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Contributions:

» Paul Sherrer Insitute (PSI), Switzerland: A.Knecht, S.M. Vogiatzi — HPGe detectors, mounting, data taking,
administrative work at PSI;

» Joint Institute for Nuclear Research (JINR), Russia: D. Zinatulina, V. Belov, M. Fomina, K. Gusev, ,
S. Kazartsev, N. Rumyantseva, E. Shevchik, M. Shirchenko, Yu. Shitov, I. Zhitnikov— management,
logistics, setup (targets, HPGe detectors, detectors frame, counters), mounting, data-taking and analysis,
publications;

» Technische Universitit Miinchen (TUM ), Germany: T. Comellato, M. Schwarz, S.Schonert, C.
Wiesinger, E. Mondragon — HPGe detectors, logistics, data taking and analysis, software for DAQ);

» University of Alabama (ALABAMA), USA: I.Ostrovskiy — '36Ba, data taking, publication preparation;

» University of Jyviiskyli, Finland: I.Suhonen, L. Jokiniemi — NME calculations, interpretation experimental
data with NME models, publications;

> Physik-Institut, University of Zurich (ETH).Switzerland: L.Baudis, G. Araujo, J.Huang — administrative
work, HPGe detector, data-taking and analysis;

» KU Leuven Belgium: T. Cocolios, M. Heines — HPGe detector?, shifts during data taking, mounting, data
analysis;

» Research Center on Nuclear Physics (RCNP), Osaka University, Japan: H. Ejiri — interpretation

experimental data for the proton-neutron model, publication preparation;

» Universiti Teknologi Malaysia (UTM), Malaysia.: I.H. Hashim, F. Othman, Zh.W. Ng — data taking,
offline analysis, calculations with proton-neutron model.
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Funding:

» Joint Institute for Nuclear Research (J INR), Russia:
The project MONUMENT (OMC4DBD) officially supported by JINR

> Swiss “Research Preparation Grnats” in collaboration with Paul Sherrer
Insitute (PSI) and JINR:

coordinator - A.Knecht (materials, equipment, transport expenses and part of
accommodation during beam-time)

> DFG-RFBR grant: “Joint German-Russian Project” (Technische Universitat
Miinchen (TUM) & JINR):

coordinators S.Schonert (from TUM) and D. Zinatulina (from JINR)
(materials, logistics, transportation, supporting PhD student, equipment expenses, part
of accommodation during beam-time)

> Research funding from Ministry of Higher Education Malasia (UTM)
Malaysia.: coordinator - I.H. Hashim
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Joint Institute for Nuclear Research
Dzhelepov Laboratory of Nuclear Problems
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Ordinary Muon Capture (OMC4DBD)
measurements in 2021 year at PSI

Daniya Zinatulina
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The Motivation
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Experimental input for DBD NME calculations

2
1 2 0

oC E U-m.| G
]—i(/); el ll ) |

I

‘2

J

(A,Z+2|S|4,Z)
|

H

f v
(7145 M (A,Z+2|S|A4,Zyc Y (Z+2|H|Z+1,n){Z+1,n|H|Z)
h J \ J

H
Y

8
: P T I B I -
7 — REDF —
— QRPA Jy N AR 7]
6 — QRPATU I h I A 4 =
[ QRPACH  + | [ i 7
E oo Tm s
O>§ 4 :_SM St-M,TkI [ ] [ b L L _: 1" M
— I f S — ] (pﬂ [1)
3 — [ —_— \
- e T boe B T [7 OMC
[ A r_ ® A - Y
[ | T z — 2"
F e + E ¥ OM3
- = 7 76
0 1 || L | I 1 . V As
48 7682 96100 116124130136 150 I 76Ge B
A
. . : e BB
APPEC-2019, Recommendation 6: The computation of nuclear matrix elements _i_ _______________________________ ouk target

is challenging and currently is affected by an uncertainty which is typically
quantified in a factor of 2-3... An enhanced effort is required and a stronger
interactions between the particle physics and nuclear community would be highly
beneficial. Dedicated experiments may be required.

