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Outline
ISOLTRAP:

- Setup overview and what we can do with ISOLTRAP

- New feedthrough system for electro optical tools

- Status of the first ion beam SIMION simulation

Beta-Spectroscopy:

- Good for more physics, ultra-low Q-value and neutrino mass 
measurement

- Ultra-Low-Beta-Spectroscopy setup at TU-Dresden

- First background measurement results and what we can learn
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CERN/ISOLDE/ISOLTRAP
Overview:
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ISOLTRAP
Mass measurement/whole setup:
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ISOLTRAP
Mass measurement/whole setup:
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ν =
𝑞𝐵

2π𝑚



ISOLTRAP
Construct:

Reacceleration and feedthrough system:

5

LD 100-50

Reacceleration, 
-focusing and
-positioning

Vacuum pump 
with shutter

Refocusing and -positioning
To TS

André Welker, GK Spring Meeting, Krippen, Mar. 31, 2014



ISOLTRAP
Construct:

Reacceleration and feedthrough system:

6

Refocusing and -positioning

André Welker, GK Spring Meeting, Krippen, Mar. 31, 2014



ISOLTRAP
Construct:

Reacceleration and feedthrough system:

6
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ISOLTRAP
Construct:

Reacceleration and feedthrough system:
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110 cm
Reacceleration, 
-focusing and
-positioning
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ISOLTRAP
Construct:

Cut through the feedthrough system:

10

It‘ll support e.g. PS-MCP, channeltron, quadrupole

Optic tool train
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ISOLTRAP
Construct:

Tool train:

11

Linear compact stage 
(one ore more directions)

25 𝑚𝑚3

One tool train idea

Real example

Linear ball-bearings
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ISOLTRAP
Inventor:

Quadrupole/Ion beam bender:

12

Side View: Top Side View (open):

- SIMION simulation will follow within the next few weeks

126 mm

12 mm
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SIMION/ISOLTRAP
Simulation:

Quadrupole measurement + acceleration:
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- Beam hits the wall, must be recalibrated
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ISOLTRAP
New shutter system:

Problem:

- Two different pressures 10−5 and 10−9 mbar must be handled

- Shutter must open within 20 ms, not reachable for metal valves

Shutter materials/for vacuum tests:

- myRIO, as a programmable controller unit

- Two different SLR shutter are in the lab (metal, plastic)

myRIO with a Zynq
(FPGA/ARM)

Connector for flexible 
cable
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New aim: Find ultralow Q-value

Now isotopes are considered including beta decays into excited states

Currently used: Tritium 18.6 keV , Re-187 2.47 keV

JYFLTRAP (T. Eronen et al.) Q− = 0.35(17) keV
Florida StU (B. J. Mount et al.) Q− = 0.155(24) keV

Example: In-115

Discrepancy

Eronen et al. value

Neutrino Mass Measurement
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Half-life remeasuring in TU-Dresden

Another Example – Cs135
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How we can measure it:

Setup at TU-Dresden:

Copper chamber for low 
background

Vacuum pump

HV

PreAMP DAQ

17

Beta-Spectroscopy
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How we can measure it:

Low-Beta-Spectroscopy-Chamber at TU-Dresden:
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Beta-Spectroscopy

Half-cut

PIPS detectors

Delrin holder
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PIPS Detector Values:

PIPS: Passivated Implanted Planar Silicon
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Beta-Spectroscopy

Beta chamber
half-cut
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Measurement:

First results and what we can learn:
- 4 day background

- 300 𝑚𝑚2 PIPS detector calculated C = 315 pF N(FWHM[keV]) = 170 keV
- New 2003BT PreAMP is ordered: N(FWHM) = 4 keV

Muon

Noise
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Beta-Spectroscopy

Energy[keV]
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Measurement:

First results of Muon background measurement:
- 4 day background
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Beta-Spectroscopy

Energy [keV]
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Measurement:

