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MLLTRAP project in Germany

MLL Peter G. Thirolf , Christine Weber et al.

� Penning trap mass spectrometer 
� High-precision mass measurements

MLLTRAP
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V.S. Kolhinen, et al., Nucl. Instrum. Methods Phys. Res., Sect. A 600 (2009) 391

2009 � Off-line commissioning 
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ALTO

15 MV50 MeV

ORSAY

IPNO

ALTO

Accélérateur Linéaire auprès du Tandem d'Orsay

MLLTRAP project in France
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ALTO

15 MV50 MeV

15 MV

� 30-kV platform
� mass separator (A/ ∆A = 1500)
� 10 µA, 50 MeV e- beam
� 1011 – 4 x1011 fissions/s

RIALTO

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

MLLTRAP project in France
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MLLTRAP @ ALTO
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Status of MLLTRAP@ALTO

59° Bender

RFQ

35°
Bender

� New area rehabilitated
� 7 T superconducting magnet with 2 homogenous region s
� Energized  in November 2017
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Status of MLLTRAP@ALTO
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Status of MLLTRAP@ALTO

2r0 = 14 mm
L = 503.5 mm (15 segments)

Transverse emittance : ~ 20 π.mm.mrad @ 1 keV
Longitudinal emittance : ~ 10 eV.µs 

Buffer gas

60 kV

RFQ cooler and buncher

T. Beyer et al., Appl. Phys. B 114 (2014) 129

RFQ  COLETTE @ 30 keV 
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MLLTRAP setup ALTO

Measurement

Trap

Purification

Trap

In-trap decay spectroscopy

High-precision mass measurements

TOF-ICR PI-ICR

MCP delay line

Detector Trap
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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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In-trap decay spectroscopy for MLLTRAP

Second Trap:

• HV-UHV

• For mass and half-life measurements

• Minor modifications

First Trap:

• Gas filed

• For mass-selective cooling

• Built

See poster #28
by Pierre Chauveau
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Magnetic field calibration
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� keep track of magnetic field variations during on-l ine measurements

� Probe developed by Caylar (company nearby Orsay)
� Measurements performed during the last months
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High -precision mass measurements at ALTO
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High precision mass measurements of silver isotopes

113,115,118Ag : Characterize the performance of the full detection system

123-125Ag : Sensitivity of MLLTRAP to ions with short half-lives and low statistics
126Ag and above : evolution of the shell gap at N= 82  (PI-ICR)
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mass a b c d

126 0.05 * 0.15 1.28

127 0.11 0.02 0.22 1.68

128 2.22 3.51 1.23 2.89

129 1.92 0.71 1.18 2.90

130 12.54 0.04 0.68 3.03

low entropy hot wind

high entropy hot wind

high entropy cold wind

neutron star merger

b

a

c

d

Nuclear mass (silver isotopes)

82

Important nuclei from sensitivity studies

M.R. Mumpower et al., PPNP86 (2016) 86

Masses for nuclear astrophysics studies
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Thank you for your attention!

(2010)


