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1 Decay Scheme

Co-57 decays 100% by electron capture to the excited levels of 706.42 keV (0.183%) and 136.47 keV
(99.80%) in Fe-57.
Le cobalt-57 se désintégre par capture électronique vers des niveaux excités du fer-57.
2 Nuclear Data
Tip(°"Co ) = 271,81 (4) d
QT("Co) : 8362 (5) keV

2.1 Electron Capture Transitions

Energy Probability

(keV) (%) Nature lg ft PK PL PM
€4 129,8 (5) 0,183 (7) Allowed 7,69  0,8789 (17) 10,1035 (14) 0,0168 (6)
€03 4694 (5) <0,002 2nd Forbidden >10,8
02 699,7 (5) 99,80 (23) Allowed 6,45  0,8875 (16) 0,0963 (14) 0,0154 (5)
€01 821,8 (5)  <0,0003 2nd Forbidden >11,1
€0 836,2(5) <0,00035 Unique 2nd Forbidden >12,9

2.2 Gamma Transitions and Internal Conversion Coefficients

Energy Pyyce

(keV) (%) Multipolarity aK ar am ar
~1,0(Fe) 14,41295 (31) 87,67 (15) M1+40,0005%E2 7,65 (11) 0,787 (11) 0,1082 (16) 8,55 (12)
~v2,1(Fe)  122,06079 (42) 87,51 (15) M1+1,37%E2 0,0212 (3) 0,00211 (3) 0,000290 (5) 0,0236 (4)
v2,0(Fe)  136,47374 (29) 12,30 (17) E2 0,1331 (19) 0,01371 (20) 0,00187 (3) 0,1487 (21)
~3,2(Fe) 230,27 (3) 0,0004 (4) M1+4-0,04%E2 0,00375 (6) 0,000364 (5) 0,0000501 (7) 0,00416 (6)
v4,3(Fe) 339,67 (3) 0,00381 (40) M1+4-0,68%E2 0,001494 (21) 0,0001439 (21) 0,0000198 (3) 0,001659 (24)
7v3,1(Fe) 352,34 (2) 0,0032 (4) M1+-0,06%E2 0,001354 (19) 0,0001303 (19) 0,0000180 (3) 0,001503 (22)
~3,0(Fe) 366,74 (3) 0,0013 (4) M1+416,84%E2 0,00160 (8) 0,000155 (8) 0,0000213 (10) 0,00178 (9)
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0,0000440 (7)
0,0000315 (5)
0,0000418 (6)

0,00000606 (9)
0,00000433 (7)
0,00000575 (8)

0,000510 (8)
0,000365 (6)
0,000483 (7)

]?EE{%Y P(g; © Multipolarity aK
~v4.2(Fe) 569,94 (4) 0,015 (2)  M1+0,93%E2  0,000460 (7)
~va,1(Fe) 692,01 (2) 0,159 (6)  MI1+17,78%E2  0,000329 (5)
~a,0(Fe) 706,42 (2)  0,0050 (5) E2 0,000435 (6)
3 Atomic Data
3.1 Fe
wrg 0,355  (4)
@y, :0,0060 (6)
nKr 1,447  (4)
3.1.1 X Radiations
Energy Relative
(keV) probability
Xk
Kas 6,39091 51,07
Kay 6,40391 100
K51 7,05804
K,Bg 71083 } 20,66638
XL
L¢ 0,617
La 0,7075 - 0,7084
Ln 0,6306
Lg 0,7148 - 0,7938
Ly 0,72841 - 0,72841
3.1.2 Auger Electrons
Energy Relative
(keV) probability
Auger K
KLL 5,370 - 5,645 100
KLX 6,158 - 6,400 27,4
KXY 6,926 - 7,105 1,87
Auger L 0,5223 - 0,8421
KRI / V.P. Chechev, N.K. Kuzmenko 2
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4 Electron Emissions

