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Ordinary Muon Capture (OMC)
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Muonic cascades (our by-product)
High momentum transfer (up to 100
MeV) -- High-lying states population
Right leg testing for DBD
calculations (coupling to charge
exchange reactions)

g, — suppression probing -- via
capture rates calculations (+ other
methods)

Angular correlations in OMC
(Doppler shape of 7 -lines)




Experimental input for NME calculations
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2B-decay 2B-experiments OMC target Status
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(E, t) distribution of the correlated events
following p-capture in 7°Se target
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(E, t) distribution of the correlated events
following p-capture in 7°Se target
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Total p-capture rates in different isotopes of Se

Counts/50ns Target Daugh. E.Y T <\..>
T | T | T | T | T | T | T | T 3 Nuclei [kl V] [ ] [1022-1]
- 76Se(u-.vin)75As (% 3 e ns
- target : 76Se S;z(u ,vIn)75As (% ,264.7) :
- 264.7 i
B ':-":::EEEEEE:I:-.. YGSG(H_,V1 n)75AS (5/2_’279-5) . 765@ (A 5As 198.6 1484(7)
104 & » L., Y2795 —
E SEmL S . E 2795 | 148.6(5)
RN "'1:53:3. ‘. 76Se(u~,v1n)7%As (15 ,198.6) 1
RN i Y986 i <148.48(10)> = 6.300(4)
3 t ". ' ., "”’:n.....“.‘ .'ou"": '.":::5553::""
10 E—; H o.u,”““’ ’ + "'“',n.::""',o. uo',o'"." uu::mmm — natse (A
— t Hy, *y :
3 H m“;i*,' " TR ", A e 0,, mm;ti"h ,m
il U g 'fmg m 7Se | 7°As 1647 | 163.5(20) 5.68(7)
-| | target : e f ”'i ‘1' *|t:'l“& " | *“H‘_
1021 80Se: 79As (% .109.6) 7,006 *| :H ! (79Se | 7As 2155 | 165.9(19) 5.59(7)
- 77,78Se: 76As(37,165.0) Y1g5.0 |||| |||| Il”” |||{ l”r
I (80)Ge | ™As 109.7 | 185.5(27) 4.96(7)
[ 77,78Se: 77As (3% ,215.5) Yo155 ‘
[ 82Se:81As (% 336.0) Yazso ‘ ' (82Ge | BlAs 336.0 | 208.2(68) 4.37(14)
10 =, | ] | ] | ] | ] | ] | ] | ] ]
0 100 200 300 400 500 600 700
t [ns]
natGe (B 163.5(10) 5.681(37)
Time evolution of the intensities of the strongest A) D. Zinatulina, V. Egorov et al. // Phys. Rev. C 99(2019)024327

y-lines following OMC in 76Se (top) ¥ "aSe

B T. Suzuki, D.F. Measday // Phys. Rev. C 35(1987)2212
(bottom) (A,

8



Energy spectra in OMC
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Energy spectra in OMC
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Partial p-capture probabilities to 7°As
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Partial p-capture probabilities to 7°As
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Partial pu-capture probabilities to 7°As
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Partial pu-capture probabilities to 7°As
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Results measured with U-spectra in 7°Se
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Isotope
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Type
of

decay

B
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0.054(2) 0.86(3)
0.020(3) 0.32(5)
0.026(6) 0.40(9)
(7) 0.40(11)
Y =43.7(43)

0.026(7
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0v25 -decay 0v2 B -experiments OMC targets Status
. Total and partial
76Ge Ge]g:zg;lls\fr?&iana 76Se capture rates, RI
yvields
8Ca TGV, NEMO3, Candles III 48Tj Total and partial
capture rates
Total and partial
106 106
Cd e Cd capture rates
82G.0 NEMO3, SuperNEMO, 82K Total capture rates
Lucifer(R&D) (PSI, 2019)
NEMO3, AMoRE(R&D)
100 4 4 100 -
Mo LUMINEU(R&D) Ru
11eCd NEMO3, Cobra 116G -
150N d SuperNEMO, DCBA (R&D) 150G Lotalicapfiremates,
’ RI yields
136X FXO200, Sam and-Zen, 13684 2020 (RCNP)
17
130Te Cuore 0/Cuore, SNO+ 130X e 2019 (PSI)
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The information from the pX-ray spectra catalogue is important! (It helps us to identify y-lines, background,
and gives correct selection of the targets and construction materials for different experiments with muons)




Angular correlations with v in OMC
(Doppler shape of y-lines)

20Ne, 12C T
and °O were o
investigated

for that purpose
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Conclusions:

B OMC presently seems to be a bit off the main stream of physics

But: it can provide important information about the high-q component of
the weak nuclear response, i.e. it is relevant for the neutrinoless double beta
decay (and astrophysics)

> Several targets (**Ti, 7°Se, 32Kr, 1%°Cd, 1°°Sm) have been studied by
our group for the double beta decay (**Ca, 7°Ge, %2Se 1°Cd, °'Nd).

