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MLLTRAP project in Germany
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2009 -2 Off-line commissioning of the double Penning trap system MLLTRAP

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

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

The DESIR facility at GANIL-SPIRAL2 : - P decay spectroscopy
- Laser Spectroscopy

- High-precision mass measurements

DESIR (Désintégration, Excitation et Stockage d'lons Radioactifs

Weak interaction

Day 1 SPIRAL? Phase 2
Mass measurements (RIB in DESIR & GANIL Experimental Area)
- Nuclei with Z2104 Version 10/12/2010 i
- N=Z nuclides up to 190Sn Title: Precision mass measurements of nuclei with Z ~ 104 from S’ with MLLTRAP at DESIR
- Quantum phase transitions around
A =100 (N:GO) Spolespersons (if several, please use capital letters to indicate the name of the contact person):
P.d. Thirolf
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2 " ZW\N zla - : A ddress of the contact person: Faculty of Physics, LMU Munich, Am Coulombwall 1, 85748
7 il‘ "_‘-CN 82 N,=124 @ nm .
- £ S Garching/Germany
2 s *\ 1 ED; 110 e
< g \ gHe 18 Phone: 0049-89-28914064 ‘Fax: 0049-89-28914072
= | &}
: _ " %%Eé Other Participants or Organisations: H. Savajols (GANIL), C. Weber (LMU), B. Blank (CENBG),
05 o h s ennn %iéfz e G.erbaux (C}.EN'BG), J. Giovinazzo (CENBG) , 8. Grevy (CENBG), D. Lunney (CSNSM),
z e T84 [E. Minaya Ramirez (GSI)
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MLLTRAP project in France

The ALTO facility at Orsay
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First operational RIB facility based on photo-fission = populating the GDR of 238U

O 30-kV platform MLLTRAP
j 2 P20

0 mass separator (A/AA = 1500) G
AVE“\Q Physique des 2 Infinis et des Origines

Q0 10 pA, 50 MeV e- beam
O 101 -4 x10' fissions/s

March 2016 : “Charting Terra Incognita of Exotic Nuclei” d"’"cs»ae« E
The MoU between MLL and IPNO was signed in May 2016.
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Il. Penning trap mass spectrometers
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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

hysics & Chemistry
Basic information required
Couble B—decaD

deformation, halos
Weak Interaction

Neutrino mass>
symmetry tests
CVC hypothesis .
o Nuclear Physics
Astrophysics Nuclear blndllng energies,
Nucleosynthesis Q-values

Fundamental Property
Tests of nuclear models
and formulas

Nuclear Structure
Shell closure, pairing,
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Motivation for mass measurements

Fundamental Property
Tests of nuclear models
and formulas

Physics & Chemistry
Basic information required

Nuclear Structure
Shell closure, pairing,
deformation, halos

Double B-decay

Neutrino mass

Weak Interaction
symmetry tests,
CVC hypothesis

Nuclear Physics
Nuclear binding energies,
Q-values

Astrophysics
Nucleosynthesis
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Masses and nuclear structure
M(N,Z) =Z My + N M, - B(N,Z2)

-> absolute nuclear binding energy - shell structure evolution

S,.(N,Z) = B(N,Z) - B(N-2,2)
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Masses and nuclear structure

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

-> absolute nuclear binding energy

- shell structure evolution

=>Benchmark nuclear models
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28<Z<50

50=<Z<82

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

Paul trap (dynamic)
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Penning trap (static)
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Principle of trapping

Static : Penning trap

agnex
| ,Aciegntiﬁc

7Tesla"

. d Relative uncertainty ~ 108
superconducting magnet

 Accessible half-lifes = 100 ms
O Typical Resolving power = 10°
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High-precision mass measurements with Penning traps

shl) s
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Buffer gas cooling technique
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TOF-ICR :Time-of-flight resonance technique

Ol

Second

l o0 l trap
32 mm I H I
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£ drift-
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Oz
Purification Trap (PT)
__ detector
Quadrupolar resonance : m/Am =1 000 000 < v v
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M. Kdnig et al., Int. J. Mass Spec. lon Process. 142 (1995) 95
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TOF-ICR :Time-of-flight resonance technique

Ol

Second

l o0 l trap
32 mm IHI

Pumping barrier

drift-
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310 keV

Quadrupolar resonance : m/Am =1 000 000
= Separation of isomers
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=
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C. Rauth et al., Eur. Phys. J. Special Topics 150 (2007) 329
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TOF-ICR :Time-of-flight resonance technique

32 mm

_ . Octupolar resonance
Pumping barrier

88 |-
212 mm 86 _ |
Measurement Trap (MT) I
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Quadrupolar resonance : m/Am =1 000 000 £ :
c
. . ]
=> Separation of isomers o 95
Octupolar resonance m/Am =20 000 000 90 |
. . . FWHM:
= mass-ratio determination of the 164Er-164Dy mass doublet 0.75 ppm
cek endin, 85 |
PRL 107, 152501 (2011) PHYSICAL REVIEW LETTERS 7 OCTOBER 3011 500 mHz
Octupolar-Excitation Penning-Trap Mass Spectrometry for J-Value Measurement 80 L 164 +
of Double-Electron Capture in 1*Er IIEr | | | .
S. Eliseey,' C. Roux,' K. Blaum," M. Block,” C. Droese,” F. Herfurth,” M. Kretzschmar,* M. I. Krivoruchenko,” -2 -1 0 1 2
E. Minaya Ramirez,>® Yu. N. Novikov,” L. Schweikhard,® V. M. Shabaev,® F. Simkovic,”'" I.T. Tupitsyn,®
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PI-ICR :Phase imaging ion cyclotron resonance

