
tion,

It has been concluded by Fabry, McElroy et al |Fa76] that integral cross
section data for dosimetry reactions as measured in standard and reference
benchmark neutron fields'depart from computed ones, not only because of
differential energy cross section inadequacies, but also because the spec-
tral shapes characteristic of these benchmarks are usually inaccurate in

the energy rangks not covered or poorly covered by differential neutron

spectrometry techniques, e.g.:

- below ~250 keV and above ~10 MeV for the fission neutron spectra of
2355 and 252¢f;

- below =10 keV and above ~2 MeV for XZ, CFRMF, BIG-TEN.

The same authors conclude that even in the well covered energy ranges, the
reliability remains questionable, as is presently the case for the 235y
fission neutron spectrum between 3 and 6 MeV, and for CFRMF between 100

and 400 keV. '

The only benchmark whose spectral shape appears to be accurately established
between ~0.25 and ~10 MeV is the 252Cf neutron spectrum. The inconsisten-
cies observed for some facilities like CFRMF and BIG-10 are mostly attri-
buted to inaccurate spectra computations resulting from the inadequate 235y
‘fission spectrum, and the inelastic scattering cross section data in
ENDF/B-IV. This effect is less pronounced for IX, because the spectral
characterization from ~10 keV up to =2 MeV mostly relies on differential

spectrometry measurements and not on computations |20

The 1976 Consultants Meeting recommended that efforts should be ma&e to
remove inconsistencies between integral measurements and differential eva-
luations at least as concerns the 235U fission spectrum, the ZZ type fa-
cilities and the ISNF, and the cross sections for 38Ni(m,p), 23%U(n,f),
°%o(n,y), !'%In(n,n"), 5“Fe(n,p), !%3Rh(n,n"), so as to qualify them as

standard spectra and category I reactions respectively,
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Table 1: Influence of representation of fission neutron spectrum of 235U

on average cross sectioms

Based on cross sections from the ENDF/B-IV dosimetry file, and data re-
ported by Fabry et al |Fa76| and |Fa77|. Cross section values are given

in fm? (=10730y?),

e e [ ___ratio ool
reaction energy measgremegt Maxwellian | NBS-eval. Watt
(in Mev) |om (in fm%) |<E>=1,97 MeV| <E>=1.98 MeV|<E>=2.,00 MeV
237Np (n,£)FP 0.6 {131.2 1.006 1.006 1.019
58Ni(n,p) %8Co 2.8 10.85 0,926 0.936 0.947
S4Fe(n,p) >*Mn 3.1 7.97 0.965 0.975 0.984
2751 (n,p) 2 Mg A 0.386 1.078 1.067 1.062
56Fe (n,p) >5Mn 6.0 0.1035 1.081 1.017 1.000
59Co(n,a)®Mn 6.8 0.0143 1.140 1.035 1.021
2751 (n,0) 2%Na 7.2 0.0705 1.106 0.983 0.970
1271 (n,2n)1261 10.5 0.105 1.499 1.130 1.094
55Mn(n,2n) >*Mn 11.6 0.0244 1.426 1.004 0.951
58N4 (n,2n) °7Ni =13,5 [5.77x10™* 0.776 0.489 0.440




Table 2: Comparison of 2200 m/s cross section values

Cross section values are expressed in units of 100 fm? (in 10'28m2)

compilation value, op uncer— [calculated] dis-
. —TR-1 -39 tainty value, o, cre— |consis-
resction {IsnToisel sl | momw ey o e lee/on 22 iy
: 0 121177} Alv
Li(n,0)%H 9404 0.4 | ++| 943.7 1.005| ++ +
10B(n,a)’Li 383719 0.2 | ++(3851 1.004 | ++ +
23Na(n,y)2%Na |0.528%0.005|0,5300,005 0,9 | ++| 0.5360 [1.014| ++ +
455¢(n,y)*°sc 25+2 26.5 1.0 3.7 |+ |. 26.47 1,011 ++ o
S8pa(n,y)S%Fe |1.14 #0.05 | 1,15%0.02 1.7 | ++ 1.186 |1.033] + +
>9Co(n,y)%%0 |37.5 20.2 [37.2 0.2 0.5 | ++| 37.39 1.002 | ++ ++
63cu(n,y)®%cu |4.4 0.2 | 4.5 0.1 2.2 |+ 4.513 [1.008| + ++
L5Ta(n,y)161n®m| 16125 157 +15 9.6 |-~ 170.2 1.060| o ++
197A4(n,y)1 %8Au |98.8 *0.3 |98.8 *0.3 98.7 0.2{ 0.2 |++| 99,70 |1.010| ++ -
232Th(n,y)233Th | 7.4 0.1 7.40+0,08 1.1 [ ++4  7.396 [1.000]| ++ ++
235y (n,£)FP 580 2 582,2+1.3 |576.9 3.4| 0.6 |++| 574.4 0.989 | ++ +
237Np (n, £)FP 0.019+0,003 15.8 | ==|  0.01610/0.848 | —- ++
238y (n,y)23% 2.720+0.025(2.70 +0.02 0.7 |++| 2,716 [1.005] ++ ++
239pu(n, £)FP 742 *3 742,5¢3,0 |742.8 4.4] 0.6 |++| 785.3 1.059 | o -

- 2§51 -

0‘7 oddV



Table 3: Comparison of cross sections, averaged over a 1/E neutron spectrum

Values of resonance integrals refer to a cadmium cut-off equal to 0.5 eV, and

are expressed in units of 100 fm? (10=28p2),
compilation value, op} uncer- cziiziatsg : gf%
4 ]
reaction IAEA-TR-156] BNL-325 222 1 mpr/B-1vV |0c/og | 570 5
|A174] |Mu73] |(in Z)| | |Ma75,2], CEEE:
[Mu73] oq.9u
6L1(n total He) - - - 425.87 -
1°B(n total He) - 1722 0.3 |++| 1722.17 1.000 [++ {++
23 Na(n,y)2 Na 0.31 0.311 | 3.2 |+ 0.346 [1.113[--|-
“ Se(n Y) 15 11,3 8.8 |- 11,29 0,999 [++ |++
Fe(n Y) Fe 1.2 1.19 5.9 0 1.58 1.328 |~— =~
9Co(n Y) 75,0 75.5 2.0 |++ 76.67 1.015 [++ |++
83cu(n,y) 5.0 4.9 6.2 |- .5.55 1.133 |- o
11510 (n, y)llGInm 2600 3300 3.0 |+ 3242,74 |0.983 |++ |+
1 97 pu(n,y)198a 1550 1560 2.6 |+ 1564,70 {1,003 [++ [++
ZTh(n Y)233Th 82 85 3.5 |+ | 85,58 |1.007 [++|++
35y (n,£)FP 275 275 1.8 | ++ 282,00 |[1.025+ |+
380(n v)23% 280 275 1.8 | ++ 277.53 | 1.009 |++|++
239Pu(n £)FP 310 301 3.3 |+ 303.90 (1.010 [++|++

- €61 —

p +ddy
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Table 4: Comparison of cross sections, averaged over the fission neutron spectrum

of 235y

Cross section values are expressed in units of fm2(=10;f0m2). Calculated values
refer to the ENDF/B-IV dosimetry file and the NBS spectrum evaluation. Table is
based on data reported by Fabry et al. |Fa76|, |Fa77| and |Fa78].

effective| integral . calculated : ._ lconsis
reaction threshold measurementlxmen?lnty value gc | 0c/op 2;2_;tency{
(in MeV) lop (in fm?) [(in %) (in fm?) S aney | AV
1STh(n,y)!101nm - 13,45 4,510 | 13.59 1,010 | ++ ++

197 pu(n,y)1%8Au - 8.35 6.0 | o 8.46 1.013 | ++ ++
63cu(n,y)®"cCu - 0.930 15.0 | == 1.099 1.182 | ~- +

235y (n,f)FP - 120.3 2.5 [+ [124.1 1.032 | + +

239py (n, £) FP - 181.1 3.3 |+ |178.1 0.983 | ++ ++

237Np (n, £) 0.6 131.2 3.8 |+ |132.0 1.006 | ++ ++
103ph (n,n') 1 03pnm 0.8 73.3 5.2 |o - -

115710 (n,n')1151nm 1.2 18.9 4.2 |o |(18.178) Jo.961 |+ ++

117,28 0.914 | - o

232Th (n, £)FP 1.4 8.1 6.7 |- | 6.90 0.852 | - 0

238y (n,£)FP 1.5 30.5 3.3 |+ | 29.58 0.970 | + ++
“7Ti(n,p)"*’sc 2.2 1.90 7.4 |~ |[ 2.14 1.126 | - +

{ 2.138c) 1.125 | == +
31p(n,p)3lsi 2.4 3.55 7.6 |- | 3.245%) |o.914 | - +
58Ni (n,p) >8Co 2.8 10.85 5.0 |o | 10.16 0.936 | - +
647n(n,p) % Cu 2.8 2.99 5.4 |o - -
32g(n,p)32p 2.9 6.68 5.5 |o 6.41 0.960 | + ++
S4Fe(n,p) >“Mn 3.1 7.97 6.1 |- 7.77  }0.975| + -+
Ti(n,x)"6sc 3.9 1.18 6.4 |- {; 0,999 0.847 | —= 0
{ 1.088%) |0.922] - o
2741 (n,p)2"Mg 4.4 0.386 6.5 |~ | 0.412 1.067 | - 0
56Fe (n,p) >®Mn 6.0 0.1035 7.2 |- 0.1053 |1.017 | ++ ++
59¢Co (n,a) °®Mn 6.8 0.0143 7.0 |- 0.0148 |1.035] + ++
63Cu(n,a)®%o0 6.8 0.0500 11,2 |--| 0.0352 {0,704 —- o
24Mg (n,p) 2¥Na 6.8 0.148 5.5 o [ 0.15189)| 1,026 + ++
27A1(n,a)%%Na 7.2 0.0705 5.7 |o | 0.0693 |0.983]| ++ -+
48714 (n,p)*8sc 7.6 0.0300 6.0 |o { 0.0173 _|0.577 | -~ --
0.0303%)| 1,010 ++ ++
93Nb (n,2n) 22NbR 10.2 0.0475 6.7 |- - -

1271 (n,2n) 1261 10.5 0.105 6.2 |- 0.1186 |1.130| —- o
55Mn(n,2n) >“Mn 11.6 0.0244 6.1 |~ 0.0245 |1.004| ++ ++
63Cu(n,2n)®%Cu 12.4 0.0122 9.8 |--| 0.00915 [0.750| " o
30zr(n,2n)8%r ~13 0,0247 6.9 |- 0.008714|0.353 | -~ -
58Ni (n,2n) 37Ni ~13.5 5.77x10~% | 5.4 |o [2.82x10™% |0.489| — --

a) Magurno lMa75/2l reports e calculated value. of 16.68 fm?, based on a.branching
ratio of 50% for the 336 keV gamma radiation, If this branching ratio is taken
as 45.97 (see |Ha74|), then the value becomes 16.68x(50/45.9) = 18.17 fm?,

b) Based on a recent evaluation by D.L. Smith lSm76| using a Maxwellian spectrum
with <E> = 1,98 MeV.

c) Based on a recent evaluation by C. Philis et al. |Ph77].

d) Cross section data not present in ENDF/B-IV dosimetry file; listed value has
been taken from SAND-II cross section file.



Table 5: Comparison of cross sections, averaged over the fission neutron spectrum of 252¢f

Cross section values are expressed in units of fm?(=10"3%m?), Calculated values refer
to the ENDF/B-1V dosimetry file and the NBS spectrum evaluation,
Table is -based on data reported by Fabry et al |Fa76|, |Fa77| and |Fa78].

effective| integral |upertainty |calculated dis- Jconsis-
reaction threshold imeasurement 7o =03 value 0. | Og/0y, |cre~ !tency

(in MeV) Doy (in fm?) ° (in fm?) pancy| A/v |
11510 (n,y)1161nm 12,53 3.4 |+ 13.03 1,040 | + +
197pu(n,y)1%8Au 7.99 3.6 |+ 7.99 1.000 ++ ++
235y(n,f)FP 120.3 2.5 |+ |124,1 1.033 + +
239py (n,f)FP . 180.4 2,5 |+ [178.9 0.992 ++ ++
237Np (n,f)FP 0.6 133.2 2.8 |+ N135.1 1.014 ++ ++
03Rh(n,n')!03Rhm 0.8 75.7 7.0 | - - b - 4
151 (nn')2251mm | 1.2 19.8 2.5 |+ |17.55 2 |0.886°7 —= | --
238y (n,f)FP 1.5 32.0 2.8 |+ 31.54 0.986 ++ ++
47Ti(n,p)*7Sc 2.2 1.89 2.1 |+ 2. 384 1.261 y| -

{ 2.2229 | 1.281%)] —- - |
58Ni (n,p) °8cCo 2.8 11.8 2.5 | + 11.50 0.975 + ++ =
S4Fe(n,p) >"Mn 3.1 8.46 2.4 |+ 8.91 1.053 o 0 o
%6Ti (n,p)"*88c 3.9 1.38 2,2 |+ 1.252 0.907 - - '

1138197 | 1.0019)| 4+ ++
27A1(n,p)27Mg 4o 0.51 9.8 | ~= 0.514 1.008 ++ ++
56Fe(n,p) °®Mn 6.0 0.145 2.4 | + 0.1475 | 1,017 ++ ++
27A1(n,a)2%Na 7.2 0.1006 2,2 |+ 0.1059 | 1.053 - o
4871 (n,p)"8sc 7.6 0.042 2.4 |+ ( 0.265 ) 0.630 3| =" -

, 0.0446%/ 1,062/ - o
55Mn(n,2n) >*Mn 11.6 0.058 10.3 | -~ 0.0528 | 0.910 - ++
59Co(n,2n) 58co 0.057 10.5 | —- 0.0379 | 0.665 —_ -
63Cu(n,2n)62Cu 12.4 0.030 10.0 | -- 0.02415 {0,715 - -

a) Threshold values are valid for a 235U fission neutron spectrum.
b) Based on a recent evaluation by D.L. Smith VISm76|.
¢) Based on a recent evaluation by C. Philis et al

0{7 -ddV
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Appendix 5: Cross sections, averaged over a fission spectrum

Values refer to various representations of the fission spectrum of 235U, as de~
fined in appendix 2. All values are expressed in the unit cm™2.