Energy Electrons
(keV) (per 100 disint.)
eAL (Fe) 0,5223 - 0,8421 250,6 (16)
eAK (Fe)
KLL 5,370 - 5,645
KLX 6,158 - 6,400 104,6 (11)
KXY 6,926 - 7,105
ecox (Fe)  7,30095 (31) 70,2 (14)
ecior  (Fe) 7,3010 - 14,4126 78,5 (15)
ccror  (Fe) 13,5668 - 13,7048 7,22 (14)
eciom  (Fe) 14,3200 - 14,4094 0,993 (20)
ecron (Fe) 14,4126 - 14,4126 0,0431 (9)
cco1k  (Fe) 114,94879 (42) 1,812 (26)
ecor v (Fe)  114,9490 - 122,0604 2,018 (34)
ecorr  (Fe)  121,2147 - 121,3527 0,1804 (26)
ecog1 v (Fe) 121,9679 - 122,0572 0,02479 (43)
ecaox  (Fe) 12936174 (29) 1,426 (29)
ecooT (Fe) 129,3620 - 136,4733 1,593 (32)
ecoor,  (Fe) 1356276 - 135,7656 0,1468 (30)
ecoom  (Fe) 136,3808 - 136,4701 0,02003 (43)
9 Photon Emissions
5.1 X-Ray Emissions
Energy Photons
(keV) (per 100 disint.)
XL  (Fe) 0,617 - 0,7938 1,30 (4)
XKay (Fe) 6,39091 17,12 (26) } Ko
XKay  (Fe) 6,40391 33,5 (5)
XK@ (Fe) 7,05804 } ,
" 6,93 (13 K
XK3,  (Fe) 7,1083 93 (13) b
5.2 Gamma Emissions
Energy Photons
(keV) (per 100 disint.)

7¥1,0(Fe)

14,41295 (31)

9,18 (12)
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Energy Photons

(keV) (per 100 disint.)
v2,1(Fe) 122,06065 (12) 85,49 (14)
v2,0(Fe) 136,47356 (29) 10,71 (15)
73,2 (Fe) 230,27 (3)  0,0004 (4)
V4,3(Fe) 339,67 (3)  0,0038 (4)
V3,1 (Fe) 352,34 (2)  0,0032 (4)
v3,0(Fe) 366,74 (3)  0,0013 (4)
v4,2(Fe) 569,94 (4) 0,015 (2)
V4,1 (Fe) 692,01 (2) 0,159 (6)
Ya,0(Fe) 706,415 (20) 0,0050 (5)

6 Main Production Modes

Ni — 60(p,a)Co — 57
Possible impurities: Co — 56, Co — 58

Ni — 58(p,2p)Co — 57
Possible impurities: Co — 56, Co — 58

Fe — 56(d,n)Co — 57
Possible impurities: Co — 56, Co — 58
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°’Co - Comments on evaluation of decay data
by V. P. Chechev and N. K. Kuzmenko

This evaluation was originally completed in October 2001 (2004BeZR) and then was updated
in August 2014 to include new references on the %'Co half-life and decay energy and new internal
conversion coefficients and thus to re-evaluate the half-life and to correct nuclear transition energies

and gamma ray transition and emission probabilities.

1. Decay Scheme

The 2" forbidden electron capture (EC) transitions to the 3/2” excited levels of 14.413 keV
and 366.74 keV have not been observed, as well as the 2" forbidden unique EC transition to the 1/2"
ground state of >’Fe. From the log ft systematics the log ft of the 2" forbidden transitions should be

greater than 11.1 and 10.8, respectively, and for the 2" forbidden unique transition, greater than

12.9. From these, the upper limits on the EC branch probabilities to the 14.413 keV level and ground
state of °>'Fe are obtained as < 0.003% and < 0.00035%, and for the EC branch to the 366.74 keV level

< 0.002%. The calculations of the level probability balance in the decay scheme of *’Co were made
not taking into account the first two unobserved transitions. The EC branch probabilities to the levels
of 136.47 keV, 366.74 keV and 706.42 keV were obtained from the probability balance of the gamma

transitions.

2. Nuclear Data

Q value is from 2012 mass evaluation by Wang et al. (2012Wa38).

The recommended half-life of °’Co is based on the experimental results given in Table 1.

Table 1. Experimental values of the °’Co half-life (in days).

