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MLLTRAP project in Germany

September 2012

MLLTRAP

MLL

Peter G. Thirolf , Christine Weber
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V.S. Kolhinen, et al., Nucl. Instrum. Methods Phys. Res., Sect. A 600 (2009) 391

2009  Off-line commissioning of the double Penning trap system MLLTRAP

MLLTRAP  Penning trap mass spectrometer  High-precision mass measurements
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MLLTRAP project in France

GANIL

- β decay spectroscopy

- Laser Spectroscopy

- High-precision mass measurements

The DESIR facility at GANIL-SPIRAL2 : 

Mass measurements 

- Nuclei with Z ≥ 104

- N=Z nuclides up to 100Sn

- Quantum phase transitions around 

A = 100 (N=60)
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15 MV50 MeV

MLLTRAP project in France

ALTO

The ALTO facility at Orsay

15 MV

ROOM 

110

First operational RIB facility based on photo-fission populating the GDR of  238U

 30-kV platform

 mass separator (A/ΔA = 1500)

 10 µA, 50 MeV e- beam

 1011 – 4 x1011 fissions/s

March 2016 : “Charting Terra Incognita of Exotic Nuclei”

The MoU between MLL and IPNO was signed  in May 2016. 
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Penning traps spectrometers around the world

High quality low-energy beams : low emittance, low energy spread, purified samples
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Motivation for mass measurements

Physics & Chemistry

Basic information required
Nuclear Structure

Shell closure, pairing,

deformation, halos 

Neutrino mass

Nuclear Physics

Nuclear binding energies,

Q-values

Fundamental Property

Tests of nuclear models

and formulas

Double β-decay

Weak Interaction

symmetry tests, 

CVC hypothesis

Astrophysics

Nucleosynthesis

MASS
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Motivation for mass measurements

Physics & Chemistry

Basic information required
Nuclear Structure

Shell closure, pairing,

deformation, halos 

δm/m ≤ 10-7

Neutrino mass

δm/m ≤ 10-10

Nuclear Physics

Nuclear binding energies,

Q-values

δm/m ≈ 10-7

Fundamental Property

Tests of nuclear models

and formulas

δm/m ≈ 10-5

Double β-decay

δm/m ≈ 10-9

Weak Interaction

symmetry tests, 

CVC hypothesis

δm/m ≈ 10-8 Astrophysics

Nucleosynthesis

δm/m ≈ 10-7

δm/m ≈ 10-7

MASS
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Masses and nuclear structure

 shell structure evolution absolute nuclear binding energy

M(N,Z) = Z Mp + N Mn - B(N,Z)

S2n(N,Z) = B(N,Z) - B(N-2,Z)

N = 50 N = 82
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Masses and nuclear structure

 shell structure evolution absolute nuclear binding energy

M(N,Z) = Z Mp + N Mn - B(N,Z)

Benchmark nuclear models

28 ≤ Z < 50 50 ≤ Z < 82 Z ≥ 82 Z , N ≥ 88 ≤ Z < 28, N ≥ 8 28 ≤ Z < 50 50 ≤ Z < 82 Z ≥ 82 Z , N ≥ 88 ≤ Z < 28, N ≥ 8

A. Sobiczewski and Y. A. Litvinov, Phys. ReV. C 89, 024311 (2014)
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Principle of trapping

Paul trap (dynamic)

tVVt RFDC  cos)(0

Cyclotron frequency

B
m

q
fc 

2

1

B = 7 T, A = 133, fc ≈ 800 kHz

Penning trap (static)

q/m

strong homogeneous

magnetic field + weak electrostatic field excc TfR 
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Principle of trapping
Static : Penning trap

7 Tesla 

superconducting magnet
 Relative uncertainty ≈ 10-8

 Accessible half-lifes ≈ 100 ms

 Typical Resolving power     ≈ 106
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High-precision mass measurements with Penning traps

ISOLTRAP

LEBIT

TITAN

SHIPTRAP


m

m
8·10-9

T1/2 ≈ 64,7 ms

Superallowed β emitter

T1/2 ≈ 8,75 ms

Halo nucleus

Z = 102,103

σ = 60 nb

Superallowed β emitter

Deformed shell gap N = 152
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Buffer gas cooling technique

32 mm

212 mm

185 mm

Pumping barrier

Purification Trap (PT)