Calibration results with the 137𝐶𝑠 conversion electrons:

22

Beta-Spectroscopy

CE K 624,216

CE L 655,668
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Summary
ISOLTRAP:

- Presented the ISOLTRAP experiment and how we can measure masses 
with this setup

- Talked about the sizes and ideas for the feedthrough system

- Mentioned the usage of LabView for stepper motion and shutter 
system control

- First SIMION simulations are done

Beta-Spectroscopy:

- Showed candidates for Neutrino mass measurement linked to the 
Low-Beta-Spectroscopy PIPS-detector setup in Dresden
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Thank you for your

attention!
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Backup
Lab Status:

Muon-Veto:

- Problems -5 V trigger signal from school Muon-Veto project.

- Solved with a small converter.

Trigger input

Trigger output
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Lab Status:

Muon-Veto:

- Zoomed view:
Timing problems, to slow
for the ADC trigger gate. τ = 3 µs

- Solved with a faster transistor
and new resistor values. τ = 250 ns

- New results will follow.

TriggerMuon

Muon

Trigger

Backup

André Welker, GK Spring Meeting, Krippen, Mar. 31, 2014



Idea:

- Theory of Mustonen/Suhonen
(pnMQPM: Proton-Neutron Microscopic Quasiparticle 
Phonon Model)

The measurable quantities in 𝜷-decay and electron capture do
not depend on the nucleus alone, they are also determined by
processes within the atomic shell.

(Behrens and Jänecke 1969)

e.g.
- Better understanding of the electron wave functions
- Electron polarization
- 𝛽 − 𝛾 directional and circular polarization correlation
- Electron emission from oriented nuclei
- Shapes of beta spectra

Backup

André Welker, GK Spring Meeting, Krippen, Mar. 31, 2014



Idea:

- Theory of Mustonen/Suhonen
(pnMQPM: Proton-Neutron Microscopic Quasiparticle 
Phonon Model)

The measurable quantities in 𝜷-decay and electron capture do
not depend on the nucleus alone, they are also determined by
processes within the atomic shell.

(Behrens and Jänecke 1969)

e.g.
- Better understanding of the electron wave functions
- Electron polarization
- 𝛽 − 𝛾 directional and circular polarization correlation
- Electron emission from oriented nuclei
- Shapes of beta spectra

Backup

André Welker, GK Spring Meeting, Krippen, Mar. 31, 2014



Equation - short form:

Probability for emitting an 𝑒−
 Shape of beta decay

- 𝐺𝐹 = Fermi coupling constant

- 𝑝𝑒 = 𝑊𝑒
2 + (𝑚𝑒𝑐

2)² = electron momentum

- 𝑊𝑒 = 𝑝𝑒
2 + 1 = total electron energy

- 𝑊0 = maximum value of 𝑊𝑒

- 𝑝ν = 𝑊0 - 𝑊𝑒

- Z = atomic number of the daughter nucleus
- 𝐹0(𝑍,𝑊𝑒) = Fermi function, takes the distortion by the electron wave function

into account by nuclear charge
- 𝐶 𝑊𝑒 = spectrum shape function

Backup
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Equation – a bit expanded:

Probability for emitting an 𝑒−
 Shape of beta decay

Spectrum shape function

- 𝐹𝑘𝑒−1(𝑍,𝑊𝑒) = generalized Fermi function

- 𝑘𝑒 , 𝑘ν = relativistic quantum numbers
- K = transfered angular momentum
- 𝜇𝑘𝑒

= Coulomb function

- γ𝑘𝑒
= 𝑘𝑒

2 + (α𝑍)²

Backup
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Theory to remember :

- Half-Life

- 𝑀𝐾 = Nuclear matrix element
- 𝑓𝐾(𝑊0, 𝑍, 𝑅) = phase-space function
- λ𝑓,𝑖 = decay constant