, Vatt Cranberg Leachman GrundT Grundl (mod.)
et st = | £ SO X2 (BN o XalE)____  Xa(E)_______ Xa(B) ______
LI6(NsAYH3 4,796E-25 4,7T85€-25 4.BT1E=-25 4, B64F~25 4, R99FE =25
Bl0(NsA) 5.039£-25 5.036E-25 5.150E=-25 S5.128E-25 5.101E-25
NAZ23 (NsG)NAZ4 Z2.849€-28 2.8G4FE-28 2.948¢-28 2.921E-~28 2eBT6E~-28
AL27(NsA)NAZS  6.844F-28 6.254E-28 Te09SE~28  7,801E-28 '6.935E~28
AL2T (NyPIMGET 4.,101e-27 3.929E-27 3.928F-27 4, 158K~27 G 122E-27
S32(NsPIP32 6.505E~26 6.391F~-26 6.134F~26 6.332E-26 baa(J9E~26
SC45(N+G)SC4h  S.T16E=2T  S5e7376=-2T7  S.983E-27  5,903E-27 5,832F-27
TI6T(NsNP)SCO6 3172E-30 2.503t6-30  4.950€~30 5.969E-30 3.603E-30
T148(NWNP)SC47 1.820E-30 1.4756-30 2.623€-30 3.117£-30 2.0G01E-30
FES4 (NyP)MNSG 1.847F-26 T.668E~20 7T.407c-20 T.689€-26 17.773E-26
MNSS (N9 2N) MMS4 2,321E-28 1.947E-28 2.997F-23 3.485F =28 2.450€6=-28
FESH6(NyP)MNSAH 1.035t-27 9.64T7E-28 1.033¢-27 1.120E~27 l.053€-27
FESB(NL.G)FEDSO le676E-27 l.678t-27 le713F-27 l.702E-27 1.6926-27
NISB(Ns2NINIST 2.5406~30 2.0395-30 3.752E~30 4,473E-30 2.613E=-30
NISS eNsP)COSA3 1.028E-25 1.0085-25 9.T724E~26 1.006F-25 1.017E-25
CO059 (NyA)MNSAH 1.457€-28 1.340E-248 l.493E~-28 l.634€-28 1.4ROFE=-28
COS9 (Ns2N)C0S8 1.624E-28 1.356€£=-248 2e130F-2K Z2.485E-28 1. 7236~2H
COS59(N+G)CO60 6.382E=-27 6.,404E-27 6.587¢ 27 6.519t-27 663827
NI&D(NyP)COBO0 Cetsta3E=2T 2.2H9t=27 Cellut =27 2.603t=-27 2a4T3E-27

CUR3(N,A)CO60 3.472E~-28 3.198g~28 3.537e~-28 3.865E-28 3.5236-28
CU63 (NeG) CUbS 1.082E-26 1.08%E~26 l.118E=~26 1.107E-26 1.093E~--26
CUBS (Ns2N) CU64  2,976E~-28 2.506€6-28 3.805E-28 4.,415E-28 3.1328-¢8
IN115(NeG)INL116 1,350E-25 1.356E-25 1.38%E-25 1.371E-25 1.359E-25
1127 (Ns2N) 1126 1.149E-27 9.900E-28 1.377t-27 1.5758-27 1.186E-27
AULIS7(NsG)AUL98 H.306E-206 3+.33%9E-26 R 658E-26 B.546F-26 B,L56F~26
TH232(NsF)FPe T.026E=26 6.,958E-26 6.726E~26 6.863t-26 6.901E-26
TH232 (NsG) THZ223 1.019E~25 1.0624E-25 1.05506-~2¢5 1.043€E-25 1.033E~25
U235 (NsF)FP l.241E-24 le24iFE=-24 1.243€E-24 le243E-24 l1.241€~24
NP237(NsF)FePe 1.3376-24 1.33%5E-24 1.313E~24 l1.321E-24 1.320E-24
U238 (NF)FP 3.016E-25 2.994E-25 Z2+RAYE~2S 2.940E~-25 2 «9G69E-25
U238 (N+G)UZ239 7.430E-26 7. 466E=-26 T«6BTE-26 T.594E-20 T7.507€E-26
PU239(NsFIFP 1. 786E-24 1.7R5E-24 l.780E~24 1,782€~-24% le731E-24
MNGS (N G MNSE 3.560E-27 3.570E-27 3.705E-27 3.663E=-27 3.598E-27
AGL109 (NsGIAGLLICGNM1e151E~-26 1.153t~26 l.184FE~26 1.174E-26 1.165E-26
MG24 (N+sP)NAZSLG 1e493E~27 1.377€~-27 1.533€-27 1.678E-27 1.51RE-27
P31 (NsP)SI3] 3.301E~26 3.252E-26 3.115E~-26 3.2n%E~-26 3.245E-26
CUB3I (N9 2N)CUBZ B,464E-29 6.946E-29 l.1696-28 1.3788E-¢8 9.151E-29
ZRY0 (Ns2N)ZRBY  7,953F=29 6.450E-29 - 1.13%b-238 1.3%0E-28 8. 7T14E~29
TAI81{NyG)TAIBZ 1.036E-25 1.040E-25 1.084E-25 1.068E-25 1.056E-25
LOGZN{NsP)64CU  4,294F =26 4.209E~Z20 |, 4,053E-26 44193E-26 44 238E-26
L64ZNINy2N)63IN 1.657E-29 1.331tE-29 2elaltbE~29 2.919E-29 1.839E-29
1.90ZR(NsP) QY 3.567E-28 3.336E-28 3.552e-28 3.839£~-28 3.0166£~-28
L103RHINGN) 103KR 7,135E-25 T7.109E-25 6.947TE~25 7.0156-25 7.039E=-25
TH232 (Ne2N) 231TH 1.503E-26 1.374E-26 1.550E~26 1.703E~-26 1.518E=-26
INLIIS(NsN) IN115M1.768E-25 1.759E-25 l.693E~-25 1.7228-25 1.734E-25
AM241 (N.F)FP 1.217E-24 1.213E=~24 l1.1R3E=-24 1.193E~24 1.,197E-24
TI46(NeP)SCHB 1.056E~25 1.011E-25 1.011lE~-Z6 1.071E~26 1.0645-26,
T147 (NsP)SCa7 .2.]415-26 2.105E~25 24029E-26 2. 091E-26 2.111E~26
TI48(NyP)SCa8 2.637E~-28 2.420E-~28 2.721t~28 2+985£-28 2.H6R(E~23
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Appendix 6: Gamma-ray spectrometry standards listed by radionuclide

The choice is based on a long half-life, and a good knowledge of gamma-ray

energies and gamma-pay emjssion probabilities,
Data are taken from{MED78|, unless otherwise indicated.

_ Y-ray emission
nuclide | Y X2V energy probability half-life remark
(in keV) .
(in %)
22Na 1274 .540(20) 99.94(2) 2.602(2) a
+ ShMn 834,827(21) 99.9760(20) |312.5(5) d
+ 57¢o 14,4127 (4) 9.54(13) 271.5(5) d| (o)
+ 122.063(3) 85.59(19)
+ 136.476(3) 10.61(18)
+++ | 80co 1173.210(10) 99.900%20) 5.271(1) a
++ 1332.470(10) 99.9824(5)
65Zn 1115,52(3) 50.4(3) 243,97(8) 4 {(b),(c)
88y 898.020(20) 94.,6(5) 106.64(8) d | (b)
1836.040(20) 99.35(3)
+ |110pgm 657.749(10) 94.7(10) 249.78(4) g | (o)
+ 706.670(13) 16.74(12)
+ 763.928(13) 22.36(23)
+ 884.667(13) 72.,9(8)
+ 937.478(13) 34.,3(4)
+ 1384,270(13) .| 24.35(25)
+ 1505.001(21) 13.11(14)
++ |133p4 53.155(16) 2.17 (&) 10.74(5) a
+ 79.621(11) 2.66 (8)
+ 80.997(5) 33.5(5)
+ 276.397(12) 7.09(13)
+ 302.851(15) 18.40(20)
+ 356.005(17) 62.1(7)
+ 383.851(15) 8.91(10)
+ [137¢g 661.645(9) 85.0(5) 30.0(2) a
++ |139ce 165.853(7) 79.94(13) 137.66(2) 4
+++ 152y 121.7824(11)| 28.,37(30) 13.5(1) a |(¢),(d)
++ 244,6989(11)|  7.51(7)
++ 344,275 (4)- 26.58(24)
++ 411.115(5) 2,234(18)
++ 443,983(7) 3.121(24)
++ 778.910(10) 12.96(10)
++ 964,131(9) 14.62(8)
++ 1085.914(13) 10.16(8)
++ 1112.116(17) 13.56(8)
++ 1408.011(14) 20.85(12)
++  [18274 100.1064(3) 14.23(42) 114.41(2) d [(b),(c)
++ 113,.6670(12) 1.87(6)
++ 116.4149(17) 0.445(15)
++ 152.4281(14) 6.95(9)
++ 156.3817(12) 2.63(5)
++ 179.3904 (18) 3.09(4)
++ 198.3477(22) 1.44(2)
++ 222.,1010(20) 7.50(10)
++ 229.316(3) 3.64(5)
++ 264.,071(6) 3.62(6)
++ 1121.28(3) 35.30(32)
++ 1189.04(4) 16.44(15)
++ 1221.418(25) 27.17(25)
++ 1230.97 (3) 11.58(11)
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App. 6.
Appendix 6 (continued):’
—rav ener Y-ray emission
nuclide | ¥ Y 87 | probability half-life remark
(in keV) .
(in %)

+ 203ng 279.190(5) 81.5(8) 46.60(2) d
+  P4lAm 59.5370(10) 36.0(3) 432,0(2)  a ), (e)

{b) emission probability values taken from ]PTB79i
(¢) half-life values taken from |PTB79Y|

(d) emission probability values taken from |De79|
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Appendix 7: Characteristics of the neutrom spectra.
HFR SPECTRUM,
NEUTRON FLUX DENSITIES FOR ABBNGROUPS
GROUP, ENERGY REGION GROUP FLUX DENSITY PHI (U) REL.
(IN MEV) (M=2.5=1)
1 1.050E+401lees 6+500E+00 4,121E+15 1.198E=02
2 6e500E+400,00 4e000E+00 2.043E+16 5.869€E-02
3 4¢000E+00see 2¢S00E+00 4.611E+16 1.368E-01
4 2¢500E+400e0e 1e400E+00 7.911E+16 1.903E-01
5 1:400E+00.e¢ 8.000E-01 T7.095E+16 l.768E-01
6 Be0D00E-0laee 44000E-01 Te4T6E+16 1.504E-01
7 QOOOOE"OIQQQ 2.0006-01 b.bl?E"l6 1.130E-01
A 2.000E-0leee 1000E~01 4,363E+16 8.779E-02
9 1.000E-01lsee 4e650E-02 3.451€E+16 6.286E=02
10 4.650E-0240ee 2e150E-02 2.45BE+16 4.443E-02
11 EOISOE-OZ... 10000&.-02 2.072.:4'16 3.775E-02
12 1e000E~02c0e 4e6950E-03 1.94BE+16 3.548E-02
13 4.650E'03... 2.150E-03 1.856E*16 3.356E-02
14 2¢150E-03.0e 1.000E-03 1.806E+16 3.290E-02
15 1.000E=03s0e 4.650E-04 1l.781E+16 3.244E-02
16 4.650E~0400e 2e150E-04 1. 767E+16 3.195E~02
17 20150&"04... IOOOOE-OLI' 1.729t4‘16 3.151E-02
18 1:000E-04s0e 4e650E=-05 1.708E+16 3.110E=-02
19 44650E=054e0 2e150E-05 1.694E+16 3.062E-02
20 2¢150E-05,00 1.000E-05 1.655E+16 3.015E-02
21 1e000E=05eee 4e650E-06 1.640E+16 2.987E~02
22 4,650E-06see 2.150E=06 1,655E+16 2.993E-02
23 2¢150E-06eee 1.000E-06 1.64TE+16 3.000E-02
24 1.000E-06eee 4e650E-07 1.649E+16 3.004E~02
25 44650 -0700e 2.150E-07 1.660E+16 3.002E-02
TOTAL FOR 25 ABEN GROUPS Tel71E+17
NEUTRON FLUX DENSITIES FOR SPECIAL ENERGY GROUPS
E > 10.5 MEV : 2.663E+14
E > 1.0 MEV : 1.934E+17
£ > 0.l MEV : 3.953E+17
E < 0.215 EV : 1.087E+17
TOTAL = B.261E+1(
SPECTRUM CHARACTERISTICS
AVERAGE ENERGY 6.966E=-01 MEV PHI (NI) 2.419E+17 M-2,S~1

2.375E+17 M=2.S-1
1.433E+17 M-2.S~1

AVARAGE SPEED 1. 700E+04 Mo.S-1 PHI (FE)
AVERAGE LETHARGY= 7.794E+00 PHI(CO)

DAMAGE TO ACTIVATION RATIO (D A R).

s E T e GRS T A A @ e o o

GRAPHITE STEEL ALUMINIUM

D - - D TP WD e —— G D e T P D D T D TV R D S - D D - - TR - o - -

NIS8(NsF)CO58 1.65E+00 1.30E+00 le4atb+00

FES4 (NyP)MNSy 1.,64E+00 1.29£+00 1.43E+00



CTR SPECTRUM (TOKAMAK) KEF jpr7e| ~

NEUTRON FLUX DENSITIES FOR ABBNGROUPS

GROUP . ENERGY REGION GROUP FLUX DENSITY PHI(U) REL.

(IN MEV) (M=2¢5~1)
1 1.050E+0lees 6500£+00 2.306E+02 6.376E-02
2 6+.500E+00es+s 4.000E+00 2.553E+02 6.972E-02
3 4¢000E+00ees 2500E+00 3.223E+02 9.093E-02
4 2¢500E+00.00 1.400E+00 4,570E+02 1.045E-01
5 1,400£+00.0+ 8.000E-01 Te320E+02 1.734E-01
6 8.000E-0leee 44000E-01 1.150E+03 2.200E-01
7 4.000E-0leee 2.000E-01 1.131£+03 2.164E-01
8 2.000E~-0lees 1.000E-01 8., 790E+02 1.681E~01
9 1e000E~0leee 4¢650E-02 B.052E+02 1.394E-01
10 44650E=-0200ee 2e150E=-02 6.436&*02 10106E-01
11 2¢150E-02¢es 14000E-02 44400E+02 T1.622E-02
12 1e000E=02¢ee 44650E-03 2.27BE+02 3.944E-02
13 4.650E-03s0e 2.150£-03 l.428E+02 2.454E-02
14 2¢150E-03ses 1.000E-03 6.555E£+01 1.135€E~-02
15 1¢000E=03cee 4+650E-04 Bel24E+00 1.40/E-03
le 4.650E~04s0e 2150E-04 3.485E+01 5.990E~03
17 2¢150E-04¢ees 1.000E-04 1.290E+01 2.235E-03
18 1¢000E-044see 44650E=05 3.504E+00 6.068E=-04 .
19 4.650E=0540¢e 20150E=05 2.500~-101 4,297-105
20 2¢150E-0540¢ 1.000E-05 1.150-101 1.,992-105
21 1e000E-05¢ee 4.650E-06 5.350~102 9.264-106
22 4e650E-06e0e 20150E-06 2.500-102 4.297-106
23 2¢150E-06.4s 1.000E-06 1.150-102 1.992-106
24 1e000E-064ee 44650E=07 5.350-103 9.264-107
25 4¢650E-07e0e 2150E-07 2.500-103 4.297-107
TOTAL FOR 25 ABBN GROUPS 7.5426+03

NEUTRON FLUX DENSITIES FOR SPECIAL ENERGY GROUPS

E > 10.5 MEV : 24535E+03

E > 1.0 MEV : 4,253E+03

E > 0.l MEV : S5.157+03

E < 0.215 EV : 24149-103
TO0TAL . = 1.008E+04

SPECTRUM CHARACTERISTICS

AVERAGE ENERGY = 4,293E+00 MEV PAHI(NI) = 1.259E+04 M=2.5-1
AVARAGE SPEED = 44841E+06 M.S-] PHI(FE) = '1.495E+04 M=2,S5-1
AVERAGE LETHARGY= 2,752E+00 PHI(CO) = 2.390E+40]1 M-2,S~1

DAMAGE T¢ ACTIVATION RATIO (D A R).