76Se - MHIIEHD

Daniya Zinatulina , 19.04.2021 2



g, — suppression probing -- via capture rates calculations

quenching...
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Testing shell model calculations for “°Fe,
**Mg, °°S (L. Jokiniemi talk in detail)

The level scheme of light
nuclei is very well known

Experiment vs. theory

Optimization for DBD
candidates

Testing g, quenching

1)

KU

Daniya Zinatulina , 19.04.2021

56
55 Mn

L. Jokiniemi
and J.Suhonen

0.215 <«
Ap = 36586 1/s

aaaaa

An

0.094

Ap =90012 1/s

0

,\“ = 1516

l/s

= 16858 1/s

<«

P A—

0t

56
ae Fe

A~ Clg) Z gy My (16, 0) + gaMa(r,w) + gpMp(r,u)|”



Astrophysics with 1Mo (H. Ejiri talk in detail)

Astro neutrino (including solar and supernovae neutrino study) observation provides
evidences for neutrino matter oscillation, nuclear fusion reaction in sun and as tools for
probing the supernovae (SN) explosion process

It was proposed to measure SN antineutrinos on *°°Mo (MOON) [1, 2]

OMC in °°Mo will give experimental input for theoretical calculations of this process
~100MeV

100Mo(Vv,, €7)'1°°Nb (SN)

100Mo(u-, et)'1°°Nb (OMCOC)

[1] H.Ejiri, J.Suhonen, K.Zuber. //
Phys. Rep 797 (2019) 1 — 102

[2] H.Ejiri, J.Engel, N. Kudomi //
PLB 530 (2002) 27-32
100\ o
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Muonic X-rays Catalogue

@ Nuclear Responses for Double Bc X @ Mesoroentgen Catalogue X -1
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Joint Institute for Nuclear Research

Dzhelepov Laboratory of Nuclear Problems
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Main About Measurement conditions Authors
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More than 75 chemical elements, PSI, pE1 n pE4 (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)
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The Ordinary Muon
Capture itself

I’m single and I’m looking
for bond...Muon Bond ;)

aw, that is
interesting and
attractive!!!

Daniya Zinatulina , 19.04.2021 7



What do we get from the Ordinary Muon Capture (OMC)?
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v Muonic cascades (our by-
product)

» High momentum transfer (up to
100 MeV) - High-lying states
population

v" Partial capture rates

v" The radioactive production

rates (yelds of isotopes/
isomers)




Number of Entries

(E, t) distribution of the correlated events following
u-capture in 2*Mg target (I.Zhitnikov talk in detail)

Lifetime Evolution of a Gamma Line
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(E, t) distribution of the correlated events following
u-capture in **Mg target (I.Zhitnikov talk in detail)

o = > 1, =0-200 ns: pX-cascades (Prompt
¥ (Na™ 080 Y00 (Na®)_ Sl spectra) — normalization, identification,
T L ‘ composition of the surrounded materials
and target itself;

Number of Entries

> t,,=200-2000 ns: y-radiation following
OMC (Delayed spectra) — partial p-
capture rates — strength function of the
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Uncorrelated events of short-lived RI isotopes produced
by p-capture in Mg target
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Upcoming 2021
beam-time at PSI




nE1-2 beam-line (PSI)
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Muon flux -> 2 x 103 — 6 X 104 s

Daniya Zinatulina , 19.04.2021

PAUL SCHERRER INSTITUT

13



Proposed measurements in the first year
of the project

ISO connector
HPGe detectors

C1 Beam line
Light guide Cco /

PMT #1

L
17 ' D"" |
PMT #3 PMT #2 L “\
L Mylar window c
C2 Y\@q
Target (SOLID or GAS) HPGE dESIEHBES e 6
ovap- ov2p- OMC target
decay Experiments argets
nEXO, KamLAND2-Zen,
136Xe NEXT, DARWIN, 3°Ba (23-27%)/
na
PandaX-II1 a
7°Ge LEGEND 76Se (99.7%)
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Pr—

Detection system and DAQ Ij——

> Set of 7 HPGe detectors +
1 spare HPGe detector :

K. Gusev &
E. Mondragon talks

» Beam control:
Co

C1-C2 E. Shevchik talk

C3

» DAQ-1: 2 SIS 3310
digitizers@250 MHz
MIDAS DAQ

> DAQ-2: 2 SIS 3316

digitizers@250 MHz M. Schwarz talk
LAMA DAQ

Daniya Zinatulina , 19.04.2021 15




Off-line measurements @ LRC PSI
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Beam Schedule 2021 (OMC: 10 October - 7 November)