Auth
N ut ;er;sr) and Reference T2 (d) Method and comments
Anspach et al. 47y ionization chamber; omitted as
1 (1965) 1965ANn07 | 271.65 (13) superseded by 7
Emery et al. Nal; omitted on the Chauvenet’s
2 (1972) 1972EmO01 | 269.84 (4) criterion

KRI/V.P. Chechev, N.K. Kuzmenko Oct.2001-Aug.2014
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Lagoutine et al. lonization chamber; omitted on the
3 (1972) 1972Lal4 | 271.23 (21) Chauvenet’s criterion
g | Houtermansetal. | 4q001017 | 27177 (5 4xy ionization chamber
(1980)
5 Va”'”?lrggg‘ etal | 1981va11 | 271.90 (9) Nal(Tl), Si(Li) detectors
6 | Walzetal. (1983) | 1983Wa26 | 271.84 (4) | 4my pressurized ionization chamber
Unterweger et al. 4y ionization chamber; omitted as
7 (1992) 1992Un01 | 272.11 (26) superseded by 9
g | Martinetal. 149701475 | 271.68 (9) 4my ionization chamber
(1997)
: : 4y ionization chamber; omitted as
9 | Fitzgerald (2012) | 2012Fil2 | 271.65 (13) superseded by 11
10 | Silvaetal.(2012) | 2012Da06 | 271.82 (17) 47y ionization chamber
Unterweger and L
11 Fitzgerald (2014) 2014Un01 | 271.87 (44) 47y ionization chamber
Recommended value 271.81 (4) LWM

The value 2, 3 have been rejected by the LWEIGHT computer program based on the

Chauvenet’s criterion.

The values 1, 7, 9 were not used because they were replaced ultimately by later result of the

same laboratory.

For remaining 6 values, the unweighted average is 271.813 d, the weighted average is

271.809 d, the reduced- x%/ (%) oit Value is 0.86/3.00, the internal uncertainty is 0.028 d, and the
external uncertainty is 0.026 d. The largest contributions to the weighted average give the values 2
(48%) and 4 (30%), respectively. The LWEIGHT program using the limitation of relative statistical
weight method (LWM) has chosen the weighted average and internal uncertainty. The smallest
experimental uncertainty (0.04 d) is adopted as the recommended uncertainty.

The recommended value of the °’Co half-life is 271.81 (4) days.

2.1. Electron Capture Transitions

The energies of the electron capture, ¢, transitions have been calculated from the Q value and

the level energies which have been deduced from gamma transition energies.

KRI/V.P. Chechev, N.K. Kuzmenko Oct.2001-Aug.2014
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Table 2. °’Fe levels populated in the °’Co ¢ — capture.

Level Energy (keV) Multipolarity Half-life Pe (%)
0 0 1/2— Stable < 0.00035
1 14.41295 (31) 3/2— 98.0 (4) ns <0.003
2 136.47374 (29) 5/2— 8.6 (4) ns 99.82 (20)
3 366.74 (3) 3/2- 10.5 (14) ps <0.002
4 706.42 (2) 5/2— 4.1 (11) ps 0.183 (7)

Table 3. The measured and adopted half-lives for two excited levels in °’Fe (ns)

N Reference (14.4|:3a II:\Ilfelevel) (136.4|1_|73|fl;leI{/e level)
1 1960Fe06 8.6 (8)
2 1961CI11 97.9 (2)

3 1961H005 8.8 (4)
4 1965Ki03 98 (1)

5 1966Ec05 97.7 (2)

6 1969H028 99.3 (5)

7 1969Ja18 8.5 (4)
8 1978AIZX 97.8 (14) 9.0 (7)
9 1995Ah04 99.2 (4)

10 2006M026 98.1 (3) 8.0 (9)
Adopted (LWM) 98.0 (4) 8.6 (4)

The half-lives of the excited levels (136.474 and 14.413 keV) have been evaluated using the

experimental data presented in Table 3.

For the 14.413 keV-level, the unweighted average is 98.29 ns, the weighted average is 98.05 ns,

the reduced- ¥2/ (x?) erit Value is 3.0/2.8, the internal uncertainty is 0.12 ns, and the external uncertainty

is 0.20 ns. The largest contributions to the weighted average give the values 2 (34%) and 5 (34%),

respectively. The LWEIGHT program using the limitation of relative statistical weight method (LWM)

KRI/V.P. Chechev, N.K. Kuzmenko
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has chosen the weighted average and expanded the uncertainty (up to 0.35 ns) so to include the precise
value 5 of 97.7 (2) ns. The recommended value of the 14.413 keV-level half-life is 98.0 (4) ns.

