Measurements of
low-energy beta-decay processes
using Penning traps

Filianin Pavel

MPIK

IMPRS seminar 22.01.2019



Outline

Low-energy B-decay processes for the absolute
neutrino mass determination

Penning-trap mass spectrometry
for the B-decay energy measurements

Status of PENTATRAP

Conclusion

o]



Neutrino mass determination

Three main approaches to determine the absolute neutrino mass:

3
1) Cosmology Tm;=) m

>m ;< 0.12 eV  [Delabrouille et al. JCAP 2015 (2015) 011]

3
2) Neutrinoless Double (3-decay  mq=> v2m,
i=1

mgg < 0.24 eV [Barabash, arXiv:1702.06340, 2017]

3
3) Kinematic Determination m. = JZIUciQm?
i=1

from supernova explosion m Ve < 5 . 8 eV [Pagliaroli et al. Astroparticle Physics 33 (2010) 287]

from ﬁ—decay m Ve < 2 eV [Otten and Weinheimer Rep. Prog. Phys. 71 (2008) 086201]

L the least model dependent approach
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Necessary ingredients:

1. Spectrum with high statistics
2. Good theoretical description of the spectrum
LN Q-value 1s the most important fit parameter



f-decay energy (eV)

B-decay energies

proton number Z
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f-decay energy (eV)

B-decay energies

proton number Z
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B-decay energy of ¥/Re
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Q-value is the endpoint energy of the 3-spectrum
or is the mass difference between parent and daughter atoms
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f-decay energy (eV)

B-decay energies

proton number Z
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Neutrino mass in electron capture

N u

AW/WAE in kev ™

‘ ‘\‘ Auger-electron
66 C /
Auger-electrons spectrum of *Ho
Mg N ] 1

A P QNNN(,I? M0, 3Ns i
=/ ]ﬁ g o o NoNed | E

N | | B e B T v

LM , biotedd 1 e M Mo 7
IRt R ] 1. 7
nose || | iRy | i
m o N[ i TR i A.DeRjula, M.Lusignoli.
S V2 o | Nuclear Physics B219 (1983) 277
E dr i I ] [ ' :
- ma i =
COERR L L b i

iN;NmM;;l MeMyNagl || M NNy 5 E% !

: MaNeaN a aMal
| !“_‘sNstl a21Na,

3 .M, M) o

a5 64 06 08 I R R P 05

E (keV)



Neutrino mass in electron capture
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counts (a.u.)

Neutrino mass in electron capture
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Neutrino mass in electron capture
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Search for new candidates

Main criteria: Q—B; — 0

. w E o © - & o o ' w & o © = o o o
mﬁUD.[—IBQ_IQ_D_- coﬁUD_[—IBQ_IQ_D_
P & 3 2 3 2 2 s X s < P a 3 2 B 2 2 b 3 g <
100 - - il
100 - T
| L) I | 80- * E P’y i
~ 80- . 60 - T
1> - - {
L 404 ? *
~
60 - - -1 ~— 4
L * 20 4 = *
- - :n"‘
d ! ] *
o O -
20 - - 201 e K-capture
1 e L-capture
-40 -
- 1 ® M-capture
- -60 .
nuclide nuclide



Search for new candidates

Main criteria: Q—B; — 0
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Search for new candidates
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Penning-trap Mass Spectrometry

SHIPTRAP
GSI
Darmstadt

ISOLTRAP
CERN

[/
| | / e
\ | B .
PTR z -
\ L 4
T -\l B
3 | P
4 RN .| RS
(s ) d
e =
i -~

7?9,{1 &7




Penning trap

homogeneous
B-field

° ®10



Penning trap
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Penning trap
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Q-value determination
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ToF-1CR (Time-of-Flight lon Cyclotron Resonance)
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MCP detector
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on-line measurement at ISOLTRAP (CERN)
for the Q-values determination of
194Hg and 202Pb

OM/M ~ 1078

]2



Pl-1ICR (Phase-lmaging lon Cyclotron Resonance)

Position sensitive
MCP detector
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on-line measurement at ISOLTRAP (CERN)
for the Q-value determination of 131Cs
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off-line measurement at SHIPTRAP (GSI)
for Q-values determination of 13Ho and 18’Re
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FT-ICR (Fourier Transform lon Cyclotron Resonance)
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PENTATRAP
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PENTATRAP

Features:

1) highly-charged ions

2) single ion sensitivity

3) simultaneous measurements in
two adjacent traps

Test measurements:

9

~ |

129Xe / 131Xe
1BlXe / 132Xe

132X e / 134Xe

PENTATRAP (8M/M ~1-10711)
in agreement with FSU-trap

(SM/M ~ 5+ 1011)

trap4 trap 5

Future upgrades:
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1) Cryogenic valve

2) Magnetic field stabilization
by compensating coils

3) 10'* atoms in a sample for
the ion production
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counts (a.u.)

Neutrino mass in EC of 13Ho
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PENTATRAP

Q-value of 1%3Ho
with 6Q <1eV

(as the main
spectrum
fit parameter)

sub-eV
sensitivity to m,,

[Gastaldo et al. Eur. Phys. J.
Special Topics 226 (2017) 1623]
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 Penning-trap mass spectrometry

Summary

 Low-energy beta decaying nuclides
can be utilized for the absolute neutrino mass determination

1s the precise and accurate tool for the B-decay energy determination
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Thanks for your attention!