Total and Partial capture rates were extracted and a substantial strength of
the ( -capture was found to reside in the low-energy region -- especially in
the case of heavy systems.

D. Zinatulina et al. Phys. Rev. C 99 (2019) 024327
PhD thesis of D.Zinatulina

® By-product: Electronic catalogue of muonic X-rays have been made
(muxrays.jinr.ru)

B Angular correlations for 2’Ne, 1°0O and 2C have been investigated
(gp/ g PCAC)
B Further theoretical efforts is be needed

B New initiatives are very welcome to advance y
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Ordinary Muon Capture (OMC)
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Ordinary muon capture studies for the matrix elements in 53 decay

D. Zinatulina,! V. Brudanin,! V. Egorov,! C. Petitjean,? M. Shirchenko,' J. Suhonen,® and I. Yutlandov!

Y Joint Institute for Nuclear Research, 141980 Dubna, Russia
2Paul Scherrer Imstitute, 5222 Villigen, Switzerland
?Department of Physics, University of Jyviskyld, PO Box 35, FIN-40351 Jyvdskyld, Finland
(Dated: October 16, 2018)

Precise measurement of +-rays following ordinary (non-radiative) capture of negative muons by
natural Se, Kr, Cd and Sm, as well as isotopically enriched **Ti, ™Se, *?Kr, °°Cd and '*°Sm targets
was performed by means of HPGe detectors. Energy and time distributions were investigated and
total life time of negative muon in different isotopes was deduced. Detailed analysis of ~-lines
intensity allows to extract relative yield of several daughter nuclei and partial rates of (p,r) capture
to numerous excited levels of the **Se, "®As, *?Br, " Ag and '*Tc isotopes which are considered
to be virtual states of an intermediate odd-odd nucleus in 28-decay of **Ca, "®Ge, 52Se, 1"°Cd
and '%9Nd, respectively. These rates are important as an experimental input for the theoretical
calculation of the nuclear matrix elements of 23-decay.

PACS numbers: 23.40.-s, 23.40.He, 27.40.+4z, 27.50.4+e, 27.60.4j, 27.70.4q

I. INTRODUCTION

At the moment the neutrinoless 53 (0v33) decay of
atomic nuclei is the only practical means of accessing
the Majorana nature of the neutrino. In order to occur
the decay requires the violation of lepton-number conser-
vation and non-zero neutrino mass. Due to the impor-
tance of the related beyond-the-standard-model physics
it is of interest to study the nuclei involved by both ex-
perimental and theoretical means. Large experimental
collaborations have been established in order to measure
the Ov33 half-lives in the presently running and future
underground experiments. The connection between the
(possibly) measured half-lives and the fundamental ob-
servables, like the electron neutrino mass, is provided by
the nuclear matrix elements (NMEs) [1].

Nuclear models aimed at the description of the NMEs
of Ov 373 decays have traditionally been tested in connec-
tion with the two-neutrino 3 (2v33) decays [1, 2] and
B decays [3]. In [4] it was proposed that the ordinary
muon capture (OMC) could be used for this purpose,
as well. The 2v33 and 3 decays are low-momentum ex-
change processes (g ~ few MeV), whereas both Ov 33 and
OMC are high-momentum exchange processes (g ~ 100
MeV). In this way the Or3f and OMC are similar pro-
cesses and possess similar features: they are able to excite
high-lying nuclear states with multipolarities J™ higher
than J™ = 1%, The 033 decay proceeds between the 07
ground states of parent and daughter even-even nuclei
through virtual states of the intermediate odd-odd nu-
cleus. These same virtual states can be accessed by the
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the processes stemming, e.g., from the neutrino poten-
tial generated by the propagator of the virtual Majorana
neutrino in the Ov33 decay [5]. Despite this difference
the OMC can effectively probe the nuclear wave func-
tions relevant for the Ov 35 decay, as shown for the light
nuclei in the shell-model framework in [6].