E

Diaphragm

Without buffer gas (Helium)

Ion motion in first trap

With buffer gas (Helium)
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TOF-ICR :Time-of-flight resonance technique

32 mm

212 mm

185 mm

Pumping barrier

Purification Trap (PT)

E
Measurement Trap (MT)

Diaphragm

Quadrupolar resonance : m/Δm ≈ 1 000 000 

M. König et al., Int. J. Mass Spec. Ion Process. 142 (1995) 95
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TOF-ICR :Time-of-flight resonance technique

32 mm

212 mm

185 mm

Pumping barrier

Purification Trap (PT)

E
Measurement Trap (MT)

Diaphragm

Quadrupolar resonance : m/Δm ≈ 1 000 000 
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isomeric 
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C. Rauth et al., Eur. Phys. J. Special Topics 150 (2007) 329

 Separation of isomers
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TOF-ICR :Time-of-flight resonance technique

32 mm

212 mm

185 mm

Pumping barrier

Purification Trap (PT)

E
Measurement Trap (MT)

Diaphragm

Quadrupolar resonance : m/Δm ≈ 1 000 000 

 Separation of isomers

Octupolar resonance    m/Δm ≈ 20 000 000 
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500 mHz

23 keV

Octupolar resonance

Quadrupolar resonance

 mass-ratio determination of the 164Er-164Dy mass doublet
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 Image ion motion

 Determine phase of ion motion

 Excite ions

 Determine phase after evolution time
tR

R

t 








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2

tn  22 

S. Eliseev et al., Appl. Phys B 114 (2014) 107 compared to standard technique:

 40 fold gain in resolving power

 5 fold gain in precision 

 25 faster than the Ramsey TOF-ICR

Delay-Line Detector

by Roentdek GmbH

atomic mass 
difference

Δm (eV)

S. Eliseev et al., PRL110 (2013) 130Xe /129Xe 2 ppb

S. Eliseev et al., APB 114 (2014) 133Cs

E. Minaya Ramirez et al., JPS CP6 (2015) 132Xe /131Xe 0.2 ppb

D.A. Nesterenko et al. PRC90 (2015)         neutrino mass 187Re/187Os 2833 (30stat) (15sys)

S. Eliseev et al., PRL115  (2015)                   neutrino mass 163Ho/163Dy 2492 (30stat) (15sys)

P. Filianin et al.,  PLB  758 (2016)            s-process nuclide 123Te/123Sb 51.912(67) keV

PI-ICR :Phase imaging ion cyclotron resonance
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Trap-assisted Spectroscopy
A system for β- and γ- spectroscopy installed behind a trap can be used for both assisting mass 

measurements and performing decay spectroscopy on pure samples.

ISOLTRAP
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C. Weber et al., Int. J. Mass Spectrom. 349-350, 270 (2013) 
C. Weber et al., Nucl. Instr. Meth. B 317, 532 (2013)

TRAPPED SHORT-LIVED ISOTOPE 
EMITS α PARTICLE AND ELECTRONS

POSITION-SENSITIVE
ELECTRON DETECTOR

DETECTOR TRAP OF
Si-STRIP SENSORS

MAGNETIC FIELD STRENGTH ALONG THE TRAP AXIS

7 T

DRIFT SECTION

~ 7 mT

pumping 
barrier

drift
section

Conceptual layout Detector trap

Advantages: 

o Decay experiments with carrier-free particles stored in a Penning trap enable studies on ideal ion samples. 
o The improved energy resolution can be exploited for high-resolution α- and electron-decay spectroscopy.

Physics Goals :
o From lifetime measurements of the first  excited 2+ states in heavy nuclei, nuclear  quadrupole moments Q0 can be 

derived
o Similar experiments on 0+ states allow for a determination of E0 decay strengths r2 (E0)
o Shape coexistence of 0+ configurations as present in mid-shell regions around  magic proton numbers

o ‘detector trap’: α-detectors act as trap electrodes
o customized α detectors were developed and characterized for the cryogenic and UHV-conditions

(single-sided Si-strip detector, active area 30x30 mm², 30 strips, α-energy resolution ~ 20 keV)

In-trap decay spectroscopy for MLLTRAP
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High-precision mass measurements at ALTO

[104 - 107]

[10 – 104]

[1 – 10]

[10-1 – 1]

[10-3 – 10-1]

- High-precision mass measurements in the region of the magic numbers 50 and 82 are of high interest for 

nuclear astrophysics (r and rp process)

- Masses of neutron-rich Ag and In isotopes would allow to investigate a possible weakening of the shell gap

for  Z < 50 and its impact on the A = 130 r-process abundances

• δm > 10 keV

• T1/2 > 80 ms

• Trapped ions  in 10h > 100

+ Fusion 

evaporation cases
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High-precision mass measurements at ALTO

The evolution of the N = 82 shell gap for Z < 50 sheds light on the structure of extremely asymmetric nuclei.

