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Ordinary Muon Capture (OMC)
µ- ® e- + ne+ nµ
(A, Z) + µ- ® (A, Z-1)* + nµ

® (A, Z-1) + γ
® (A-1, Z-1) + γ +n

® (A-2, Z-1) + γ + 2n
® (A-1, Z-2) + γ + n + p

nucleus

mµ ~ 105 MeV

OMC

OMC

tdec = 2.2µs

Ø Muonic cascades (our by-product)
Ø High momentum transfer (up to 100 

MeV) -- High-lying states population
Ø Right leg testing for DBD 

calculations (coupling to charge 
exchange reactions)

Ø ga – suppression probing -- via 
capture rates calculations (+ other 
methods)

Ø Angular correlations in OMC
(Doppler shape of γ-lines)
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(E, t) distribution of the correlated events 
following µ-capture in 76Se target



(E, t) distribution of the correlated events 
following µ-capture in 76Se target

Time evolution of the intensities of the strongest  
𝛾-lines following OMC in 76Se (top) и natSe
(bottom). 4
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Total µ-capture rates in different isotopes of Se 

Target Daugh.
Nuclei

Eig
[keV]

t
[ns]

<lcap> 
[106 c-1]

76Se (A 75As 198.6 148.4(7)

279.5 148.6(5)

<148.48(10)> 6.300(4)

natSe (A

(77)Se 76As 164.7 163.5(20) 5.68(7)

(78)Se 77As 215.5 165.9(19) 5.59(7)

(80)Se 79As 109.7 185.5(27) 4.96(7)

(82)Se 81As 336.0 208.2(68) 4.37(14)

natSe (B 163.5(10) 5.681(37)

Time evolution of the intensities of the strongest 
𝛾-lines following OMC in 76Se (top) и natSe
(bottom) (A.

A) D. Zinatulina, V. Egorov et al. // Phys. Rev. C 99(2019)024327
B) T. Suzuki, D.F. Measday // Phys. Rev. C 35(1987)2212

Counts/50ns

tµg[ns]
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Energy spectra in OMC

prompt

delayed
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Uncorrelated



Uncorrelated

Prompt

Delayed

Ø tµg = 0-50 ns: µX-cascades (Prompt spectra) – normalization, 
identification, composition of the surrounded materials and 
target itself;

Ø tµg = 50-700 ns: g-radiation following OMC (Delayed spectra) –
partial µ-capture rates – strength function of the right side;

Ø T >> tµg : background radiation (Uncorrelated spectra) –
calibration of the det-s, identification, yields of short-lived RI 
during exposure 
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Energy spectra in OMC
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Detector efficiencies and timing

high g‘s from
35Cl(n,g), 56Fe(n,g),28Si(n,g)

and
µX-rays from Au, Cd, Sm

timing deterioration due
co-axial geometry of HPGe

time lag due to incomplete
charge collection
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Prompt

Delayed

Ø Cascade of the muonic X-rays

Ø Efficiency

Ø Total capture rates

Ø Good identification of the gammas

Ø Time window for the delayed spectra 9

What do we need for the extraction partial caprates for 
OMC?
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MEDEX’19: Good 
agreement with 
theoretical 
calculations -- group 
from Jyvaskyla
University --
J.Suhonen,
L. Jokiniemi
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Results measured with U-spectra in 76Se

Isotope Type
of 
decay

T1/2 Lcap (xn yp)
[106 c-1]

Pcap
[%]

76As b- 26.3 h 1.45(11) 13.65(255)
75mAs IT 17.6 µs 1.80(31) 6.5(11)
75As stable Not measured

74As b-, EC 17.8 d 1.1(2) 17.5(32)

73As EC 80.3 d Not measured
72As b+ 26 h 0.15(3) 2.4(5)
71As b+ 65.3 h 0.061(18) 0.96(28)
75mGe IT 48 s 0.047(13) 0.75(21)
75Ge b- 82.8 min 0.054(2) 0.86(3)
71mGe IT 20 µs 0.020(3) 0.32(5)
74Ga b- 8.1 min 0.026(6) 0.40(9)
72Ga b- 14.1 h 0.026(7) 0.40(11)

∑=43.7(43)

Background radiation (Uncorrelated
spectra) –
Ø calibration of the det-s, 
Ø identification, 
Ø yields of short-lived RI during 

exposure 
14
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Back Slides
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arXiv: 
1803.10960v2
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URL: http://muxrays.jinr.ru/

Измерено более 75 химических элементов, PSI, µE1 и µE4
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Total µX-ray spectrum of Cd  
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Мишень:  48Ti
Год исследования: 2002
Обогащение: 95.8%
Состав: TiO2 порошок
Количество: 1.0 г
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Полные скорости µ-захвата в 48Ti

272 нс (изомер)
Мишень Доч.

ядро
Eig
[кэВ]

t
[нс]

<Lcap> 
[106 c-1]

48Ti 48Sc 370.3 363.8(26)
47Sc 807.8 359.7(28)

1297.1 358.0(40)

47mSc 767.1 358(10)
[+272 нс]

<361.1(24)> 2.323(15)
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м

<3
1+

3216.1

1-, 2-2670.3

2+

3149.9

2783.3

2190.46
2275.48

622.64
1142.57
1401.69
1891.06

130.94 5+

3+
4+252.35

2+

2–
3-

3+
2+

2517.3
2640.1

1+
1, 2-

0 6+

2811.2 1, 2, 3

3056.5 1+
3026.2
2980.8 1+

2,3

β-
48Sc

48Ti

2729.0 4+,5+

1.185 (677)
1.136 (707)
0.11 (6)
0.55 (32)
0.71 (42)
0.52 (23)
1.056 (328)

1.175 (717)

0.19 (6)
0.19 (8)
0.47 (33)

0.53 (29)

0.45 (24)
0.14 (8)

O
M
З

0.379

0.447

0.160

0.439

1.000
0.959

0.102

0.128

0.080

0.050
0.195

1.000

J.Suhonen et al.Pj, относит.

Парциальные вероятности µ-захвата 48Sc

0+

∑Pj (%) = 8.40 (157) 

Pj, % от Lcap

0.118 0.011

0.991

0.397
0.160

0.891

0.599
0.464
0.093
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