NIS8(NsF)COSE 6.20E-01 71495E-01 6.07£-01

FES4 (NeP)MNS4 S.11£-01 6.55€-01 5.00E-01
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Appendix 8: Effective threshold energies.

All threshold values are expressed in the unit MeV.

The values for the effective thresholds were calculated using the SAND-IT
group structure, applying a least squares fit of the response for a step
cross section curve to the multigroup response curve.

The cross section data for the threshold reactions were taken from the
DOSCROS77 library |zij77].

The spectra used have been mentioned on page 6.

reaction CTR 252¢f 235y CFRMF TI MTR
24Mg (n,p)%*Na 7.79 7.10 6.60 6.60 6.60 7.10
27A1(n,a)2"Na 7.79 7.30 7.20 7.30 7.20 7.30
2771 (n,p) *Mg 6.07 4,50 4,40 4,50 4.50 4,50
31p (n,p)3lsi 2.23 2.40 2.40 2.40 2.40 2.40
32g (n,p)32%p 2.87 2.70 2.70 2.70 2.70 2.70
4671 (n,p)*°Sc 6.07 4.50 4.40 4.50 4,50 4,40
4771 (app)*6Se 13.5 14.5 14.4 14.5 14.5 14.5
“77i(n,p)"’Sc 3.68 2.30 2.30 2.30 2.20 2.30
4871 (np) *7Sc 13.5 12.9 12.8 12.9 12.8 12.8
4871 (n,p)"*8sc 10.0 7.00 6.80 6.90 6.80 7.00
>5Mn (n2n) **Mn 12.0 11.5 11.4 11.4 1.4 11.4
S4Fe(n,p) >*Mn 2.87 3.10 3.00 2.90 2.90 2.90
S6Fe(n,p)°6Mn 7.79 6.10 6.00 6.10 6.00 6.10
59Co (n,0)56Mn 10.0 7.00 6.80 6.90 6.80 6.90
59¢o (n2n) %8Co 12.0 11.7 11.6 11.7 11.6 11.6
581 (n,p)°8Co 2.87 2.80 2.70 2.70 2.70 2.70
60Ni (n2n)®ONi 13.5 13.4 13.4 13.4 13.4 13.4
60Ni (n,p)€%cCo 7.79 5.90 5.80 5.90 5.80 5.90
63Cu(n,a)®%Co 7.79 6.70 6.60 6.60 6.60 6.70
63cu(n,2n)®2cu 13.5 12.5 12.5 12.5 12.5 12.5
65Cu@2n) 4 cu 12.0 11.3 11.2 11.3 11.2 11.3
64%7n(n,p) 64 Cu 2.87 2.80 2.70 2.70 2.60 2.70
64Zn(n2n)632n 13.5 13.5 13.4 13.5 13.5 13.4
07y (n,p) 0%y 10.0 6.00 5.80 6.00 5.90 5.90
307zr (n2n)89Zr 13.5 13.0 13.0 13.0 13.0 13.0
103Rh (n,n')193RK 0.500 0.760 0.760 0.630 0.630 0.690
11510 (n,n' )21 51n™ | 0.823 1.30 1.30 1.20 1.20 1.30
1271 (p2n)1261 10.0 10.2 10.2 10.2 10.2 10.2
232Th(@2n)231Th 7.79 7.30 7.30 7.30 7.30 7.30
- 232Th(n,f)f.p. 6.07 1.40 1.40 1.40 1.40 1.40
238y (n,f)f.p. 1.74 1.50 1.50 1.50 1.50 1.50
237Np(n,f)f.p. 0.500 0.575 0.575 0.550 0.550 0.575
241Am(n,£) f.p. 0.823 0.920 0.920 0.840 0.840 -

Remark:

Since the effective threshold is not a good parameter for the characteri-
zation of the energy dependent cross section functions, and since the con-
cept is not used in practical applications, this appendix is included here
only to give a rough indication for the start of the response of a thres-
hold neutron detector.

If one wishes to characterize the response range with a single parameter,
the median energy of the response seems a more useful parameter. Moreover
the median energy of the response can also be defined for non-threshold
reactions. Median energy values are presented under the heading '"response
data" .at the separate reactions in the main text.
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List of symbols for physical quantities:
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™

<v>

Q a © >
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o (E)
$ (Co)
¢ (Fe)
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relative atomic mass of an element

beta ray energy

gamma ray energy

annihilation radiation

mean neutron energy for a neutron spectrum
Westcott g—-factor

resonance integral cross section

resonance integral cross section minus 1/v contribution
isomeric transition

number of atoms per unit mass

number of atoms per unit volume

beta ray emission probability

gamma ray emission probability

sum of omitted beta ray emission probabilities
sum of omitted gamma ray emission probabilities
reduced Westcott s factor

half-life

average lethargy for a neutrom spectrum

average neutron speed for a neutron spectrum

decay constant

mass density

thermal cross section for E = 0.0253 eV

activation cross section

calculated cross section

calculated cross section averaged over a fission neutron spectrum
fission cross section for E = 0.0253 eV

cross section averaged over a fission neutron spectrum
measured cross section .

measured cross section averaged over a fission neutﬁnlspectrum
energy dependent cross section

equivalent fission flux density for the reaction >%Co(n,y)®%Co
equivalent fission flux density for the reaction S“Fe(n,p)>“Mn

equivalent fission flux density for the reaction °8Ni(n,p)°8Co
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Preface

This document was prepared within the framework of the activities

of the subgroup '"Nuclear Data" of the Euratom Working Group on

Reactor Dosimetry (EWGRD). This subgroup has the following aims:

a. Preparation of recommendations to the EWGRD to apply certain
neutron detection reactions for specified purposes;

b. Preparation of recommendations to the EWGRD to apply particular
energy dependent cross section data (from a specific file), so
that each laboratory in the European Community uses the same
data sets (where necessary parallel to own preferred data sets);

c. Preparation of recommendations to the EWGRD to apply specified
non-neutron nuclear data (decay schemes, half-lives);

d. Preparation of recommendation to the EWGRD to apply specified
fission yields.

A first document dealing with activation reactions only was pre-

sented at the second ASTM-Euratom Symposium on Reactor Dosimetry,

held at Palo Alto, 3-7 October 1977. As separate document it was
available as report ECN-37 ‘Zij78|. A revised report (1979 edition)
is issued as ECN report simultaneously with this report.

The present document supplements this revised report with the same

title, which report constitutes part I dealing with activation

reactions.

This part II should be considered as a working document to arrive

at a more official recommendation at a later date.

For this reason the title of the document does not refer to a

recommendation proper, but to a guide.

It is expected that this guide has to be updated after one or two

years, implying an improvement and extension of the nuclear data

relevant to reactor irradiation measurements,

Where appropriate this guide gives numerical data from a few

preferred information sources which are listed below.
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List of preferred general references :

quantity of interest sources reference
) code
relative atomic mass Holden Ho79
mass density {Handbooklof Physics and We79
melting point} |Chemistry (59th edition) €
level scheme Nuclear Data Sheets various authors|
decay data Martin Ma76
Y Kocher Ko77
ENSDF (MEDLIST) MED78
cross sections ENDF/B-IV Ma75
fission yields Cuninghame Cu77
Meek and Rider Me77
Gilliam et al. Gi78

The principle is followed that where possible each numerical value

is referenced.

The uncertainties quoted are those from the original literature sources.
Sometimes the following notation by MartinIMa76‘ was followed :

recommended value 3.624

3.624(12) means {uncertainty 0.012

The uncertainties quoted in the various references are assumed to

be standard deviations (10).

In some cases where the decay schemes of product nuclides are rather
complex, energy levels and radiation transitioms may not have been
indicated in all completeness.

As a general rule the decay schemes show only transitions with
abundances larger than 1%, while the beta and gamma transitions are

only listed when their abundances are larger than 0.1Z.
For the case of a radioactive parent (p) feeding a radioactive

daughter (d) in a fraction (f) of the parent decays, the ratio of

the daughter activity to that of the parent at time (t) is given by

£T,(p)
5 _ —(}\d"}\ )t
T, (3) =T} (@) [‘ € P ] ’ (1

where T%(p) and T;(d) are the half-lives, and AP and A4 are the
2

decay constants (A = 1ln 2/T%) of the parent and daughter, respectively.
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The activity of the daughter is assumed to be zero at time t=0. For
cases in which the daughter is short-lived compared with the parent,
the parent-daughter activity ratio approaches a constant value with
time. For a time large compared with 1/(Ad—AP), Eq. (1) reduces to

le(p)

r 2

T_]_(P) —Tl (d)
2 2

(2)

For example, %o decays to 9r.m (6.02 h) with T%(p)==66.0(2) h,
T%(d)==6.02(3) h, and £=0,8752(18). For large t (t>10 T%(d) is suf-
ficient here), the ratio of 99pcm activity to that of Mo is
(0.8752(18))(1.1004(4)) = 0.9631(20). Thus, to correctly account for
all radiations from a %Mo source, the radiations from 997.m (6.02 h)

should be multiplied by 0.9631(20) and combined with those from 2°Mo.

For fearly) all-detection reactions three figures are presented :

1. A figure showing .the cross section-as function of energy. These
plots are comsistent with the cross section library DOSCROS 77
IZij77|. The energy‘scale is taken linear for threshold reactioms,
and logarithmic for radiative capture reactions. The cross sec—
tion scale is always logarithmic.

2, Two figures showing the energy dependence of the response function
which is defined as the integral of the energy dependent reaction
cross section and the flux density per unit energy as a function
of energy.

The response function is presented in this report as the response
per unit lethargy.

The energy scale is linear of¥ logarithmic as under 1.

The response functions have been normalized to unit integral, i.e.
f¢(E).¢E(E)dE =1 or f¢(u).¢u(u) du = 1.

Two response plots are given for the fission reactions under consi-
deration, one for a light water reactor,and one for a CTR TOKAMAK
neutron spectrum. The light water neutron spectrum applies to an
vexperiment position in the middle of the fuel region of the High
Flux Reactor (HFR) at Petten. The neutron spectrum used has been
calculated by means of the diffusion code TEDDI-M for HFR position
E5. The high energy region has been smoothed.

The CTR TOKAMAK neutron spectrum is obtained from [Di79].

Both types of plots are included for illustration purposes only.
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The reference flux density spectra are shown below.
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List of characteristics of the neutron spectra which are applied for

the response functions are given in tables 8 and 9.
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3. The plots are accompanied by energy ranges of response. A 90 per cent
range means 5 per cent of the response below and 5 per cent above this
range. A median is calculated, so that the responses below and above
these ranges are equal.

The CTR spectrum was obtained from |Di79[, the fission neutron spectra
252¢f and 235U are described by Grundl and Eisenhauer |Gr75|, |Gr77],
the CFRMF data come from Roger et al. |Ro78|, the %I data come from
Fabry et al. |Fa75|, the MTR spectrum is a spectrum for an experiment
position in the middle of the fuel region of the High Flux Reactor at
Petten.

It is hoped that the next edition can refer to fission yield data of

the ENDF/B-V file which in the near future will become available.

A1l people interested in reactor radiation measurements are invited

to give their comments on the contents of this report.

W.L. Zijp (chairman of EWGRD
subgroup on Nuclear Data)
Netherlands Energy Research
Foundation (ECN)

Postbus 1,
1755 ZG Petten (NH)
The Netherlands
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Scope of document

Neutron metrologists have interest in a few fission product nuclides
characterized by a suitable half-life, a prominent gamma ray transition,
and a reasonable fission product yield. Of course all these data

should be rather accurate i.e. have inaccuracies which are well

known and are utmost 2} percent,

The fission products in which there is a main interest are :

95 97Zr 103Ru 13II ]32Te 137CS 140

Zr, and Ba (see e.g. McElroy

etal [Mc75),

b ] ? b ’

. . 148 .
In addition, the stable nuclide Nd is very often used as burn—-up
monitor.
The fissiomsble isotopes which are most important in neutron metrolo-

oy are 235y, 238y 2395, 4 237y

The scope of the document is mainly determined by the nuclides

mentioned above.
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Some definitions :

For the sake of clarity and convenience, the following list of

definitions is presented (based on lISO—72{ and fDe78|).

Fission products are the nuclides produced either by fission

or by the subsequent radioactive disintegration of the nuclides

thus formed.

The fission yield 1is the fraction of fissions leading to fission

products of a given type.

The independent fission yield (also called the direct fission

yield or the primary fission yield) is the fraction of fissions

giving rise to a particular nuclide before any beta or gamma

decay has occurred,

The secondary fission yield is the fraction of fissions giving

rise to the formation of a particular nuclide by the beta decay
of precursors.
The secondary fission yield of a fission product is therefore

equal to the sum of the independent yields of all precursors.

The cumulative fission yield is the fraction of fissions which have

resulted in the formation of a given nuclide either directly or in-
directly up to a specified time. If no time is specified, the yield
is considered to be the asymptotic value.

The cumulative fission yield of a nuclide is therefore equal to the
sum of the independent fission yield and the secondary fission

yield for this nuclide.

The chain fission yield (also called mass fission yield or isobaric

fission yield) is the fraction of fissions giving rise to nuclides
with a particular nucleon number (i.e. mass number).
The chain fission yield is therefore the sum of the independent

fission yields of all isobars.
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The chain fission yield is also equal to the cumulative fission
yield of the last member of the decay chain, if all isobars

produced show B decay.
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Sources of fission yield data

As C., Lammer and M. Lammer ILa78! indicated, the currently
available large fission data files in general only discern between
thermal and "fast" neutron fission yields.

These evaluated "fast'" yields are often obtained from averaging
over results from measurements performed in a variety of fast
reactor spectra as well as different fission neutron spectra.

Trom the comparison reported by Lammer et al, in November 1976 and
published in 1978 !La78ljno evidence was found for an energy
depeﬁdence of the yields mentioned above, within the energy range
of fast reactor neutrons. This allows the combination of different
yield data taken in fast reactor spectra to give evaluated "fast

reactor yields".

At the second ASTM-Euratom Symposium, held at Palo Alto, October
3-7, 1977, Maeck and Lammer (see Ma78|)reported on the second IAEA
Advisory Group Meeting on Fission Product Nuclear Data, held at
Petten,September 5~9, 1977.

At this Petten meeting the question of the dependence of fission
yields on neutron energy was discussed in considerable detail
Cuninghame concluded in his review paper |Cu78| that the energy
effect was in most cases smaller than the available accuracies.
However the requirement for yields accurate to about 1.57 for use
in burn—up and neutron metrology studies certainly requires that
the significance of the yield-energy relationship be known.,

The major problem now existing is not the relevance of this depen-
dence but rather, how can this dependence be deduced from the
existing data,

Maeck and Lammer state also that the change in many yields with
neutron energy is small (<5%), and that a comparison of absolute
literature yields, which often carry uncertainties of 2 to 5%,

in general does not allow drawing conclusions about the energy
dependence.