For the 136.474 keV-level, the unweighted average is 8.58 ns, the weighted average is 8.64 ns,
the reduced- y? / (%) «it value is 0.26/3.30, the internal uncertainty is 0.24 ns, and the external
uncertainty is 0.12 ns. The largest contributions to the weighted average give the values 3 (36%) and
7 (36%), respectively. The LWEIGHT program using the limitation of relative statistical weight
method (LWM) has chosen the weighted average and internal uncertainty. The smallest experimental
uncertainty (0.4 d) is adopted as the recommended uncertainty. The recommended value of the 136.474
keV-level half-life is 8.6 (4) ns.

The J* values and half-lives for the remaining excited levels *'Fe are from Adopted Levels in
Nuclear Data Sheets (1998Bh11).

The electron capture probabilities of &y, €03 and €94 have been deduced from the (y+ce) -
intensity balance at the 136.47 keV, 366.74 keV and 706.42 keV levels, respectively, using the
evaluated Py+ce values and assuming negligible intensity of the EC transitions to the 14.413 keV
level and the ground state of °’Fe. The sum of Py+ce for the 4 gamma transitions to the ground state
of °'Fe is (99.986 + 0.22) %.

The Pk, PL, Pm values have been obtained from the tables of Schoénfeld (1998Sc28). The
experimental Pk values are available for gy EC transition to the level of 136.47 keV: 0.885 (9) in
1968Ru04; 0.87 (2) in 1969B049; 0.922 (10) in 1973Mukerji and 0.89 (4) in 1990Si03.

The log ft values are from the LOGFT code.

2.2. Gamma Transitions and Internal Conversion Coefficients

The evaluated energies of gamma transitions are the energies of the gamma rays plus the recoil
energy.

Gamma ray transition probabilities have been deduced from their gamma ray emission
intensities and the total conversion coefficients ICC(s). The adopted ICC(s) are the theoretical values
interpolated by the Brlcc computer program (2008Ki07) from the tables of Band et al. (2002Ba85),
accepting the “frozen orbital (no hole)” approximation.

The probabilities of gamma ray transitions Py+ce have been computed using the evaluated
absolute gamma ray emission intensities and the total internal conversion coefficients (ICC) except for
Py+ce of y 1 o transition deduced from decay scheme probability balance at the 14.413-keV level.

The ICC(s) for gamma ray transitions with mixed multipolarities have been evaluated using
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the experimental information on the multipolarity admixture coefficients. The values of & (E2/M1)
have been adopted from the analysis of 1978Kr19 except for y,; which is obtained by weighting the
4 values of + 0.120 from 1972F005, + 0.116 (1) from 1973Sc15, + 0.1195 (10) from 1975C022, and
+0.120 (4) from 1972Krl15 (see also the evaluation of 1998Bh11). The weighted average of &
(E2/M1) for y,1 is+0.1180 (12). The adopted values of 5 (E2/M1) for other gamma transitions are
0,00223 (18) for y10; +0.02 for ys,; +0.083 (5) for ys3;+0.025 (9) for ys31; — 0,45 (5) for ysp;
+0.097 (8) for ya2; and — 0.465 (8) for ya1.

There are many experimental values of ICC and the ratios of the fractional intensities of
conversion electrons for vy, v21 and yso which, with the exception of 1996Mell, support the

adopted values of ICC:

Y1,0 ak=7.76 (23), a =0.804 (24) from 1976Ba63
ak = 7.35(19) from 1985HaZA
K:L:M+ =100 : 9.59 (13) : 1.48 (15) from 1971P005

Y21 ak=0.0214 (12), K/L+ = 8,2 (6) from 1967Ha06
K:L:M+=100:9.0: 1.5 from 1955C031

Y30 ak=0.122 (13), K/L+ =8.6 (5), at/ak = 1.118 (5) from 1967Ha06

There are 6 experimental values for the total ICC (o.1) of the low-energy gamma ray transition
v10(14.413 keV): 9.0 (5) and 8.9 (6) from 1965Ki03; 8.26 (22) from 1965Mo022; 8.25 (46) from
1966Sp06; 8.26 (22) from 1968Ru04 and 8.19 (18) from 1970J030. They can be compared to the
adopted value of at=8.55 (12).

3. ATOMIC DATA

SAISINUC software has been used to determine the atomic data (fluorescence yields, X-ray
energies and relative probabilities, and Auger electrons energies and relative probabilities).

