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Abstract. Energies and intensities ofKx(Ho), Kx(Dy) andγ-quanta with
energies59.98 and86.79 keV from the decay160Er→ 160m,gHo → 160Dy
are measured with a high accuracy. The branching factor for the isomeric
state160mHo(2−) is found from the results of the measurements. The value
0.733(30) is obtained for theE3 transition to the ground state.

PACS number: 23.20.Lv, 21.10.Re, 21.Ev, 27.70.+q

Decay of nuclei160Er −→160m,g Ho −→ 160Dy has been thoroughly inves-
tigated in recent work [1], where, in addition to obtaining extensive new data
on γ-transitions and excited states, the decay fraction for theEC/β+ decay of
160mHo(2−) directly to 160Dy levels was determined from the intensity of the
59.98 keV isomericE3 transition. It was26.4(52)% of decays in equilibrium
with 160Er. Accordingly, theE3 transition accounts for73.6(52)% of decays.

Our precision measurements ofγ-radiation with an HPGe detector (36 mm di-
ameter by13 mm long), whose energy resolution was335 and580 eV for the
energies of5.9 and122 keV, respectively, allowed energies and intensities of
59.98(5) and86.79(2) keV Kx(Ho), Kx(Dy) andγ-quanta to be determined.
Intensities of these radiations are related to the main characteristics of the decay
chain

160Er(A) −→ 160mHo(B) −→ 160gHo(C) −→ 160Dy

↓
− −−−−−−− −→ 160Dy

in the following way:

SKx(Ho)

ǫKx(Ho)
=
K

ǫ
(Er)ωk(Ho)RA (t2, t3)

t3(live)

t3(real)
(1)
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(3)

Sγ(59.98)

ǫγ(59.98)
= fBC

RB(t2, t3)

1 + αtot(59.98)

t3(live)

t3(real)
(4)

kSγ(86.79)

ǫγ(86.79)
= [(1 − fBC)RB(t2, t3) +RC(t2, t3)]

t3(live)

t3(real)
(5)

Sm
Kx(Dy)exp = Sm

Kx(Dy) + Sg
Kx(Dy) (6)

The coefficientk takes into account the share of86.79 keV γ-quanta in the num-
ber of decays of the isomeric (RB) and ground (RC) states of160Ho. According
to [1], k = 7.38(32). In our experiments this value very weakly depends upon
the measurement timet3 and the hold-up timet2 after separation of160Er be-
cause the ratioRB/RC practically does not change in the intervals of realt2
andt3 values in the experiment. Moreover, the total intensity of the86.79 keV
transition from the first excited state to the ground state in160Dy is 77% of 160Er
decays. In this case the state mentioned is not directly populated from the160Ho
β-decay. The symbolsKǫ (Er), K

ǫ (Ho)m and K
ǫ (Ho)g designate theK-capture

fractions in theEC decays of Er, isomeric and ground states ofHo respectively.
The160m,gHo β+- decay fraction is small (< 0.3%) and we ignore it. The sums
∑

m′(IγαK)m′ and
∑

g′(IγαK)g′ take into account contributions from internal
conversion electrons to formation of holes in the shell of the Dy atom in the de-
cay of the isomeric or ground Ho states respectively. We assume that these con-
tributions are approximately identical in the decays of theisomeric and ground
states. The symbolsωK(Ho) andωK(Dy) designate Ho and DyK-fluorescence
yields. If SKx andSγ are the numbers of X-ray andγ radiation quanta detected
by the Ge detector with the absolute efficienciesεKx andεγ , then their absolute
intensities areIKx = SKx/εKx andIγ = Sγ/εγ . The quantitiesRA(t2, t3),
RB(t2, t3) andRC(t2, t3) are the numbers of the nuclei160Er−A, 160mHo−B
and160gHo− C that decayed in the measurement timet3 after the hold-up for
time t2 since the moment of separation of160Er. The ratiot3(live)/t3(real)
takes into account the “dead” time of the spectrometer. The numbers of decays
are calculation by the formulas given in [2]
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RA(t2, t3) = NA(t0)ξ(λA) (7)

RB(t2, t3) = NA(t0)
[

ξ(λA)
λB

λB − λA
+ ξ(λB)

λA

λA − λB

]

(8)

RC(t2, t3) = fBCNA(t0)
[

ξ(λA)
λB

λB − λA

+ ξ(λB)
λA

λA − λB
+ ξ(λC)

λA

λA − λC

]

(9)

ξ(λj) = exp(−λjt2) [1 − exp(−λjt3)] (10)

We putfAB = 1. This means that160Er decays via the non-delayedγ-transition
to the160Ho level of energy67.11 keV with Iπ = 1+, which is followed by
population of the isomeric state160mHo with Iπ = 2− by the7.113 keV γ-
transition. The total conversion coefficientαtot of the58.98(5) keVE3 transition
(the possibleM4 admixture is assumed to be zero) which connects the isomeric
and ground states of160Ho was calculated by the code of I.M. Band and M.B.
Trzhaskovskaya [3]. It was found to beαtot = 935.1(24). Its error includes the
inaccuracy of the calculation(∼ 2%) and the uncertainty in determination of the
γ-transition energy(∼ 0.5%).