PSI 590 MeV Program 2021

https://www.psi.ch/de/sbl/schedules <stefan.ritt@psi.ch> Month April May June July August Septemb Octob N b Di b
Last update: 4/18/2021 16:38:31 Week number| 14 (15 |16 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30 (31 (32|33 |34 |35 |36 |37 |38 |39 (40 |41 |42 |43 |44 |45 |46 |47 |48 |49 |50 | 51
Availability
Days|0 (7 |3 |7 |6 |7 |3 |7 |7 |7 |3 |7]|6 3|7|6|4 (5|7 |7 |6 |7 |3 |7|7|6|7|3|7|7|6|7|3|7|7|6]/|3
2212121 al21212|1216212(2|4]|¥|¥|¥|wlel®|2|R|lolele(e(3(2(22(2(2(2(222 3| |R
Start(Monday) | & R (2 (B |(s (23|I |R L |II|2IR(IB|F |3 |B|s|a|a B 8lsa|(B8[(¥ (2|22 % = s5la|lBIB|s|a3|8
R|S[R|RIRIRIZ[R[R[R[R[R|R|RIRIRIS(RIR[RIR|RIRIR|R|R(RIR|S|R|RIR|R|R|R[RIR|R
Area Experiment PSI Contact NRINRINRININRIRIRIRIRINININIRININININININIRIRNIRNIR(IN(IN(N(N(R[(R(RIN(R(RIR|N|N|N|N
PiM3 MuSR (GPS&LTF) Amato Amato (coord.)
PiE3 MuSR high field Scheuermann Scheuermann (coord.)
MuE1l MuSR (GPD) Amato Amato (coord.)
MuE4 MuSR (LEM) Prokscha Prokscha (coord.)
PiE1-1 MusSR (Dolly) Amato Amato (coord.)
R-21-02.1 muon EDM Schmidt-Wellenb. Schmidt-Wellenb.
PiE1-2 MIXE Amato Amato/Knecht
R-20-01.1 Knecht Zinatulina
R-21-03.1 Antognini Knaian
R-08-01.3 Knecht Kravchenko
Muonium Antognini Soter
PiES R-99-05.2 MEG Papa Mori
R-12-03.1 Mu3E Meier Schoening
R-16-02.1 HyperMu Antognini Antognini
musSR Pixel Meier Meier
UCN-S R-05-03.1 n2EDM Schmidt-Wellenb. Schmidt-Wellenb.
UCN-W1 R-21-01.1 Mirror Neutrons Lauss Ayres
PiM1 R-12-03.1 Mu3E Meier Schoening
R-12-01.2 MUSE Reggiani Downie
Praktikum ETHZ Antognini Antognini
Praktikum UZH Meier Steinkamp
microRWELL Meier Bencivenni
TIMESPOT Meier Cardini
IDEA Meier Cibinetto
PAD Micromegas Meier Camerlingo
PIF Meier Wojciech
DMAPS Meier Caminada
CMS Diamond Meier Hits
LCNS Meier Losekamm
VOXES Meier Scordo
LHCB Pixel Meier Steinkamp
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Preliminary measurements in 2019 in frame of the muX collaboration

Addendum to proposal R-16-01.1 ("Muon capture on double beta decay nuclel of 130Xe, 82Kr
and 24Mg to study neutrino nuclear responses") e — e ——

ISO connector

Custom connector

Light guide L2 Lol
PMT #3 EMIE;} (
\ 0q [T 4
[ ntE1-2
__I_ 7777777777777777777777 "I"I'"I. J : |
sommes) [ 1 )
GAS vessel (C3) PMT #1 A
61
ov2f3- ov2p-
decay Experiments OMC targets
NEMO3, S NEMO,
52Se CUI:EID}:)pfl;&D) 52Kr (99.9%)
130T'e Cuore, SNO+ 130X e (99.9%)
. Testing shell model o
for NME 24Mg (99.85%)
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Pf@liminary measurements in 2019 at PSI PAUL SCHERRER INSTITUT

=

«Miniball» HPGe

detectors array

Daniya Zinatulina, 27.11.2020

| DAQ: 3 digitizers@250 MHz

MIDAS DAQ
MIDAS slow control
Online analysis
Data backup
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Experimental method of OMC
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Experimental method of OMC
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Comparison of experimental OMC results with
theoretical calculations

OMC in 7Se
S OMC rate ( 1/(5 B
s—Q JT Exp® RPA
( (A+1,Z+1) 01 5120 414
n e 1 218 240 236 595
S I I N 31 360 28 991
S5 2t 120 960 114 016
w1z { ' } 2= 145920 + g.s. 177 802
left virtual L = 1‘ ¥ OMC 3+ 60 160 55 355
tranSItlon(AZ) (o((:ld,;d)d) right virtual 3_ 53 120 34 836
(even:even) Nion 4+ - 2797
e 4~ 30 080 23 897

(even, even)
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