The relative KB/Ka emission probability is taken from 1998Be and 1997Lepy. They have
shown that taking into account double-electron transitions with a simultaneous emission of a photon
and Auger electron (the radiative Auger effect, RAE) increases the value of KB /Ka = from
0.1368 (14) (1996Sc06) to 0.1419 (19) (1998Be) or 0.1423 (17) (1997Lepy). From these we have
adopted KfB/Ka = 0.142 (2). The ratio Kay/Kay is from 1996Sc06.

4. PHOTON EMISSIONS

4.1. X-ray Emissions

The absolute emission intensities of the KX-ray components have been computed from the
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total Pxk using the relative probabilities from sect. 3. Below the measured values of Fe Py, and Py

are compared to our calculated (evaluated) values:

Measured Calculated
1989Debertin 1994Ar22 (evaluated)
Pka (%0) 50.6 (9) 50.1 (5) 50.0 (6)
Measured Calculated

1968Ru04 1973 Mukerji 1978 Vylov 1989 Debertin | (evaluated)
Pxk (%) 56.9(8) 58.4 (17) 55.3 (15) 56.0 (11) 57.1(9)

The total absolute emission intensity of LX-rays has been computed using the computed
Pcey, Pcek, Pxk, PxL and atomic data of section 3.

4.2. Gamma ray emissions
The energies of the gamma rays y.1 and y,0 have been adopted from 1976Bol16 and

2000Hel4. The energies of other gamma rays have been obtained as the weighted means of

measurement results listed in Table 4 or calculated from the decay scheme of *'Co. The corrections to
the revised energetic scale in 2000He14 (lowering the values by 5.80 ppm) do not change these values.

The evaluators have assumed no EC feeding to the ground and first excited states and used the
total gamma-ray transition probabilities to these two states (except that for the 14.413-keV transition)
to normalize the decay scheme (using adopted relative photon intensities from Table 5 and the
conversion coefficients). This procedure leads to a normalization factor of 0.8549 (15).

The absolute gamma ray emission intensity for y;o (14.413 keV) has been computed as
follows: Py(y10) = Py+ce(y1o) / (1 + at(y10)), Where Py+ce(y10) = 87.67 (15) % comes from decay
scheme probability balance at the 14.413-keV level, and ar(y10) = 8.55 (12). The deduced value
of Py(y10) = 9.18(12) % can be compared with the experimental values, such as 9.5 (2) %
(1978Vylov), 9.54 (12) % (1992ScZZ) and 9.16 (15) % (1989Debertin). It agrees very well with the
CRP experimental result from 1989Debertin.

It should be noted also that the evaluated sum Py(y20) +Py(y1,0) = 19.89 (18) % agrees well with
the measured value of 19.84 (17) % from 1971Ko019.
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Table 4. - Measured and adopted energies of gamma-rays in the decays of >’Co — *’Fe and >’Mn — *"Fe

v | 1965Ki03 | 1965Sp06 | 1970Gr13 | 1971Kol9 | 1972He42 | 1974Ti01* | 1976Bol6 | 1980Ve05 LWM Adopted
" 14.408 (5) 14.41247 (29) | 14.410 (6) 14.41295 (31)°
Y21 122.07 (3) | 122.06 (2) 122.063 (4) | 122.06065 (12) 122.06065 (12)
Y20 136.473 (4) | 136.47 (3) 136.473 (4) | 136.47356 (29) 136.47356 (29)
a2 | 229.8(10) | 230.6 (6) | 230.4(5) | 230.4 (6) 230.25 (4) 230.29 (2) | 230.27 (3) 230.27 (3)
vas | 339.7(4) | 339.7(5) | 339.7(3) | 339.68(28) 339.60 (6) 330.54 (18) | 339.61(9) | 339.67 (3)°
ya1 | 3525(4) | 352.4(5) | 3525(3) | 352.23(27) 352.32 (3) 352.36 (1) | 352.34(2) 352.34 (2)
ys0 | 366.8(5) | 366.7(5) | 336.8(4) | 367.0(5) 366.73 (4) 366.75 (1) | 366.74(3) | 366.74 (3)°
a2 | 570.0(4) | 570.3(4) | 570.1(3) | 570.04 (28) 569.93 (5) 569.92 (4) | 569.94 (4) 569.94 (4)
a1 | 692.1(3) | 692.1(3) | 692.1(2) | 692.44 (6) 692.00 (3) 692.03 (2) | 692.02(2) | 692.01(2)°
Y40 | 706.4 (4) | 706.8(4) | 706.6(3) | 706.46 (34) 706.54 (22) 706.40 (20) | 706.50 (20) | 706.42 (2)°