Table 1 presents the results of two measurements(t2 = 17.4667 and25.8667 h,
t3(real) = 8.3767 and32.6119 h).

Table 1.

Measurement 1 Measurement 2
I(∆I) E(∆E) I(∆I) E(∆E)
[rel.un.] [keV] [rel.un.] [keV]

Kα2(Dy) 45.217(20) 1753(41) 45.212(19) 1769(37)
Kα1(Dy) 46.004(19) 3147(67) 46.000(19) 3157(63)
Kα2(Ho) 46.708(20) 1154(30) 46.698(20) 1119(27)
Kα1(Ho) 47.552(19) 1996(45) 47.550(19) 1906(47)
Kβ′

1(Dy) 52.063(18) 984(22) 52.062(18) 982(23)
Kβ′

2(Dy) 53.526(28) 313(33) 53.490(25) 264(27)
Kβ′

1(Ho) 53.839(21) 581(36) 53.821(20) 604(29)
Kβ′

2(Ho) 55.315(19) 161(14) 55.314(18) 153(5)
γ(Ho) 59.918(19) 4.83(23) 59.916(18) 4.71(16)
γ(Dy) 86.788(13) 853(12) 86.786(13) 854(12)

Relative intensitiesKα2, Kα1, Kβ′
1 andKβ′

2 for 160Dy and160Ho from dif-
ferent measurements were compared with each other and with the data from the
tables of isotopes [4]. Though the lines are not completely resolved (see Fig-
ure 1), there is very good agreement between particular measurements and with
the literature data (within2% for Kα-lines and5% for Kβ-lines though the
Kβ′

2(Dy) andKβ′
1(Ho) lines differ in energy only by0.3 keV).
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Figure 1. The fragmentγ-spectrum from the decay160Er −→ 160m,gHo −→ 160Dy
(d36 mm× 13 mm HPGe-detector).

To suppress effects of summation of cascadeγ-transitions orγ-transitions with
Kx-rays, measurements were carried out with the radioactive source placed at a
distance of20 cm from the detector.

The intensities obtainedKx(Dy),Kx(Ho), Iγ(87 keV) andIγ(60 keV) make it
possible to consider three independent relations which allow one to determine
the branching factorfBC and the ratio of theK-capture to the total electron
capture Er−K/ǫ(Er).

Using (1)–(10) we get

fBC =

Iγ(60)

Iγ(87)

k

1 + αtot(60)
+

[

1 − ZC(λA, λB , λC)

ZB(λA, λB)

]Iγ(60)

Iγ(87)

(11)

K

ǫ(Er)
=
ωk(Dy)

ωk(Ho)

[

K

ǫ(Ho)
+

∑

(Iγαk)

]

ZB(λA, λB)

ZA(λA)

IKx
(Ho)

IKx
(Dy)

(12)
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K

ǫ(Er)
=

fBC

ωk(Ho)(1 + αtot(60)

ZB(λA, λB)

ZA(λA)

IKx
(Ho)

Iγ(60)
(13)

HereZA(λA) ≡ ξ(λA),

ZB(λA, λB) =
λBξ(λA)

λB − λA
+
λAξ(λB)

λA − λB
(14)

ZC(λA, λB , λC) =
λBξ(λA)

λB − λA
+
λCξ(λB)

λC − λB
+
λAξ(λC)

λA − λC
(15)

From (11) we determine the branching factorsfBC for the first and sec-
ond measurements. They are0.722 and 0.706, respectively. The average is
〈fBC〉 = 0.714(24). The number ofK-holes in the Dy atom formed due
to K-conversion electrons is established from the data [1] and comes out to
∑

(IγαK) = 0.2506(150). From (12), withωK(Dy) = 0.940, ωK(Ho) =
0.943 andK/ǫ(Ho) = 0.870, we getK/ǫ(Er) = 0.775 and0.825 for the first
and second measurements. Their average is〈K/ǫ(Er)〉 = 0.80(4). Similarly,
from (13) we get0.716 and0.776 with the average〈K/ǫ(Er)〉 = 0.746(30).
Ultimately, the mean weighted value isK/ǫ(Er) = 0.765(30). Substituting this
value into (13), we get the branching factorfBC = 0.733(30).

The investigation was supported by the RFBR.
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