From their review paper we take also the following remarks on

the present status.
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The most stringent requirements for yield data were expressed

by those users who performed burn-up and neutron metrology studies.
They require an accuracy of + 1.5% for the fission yields of those
nuclides which are used to determine the number of fission.

The review paper on the status of fission yield data was prepared
by J.G. Cuninghame from Harwell, U.K. (see|Cu78]|).

It was basically confined to a comparison of the major fission
yield compilations (primarily those of Crouch lCr77l, and Meek
and Rider [Me77|). In default of a better method, the "current
status'" of the data and their accuracies was given as the simple
mean of the different recommended values and accuracies.

It was especially noted that the errors assigned by Crouch were

in general much higher than those assigned by Rider.

Tables 10 and 11 list the percentage of uncertainties in the fission

yields from |Cu78[.

At the second ASTM~Euratom Symposium at Palo Alto there was also

an important paper on fission yield data, by Gilliam et al [Gi78|,
resulting from efforts in the U.S.A. in the framework of the Inter-
laboratory LMFBR Reaction Rate (ILRR) program,

Since these recent data seem to have good quality, and have not
yet been included in previous compilations and evaluations, these
ILRR values have been presented as starting values. However, values
from the work of Crouch, Cuninghame, Meek and Rider are also
present in this document.

Table 12 lists a data set for selected fission products with half-
lives longer than one day as used at PTB (Physikalisch-Technische

Bundesanstalt, Braunschweig).
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2327h (n,f)

Material constants

232.0381(1) |Bo79],

Relative atomic mass of element: A_(Th)

T
Mass density P = 11.72 Mg.m™3 [We79|
Melting point : T = 2023.15 K =1750°C
Number of atoms per unit mass N, = 2,595x10%%kg~1
Number of atoms per unit volume: N_ = 30.42x10%27m 3
Isotopic mole fraction : x@32Th)= 100% [Ho?9[

Disintegration data

The decay scheme is too complex to be shown here.
232Th half-life 14.05(6)x10%a |Lo78]
Normally 232Th is in equilibrium with many or all of its daughter

products.

Reactions with thorium _

232Th(n,v)233Th : T} =22.2 min |Wa77| ; oo= 7.40(8)b = 740 fm 4073
I =85(3) b = 8500 fm?

232Th(n,f) F.P. : 0o= 0.039(4) mb=0.0039 fm? |Mu73|

Fission yields |[Cu78]|

fission product nuclide - chain fission yield for
) fast reactor spectrum
Pzy 0.0564
gy 0.0435
1034 0.00161
131 0.0163
137¢s 0.0593
1405, 0.0789
144Ce 0.0770

For more information see table 1 1in the appendix.
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Evaluated cross section data

620 group data : |Ma75|, 12ij77|
Integral data :
for a 235U fission spectrum :<g>.= 70.26 mb = 7.026 fm® |21377|

<g>p= 81.0(54) mb = 8.10 fm® |Fa78]|

Response data

Effective threshold energy : ET = 1.4 MeV |Fa78|

For table and figures see next page.
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TH232 (NsF)F P

SPECTRUM ENERGY RANGE OF RESPONSE
b - - - - t - = o - —— b P +
90 PEK CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- o > s 2 = o S s v e W S o e = - - -
CTR 2.9E+00 1e4E+01 1.4E+01 144E+01 144E+01 1.4E+01 l.4E+01
252CF 1.5E+400 746E+00 1.9E+00 4.9E+00 2.4E+00 3.7E+00 3.0E+00
235U 1.5E+00 7+2E+00 1.9E+00 446E+00 2.3E+00 3.5E+00 2.9E+00
CFRMF 1.4E+00 7e2E+00 1.7E+00 4.3E+00 2.1E+00 3.3E+00 2.6E+00
SIGeSIGe 1+4E+00 649E+00 1.7E+00 4.0E+00 2.1E+00 3.1E+00 2.5E+00
MTR 1.4E+00 7To1E+00 1.BE+00 443E+00 242E+00 3.3E+00 2.6L+00
- ALL ENERGY VALUES IN MEV.
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235 (n,f)

Material constants

Relative atomic mass of element: Ar(U) = 238.029(1) |Ho79! l

Mass density : p(silvery,= 19.05(2) Mg.m“3 fWe79|
cubic) /

Melting point : T = 1405.45K = 1132.3(8)°C

Number of atoms per unit mass : Nm = 2.530><1021“kg_1

Number of atoms per unit volume: N 48,20x1027 ™3

v
Isotopic mole fractions . x(2347)
naturally occurring U ’

0.005(1)% z
x(2350) 0.720(1)% | |Ho79]|

x(2380)  =99.275(1)%

Remark : The target material data are dependent on the enrichment
Isotopic compositions may be given in terms of mole fraction

(atom. per cent), or in terms of mass fraction (mass per cent).

Disintegration data

The decay scheme is too complex to be shown here.

234
U T = 2,446 (7) x 107 a ; |va74|,|L078]
Main gamma transition

E(y) = 53.220(20) keV 0.118(19) |Ko77|

28y 1y = 7.038(1)x108 2 |Lo78]

Main gamma transitions

E(v)=143.77 keV (10.7(1) 2

E(y)=163,37 keV ( 4.85(5)%) lGu71|
E(y)=185.72 keV (56.10(56) %)

E (v)=205.33 keV ( 4.87(5) D

238y 7} = 4.468(%) x 10° a |Lo78|

Normally the U isotopes are in equilibrium with many of their

daughter products,
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Reactions with uranium isotopes

234U(n’Y)235U . T%

<

7.038(7)x108a |Lo78];

100.2(15)b = 10020 fm?
630(70) b = 63000 fm?
0.65 b = < 65 fm?

= 2.342(4)x107a |Lo78!;

0o = 98.6(15) b = 9860 fm?

%o

I

234y (n,f) F.P.: 0o
235y(n,y)236y : T} =

I

235y(n,f)F.P. 0o

I

236U(H,Y)237U + T

o=
|

Oo
. I
237U(n,y)238U : T

rot—
|

o)

I

2379 (,f) F.P. : Oo
238y(n,y)23% : T4 = 23.
Jo

I

Fission yields

n

<

144(6) b = 14400 fm?
576.9(34)b = 57690 fm?
275(5) b = 27500 fm?

= 6.75(1) d |Lo78];

5.2(3) b = 520 fm?
365(20) b = 36500 fm?

= 4.468(4)x10% |Lo78];
411(138) b = 41100 fm? \

290 b = 29000 fm?
0.35 b = < 35 fm?

50(5) min |Lo78];

2.70(2) b = 270 fm?
275(5) b = 27500 fm?

|Mu73|

[Mu73|

} [Mu73|

|Bi76|
|Mu73|

j iMu73|

| Mu73|

[Mu73!

} | Mu73]

The following values have been obtained in the Interlaboratory LMFBR

Reaction Rate (ILRR) program |Gi78|

fission product nuclide

yield for

fast reactor spectrum|

952r

97Zr
103R
131I
132Te
137CS
140Ba
141Ce
143Ce

]44Ce

u

cumulative fission
thermal spectrum
0.0652 + 2.6 7
0.0592 + 4.1 %
0.0302 + 2.6 %
0.0286 + 4.6 7
0.0421 + 6.2 7
0.0612 + 2.4 7
0.0622 + 2.3 7
0.0572 + 5.5 %
0.0536 + 9.2 7
0.0572 + 2.9 %

0.0645 + 2.2 %
0.0603 + 2.4 %
0.0333 + 2.3 %
0.0331 + 4.3 7%
0.0483 + 6.1 %
0.0626 + 5.8 %
0.0610 + 1.9 %
0.0517 + 8.7 %
0.0583 + 4.5 %




For more information on these values see table 2 in the appendix.

For other evaluated data on fission yields see tables 3, 6 and 7

and reference !Cu78

Evaluated cross section data

y

620 group data : |Ma75|, |zij77| /
Integral data : 0o = 576.9(34) b = 57690(340) fm?|Bi76]
g0, = 574.4 b = 57440 fm? |zij77|
1 = 270.2 b = 27020 fm? [zij77]
I = 282.00 b = 28200 fm? |Ma75,2|
for a 23%U fission spectrum :<o>p= 1203(30)mb = 120.3 fm? ]Fa78]
<g>e= 1241 mb = 124,1 fn? |zij77]
<o> = 1243.2 mb = 124.32 fm2  |Ma75,2|

for a 252Cf fission spectrum:<g>p= 1203(30) mb = 120.3 fm? |Fa78]
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RESPONSE DATA FOR THE REACTION: U235(NsF)FP

ALL ENERGY VALUES IN MEV.

10
o b
=
S
gw 3
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“"'3 T i ry 1 L L 1 1
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g : E
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60 15? 1g® 167 160 10° 16t 6P 6P w0t P i
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SPECTRUM ENERGY RANGE OF RESPONSE
e L L P P m e m - ———— b~ - tm—mmm———- +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
- - b - ———— e a—————— trmm e ————————— b m————— +
CTR 4.5E=04 144E+01 9.1E=03 144E+01 2.5E=02 1.,7E+00 1.8t-01
252CF 2.2E-01 5.7E+00 6.9E=-01 3.2E+00 1,1E+00 2.3E+00 1.6E+00
235U 1.9E=01 5.2E+00 6.3E-01 3.06+00 1.0E+00 2.1E+00 1.5£+00
CFRMF 4.SE~04 2.5E+00 1.7E-02 8+0E-01 9.2E-02 4.0E-01 2.2E=01
SIGeSIGs 6.6E=04 2.6E+00 3.6E-02 9.2E~01 1,3E-01 4.8E-01 2.6E-01
MTR 4.8E=09 2.3E-05 1.4E-08 1.1E-07 2.3E-08 5.3E-08 3.4E~08
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238, (n,f)

Material constants

Disintegrati data
Asintegre—tof See data for 235U (n,f)

Reaction with U-isotopes

Fission yields

The following values have been obtained in the Interlaboratory

LMFBR Reaction Rate (ILRR) program |Gi78|

Fission product nuclide cumulative fission yield for
a fast reactor spectrum

95, 0.0519  + 2.6 %
. 0.0568  + 3.0 Z
103

Ru 0.0634 + 2.5 %
131y 0.0326  + 4.3 %
37eq 0.0600  + 4.5 %
1405, 0.0600  + 2.2 %
1430, 0.0421  + 8.7 %
144 N

Ce 0.0495 +4.37%

For more information on these values see table- 3 in the appendix.

For other evaluated data on fission yields see tables 6 and 7

and reference |Cu78

Evaluated cross section data

620 group data : |Ma75], |Zij77|
Integral data : g0, = 4.625 nb = 4625 am® L
12i377|
I = 2.58 mb = 0.258 fm?

]

for a 23°U fission spectrum : <o>.= 301.6 mb = 30.16 fm? |Zij77]
<o>p= 305(10) mb = 30.5 fm®|Fa78|
<g> = 295.4 mb = 29.54 fm? |Ma75,2|

for a 2°2Cf fission spectrum: <o>p= 320(9) mb = 32 fm? |Fa78]



- 185 -

Remarks |AS78|

It is recommended to apply depleted uranium, i.e. uranium containing
less than about 40 ppm 235U.*

The uranium detector should be encapsulated in a suitable container
to prevent loss of, and contamination of the surroundings by 238U
and its fission products.

The uranium detector should be surrounded with a thermal neutron

absorbing material (e.q. a cadmium or boron cover) to minimize or

to prevent thermal fission of trace quantities of 235U in the 238U
target, or fission of 239Pu produced by the reaction 238U (n,y)
239

U‘

Response data

Effective treshold energy : ET = 1.5 MeV,

For table and figures see next page.

*
or even less than 15 ppm 235y (according to recent information

supplied by H. Tourwé, Mol, Belgium).
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RESPONSE DATA FOR THE REACTION: U238(NeF)FP

SPECTRUM ENERGY RANGE OF RESPONSE
$rmrmccc et rc—— b o e m e m—————- b ————— +
90 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN

.......... - v . e W W e > - - " - — - - - - - - - -

CFRMF
SIG.SIG.
MTR

2.2E+00
1.5E+00
1.5E+00
l1.4E+00
l.4E+00
l.4E+00

l.4E+01
7.2E+00
6.7E+00
6.7E+00
6.3E+00
6.5E+00

7.8E+00
1.,9E+00
1.,86+00
1.7€+400
1.7E+00
1.8E+00

1.4E+01 1.4E+01
445E+00 2.3E+00
44.2E+00 2.2E+00
460E+00 2.1E+00
3.7E+00 2.0E+00
4.0E+00 2.1E+00

l1e4E+01
3.5E+00
3.3E+00
3.0E+00
2.9E+00
3.0E+00

ALL ENERGY VALUES IN MEV,
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237Np (n,f)

Material constants

Relative atomic mass of element: A, (Np) 237.0482(1) |Ho79|,

Mass density H) = 20.25 Mg.m™3 |Wwe79]|"
Melting point : T = 913.15 K=640(1)°C
Number of atoms per unit mass : N = 2.541x102%kg"!

51.45x1027m5

Number of atoms per unit volume: N

Disintegration data :

The decay scheme is too complex to be shown here.

237Np : half-life = 2.14(1)x10% a  |Lo78|

Normally 237Np may be accompanied by some or all of its daughter

products.

Reactions with 237Np

237Np (n,y)238Np : Tj = 2.117(2) d [Lo78|; o = 169(3)b=16900 fm? }1Mu73|
I = 660(50)b=66000 fm?

237%p (n,f) F.P. : Go= 0.019(3)b=1.9 fm? |Mu73|

Fission yields

The following values have been obtained in the Interlaboratory LMFBR

Reaction Rate (ILRR) program |Gi78]

fission product nuclide cumulative fission yield for
fast reactor spectrum

95

zr 0.0593  + 4.0 %
g 0.0683  + 3.8 %
103py 0.0589  + 4.3 %
13765 0.0650  + 5.2 %
1405, 0.0574  + 3.6 %

For more information on these values see table 4 in the appendix.
For other evaluated data on fission yields see table 7

and reference |Cu78].
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Evaluated cross section data

620 group data : |Ma75|, |Zij77|

Integral data : o, = 0.019(3) b = 1.9 fm? |Mu73|
go, = 16.1 mb = 161 fm® |2i377|

I =1.214b = 121.4 fm? |21377|

for a 235U fission spectrum :<o>p= 1312(50) mb = 131.2 fm?® |Fa78|
<o>.= 1337 mb = 133.7 fm? 12i377|
<o> = 1322.8 mb = 132,28 fm? |Ma75,2]

for a 252¢f fission spectrum:<o>p= 1332(37) mb = 133.2 fm? [Fa78[

Remarks |As78[

The neptunium detector should be encapsulated in a suitable
container to prevent loss and contamination of the surroundings

by the 237Np and its fission products.

The neptunium detector should be surrounded with a thermal neutron
absorbing material (e.q. a cadmium or boron cover) to minimize or
prevent fission product formation from trace quantities of fissiona-
ble nuclides in the 237Np target and from 238Np and 238Pu from

(n,y) reactions in the 237Np material.