2 Experimental values from the decay of >’Mn

b Calculated from decay scheme using the energies of 21, Y20, Y32, Y32, Y4.2

KRI/V.P. Chechev, N.K. Kuzmenko

Oct.2001-Aug.2014



Table 5. - Relative emission probabilities of gamma rays in the decay of >’Co

v Ey |1965Ki03 |[1965Ma38 |1971Ko019 |1974HeYW |1980Sc07* | 1982Gr10 LWM Adopted
yi0 |14 1.14 (5) 10 10.74 (14)°
v21 | 122 |10° 10° 10° 10° 10° 10° 10° 100

v20 | 136 |[1.25(8) 10*|1.20 (1) 10* |1.30 (4) 10* | 1.29 (7) 10* | 1.236 (9) 10*| 1.245 (30) 10*| 1.253 (18) 10*°¢ | 12.53 (18)
v32 | 230 0.2 (2) 0.5 (5) 0.0004 (4)¢
va3 | 340 29(3) 4.5 (4) 0.0045 (4)¢
ya1 | 352 2.0(2) 3.7 (4) 0.0037 (4)¢
v30 | 367 0.7 (1) 1.5 (4) 0.015 (4)
va2 | 570 16 (1) 19.4 (11) 10 (10) 18 (2)° 0.018 (2)
va1 | 692 188 (5) 183 (11) 190 (30) 186 (7)f 0.186 (7)
vao | 706 5.5 (6) 6.2 (6) 5.8 (6)¢ 0.0058 (6)

2 In 1980Sc07 the absolute gamma-ray emission probabilities are reported: Py20(136) = 10.58 (8) % and Py.,1(122) = 85.5%
b Calculated as described in the text.

¢ The LWEIGHT program has used an unweighted average and expanded the uncertainty so range include is reasonable choice because of disagreement of the experimental values

some uncertainties of which are only statistical.
¢ Adopted from 1971Ko019.
f LWEIGHT has used a weighted average and expanded the uncertainty so range includes the most precise value of 1971K019
9 The method of Limitation of Relative Statistical Weights (LRSW) increased the uncertainty of 1965Ma38 to 10.3.

" The experimental uncertainty is adopted as the uncertainty of the evaluated value.

KRI/V.P. Chechev, N.K. Kuzmenko

Oct.2001-Aug.2014



. 57
Comments on evaluation CO

5. ELECTRON EMISSIONS

The energies of the conversion electrons have been computed from the gamma ray transition energies
and the electron binding energies.

The emission intensities of the conversion electrons have been calculated using the transition

probabilities, the atomic data, and the internal conversion coefficients.

The low energy electron spectrum from the decay of >’Co has been analyzed in 1997KoZJ using a
combined electrostatic spectrometers. They obtained the following intensity ratios for the main spectrum
components: (LMM+LXY) / KLL / KLX / KMX / K-14.413 / L-14.413 / (M+N)-14.413 = 49.3 (38) :
59.6 (23) : 15.2 (6) : 1.2 (2) : 49.9 (18) : 5.1 (3) : 0.80 (4). These values agree mainly with our evaluated data
on electron emissions apart from the intensity of L Auger electrons. Perhaps, the latter is connected with
difficulties of the electron spectrum measurement in the energy region of 0.6-0.7 keV. The discrepancy takes
place also for the L/(M+N) and K/(M+N) ratios.

Also in 1997KozJ, Li/L, = 15.7 (5), Li/L3=39.3 (16), M2 3/M;=0.076 (4) have been measured for
the gamma transition y; o (14.413 keV).

6. ENERGY CONSERVATION

The total average energy of 836.0 (17) keV, for one disintegration, calculated from the current
evaluated data corresponds well to the available energy of 836.2 (5) keV (Q) from the mass tables (2012Wa38)
confirming the consistency of the decay scheme and the reliability of this evaluation.
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