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Outline

Double beta B decay

-> decay rate.

-> neutrinoless double beta ov 8 decay NME.
96Zr project

- the specialties of 96Zr/ 9°Nb for 3 and B3 decay
IGISOL facility
Mass measurements using ion trap (JYFLTRAP)
Results of experiment
Summary
The latest publication about 7' Ga/7' Ge Q-value.



Open questions in neutrino physics

* What is the absolute mass for neutrinos ?
* Are neutrinos Dirac or Majorana particles ?
* Which mass hierarchy is realized in nature ?

N
Paul Dirac O\/ﬁﬁ _decay Ettore Majorana
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A(Z,N)— A(Z +2,N -

2)+2e" +2V,  A(Z,N)— A(Z+2,N -2)+2¢

> Allowed in Standard Model (AL=0) » Forbidden in Standard Model (AL=2)

» Observed experimentally

» Not observed yet

» NME is measured (charge-exchange reaction) » NME is only calculated

» No effect on the v mass

» low-q phenomenon (g, ~ 0.01 fm™)

2vpp-decay

» v has Majorana mass
» high-q phenomenon (g, ~ 0.5 fm")
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PP~ decay
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P~ decay rate

2vp B~ decay:
T% - 1019—21y

Ovp B~ decay:
T 1> 10% y
favorable:

1. high Q-value
2. large Z

T=G(Q,Z)x g% x

5-body
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Objective of 9%°Zr project

0+ - 146.1

962]’ 44.2 T1/2=23h

33 83

Why zirconium?

0+

96Mo

» Features single f~and B~ decay (only with 43Ca)
» Single B~ decay is 4-fold forbidden = direct test to ovg- NME

= Side effect: single B~ and 2vp B~ decays gives handle on g,




Competition between f§ & B decay of %Zr

two conflicting half-lives:

NEMO-3: TP =(23+02)x10"y
geo-chem: T, =(0.94+0.32)x10"y (D)

can this difference be reconciled ?
yes, if single p competes with Bp decay

(Tl/z )_1 = (le/;m5 )_1 + (Tﬁz )_1
expected T, = (1.6x0.9)x10"y

experiment T) >2.6x10"y 5

pred. (QRPA) Tﬁz =24 x 1019y 3D

BUT
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0* > 6* 6-fold non-unique (unobservably long)
0* > 5* 4-fold unique (possible)
0* > 4* 4-fold non-unique (no phase space)
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1st = We measure the single f§ and p-p-
— decays Q-value of %¢Zr
Moneren MVE=™T (my thesis project)

2"d Determine the %Zr single § decay half-life:
Geo-chemically Counting

CALGARY



How to measure 3 decay Q-value of %6Zr ?

Mass measurements °Zr *°Nb &°°Mo using Penning trap

G

M=Au+ ME 0

A =96, u=931.494 MeV/ c? \ _N.A . o
ME = mass excess [AME12] ) M = N O+ z O+ Z

777" - binding energy

Q-= M nother - M daughter ¢
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| Figures from Eronen EPJA 48-2012 |

Electrostatic

beam switchyard Ion source
(on-line or off-line )
55 deg dipole
I‘g:c'i"" oy magnet, R=500 A

with MCP
———F— | <—

30 keV beam from IGISOL

Alq=96

MOJ} 9H

weaq uosjopd)

purification & isobars separation mass measurement via cyclotron
By buffer-gas cooling tech. frequency, p.<107mbar.



Beam production at IGISOL

Off-line measurements

%6Zr and %°Mo

off-line ion source
On-line measurements

%Zr (p, n)°°Nb reaction S

57% enriched °°Zr target

for production of 2°Nb

10MeV proton
beam r . |

target (on-line) ion source

Note icisoL produces on-line :
9Zr ----- from target material
98Nb ---- (p,n) charge-ex reaction

96Mo----- from havar separator foil

mother & daughter ions
are produced at
IGISOL at the same

time



lon motion in a Penning trap

Homogeneous magnetic field + static electric field provides 3D confinement
results in three eigenmotions:
be

= >
T 2 >

g
_.V :

1. Magnetron motion w_

2. Reduced cyclotron motion w,
3. Axial motion w,

deay Suiuuad [eapi

ring |
electrode

W, =W +w,

w =1kHz,
w+:1 MHz




Excitation of ion motion in trap

How to measure any of the ion eigenfrequencies in a
Penning trap ?

- Excite the ion eigenmotion by applying
a dipolar or a quadrupolar electric field
with a corresponding frequency

(v. orwv,)

excitation of ion in the presence of the
buffer gas (purification trap > 500/1)



» Performing precision mass determination via
cyclotron frequency v, measurement

1 q.B
27T m

VvV =

C

W = 2TT V_

» Cyclotron frequency vV, determination
done by TOF-ICR technique

Mean time of flight / us

5

Typical conventional TOF spectrum
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R,

c daughter

» Frequency ratio 7 =

¢ mother

at v. ion acquires extra energy
—> shorter time of flight




Q-value from mass doublets

Atomic mass is:
M =1 (M dau@

precision required

-m ) -+ m Am o other given by Ar & Am daughter
€ e

mother

Q-value is:
Q — Mmother_ M

AQ given by Ar only
= [r—l](M -m_)

daughter daughter

=104

Note:
1. Ar in order of 109

2. The mass dependent corrections cancel out (no systematic
uncertainty)



Jyvaskyla, Finland
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v =1120477.608 Hz Ve =1120479.664 Hz

Ramsey excitation pattern 25:750-25 (on:off-on)



1461 (4%
44.2 (5%)

w— = 3192.05(16)

2438.5 (5+)

= 3356.097 = 0.086 keV
7-1keV higher than AME2012

=163.96 = 0.13 keV
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week ending
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Summary

Q-value of %%Zr - 9°Nb 4-fold forbidden single  decay is measured for the first
time using mass spectrometry

Q-value sets ground for the new measurement of the %Zr-9%Nb half-life

The Q-value & half-life allow extracting the NME for the 4-fold forbidden
decay and comparing with theory calculations

The comparison provides a test for the ovpf3 NME calculations for the same
96Zr nucleus

4
The single  decay < gj while the known 2v@f decay scales with §, !!!
this allows comparison of the g, quenching within the same %Zr nucleus

Next step: the T,,, of single p-decay has to be measured



In the context of solar neutrinos
The /'Ga (Ve y E) 71Ge reaction Q-value has been measured in JYFLTRAP

Q =232.443 * 0.093 KeV

International Journal of Mass Spectrometry 406 (2016) 1-3

Contents lists available at ScienceDirect
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ELSEVIER journal homepage: www.elsevier.com/locate/ijms

Precision 7'Ga-"!Ge mass-difference measurement (!)CmssMuk
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ARTICLE INFO ABSTRACT
Article history: The 7'Ga(ve, e~ )’ Ge reaction Q value has been measured with the JYFLTRAP mass spectrometer at the
Received 15 March 2016 IGISOL facility of the University of Jyviskyld to Q=232.443(93)keV. This value agrees with previous
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measurements, though it features a much higher accuracy. The Q value is being discussed in the context
of the solar neutrino capture rate in 7'Ga.
© 2016 Elsevier B.V. All rights reserved.
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