Response data

Effective treshold energy : ET = 0.6 MeV.

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: NP237(N,F)F P

SPECTRUM ENERGY RANGE 0F RESPONSE
¢ o wr > o e - - n - o 0 s - o - - e —--- P e Y +
90 PER CENT 60 PER CENT 30 PER CENT

E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN

---------- . - - T = e . e = e o o -
CTR S.0E=01 1.4E+01 1.4E+00 1.4E+01 6,1E+00 1.4E+01 1.4E+01
252CF 6.9E-01 6.1E+00 1.1E+00 3.6E+00 1.5E+00 2.6E+00 2.0E+00
235U 6e6E-01 S5.6E+00 1,1E+00 3.3E+00 1.5E+00 2.5E€+00 1.9£+00
CFRMF 443E~=01 4¢5E+00 6.6E~01 2.4E+00 848E-01 1.6E+00 1.1E+00
SIGeSIGe 4eSE-01 4e2E+00 6,9E-01 2.3E+00 848E-01 1.6E+00 1.1L+00

MTR 5.0E-01 S.0E+00 8.8E-01 2.,9E+00 1.2E+00 2.1E+00 1.6t+00
: ALL ENERGY VALUES IN MEV.
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239p,, {(n,f)

Material constants

Relative atomic mass of 2lement: Ar(239Pu) = 239,13

Mass density : p(o modification)=1984.Mg.m™3{ |We79|
914.15K = 641°C
2.519x1024kg™1

Melting point : T

Number of atoms per unit mass : Nj

i

Number of atoms per unit volume: N, 49.97x1027m 3

Disintegration data

The decay scheme is too complex to be shown here.

239py  half-life : 2.411(3)x10% a |Lo78|

Reactions with 23%Pu

239py (n,y)240Pu : T4 = 6.553(8)x103 a |Lo78};
268.8(30) b = 26880(300) fm?

o0 = |Mu73|

I = 200(20) b = 20000 fm?
23%py (n,f) F.P. : 0, = 742.8(44) b = 74280(440) fm? |Bi76|
I = 301(10) b = 30100 fm? [Mu73|

Fission yields

The following wvalues have been obtained in the Interlaboratory LMFBR

Reaction Rate program|Gi78].

fission cumulative fission yield for

product thermal spectrum | fast reactor.spectrum
nuclide [cu78] teizs]

PSzr 0.0499 % 2.5 % 0.0480 + 2.3 %

Tox 0.0555 + 5.9 % | 0.0544 +2.57%
103, 0.0638 % 3.2 % 0.0708 + 2.3 %
1327¢ 0.0525 + 3.7 % 0.0544 + 6.1 %
137¢s 0.0665 + 1.77% 0.0676 + 2.6 %
1405, 0.0556 + 3.5 % 0.0531 +2.0 %
143ce 0.0447 £ 3.8 % | 0.0390 + 8.7 %
Mdce 0.0378 £ 3.8 % 0.0379 + 5.5 %

For more information on these values see table 5 in the appendix.
For other evaluated data on fission yields see table 7

and reference ]Cu78i.
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Evaluated cross section data

620 group data : |Ma75| , |zij77|

Integral data : o4 = 742.8(44) b = 74280(440) fm? |Bi76|
goo = 785.3 b = 78530 fm? |2i377|
I =291.9b = 29190 fm? |21377]
I =303.90b = 30390 fm? |Ma75,2|
for a 235 fission spectrum : <o>j =1811(60) mb=181.1 fm? |Fa78|
<g>, =1786 mb  =178.6 fm? |zij77]
<g> =1782.4 mb =178.24fm? [Ma75,2|
for a 2°2Cf fission spectrum: <g> =1804(45) mb=180.4 fm? |Fa78]

Response data

For table and figures see next page.
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RESPONSE DATA FOR THE REACTION: PUZ239(NsF)IFP

SPECTRUM ENERGY RANGE OF RESPONSE
trrmr e, ——————— trrem e — e —————t —————— . tomm———— -
S0 PER CENT 60 PER CENT 30 PER CENT
E LOWER E UPPER E LOWER E UPPER E LOWER E UPPER E MEDIAN
---------- e e e e o e e e e 8 e i e e o e o e e o om0 o e e e e o b
CTR 4.5E=04 144E+0]1 2,5E=02 1e4E+01 1.BE-01 3.7E+00 S.0E-01
252CF 2e8BE=01 Se7E+00 7e6E=01 3e3E+00 1.2E+00 2.3E+00 1.7E+00
235U Ce6E=01 5,2E+00 7.2E-01 3.,0E+00 1,1E+00 2.2E+00 1.6E+00
CFRMF S5¢SE=04 2.9E+00 6.0E~02 1.0E+00 1.8E-01 S.8E-01 3.4E~01
SIGeSIGe Ge2E~04 2.9E+00 B,0E~02 1.1E+00 2+1lE=01 6.6E~01 4.0E=01
MTR Ge3E~09 7e2E~06 1.9E=08 2.BE~07 3.4E~08 1.7E~07 6.0E-08
ALL ENERGY VALUES IN MEV.
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95zr - 95np

Diagram of radioactive decay chain

me

D™ (86.6 h)
95 =
“Zr (64.05 d 946
v
%
ot
Nb (34.97 d)
Disintegration schlieme
5/2%
64.05 d
95,
81
- +
32:§t7/2+ 0.7567
7/2 0.7242
B3
. Yol V3
1/2 :
/ — 0.2347 86.6 n
y ?Nb"
9/g:] ) 0 34.97 d
RS _
B, 7/2%
Y4
5/2+
95

“Mo stable

0.7658
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Disintegration data |MED7§

957y Ty = 64.05 (6) d |Ha76]
A = 1.2525%1077 57!
E(BT) max 365 (4) keV
av  108.8 (13) keV 55.0 (3) %
E(BE) max 398 (4) keV
av 120.0 (13) keV 44,6 (6) 3
E(B3) max 887 (4) keV
av 326.9 (15) keV 0.70(6) 7
E(yo) 724.23 (4) keV 44.5 (6) %
E(y4) 756.74 (4) keV 55.0 (3) %
95 o feeding to J°Nb™: 0.70(6)%Z; feeding to 2°Nb: 99.30(6)%.
M" T, = 86.6 (8) h
A = 2.2233x1070 57
E(Y,) 234,70(14) kev 26.1 (6) 7 %
P = 34,97 d [Ha76 |

1
2

T
A= 2.2941x1077 g7
E(BZ) max 159.7 (5) keV
’ av 43,33(15) keV 100 7
E(Y,) 765.83 (4) kev 100 7**

The equilibrium mixture 957¢ + I58bM has for this transition a gamma-

*

. s eqs 0.007x64.,05%24 _ B
ray emission probability of i 05%7h — 86 € 26.1 = 0.00742x26,1 =

0.19(2)%.
Another evaluated value for the gamma-ray emission probability of the

234.70 keV transition of IONbM is 25.6(5)% |Le78,2

However, with respect to the decay of the equilibrium mixture of
957r + I5Nb™ one has for this transition a gamma-ray emission probabil-
ity of 0.29(5)% |Le78,2].
The feeding to I5Npm  was here 1.07(10)%.]
The half-lives: Ty ?7Zr = 63.98(6) d ‘ILe78,2|

Ty 9oNbM = 3.61(12)d (

*
1f ?°Nb is in radioactive equilibrium with 95Zr, the gamma ray emis-
sion probability per decay of 957r is 220.3%. Under usual measuring

conditions this equilibrium is not reached.
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972r - 9Ny

Diagram of radioactive decay chain

s)

97 7r(16.90n)

Disintegration scheme |w0s73|, |Rr78|

1727 16.90 h
97,
BT
o \3/2* 2.107
Z\(5/2+ Yl{ 1.851
/2,3/2)Y> 1.764
gy 52t/ il |, 1.750
(]/2;3/2) 1.251
o 7/2 1.148
L
fy— Y Y Y
73p" \]/2 B 8 0.7434 60 s
N
9/2* § 79 6 .
97 .\ 72.1 min
Nb
o
> N/2,9/2%) 1.025
.
® \@/2,9/2% 0.658
Y10
5/2+
0
97

Mo stable



Disintegration data [MED7§

97

97

97

Zr

T
A
E(B])

It

Nl—

E(s;)
E(8)
E(8,)

E(y;)
E(vy)
E(y,)
E(y,)
E(ys)
E(yg)
E(Y7)
E(Yg)

16.90 (5) h
1

.1393x10™ 25!

max 559 (16) keV
av 178 (6) keV
max 901 (16) keV
av 312 (6) keV
max 1414 (16) keV
av 532 (7) kev
max 1922 (16) keV
av 760 (8) keV

254,15(20)
355,39(10)
507.63(10)
602.41(20)

1021,3 ( 3)

1147.95(10)

1362.66(10)

1750.46(10)

keV
keV
keV
keV
keV
keV
keV
keV
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5.5 (3) %

2,10 (20) %

4.1 (5) %

86.0 (7) 7%

1.25 (14) 7%
2.27 (24) 7
5.1 (6) 7
1.39 (14) 7
1.34 (14) 7
2.6 (3)7
1.34 (14) %
1.34 (14) 7%

feeding to Ty, 94.6(9)%; feeding to ENY 5.4(97.
T: = 60 (1) s

2

Ao=1
E(yg)

A= 1

.1552x10~ 25"}
743.36(10)

= 72,1 (7) min

.6023x10~4g™1

keV

max 910 (16) kev
av 315 ( 6) keV
max 1276 (16) keV
av  470.( 7) keV

657.92(10)

keV

97.95 (6) 7

1.10 (10) 7%

98.30(10) 7%
98.34(11) 7



- 197 -

103g,,. 1035,

Diagram of radioactive decay chain

]03Rhm (56.12 min)

IT
103py (39.35 d)
]
103,
Disintegration scheme
572" .
103Ry AL 5/2,7/0)7 650
BaN\_(z/2%) 538
_ LF: B
B +
319/2 93
103...m
Rh 7! ‘0 56.12 min
1 e e —— :
1035,
Disintegration data [MED7§|
103 .
Ru T, =39.276(9) & |De79]
A = 2,0426x107 757!
- ™
E(Bl) max 112 ( 4) kev N
av 29,5 (10) keVv 6.5(1)7Z
E(B;) max 225 ( 4) keV
av  62.8 (I11) keV 5 lED78] 91.4(8)% ¢
E(B;) max 722 ( 4) keV
av  238.7 (14) keV 2 (1)ZJ

|PTB79|



103Rhm

E(y2)
E(v3)
E(yy)

- 198 -

497.080(10) keV
557.040(20) keV | [MED78)]
610.330(10) keV

feeding to 103Rn™: 99.75(1)%.
Ti = 56.12 (1) min

A = 2.0585x107%s™1

E(yy)
Auger-L
Ce-K-1
Auger-K
Ce-L-1
Ce—M-1
Ce—-NOP-1
x~ray L
x-ray Kaz
X-ray Kal

x-ray KB

* IPRx =

39.8 keV
2.39 keV
16.530(7) keV
17 keV

36.338(7) keV
39.123(7) keV
39.669(7) keV
2.7 keV
20.07370(20)keV
20.21610(20)keV
22,7 keV

7.66%.

90.9(7) %
0.841(12)%}|De79|
5.65(7) %

~

0.07 %
76.6(15) %

9.5(3) %

1.8(3) %
71.290(10)%
14.4(4) g >IMED78|

4.70(20) 7

4,0(13) %

2.19(12) 2*

4.17(21) z*

1.30(7) 7*

e

IPKx measurements at CBNM, Geel, result in a higher

value: 8.4(5)%.
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Diagram of radioactive decay chain

131

Te™ (30 h)\_ -,
SN\
IT
22,22
,
131 Y

Te (25.0 min)

Disintegration scheme

+
131

I

By, Y
L 2
131Xem\‘ 11/2°] Y3

2ﬁ2+Y]l I

B8
B8

B

Nes2*

2

8.02 d

311 (8.02 a)

0.723

2t

3 \\E£?+

0.63.7

0.364

Yy

Y5

0.164

7L2%

13

Disintegration data [MED7S]

131I

T

1
2

=8.02 (1) d

A =1,0003x10" 6571
max 247.9 ( 6)

E(8))
E(8,)

E(eg)

av

max

av

max

av

69.40 (20)
333.8 ( 6)
96,60 (20)
606.3 ( 6)
191.60(30)

keV
keV
keV
keV
keV
keV

|De79]|

0.080

. Yo
-J-J--JL--' 0

]Xe stable

2.13 (3) %

7.36(10) Z

89.4 (10) z

Blye™ (11,9 a)

IT

11.9 d



131

Xe

E(BZ) max 806.9 ( 6)

E(y,)
E(y,)
E(y3)
E(y,)
E(vs)

feeding to 131Xe: 1.086(13)%.

av

283.20 (30)
80.183(10)
284.298(11)
364.480(11)
636.973(10)
722.893(10)

Ty = 11.9 (1) d

A = 6.7416x1077s”

E(yg)

1

163.930( 8)

- 200 -

keV
keV
keV
keV
keV
keV
keV

keV

0.420(20)
2.62 ( 5)
6.06 ( 9)
81.2 (12)
7.27 (11)
1.801( 3)

1.96 ( 6)

N 8 3 8
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132 7,_132 |

Diagram of radioactive decay chain

132¢¢ (78.2 h) P> 1321 (2.30 ) B» 132%e,

Disintegration scheme |Hi76|

0+

78.2 h

13274

B1

Q™=505(15)keV 1t 297.88

.
ot { | 161.48
3t |

'\le Y|L+ 49.72
Y s

L+

2.30 h
1327

8 .
0=3580(20) keV 83\ 3+ 5+ ____/_2;;;_7—0
By +

2669,95
3+ 5+ 2613,50
37 \ // =88-65
\3+L4+,5+ ==/ 258375
9\(3+ 41 2494 89
\ 3+,4¢ 2394.93
El?\¥? ‘ 2167.3
. L 2167.0
3.4.5)°F
B /
812\3+,4+ 2110.18
Pttt 1962.93
3t 1803.66
qu\.&i_\¥ I 1440,2
Ys Yo Y Y Y 7
N ] 9' 1|1 %2 Y!13j___l—
2 ¥ : = [ ] 1297 .84
2* Yzl 10 667.67
Y8

0" ‘k 0.0
-]

13236 stable
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Disintegration data [MED78]

1327¢ & half-life : T

76.9 (3) h |De79]
2.5038x107 6571

Nlsna

decay constant : A

E(B]) max 215(4) keV

av  59.4 (12) keV 100%

vy number E(Y)(in keV) Py (in 2)
1 49.720(10) 14.4 (10)
2 111.76 (8) 1.85(18)
3 116.30 (8) 1.94(18)
4 228.16 (6) 88.2 ( 4)x

feeding ]321: 100%.