For the medium-heavy and heavy open-shell nuclei the
shell-model framework is unfeasible due to computational
limitations. For these nuclei the model framework of the
quasiparticle random-phase approximation (QRPA [7] is
a good choice. In particular, the proton-neutron version
of the QRPA (pnQRPA) ean access the virtual interme-
diate states of the Ov33 decays [1]. A particular prob-
lem pestering the pnQRPA approach is the uncertainty
associated with one of its key parameters, the particle-
particle interaction strength gp,. This parameter is used
to introduce a phenomenological overall scaling of the
particle-particle part of proton-neutron interaction [8].
It is not clear how this scaling should be done for the
Ov 33 decays since there is no experimental data for tran-
sitions from either the Ovf33 mother or daughter nuclei
to the multipole J™ = 17,27 intermediate states (the
1" and partly 2~ states can be probed by the (p,n) and
(n,p) charge-exchange reactions [9]). In this case the
only viable method to access this "g,, problem” is the
OMC [10]. By using experimental data on OMC to indi-
vidual intermediate J™ states one can access the value of
gpp for each multipole separately and at the same time
study the consistency of these values by comparison with
the measured OMC rates for a wider palette of nuclear
states.
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BEAM LINE:

BEAM REQUIREMENTS:

Type of particle proton
Beam energy 400 MeV
Beam intensity 1 1A
Type of particle muon
Muon momentum 50 MeV/c

Beam intensity 1 UA
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Overview of the method
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Detector efficiencies and timing
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» BU-cnekTpaxupeHTUudDMUMPOBAHO CEMb MU3OTONOB/M30OMEDPO B,
onpepeNneHb BbIXOAb 3TUX Afep Bp—+Sm)peakuunn.

YUCIIO COOBITHI

VTS U DV AT, N, xnyp) [P,
TOnN pac [10 C-l] [O/O]P
= ﬂ a
150Pm B 2.68 4 1.45(11) 12.3(9)
149mPpy IT 35 1.80(31) 15.3(26)
MKC
149Pm B 53.1 4 2.93(60) 24.9(51)
148Pm B 537 4 0.77(26) 6.6(22)
148mPpy IT 413 & 0.10(2) 0.85(17)
| | | ] . : 148m -
- - e po o = - Pm § 413 & 0.21(6) 1.79(51)
Oneprus, E (x3B) 149N d B- 1.73 4 0.78(35) 6.6(29)
148N d cTabwunesb He M3 Me e H
H bl U

VY'=68.3(69)



Muwe H u:2Kr, "tKr

[ oo vMmccnenoBaHMA:2006
8 Kr

O6oraweHwu e:99.8%
CocTaB:Kr(r aa3)
KonunyecTtBo:1.0n(1aTMm)
natKr

CocTaB:Kr(r aa3a)

KonunuyuecTtBOo:1.0n (1 aTM)
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Counts/50ns for "at82Ky

[loNnHbBE CKOPOCTMUWU-3AaXBaTa B
Pa3NMUWYHBX U30TOMNaxKr
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Counts/50ns for °°Sm

—
o
(&)

Muwe | Nlo |E) T <A p>
H b y. [K3 [HC] [106C-1]

p o
2Ky 2Br | 2448 | 142.9(6)

S1Br [ 276.0 | 142.6(3)

<142.68(37)> | 6.576(17)

natKr
84Ky 84Br | 4082 | 160.1(27) 5.81(10)
86Kr $Br | 233.0 | 173.5(26) 5.33(8)
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OueHka norpewHoCcTu

Nzenekaemoe HNerounnk Ommbka, % | KomMmenrapun
3HaYeHHe OmuOKH

AT IJIOMIATh ITHKA 1-25 3aBUCHT OT MHTEHCHBHOCTH
JUHAN U ¢doHa

3 ek TUBHOCTE JIeTeKTOpA 5-20 BO3PACTAET B HU3KOM U BhI-
COKOM JIHAala30HaxX SHePruii
OTHOCHTEJIbHAS HHTEHCHBHOCTE * 2-30 B3ATHI 13 [48]

AY; cymma omubok AL uw AL, 22-43 3aBUCHT OT TIOJHOTO KO-
JHYeCcTBA  3aCesiomnX §
paspszKalNNX — yPOBEHbY-
JTAHUN

AP; AY; 22-43

Aot 0.06-0.6 3aBHCHT OT NIpHMecH OoJjee
TSZKEION0 U30Tola B 0bora-
IIeHHOIH MHIIIEeHH

Alcap 0.06-0.6 | 3aBHCcHT OT HIpHMecH DoJee

TAXKeJI0ro u30Toma B obora-
IIeHHOIH MHIIIEeHH

I] HCIIOJIB30BaJIaCh TOJIBKO B C/IyHadX, KOIa H3BJIcHeHHe abCoMOTHON HMHTEHCHBHOCTH
“r-ITHEA OBLIIO COMHHTEIBLHBIM.
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