- 𝑇1/2 = half-life

- Z = atomic number of the daughter nucleus

𝑇1/2=
1

𝑀𝐾
2 ∙𝑓𝐾(𝑊0,𝑍,𝑅)

= 
ln(2)

λ𝑓,𝑖

Backup
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Theory to remember:

- Rules for unique/non-unique and allowed transitions

J  = L + S (total angular momentum)
𝜋 = parity

Mustonen UNIVERSITY OF JYVÄSKYLÄ
RESEARCH REPORT No. 5/2010

Backup
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𝟏𝟏𝟓𝑰𝒏 transition:

- Fourfould forbidden non-unique transition 49
115In 50

115Sn

Mustonen
Phys. Rev. Lett. 103 (2009),
122501

Backup
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Tasks:

Theoretical 𝟏𝟏𝟓𝑰𝒏 fourfold forbidden non-unique spectrum:

- Calculated with the presented theory

- Theory agrees with the experimental Q-value, half-life, log ft-value
- Problem to measure the real shape in the lower energy region

Mustonen UNIVERSITY OF JYVÄSKYLÄ
RESEARCH REPORT No. 5/2010

Backup
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Tasks:

As thin as possible/countable foil to suppress electron interferences:

- 115𝐼𝑛

𝑄 = 497.489 keV 𝑡  1 2
= 4.41 × 1014𝑎 𝐴 = 0.26 𝐵𝑞/𝑔

with 300 𝑚𝑚2, 10 μm foil → 4.5mBq
efficiency at 10 mm distance (12%) → 0.54mBq

- Amount of expected and measured electrons: ~105/a, with 6 detectors

- Other possible candidates for the beta decay shape measurement are
50𝑉 and 113𝐶𝑑

Backup
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Measurement:

Theoretical and experimental 𝟏𝟏𝟑𝑪𝒅 fourfold forbidden non-unique spectrum:

- Calculated with the presented theory and measured with real data

Mo: 17:45 HK11.05
Fabian Heisse

Backup
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Plots:

Half-life and endpoint energy:

Backup

Mustonen UNIVERSITY OF JYVÄSKYLÄ
RESEARCH REPORT No. 5/2010
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Backup
Equation – a bit expanded:

Probability for emitting an 𝑒−
 Shape of beta decay

Nuclear Matrix Element

- 𝐹𝐿𝑙𝑠 = Form factor coefficient
- 𝐻2𝑛, 𝐷2𝑛+1 = energy dependent functions All plots/informations from J. Suhonen (Jyväskylä)

André Welker, GK Spring Meeting, Krippen, Mar. 31, 2014



Equations in detail:

Half-life with integrating the probability density:

Backup

Where 𝑊0 is:

With:

λ𝑓,𝑖= 
ln(2)

𝑇1/2

Where κ is:

All plots/informations from J. Suhonen (Jyväskylä)
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Equations in detail:

Decay constant:

Backup

Where 𝑊0 is:

With:

λ𝑓,𝑖= 
ln(2)

𝑇1/2

All plots/informations from J. Suhonen (Jyväskylä)
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Equations in detail:

Generalized Fermi function:

Backup

- 𝑦 = α𝑍𝑊𝑒/(𝑝𝑒𝑐)
- Γ z = Gamma function

Statistical rate function

All plots/informations from J. Suhonen (Jyväskylä)
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Equations in detail:

To evaluate the shape factor multipole expansion of the nuclear current:

Backup

Form factor (q is small compared to the charge of nucleus):

- 𝑇𝐾𝐿𝑆
−𝑀( 𝑞) = operator acting on the lepton spinors

All plots/informations from J. Suhonen (Jyväskylä)
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Setup can also be used for:

TU-Dresden:

- Measure the spectrum for Bi210/C14 
(important to reduce the background for Borexino which measure the CNO process
for solar neutrinos)

http://arxiv.org/pdf/1104.1335v1

Backup
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All plots/informations from J. Suhonen (Jyväskylä)

Other Interesting Isotops
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