1327, : half-life : Ti = 2.30(3) h

8.3713x107 571

decay constant : A

main B's
B number E(B)max(in keV) E(Bav (in keV) Pg~ (in %)
2 740(20) 242 (8) 1.81(10)
3 741(20) 242 (8) 12.8 (8)
N 910(20) 309 (8) 3. 60( 20)
5 967 (20) 331 (9) 8.1 (&)
el 991(20) 342 (9) 2.53(15)
7 996 (20) 344 (9) 3.79(16)
8 1155(20) 409 (9) 2.11 (7)
9 1185(20) 422 (9) 19.0 (7)
10 1413(20) 519 (9) 1.7 (6)
11 1468{20) 543 (9) 1.9 (8)
12 1470(20) 543 (9) 10.2 (10)
13 1617(20) 608 (9) 12.7 (7D
14 2140(20) 841 (9) 17.6 (22)

total 8 490(11) 100 (3)

22 weak B's omitted ZPB = 2.297.

* The quoted uncertainty is probably underestimated; 88.2(10) would
be more realistic.
**The beta transition number 6 has been reported by |Hi76| but not

by |MED78|.
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main y's

Y number E(y) (in keV) Py (in %)
5 505.90)15) 5.03(20)
6 522.65 (9) 16.1 (6)
7 630.22 (9) 13.7 (6)
8 667.69 (8) 98,70( 0)
E 671.6 (3) 5.2 (4)
10 772.60 (8) 76.2 (18)
11 812.20(20) 5.6 (5)
12 954.55 (9) 18.1 (6)
13 1398.57(10) 7.1 (3)

110 weak y's omitted.

Remark:

Generally 1321 is measured in radioactive equilibrium with 1327,
PY for 1321 Y-rays has to be multiplied by 1.031(5)* in order to
get the number of 1321 Y-rays per-decay of 1327e,

TP .00 76.9 _ | 031
T, (p) - T,(d) 76.9-2.30 " °'°
2 2



204 -

137

Diagram of radicactive decay chain

" 137

Xe (3.83 min) B s 37cs (30.0
Disintegration schéeme
+
137CS )
PNQ11/2-

Disintegration data |MED78|

137Cs T% = 30.0 (2) a *
A = 7.3217x10~ 10571
E(B;) max 511.553(9) keV
av 173.5 (3) keV  94.6 (3) %
E(B;) max 1173.2 keV
av  415.4 (3) keV 5.4 (3) %
 feeding 137Ba™: 94.6(3)%.
1374 7, = 2.552 (2) min
A = 4.5268x107 35!
E(y,) 661.645(9) keV  89.9 (4) %

13782 (2.552 min)
IT
| v
' 37Ba
0.662
]37Bam
-
137

The equilibrium mixture 137Cs + 137Ba™ has the main gamma-ray
transition Ey 661.645(9) keV with a probability of 94.6x0.899=85.0(5)%.

per disintegration of 137¢Cs.

x]la = 365.24220 d = 315569256 s |ISO75|
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Diagram of radioactive decay chain

1405, (12.746 a)

Disintegration scheme

1

O\

82\ 1-

"\ o

B 1801, 40.272m) —B . 140¢,
0 12.746 d
0.567
0.467
Yol Yyl Y51 Ye
- 0.162
84\ -Y9
_\k‘ - { 0.044
Bs - 0
334 0.030
0 40.272 h
140, & 2,1+

/

Bb 3+
B 4+5+
LI
6+ BE\;7Y8Y9?Q
4+ Y vl
6T 11237 15 Y6 Y
\et
Y18 Y9
O+

y Ce stable

NN N

.547
.522
.516
481
.463
412

.350

2.108

[N

.083

.597
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Disintegration data |MED78|

140p,

14071,

: half-life

: T

decay constant :

R~ number E(B ) max(in keV) E(B )av(in keV)

1

2

3

L

5
total B~

Y number

1

2
3
N
5
6

[

1
2
A

feeding 1401,3;: 100%.

¢+ half-life

decay constant

fnumber

O W O N,

12
13

12.746(10) |De79|
6.2942x1077s™1

454 (10) 136 (4)
567 (10) 177 (&)
872 (10) 292 (4)
991 (10) 340 (4)
1005 (10) 357 (4)
276 (5)
E(y) (in keV) Py (in %)
29.97 (5) 13.7 (&)
162.609(20) 6.21 (8)
304.850(10) 4.30 (5)
423.722(12) 3.15 (4)
437.575(20) 1.93 (4)
537.274(20) 24.39(21)
: T} = 40.272 (7) h
: A = 4.7810x107%s™1

E(B™) max(in keV)

1238.8(20)
1244 .4(20)

12

79.3(20)

1296.2(20)
1348.2(20)

14

12.3(20)

1677.0(20)
2164.0(20)

E(f)av(in keV)

441.1(9)
443.5(9)
458.2(9)
465.3(9)
487.4(9)
514.7(9)
629.5(9)
846.2(9)

PR (in

24,69
9.86
3.81

39

23

100

(22)
(8)
(12)
(4)
(4)
(6)

Pg (in %)

11.09(13)

5.74
1.11
5.61
43.7
5.11
21.6
5.0

(5)
(7)
(5)
(3)
(5)
(5)
(5)
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Y number E(Y)(in keV) Py (in %)

7 241.966(12) 0.47 (3 )
8 266.551(14) 0.452(25)
9 328.768(12) 20.74 (18)
10 432.,520(20) 2.99 (4 )
11 487.029(19) 45.9 (4)
12 751.83 ( 8) 4.41 (4 )
13 815.78 ( 3) 23.64 (17)
14 867.84 ( 4) 5.59 (5)
15 919.54 ( 4) 2.68 (3)
16 925.19 ( 4) 7.05 (8 )
17 951.00 ( 6) 0.539(19)
18 1596.17 ( 6) 95.40 (8 )
13 2347.80 ( 6) 0.846(17)
20 2521.32 ( 6) 3.43 (8 )

Remark : The 815.84 keV line of 14074 can be disturbed by the 812.20
keV line of the radionuclide 1321, which is obtained from the
fission product 1327,
When the radiocactive equilibrium has been reached, the gamma-—
ray emission probabilities of 14013 have to be multiplied by

1.00%12.746x24
i2.746x24-40.272 ~ |- 1°1°

in order to get the number of 1407, gamma-rays per decay of
140
Ba.
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1410,

Diagram of radioactive decay chain

14184(18.27 min) B=— 14#11,2(3.93 h) 8= 1%1Ce(32.50 d) 8= 141lpy

Disintegration scheme

/27 0 32.501 4
.- ]
141 ce \
1007 B~

BT
NGt ' 145,44

BE Y1
\\\\§/2+ !' 0.

l4lpy gtable

Disintegration data lMED78|

I41ce : half-life : T = 32.501(5) d
decay comstant : X = 2.4684x10 757!
B number E(8 )max. (in keV) E(B )av.(in keV) Pg™(in %)
1 434,6(15) 129.6(6) 70.5(7)
2 580.0(15) 180.7(6) 29.5(7)
Ey, 145.440(10) 48.4(4)7

Remark: The !*lCe can be formed with the reaction :
13%a(n,y) "%La(n,y) *lna-B= 1%lce
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143 ¢, _ 143 p,

Diagram of radioactive decay chain

14306 (33.0 h) P~ > 143pr(13.56 4) B - 143nd

Disintegration scheme

220 o 33.0 h
SEEEEESE—— .
143Ce \_
1007 B 4=

B_l_\ 1103.178
2
“N\ 1061
B3

N\(3/2,5/2) 937.794
BL

\(3/2+) 721.911

L
BE(S/})Y*Z Y7 Y10Y11l 490.356
+

8% \(3/”' . 350.610

‘\5 27Y3 Yy Ys Yeys Y9 57.355

7/2 t | 4

0-0 1356 4
1L+3Pr
100% 87 \7/2~ 0
143Nd stable
Disintegration data [MED78]
1 =33.0(2) h

143ce : half-life : T
A

decay constant : 5.8346x10 s !



1h3py

B number
1
2
3
L
5
)

total B~
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9 weak B's omitted

v number

N

Y} o] ~ [e2] [&)] F w

10
11

37 weak vy's omitted

feeding 143pr: 100%.

: half-life

decay constant : A

E(R7) max

E(B )max. (in keV) E(B )av.(in keV) PR~ (in Z)
294(4) 83.6(12) 0.50' ( 3)
395(4) 116.2(12) 0.152(10)
517(4) 158.2(13) 1.41 ( 8)
733(4) 237.4(14) 13.5 (. 7)

1104(4) 384.6(15) 49 ( 3))
1398(4) 507.5(16) 35 ( 5))

402.1(17) 100 ( 6)
: E(B)av = 151.4 keV IPR = 0.247

E(y) (keV) Py (%)

57.355(9) 11.7(9)

231.563(6) 2.09(12)

293.261(15) 43.4(22)

350.610(16) 3.25(18)
432.987(16) 0.161(11)

490.356(16) 2.16(13)

587.181(22) 0.269(14)

664.554(16) 5.8(4)

721.911(16) 5.5(3)

880.439(16) 1.05(6)
1103.178(25) 0.423(24)

: Efav 629.4 keV 3 TPy = 0.68%
: TL = 13.56(2) d
= 5.9163x1077s7!
: 922.0(20) keV; E(B;) av = 314.3(8) keV 100%
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1440, 144p,

Diagram of radioactive decay chain

lhbpy (7.2 min)
®
Aok
AN 1hi
14 e (284.34) IT| 99.947% Nd
9 & )
(gdb

lhbdpyr 7(17.28 min)

Disintegration scheme

M 0 284.3d
Thhog NG
- L, 133.5
2y M 99.95
BNG- Y2 o 80.1
> 29.0 7.2 min

14l p, M0 8

libp, \
B 1 2654

\\\1~ | 2185
— - ! 696
86 T
+ Y7 0.0
.1x101 %2
1L+L+Nd
Disintegration data [MED78|
44 ce : B-decay half-life : T = 284.3(3) d

, 2.82156x1078571
Percentage feeding of 14%Pr (17.28 min) is 98.80(8)7%
Percentage feeding of 144py™ (7.2 min) is 1.20(9)%

decay constant : A
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8~ number E(B7) max(in keV) E(B™) av(in keV) Pg (in 2)
1 181.9(15) 49.3(5) 19.6(13)
2 235.3(15) 65.3(5) 4.6(5)
3 315.4(15) 90.2(5) 75.9(12)
total B~ 81.0(6) 100.1(19)
Y number E(y)(in kev) Py (in 2)
! 33.57(3) 0.25(3)
2 _ 40.93(3) 0.49(14)
3 53.41(5) 0.119(13)
S 80.12(3) 1.64(14)
6 133.53(3) 10.8(7) %

7.2(2) min
1.605x10"3g~1

L44pe™ »  IT decay half-life : T}

decay constant : A
Percentage IT decay is 99.947
Percentage B decay is 0,067
The decay is mainly by electron capture and X-ray emission.

Ey = 59.0 keV Py = 0.087

144pr : B~ decay half-life : T

1t

17.28(3) min
6.6854x10 g1

1
2
decay constant: A

™ number E(87) max(in keV) E(B7) av(in keV) PR (in 2)
. 811(3) 267.0(12) 1.08(5)
5 2301(3) 894.8(14) . 1.17(5)
6 2997(3) 1221.8(14) 97.75(10)
total B~ 1207 .6(15) 100.01(13)
Y number E(v)(in keV) Py (in %)
7 696.510(3) 1.48(6) =
8 1489.160(5) | |6r79]| 0.300(13)=
K 2185.662(7) 0.77(4) =

See remark at end.
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* Remark

Y-ray emission probabilities Py per decay reported in fDe79[ and

|Le78,1[ are :

Nuclide E@)(in keV) Py (in %)|De79| Py (in %)|Le78,1|
lhbce 133.53 11.09(16) 11.1(5)
lhbp,. 696.510 1.342(14) 1.34(4)
1489.160 0.279(3) 0.28(1)
2185.662 0.700(10) 0.70(3)

For the 1%%Ce - 1"%Pr gamma-ray emission probabilities, wvalues
published in these two references are about 107 lower than those

of |MED78].
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Table 1:

Adjusted chain fission yields for'232Th fission.

This table is based on data from the review paper by CuninghameiCu78|

fission fission yield values (in %) for

product fast reactor fission 14 MeV fission

nuclide |cr77] | [Me77] | |Cu78] lcr77] | [Me77] | |cu78]
yr 5.73 | 5.33 | 5.45 5.68 | 4.63 | 5.15
Mgy 4.75 | 4.33 | 4.35 3.33 | 3.17 | 3.25
10334 0.167 | 0.161 | 0.158 0.940| 1.03 | 0.985
131, 1.75 | 1.62 | 1.63 2.55 | 2.53 | 2.51
1327, 2.76 | 2.89 | 2.78 3.18 | 2.85 | 3.01
137¢s 6.50 | 6.68 | 5.93 6.12 | 5.63 | 5.87
140g, 7.60 | 7.77 | 7.89 5.75 | 5.82 | 5.78
141ce 7.05 | 7.27 | 7.20 5.89 | 6.03 | 5.96
143¢e 6.82 | 6.67 | 6.87 4,94 | 5.31 5.12
T4beoe 7.62 | 7.83 | 7.70 3.58 | 4.22 | 3.90
148y4 2.05 | 2.02 | 2.08 1.38 : 0.977 | 1.18
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Table 2:

Adjusted chain fission yields for 235U fission.,

This table is based on data from thé review paper by CuninghamelCu78]

fission fission yield values (in 7Z) for

product|thermal fission fast reactor fission| 14MeV fission

nuclidel|cr77]| [Me77|]cu78| |cx77] | |Me77] || cu78] |cr77] |[Me77] [cu78]
e | 6.51] 6.506.52 | 6.43 | 6.37 | 6.40 | 4.84 | 5.01 |4.93
97¢ | 6.03 | 5.94 {6.01 | 5.88 | 5.95 | 5.91 | 5.77 | 5.77 |5.77
10300 | 3.15 | 3.03 |3.04 | 3.29 | 3.24 | 3.26 | 3.48 | 3.24 |3.36
131 1 2,78 | 2.89 |2.82 | 3.23 | 3.20 | 3.21 | 4.09 | 4.03 |4.06
13200 | 4,29 | 4.29 |4.24 | 4.63 | 4.61 | 4.62 | 4.29 | 4.64 | 4.46
13766 | 6.22 | 6.23 |6.24 | 6.18 | 6.17 | 6.17 | 6.15 | 4.84 |5.49
19082 | 6.31 | 6.31 |6.34 | 5.95 | 6.11 | 6.03 | 4.42 | 4.56 | 4.49
1410e | s.81 | 5.84 |5.84 | 5.93 | 6.01 | 5.97 | 3.91 | 4.36 |4.12
143ce | 5.94 | 5.95 [5.94 | 5.74 | 5.70 | 5.72 [3.93 | 3.92 [3.92
18400 | 5.38 | 5.49 |5.43 | 5.34 | 5.27 | 5.30 |3.09 | 3.20 |3.15
Ve8ya | 1671 1.67 |1.67 | 1.68 | 1.67 | 1.67 |1.20 | 1.25 |1.23
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Table 3:

Adjusted chain fission yields for 238U fission.