= Image ion motion

= Determine phase of ion motion

= Excite ions

= Determine phase after evolution time

cyclotron motion
projection after n-pulse

magnetron motion
direct projection

Delay-Line Detector
by Roentdek GmbH

@+27 =2

_Ap AR

Av = =
2nt AR

magnetron & cyclotron motions
direct projection

cyclotron motion
direct projection

Y[ @ (b) (c) (d) number of
< - . * : - - ;;p'f“ﬂ% ' ﬁ; o :df;; detec:te:1 :;ns
/ At=120us / \ 2 2ar=1.7mm W 5;; ‘ o .y I
atomic mass Am (eV)
difference
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/1870s 2833 (30,,,,) (15,,,)
S. Eliseev et al., PRL115 (2015) -> neutrino mass 163Ho /163Dy 2492 (30,,,,) (15,
P. Filianin et al., PLB 758 (2016) -> s-process nuclide 123Te /1235h 51.912(67) keV

Enrique Minaya Ramirez
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Trap-assisted Spectroscopy

A system for - and y- spectroscopy installed behind a trap can be used for both assisting mass
measurements and performing decay spectroscopy on pure samples.

700
I SO LT RA P (a) protons on target 194 |m
PHYSICAL REVIEW C 88, 054304 (2013) 600 |- 1
el
Mass spectrometry and decay spectroscopy of isomers across the Z = 82 shell closure ‘}f R\ IASE
500 | H / )
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S. George,7’§ F. Herfurth,®> A. Herlert,%-! M. Kowalska,® S. Kreim,° D. Lunney,2 V. Manea,? E. Minaya Ramirez,®>% T]
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transition from the decay of ™T1.
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In-trap decay spectroscopy for MLLTRAP

TRAPPED SHORT-LIVED ISOTOPE
EMITS a PARTICLE AND ELECTRONS

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

pumping Si

barrier
DETECTOR TRAP OF DRIFT SECTION POSITION-SENSITIVE -
Si-STRIP SENSORS ELECTRON DETECTOR
[N
7T
@.
section eMLL
Maier-Leibnitz-Laboratorium
. ~7mT o T s
C tual layout
MAGNETIC FIELD STRENGTH ALONG THE TRAP AXIS onceptuatiayou Detector trap

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

(single-sided Si-strip detector, active area 30x30 mm?, 30 strips, a-energy resolution ~ 20 keV)
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 a- and electron-decay spectroscopy.
Physics Goals :
o From lifetime measurements of the first excited 2* states in heavy nuclei, nuclear quadrupole moments Q, can be

derived

o Similar experiments on 0* states allow for a determination of EO decay strengths r? (EQ)
o Shape coexistence of 0* configurations as present in mid-shell regions around magic proton numbers
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High-precision mass measurements at ALTO

Fm 100

— O
— m mass
I 1 - ] extrapolated
™ 90 :
Hg 80 - B ions trapped /s
E [103-107]
w 70F e
17 — L ] [101-1]
..5 Nd 60_ [ *®dm > 10 keV
2 - . £ - | | -1+ Ty>80ms
Z ..Hir_jiﬂ } E'E" ] * Trapped ions in 10h > 100
Sn 50 — I.I..I. ‘"‘","- = u_ e — :
- EREE O 10-109 + Fusion
x40 | = evaporation cases
Zn 30 _?_‘:J_ '_H ‘ . I I
— | i [104' 107]
Ca i i i 1 I ] ] |
20 20 60 80 100 120 140
Neutrons

- 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
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gh- preC|5|on mass measurements at ALTO
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The evolution of the N = ¢ 30 40 50 60 70 8() :ly asymmetric nuclei.

S,, evolution with proton tticle spectrum, but also the
correlation energy of the | Z

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.
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Outline

Ill. Status of MLLTRAP@ALTO
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MLLTRAP@ALTO
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COLETTE : RFQ cooler and buncher

2rp =14 mm
L =40 mm (9 segments - center)
L =20 mm (6 segments - first and last)

Transverse emittance : ~ 20 m.mm.mrad @ 1 keV
Longitudinal emittance : ~ 10 eV.us
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MLLTRAP@ALTO

Paul trap

PT-MS
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COLETTE@TRIGA T. Beyer et al., Appl. Phys. B 114 (2014) 129
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MLLTRAP@ALTO

Paul trap Penning trap
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High-precision mass measurements

W gD

w70

1010 dm/m <106

= Nuclear fine structure
= Astrophysics
=  Weak interaction studies
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Move of MLLTRAP from MLL to Alto

February — April 2016 July 2016

MLLTRAP is now at ALTO
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MLLTRAP beam line at ALTO
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Radioactive beams at ALTO
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Alignment in Room 110
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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

Move of all associated
equipment to IPN

Design of an RFQ cooler
and buncher

Construction of the RFQ cooler and buncher

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

Off-line test of the RFQ and MLLTrap

On-line test of the RFQ and MLLTrap
High-precision mass-measurement campaign
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Thank you for your attention!
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