S2n evolution with proton number does not only reflect the energy gap in the single-particle spectrum, but also the 

correlation energy of the nuclei whose masses are used to calculate it.

Ground-state correlations allowed  lower the two-neutron gap with respect to the spherical shell gap and upon 

approaching the magic Z = 50 the reduction of collectivity gives it an apparent enhancement. With further 

reduction of the spherical gap for Z < 50, ground-state collectivity is predicted to determine a quenching of the two-

neutron shell gap towards Z = 40.

Z = 50

N = 82

Z = 50

N = 82

125Ag

124Ag
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RFQ Cooler and buncher

MCP
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< 3 keV
Buffer gas

MCP

PT-MS

60 kV

MLLTRAP@ALTO
Paul trap

2r0 = 14 mm

L = 40 mm (9 segments - center)

L = 20 mm (6 segments - first and last)

COLETTE : RFQ cooler and buncher

1300 mm

Transverse emittance : ~ 20 π.mm.mrad @ 1 keV

Longitudinal emittance : ~ 10 eV.µs 
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RFQ Cooler and buncher
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MLLTRAP@ALTO
Paul trap

COLETTE@TRIGA

39K+ @ 30 keV,

VRF = 85Vpp FRF= 1 MHz

Bunching efficiency = 54%

T. Beyer et al., Appl. Phys. B 114 (2014) 129
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RFQ Cooler and buncher
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MLLTRAP@ALTO

 Nuclear fine structure

 Astrophysics

 Weak interaction studies

 Atomic physics

Measurement
Trap

Purification
Trap

Pumping barrier

10-10 ≤ δm/m ≤ 10-6

Trap-assisted spectroscopy

In-trap decay spectroscopy

High-precision mass measurements

Detector Trap

Enrique Minaya Ramirez, Serge Franchoo, Marion  MacCormick

Araceli Lopez-Martens, Joa Ljungvall, David Lunney, Pierre Chauveau

Paul trap Penning trap
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Move of MLLTRAP from MLL to Alto

The truck left MLL the 14th of July 2016

February – April 2016

July 2016

MLLTRAP is now at ALTO

July 2016
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MLLTRAP beam line at ALTO

MLLTRAP

POLAREX

LINO
BEDO

TETRA

Identification 
station

Parrne mass 
separator

ROOM 

110

Laser-Induced nuclear
orientation (µ,Q, Jp)

LTNO 
(3He/4He)

Mass 
measurements

Existing experiments 

Experiments under 
construction 
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Radioactive beams at ALTO

RFQ

BEDO

TETRA

Identification 
station

Parrne mass 
separator

MLLTRAP

POLAREX

LINO

Laser-Induced nuclear
orientation (µ,Q, Jp)

LTNO 
(3He/4He)

Mass 
measurements
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Alignment in Room 110

MLLTRAP

35°

Bender

Mark for

59° Bender

The radioactive beam for MLLTRAP will be sent with a 59° bender.

The alignment is almost finalized (the area is still being prepared).

The magnet will be energized by an engineer of Agilent in the next months.
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Present status of MLLTRAP@ALTO 

Warm-up of the superconducting

magnet at Munich, shipment and 

cooling and shimming of the 

superconducting magnet at IPN

Design of an RFQ cooler

and buncher

Construction of the RFQ cooler and buncher

2016 2017 2018 2019 2020

Off-line test of the RFQ and MLLTrap

On-line test of the RFQ and MLLTrap

High-precision mass-measurement campaign

Move of all associated

equipment to IPN

Installation, Alignment of the vacuum tube and traps

Vacuum tests, electronics tests, off-line ion source

Trapping, buffer gas cooling, first resonance

Mass cross check

Preparation of the temperature stabilization device

Installation of the MCP delay line detector
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Thank you for your attention!

(2010)