This table is based on data from the review paper by, Cuninghame lCu78l

fission fission yield values (in %) for.

product fast reactor fission 14MeV fission

nuclide lcr77] | [Me77] | cu78] [cr77] | [Me77] | |Cu78|
9ur 5.28 | 5.13 5.20 4,97 5.03 5.00
Myr 5.55 | 5.5 5.53 5.18 5.33 5.25
103p4 6.38 | 6.19 6.28 4.80 | 4.66 4,73
131, 3.19 | 3.21 3.20 3.92 4.18 4.05
1327 5.11 5.18 5.14 4.65 4.91 4,78
137¢s 6.04 | 6.01 6.03 6.14 4.87 5.50
140g4 6.07 | 5.94 6.01 b4.62 4.68 | 4.65
l4lce 6.76 | 5.38 6.07 4.42 4.41 | baal
143ce 4.68 | 4.53 4.60 3.70 3.94 3.82
44ce 4.65 | 4.52 4.58 3.80 3.70 3.75
1484 2.13 | 2.08 2.11 1.87 1,73 ; 1.80
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Table 4:

Adjusted chain fission yields for the fast reactor fission for 237Np

fission.

This table is based on data from the review paper by Cuninghame ]Cu78|

fission yield(in %)
fission
product |cu78]| error
nuclide 1
95, 5.78 0.12
97
Zr 6.51 0.28
103¢, 5.50 0.16
131, 4,07 0.16
1327, 5.30 0.33
137¢s 6.08 0.33
1405, 5.58 -
141¢ce 6.30 0.16
143¢e 4.92 0.16
l4bee 4.92 0.16
1484 _ _—
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Table 5:

.. . 23 ..
Adjusted chain fission yields for 9Pu fission

This table is based on data from the review paper by Cuninghame |Cu78]

fission fission yield values (in %) for |

product thermal fission fast reactor fission | 14MeVfissiol

nuelide e 2911 [Me77] | [curs| | [ce77| | [Me77] |cu78|| |Cu7s|
90e 4.98 4.92 | 4.99 | 4.71 | 4.66 | 4.69 3.58
e 5.54 5.38 | 5.55 | 5.21 | 5.24 | 5.23 4.45
103k4 6.79 6.94 | 6.38 | 6.61 | 6.76 | 6.68 5.42
131 3.78 3.85 ! 3,77 | 4.12 | 3.8 | 3.99 4.77
1320, 5.15 5.38 | 5.25 | 5.3¢ | 5.22 | 5.28 5,22
13765 6.64 | 6.61 | 6.65 | 6.70 | 6.50 | 6.60 | 4.92
1405, 5.58 5.5 | 5.56 | 5.23 | 5.35 | 5.29 4.03
141, 5.34 5.22 | 5.27 | 5.62 | 5.29 | 5.45 3.63
143¢ce 4,47 4,42 4,47 4.38 | 4.30 4.34 2.78
144ce 3.82 3.73 | 3.78 | 3.73 | 3.68 | 3.70 2.79
148yq 1.71 1.63 | 1.68 | 1.69 | 1.63 | 1.66 | 1.44

{
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" Table 6:

Cumulative fission yields &f 235U for a thermal neutron spectrum

The values are obtained by D.M. Gilliam et al. |Gi78] in the
Interlaboratory LMFBR Reaction Rate (ILRR) program, and is based
on irradiation of 235U foils in the very well thermalized neutron
spectrum in the thermal column of the NBS reactor.

They consider two categories of yield data:

- the socalled consensus. yields, given for the fission products

952r ]03Ru and]4OBa, obtained by gamma-ray measurements at

2
INEL, ANL and HEDL, and

- the socalled subsidiary yields, for a few other fission products,
which were studied less intensively (usually by only one of the

participating laboratories).

The ILRR data are compared with the ENDF/B-V. data (according to the
status of March 1977).

principle fission ILRR ENDF/B-V
fissionable | product category{ data data (Yo -1).
nuclide | nuclide Yy Ry X 1007
235y Pzr c  [0.0652 +2.67 | 0.0650 | - 0.3%
gx S 10.0592 +4.17 | 0.0594 0.3%
103p, C  0.0302 +2.67 | 0.0304 | - 0.7%
31y s p.0286 +4.6%7 | 0.0289 1.0%
1327, S D.0421 +6.27 | 0.0429 1.97
137¢5 C  D.0612 +2.4%7 | 0.0623 1.8%
1405, C  p.0622 +2.37 | 0.0629 1.12
lce S D.0572 +5.5%7 | 0.0584 2.1%
143¢e s D.0536 +9.27 | 0.0595 | 11.0%
H44ce s p.0572 +2.97 | 0.0549 | - 4.2%

S means subsidiary yield
C means consensus yield
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Table 7 :

Cumulative fission yields for a fast reactor spectrum

The values are obtained by D.M. Gilliam et al. lGi?& in the
Interlaboratory LMFBR Reaction Rate (ILRR) program, and are based
upon irradiations in BIG~10 and CFRMF.

They consider two categories of yield data :

- the so-called consensus yields, given for the fission products

95Zr 103Ru andIAOBa, obtained by gamma-ray measurements at INEL,

H
ANL and HEDL, and

-~ the so=called subsidiary yields, for a few other fission products,
which were studied less intensively (usually by only one of the

participating laboratories).

The ILRR data are compared with the ENDF / B-V data (according to
the status of March 1977).
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Cumulative fission yields for a fast reactor spectrum

| principle fission . TLRR T ENDF/B-V
fissionable| product |category data data ¥ /Y1)
nuclide nuclide v - _
| Y 2 X '100%
235 Pz c 0.0645 +2.27| 0.0638 | = 1.1%
or s 0.0603 +2.4%| 0.0594 | - 1.5%
103y c 0.0333 +2.3%| 0.0327 | - 1.8%
Pl s 0.0331 +4.37 | 0,0320 | - 3.3%
1327, s 0.0483 +6.17 | 0.0457 | = 5.4%
3¢ s 0.0626 +5.8% | 0.0617 | - 1.4%
140, c 0.0610 +1.97 | 0,0610 0.0%
143ce s 0.0517 +8.7% | 0,0570 10.3%
l4dee s 0.0583_+4.5%_| 0,0527___| - 9.62
238y Pz c 0.0519 +2.67 | 0.0514 |- 1.0
Ty s 0.0568 +3.07 ' 0.0550 | = 3.2%
103py c 0.0634 +2.57 :0.0624 |- 1.6%
131, s 0.0326 +4.3% [0.0321  [=- 1.5%
13765 s 0.0600 +4.5% |0.0600 0%
1405, c 0.0600 +2.2% |0.0595 |- 0.8%
143¢ce s 0.0421 +8.7% |0.0453 7.6
H44ce s 0.0495_+4.37_|0.0451____| - 8.9%
“r Pozr c 0.0480 +2.3% |0.0467 |~ 2.7%
or s 0.0544 +2.5% |0.0522 |- 4.0%
103py C  |0.0708 +2.3% [0.0686 |- 3.1%
327¢ 1 s 0.0544 +6.17 10.0503 |- 7.5%
37¢q S '0.0676 +2.67 [0.0651 |~ 3.7%
140p, C 0.0531 +2.0%7 [0.0536 - | 0.9%
3ce | s '0.0390 +8.77 10.0430 10.37
e s 0.0379_+5.5%_.0.0368____|~ 2.9%
237%p 9zr c 0.0593 +4.07 0.0585 |- 1.3%
Mge s 0.0683 +3.8% 0,0612 |- 4.1%
103gy C 0.0589 +4.3% (0.0583 |- 1.0% |
137¢q 1 S 0.0650 +5.27 [0.0618 |- 4.9Z
1405, c ‘0.0574 +3.67 0.0548 |- 4.5%

S means subsidiary yield
C means consensus .yield



GROUP. ENERGY REGION GROUP FLUX DENSITY PHI(U) REL.
(IN MEV) (M=2.5-1)
1 1¢050E+01laee 66500E+00 4.121E+15 1.,198E-02
2 6.500E+00eee 4+000E+00 2.043E+16 5.869E-02
3 4.000E+00... ZOSOOE*OO 40611E+16 10368E-01
4 2e500E+00eee 1400E+00 7«911E+16 1.,903E-01
5 10400E*00000 8.000E-01 T« 095E+16 l1.768E-01
6 B.000E-0leee 4+000E~01 7e4T6E+16 1.504E-01
7 4e000E-0leee 24000E~0Q1 5.617E+16 1.130E-01
8 EOOOOE-OloQQ loOOOE'Ol 40363E*16 80779E-02
9 1e000E~0leee 4650E~02 3.451E+16 6.286E-02
10 4¢650E-02eee 2.150E=02 2.458E+16 4.443E-02
11 2.150E-02.c0 ICOOOE-OZ 2.072&*16 3.775E-02
12 1.000E-02¢0e 4+650E~03 1.948E+16 3.548BE-02
13 4.650E-030006 2.150E-03 1.856E+16 3.356E=02
14 2e¢150E-03.see 14000E~03 1.806E+16 3.290E-02
15 1e000E-03s00s 46650E~04 1.781E+16 3e.244E-02
16 4e650E~040e0 2.150E~04 l.767E+16 3.195E-02
17 2¢150E-04see 1000E~04 1.729E+16 3.151E~-02
18 loOOOE’OQ.O. 44650E~-05 1.708k+16 3.110E-02
19 44650E-0540e0 24150E=05 1.694L+16 3.062E-02
20 2e150E-050ss 1.000E~-05 1.655E+16 3-015E-02
21 1.000E-0540ee 44650E~06 1.640E+16 2.987E-02
22 4¢650E-06400 2.150E~-06 1.655E+16 2.993E-02
23 2¢150E-06see 14000E~06 l.647L+16 3.000E-02
24 1.000E-0600s 4e650E~-07 l.649E+16 3.004E-02
25 4e650E-0700e 24150E-07 l1.660E+16 3.0026=-02
TOTAL FOR 25 ABBN GROUPS Tel71E+17

NEUTRON FLUX DENSITIES FOR SPECIAL ENERGY GROUPS

E > 10.5 MEV : 2.663L+14

E > 1.0 MEV : 1.934E+17

E > 0.l MEV : 3.953E+1/

E < 06215 EV : 1.087E+17
TOT AL = Be26lb+17

SPECTRUM CHARACTERISTICS

AVERAGE ENERGY = 6,966E-01 MtV PHI(N1) = 2.419t+17 M=2,5-1
AVARAGE SPEED = 14700E+404 M.S-1 PHI(FE) = 2¢375E+17 M=-2,S5-1
AVERAGE LETHARGY= 7.,794E+00 PHI(CO) = 14433£+17 M-2,5-1

DAMAGE TO ACTIVATION RATIO (D A R).

NIS8(NyP)CO58 1.65E+00 1.30E+00 le44E+00

FE54 (NePIMNSG 1.64E+00 1e29E+00 le43E+00



Table 9.

GROUP . ENERGY REGION GROUP FLUX DENSITY
(IN MEV) (M=2.5~1)

1 1e050E+01aee ©eS00E+00 2.306E+02
2 6500E+000ee 4«000E+00 2e553L+02
3 4e000E+00see 24500£+00 3.223E+02
&4 2¢6500E+00ees 1e400E+00 4a570E+02
5 1.400E+00ess Be0OO0E-0QL 7.320E£+02
6 Be000E~Olewse 4.000E-01L 1.150E+03
7 QoOOOE’Olo.. 2.00()&“‘01 101.’1%.*03
8 2.000E-0lses 1.000E~01 Be790E+02
9 1.000E-01ses 4e650E~02 B.0b52E+02
10 44650E-02ses 24150E-02 H.436E+02
11 2¢150E-02e¢0s 1e000E~02 4e400E+02
12 loOOOE‘OZ... 4.6bot-05 d.278t*02
13 4e650E~-030es 241506-03 lo428E+02
14 2e150E-03s0e 1.000E-023 64555 +01
15 1.000E-03cse 44650E-04 BelZ24E 400
16 4465060800 26150E=04 3.485L+01
17 2.1‘50&.'04... loOOOE'O“’ 1.290['_*01
13 1.000E-040ee 44650E-05 3.504E+00
19 4¢650E-05,0e 24150E-05 2¢500-101
20 cel50E-05,0s 1000b=05 1.150~101
21 1.000E-05400 4e650E=-06 5.350-107
22 4e650E-06s00s 26150E-06 2.500-102
Z3 d-lSOE"O(‘)ono 1.000t'06 1.150-102
24 1.0006-060ee 4e650E~07 5.350-103
25 4.650E=07400s 24150E-07 24500-103
TOTAL FoR 25 ABBN GROQUPS TeD42b+03

NEUTRON FLUX DENSITIES +OR SPECIAL ENERGY OGROUPS

T e TR e N A ah S St an TR AR A R D ey D Rn SR ey, R T e ey o -

£ > 10.5 MEV : 2.535L+03
£ > 1.0 ME Vv : Lolb3L+03
£ > 0.1 ME. V : S5.157t+03
£ < Ve21l5 LV : 24149-103
T 0T AL = 1.008E+04
SPECTRUM CHARACTERILISTICS
AVERAGE ENERGY T 4 4293E+00 MtV PHI(NL) =
AVAKAGE SPEED = 484lE+V6 M.5-1 PHI(FE) =
AVERAGE LETRARGY= CZ2./52£+00 PHI(CO) =
UAMAGE TO ACTIVATION RATIO (D A R).
GRAPHITE STerL ALUMINIUM
MISBINeH)COLBR b.,20E~-01 {«95E~-01 6.07~-01
Frsa(rneb)miby ©ellE-0C1 OebbE=01} SeUNE=-01

le2959t+04
le495t+04
2e390E+01

PHI (U)

6.376E-02
6.972E-02
9.093E-02
1.045E-01
1.73‘+E°01
2.200E-01
2.164E-01
1.681E-01
1.394E-01
1.106E-01
T.622E-02
3.944E-02
2.4546:-02
1.135E~02
1 040 7E-03
5.990E-03
2e235E-03
6.063E-04
4.,297-105
1.992-105
5,264-106
4.,2971-106
1.99£-106
9.7264~107
4,297=-107

M=2,5~1
M= H.S-l
M=2ZoS=1

REL
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Table 10 :
Means of Percentage Errors in Fission Yields (109 Shown
in Some of the Evaluations Considered for the 1973 and 1977
FPND Panels %
. Mean of Percentage Errors Reported (10)|Suggested
Fissile| Fission ;;‘;glsi‘e;’g Mass 1977
Nuclide| Energy Curve Range | Crouch { Meek and ]| Crouch } Meek and to
1973 Rider 1973 1977 Rider 1977} Errors
235 . . -
U Thermal Light wingj 72-84 10.9 156 1 20.5 17.6 19,0
- Light peak) 85-104 3.4 1.0 2.7 0.9 1.8
Valley 105-129 3.7 10.8 16. 9% 9.6 13.2
Heavy peak] 130-150 1.8 101 2.8 1.2 2.0
Heavy wing} 151-161 5.6 8.7 862 7.9 8o 1
239 . . . -
Pu Thermal Light wing| 72-87 8.3 15,2 1662 15.6 15.9
Light peak| 88-109 S.4 3.9 8.2 3.8 5.9
Y , Valley 110-129 11,7 13.8 17.4 156 1 16,2
Heavy peakj 130-150 So i 1.7 G.2 1.2 3.7
Heavy wing}i51-161 11.3 9.1 13.5 8.8 111
235 ) . . .
U Fast {pile)|Light wing| 72-83 - 20.6 18, 21,2 19.8
Light peak{ 84~103 36 1.9 5.2 1.4 3.3
Valley 106-129 10. 1 9.3 17.0 10,1 13,5
Heavy peak| 130—~150 3.4 1.8 3.8 1.4 2.6
Heavy wing| 151~161 11.3 12.6 15.3 12,2 13.7
238 . . .
U Fast (pile)|Light wing] 72-85 - 19.6 18,5 18.3 18,4
Light peak]| 86-106 8.3 84 7.4 3.2 5.3
Valley 107129 16,9 13.0 20.5 11.4 16.0
Heavy peak} 130=150 8.6 3.9 6.0 1.8 3.9
Heavy wingj 151~161 13,0 10.7 1545 9,0 12,2
239, . . . N
Pu Fast (pile){Light wing| 72-86 9.3 16,4 21.5 1.5 15.5
Light peak] 87-109 6.9 4o 1 7.3 2.4 4.9
Valley 110-129] 24,1 10, 1 2241 9,6 15.8
Heavy peak} 130150 4,7 3. 1 4,9 1.6 33
Heavy wing| 151-161 8.2 9.8 12,6 802 10. 4
235 . .
U i4 MeV Light wing| 72-83 12,5 21,4 17.0 10,2 13.6
Light peak| 84-110 10.8 9,0 15,5 6.5 11,0
Valley 111-129 13.6 9.6 16. 1 7.8 12.0
Heavy peak] 130—~150 8.0 8.4 12.3 5.7 9.0
Heavy wing| 151~161 9.2 14,9 16,0 5,0 12,5
*

Reproduced from |Cu78|; the word 'error' should be interpreted as 'uncertainty'.
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Percentage Errors in Fission Yieids (10) of

Certain Imporiant Nuclides Given in Some of

the Evaluations Considered forr the (973 and 1977

FEND Panels *

Percentage Errors Reported

(16) for mass:~

Fissile| Fission : .
Nucl ide Energy Evaluaticn Mean for:-
95 1103 106 [133 [137 |140 |141 |143, 144, 145
146, 148, 150
2355 |Thermal Crouch 1973[ 2.0| 6.0[12.0] 0.5] 1.0{ 0.5| 3.0 1.4
M&R 1973 | 0.7] 2.0| 1.4} 0.5| 0.5| 0.5} 1.4 0.5
Crouch 1977] 1.6]| 6.4] 6.6} 2.8 1,31 1.2} 1.9 1.2
M&R 1977 | 0.7{ 1.4] 1.4{ 0.5| 0.35 0.5] (.0 0.4
Suggested 1977 10 error Tol] 362} 440f 1.6] 0,8] 0.,9] 1.5 0.8
23%,  |Thermal crouch 1973( 5.0] 7.0{ 4.0l 5.0l 6.0] 5.0] 4.0 5.5
M &R 1973 | 2,01 2.81 2.8] 1.4] 1.0} 1,0] 2.8 0.7
Crouch 1977] 2.9i 4,31 3.3] 9.5| 2.9| 5,9] 3.3 7.0
M& R 1977 | 2.0 2,0] 2,8 0,7} 0.5| 1.0} 2.8 0.5
Suggested 1977 10 error 2:5] 3aZ) 3.3] Sel} 1,7] 35| 3.0 3.8
235y |Fast (pile){crouch 1973] 2.5] s5.5127.0{ 3.0| 5.5| 2.0{ 3.0 3.2
MA& R 1973 1.9] 2.0] 6.0] 1.4] 1.0} 1.4} 2.0 1.1
Crouch 1577} i.8| 2.6{27.4} 2.3] 4.6} 1.5] 2.7 2.5
M&R 1977 | 1.0| 1.4] 6,0] t.4] 0,7] 0.7] 2.0 0.8
Suggested 1977 10 crror 1.4] 2.C113.7) 1.8] 2,71 1. 1] 2.4 1.6
238 . . . . ‘
U Fast (pile)|{Crouch 1973} 5.0113.0! 9.0} = 7.0l 2.5] = 9.7
' M&R 1973 | 2.8] 2.8] 8.0] 2.8} 4,0| 2.,0]| 8,0 2.3
Crouch 1977 4,31 .47 7.7 6.1| 56| 2.1[20.0 4.6
M&R 977 | .41 2.00 2.0 1,41 1.0] 1.4] 2.8 1.1
Suggested 1977 10 error 2.9 421 5.8 3.8) 3.3 1L.71tt.4 2.9
23%,,  [Fast (pile}|Crouch 1973] 3.0! 4.5]10.0} 5.0[:10.0] 1.5} 4.0 3.8
M& R 1973 | 2.0! 2.0] 6.0 2.0| 2.0 1.4} 4.0 1.6
Croveh 1977] 3.3] 6.4110.31 3.3| 8.8] 1.9| 3.6 3.5
M&R 1977 | 1.4 2.0% 2,81 1.4 0.7] 1.0{ 2.8 0.8
Suggested 1977 10 error 204) 4.2] 6.6 2,31 4.7 14| 3,2 2.2
235y 114 mev Crouch 1973} 9.0] 7.0!20.0710.0]10.0} 5.0}10.0 -
Ma&aR 1973 | 6.0 4.0{ 6.0] 6.01 2.8} 4.0] 8.0 1.0
Crouch 1977] 7.6! 5.7{17.6|11.7]10.0| 2.6}10.0 15.0
M& R 1977 | 6.0] 4.0] 4.0| 6,0! 2,8} 2.8] 6.0 7.8
Suggested 1977 10 error 6.8 4.8 1008‘ 8:.8] 6.4f 2.7} 8.0 11.4

*

Reproduced from |Cu78

"uncertainty’.

; the word 'error' should be interpreted as
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Table 12:

Data set for selected fission products with half-lives longer than one

day.

The following lists are part of a computerized data set in current use
at the PTB for the calculation of decay heat, burn-up, fission product
activities and breeded plutonium.

The fission yield values are valid for the thermal fission of 23%U and
239py respectively.

In some cases gamma—-ray energies with small emission probability were
condensed to simplify matters.

This data set should be regarded as an attempt to test necessity and
utility of further fission product nuclide data. In this context one
should realize that data in these lists may not always be fully con-

sistent with data presented elsewhere in this guide.
Table 12a: Half-lives and fission yields for selected fission products.

Table 12b: Gamma-ray energies for selected fission products.
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Table 12a: Half-lives and fission yields for selected fission products.

nuclide state T% (in d) thermal fission yield for
235y (in %) | 23%wu (in 2)
85k r P 3.923x103 1.32 0.558
89gr P 5.052x101 4,75 1.72
90gy P 1.027x10" 5.84 2.12
90y d 2.67 5.84 2.12
gy o 3.950x107 1. 5.81 2.44
9ly d 5.860%10% 5.89 2.44
95zr P 6.550x10! 6.50 4.98
95Nb d 3.510x101 6.50 4,98
99%Mo P 2.75 6.13 6.19
99 d 2.500x10 1 6.13 6.19
103gy P 3.960x10! 3.09 6.79
103gpm d 4.000x1072 3.09 6.79
106Ry P 3.689x102 0.393 4.29
106Rp d 3.500x107% 0.393 4.29
1119 P 7.47 0.019 0.267
115¢qm P 4.480%x101 0.010 0.038
12560 P 9.65 0.029 0.116
125gp P 9.971x10? 0.029 0.116
125¢em d 5.800x 01 0.007 0.038
1277em P 1.090x102 0.018 0.083
129pem P 3.340x10! 0.080 0.216
1311 P 8.04 2.78 3.78
1327 P 3.25 4.28 5.15
13271 d 9.500x1072 4,28 5.15
133%e P 5.29 6.67 6.95
133¢g d 1.000x107* 6.67 6.95
134¢g doy 7.561x102 6.67 6.95
136¢g P 1.300x101 0.007 0.101
137¢s p 1.100x10% 6.21 6.64
140p4 p 1.279x101 6.30 5.58
14079 d 1.67 6.30 5.58
lilce P 3.251x101 5.78 5.34
143¢ce P 1.38 5.93 4.47
143py d 1.358x10! 5.93 447
libce p 2.844x102 5.37 3.82
l4bpy d 1.200x1072 5.37 3.82
147py p 1.098x10! 2.30 2,11
147py d 9.570x10% 2.30 2.11
148pym do 4,130x10! 1.67 1.68
156y p 1.517x101 0.013 0.011

p = parent nuclide; )
d = daughter nuclide in first generation;
dg= daughter nuclide in second generation.

*This value approximates the stability of 133¢s.
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Table 12b: Gamma-ray energies for selected fission products.

gamma-ray energies (in keV)

nuclide and effective gamma-ray emission probabilities (in %)
85kr 514.0 0.43. .
gy 274.2 1.,17; 555.6 56.0 ; 620.1 1.85; 652.9 11.4 ;
749.7 22.4 3 925.7 4.0 ; 1024.0 34.1 ; 1281.0 0.95;
1413.0 1.02; 1652.0 0.29.
Iy 1208.0 0.22.
957y 724.3 44.4 3 756.7 54.6 .
I5Nb 765.8 100 .
99Mo 40.6 1.17; 181.9 6.0 ; 366.4 1.21; 739.5 12.3 ;
777.9 4.37.
99T.m 140.5 88.96
103y 39.8 0.07; 53.3 0.31; 294.9 0.27; 443.8 0.35;
497.1 89.40; 557.1 0.80; 610.4 5.72.
106Rp 512.0 20.50; 616.0 0.74; 622.0 9.95; 873.0 0.42;
1050.0 1.45; 1128.0 0.38; 1562.0 0.15.
111p¢ 96.3 0.31; 245.5 1.50; 342.1 7.30.
115¢qm 158.1 0.02; 484.4 0.31; 933.6 2.05; 1291.0 0.92;
1449.0 0.02.
125gp 332.0 1.35; 469.7 1.27; 800.5 0.99; 822.6 3.91;
915.5 4.25; 1067.0 8.86; 1087.0 1.09; 1089.0 4.20;
1420.0 0.42; 2002.0 2.00.
125gp 35.5 5.97; 81.8 1.00; 116.9 0.33; 176.3 6.74;
204.1 0.303; 321.0 0.43; 380.4 1.503 427.9 29.70;
443.5 0.30; 463.4 10.5 ; 489.8 0.25; 600.6 18.0 ;
606.7 4.93; 636.0 11.4 3 671.5 1,75,
1257em 35.5 5.97; 109.3 0.28.
127Tem 57.6 0.39; 88.3 0.08; 658.9 0.01.
1297em 696.0 3.23; 729.6 0.77; 1084.0 0.61,
1311 80.2 2.45; 177.2 0.27; 284.3 5.80; 325.8 0.28;
364.5 82.4 3  639.9 6.90; 643.0 1.63; 722.9 1.63.
1327, 49.7 14.6 3 111.8 1.10; 116.3 1.20; 228.2 88.0 ;
667.8 6.0 . ,
1327 262.7 1.443; 505.9 5.04; 522.7 16.10; 547.1 1.25;
621.2 1.58; 630.2 13.7 ; 650.6 2.67; 667.7 98.7 ;
669.8 4.943; 671.6 5.23; 727.0 2.17; 727.2 3.16;
772.6 76.2 ;3 780.2 1.23; 809.8 2.86; 812.2 5.63;
876.8 1.08; 954.6 18.1 ; 1136.0 2.96; 1143.0 1.38;
1173.0 1.09; 1291.0 1.14; 1372.0 2.48; 1399.0 7.11;
1443.0 1.42; 1921.0 1.18; 2002.0 1.09; 1295.0 1.97;
133%e 79.6 0.22; 81.0 37.10; 160.6 0.06;
13%¢s 475.3 1.49; 563.2 8.40; 569.4 15.0 ;3 604.6 97.5 ;
795.8 85.1 ; 802.1 8.80; 1038.0 1.02; 1168.0 1.88;
1365.0 3.20.
136¢s 31.8 2.00; 32.2 4.00; 36.4 1.00; 66.9 12.5 ;
86.3 6.31; 109.7 0.41; 153.2 7.47; 163.9 4.61;
166.5 0.63; 176.6 13.5 ; 187.3 0.60; 273.7 12.7 ;
319.9 0.60; 340.6 46.8 ; 507.2 0.98; 818.5 99.7 ;
1048.0 79.7 ; 1235.0 19.8 .
137¢s 661.6 85.14
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gamma~ray energies (in keV)

nuclide and effective gamma-ray emission probabilities (in %)
140pa 13.8 1.29; 30.0 14.0 ; 162.6 6.213 177.0 0.19;
304.8 4.30; 423.8 3.15; 437.6 1.93; 466.0 0.21;
498.0 0.40; 512.0 0.263; 537.3 24.4 ; 602.0 0.60;
637.0 0.30; 661.0 0.70.
1401, 131.1 0.52; 242.0 0.47; 266.6 0.45; 328.8 20.7 ;
432.5 2.99;  487.0 45.9 ;  751.8 4.41;  815.9 23.6 ;
867.9 5.59; 919.6 2.68; 925.2 7.05; 951.4 0.54;
1597.0 95.4 3 2010.0 0.43; 2348.0 0.85; 2522.0 3.43.
lhlce 145.4 48.1 .
143¢ce 57.4 11.6 ; 231.6 1.98; 293.3 41.3 ; 350.6 3.30;
433.0 0.13; 490.4 1.94; 587.3 0.24; 664.6 5.16;
721.9 5.04; 880.4 0.91; 1103.0 0.36.
lhbce 33.6 0.24; 40.9 0.25; 80.1 1.60; 134.0 11.09.
libpy 675.7 0.61; 696.0 1.34; 1389.0 0.07; 1489.0 0.28;
2186.0 0.70.
147y4d 91.0 27.2 ; 196.6 0.20; 120.5 0.35; 275.4 0.72;
319.4 1.83; 398.1 0.33; 410.5 23.0 ; 439.8 1.13;
531.0 13.1 ; 594.8 0.30; 685.9 0.76
148p,M 75.7 1.09; 98.4 3.77; 189.6 1.22; 210.0 1.90;
287.9 12.2 ; 311.5 3.91; 414.1 18.3 ; 432.6 5.58;
501.3 6.79; 550.2 94.2 ;  599.5 12.2 ;  611.3 5.46;
629.9 87.8 3 725.7 32.3 ; 915.1 18.69; 1014.0 20.10.
156gy 89.0 8.96; 599.5 2.24; 646.3 6.70; 709.9 0.91;
723.5 5.75; 811.8 10.3 ; 865.9 0.16; 944.4 1.38;
961.0 0.15; 1065.0 5.18; 1079.0 4.35; 1153.0 7.06;
1154.0 5.21; 1231.0 8.63; 1242.0 7.12; 1277.0 3.12;
1366.0 1.75; 1877.0 1.67; 1937.0 2.07; 1965.0 4.14;
2026.0 3.49; 2098.0 4.10; 2181.0 2.40; 2187.0 3.64;
2270.0 1.09.
239%p 106.1 21.10; 209.8 3.00; 228.2 9.50; 277.6 12.10;
285.4 0.65; 315.9 1.37; 334.2 1.71.
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