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The MARA vacuum-mode recoil-mass separator
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•  1st order mass resolving power: ~250  
•  Angular acceptance: 10msr 
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Commissioning runs (M01) this far

n  Part 1: Slightly asymmetric
–  78Kr + 98Mo → 176Pt*

n  Part 2: Symmetric
–  40Ar + 45Sc → 85Nb*
–  40Ar + natCa → ~80sr*

n  Part 3: Inverse kinematics
–  78Kr + 58Ni → 136Gd*
–  2 BGO crystals around the target for normalization,
–  2 Clover germanium detectors at the focal plane,
–  Punch through detector behind the DSSD

n  Part 4: Asymmetric
–  40Ar + 124Sn → 164Er*
–  2 single crystal germanium detectors around the target,
–  Punch through detector behind the DSSD
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Part 3: 78Kr + 58Ni → 136Gd*
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1st experiment: 78Kr + 96Ru → 174Hg*→ 169Au

Accelerator Laboratory, Department of Physics
University of Jyväskylä, Finland

JYFL Accelerator News

September 2016Volume 24, No. 2

The new in-flight mass separator MARA 
was used in a physics experiment for the first 
time at the end of August. The MARA focal 
plane setup is fully digitized and therefore an 
experiment which was originally accepted 
for RITU, was performed using MARA. 
In this experiment a 78Kr beam bombarded 
96Ru (see figure) and 92Mo targets to produce 
very neutron-deficient nuclei formed in 
heavy-ion fusion evaporation reactions. 

The experiment lasted for two weeks and 
was very encouraging for the future planned 
experimental program. Candidates for two 
new isotopes were identified and MARA 
performed impeccably. The experiment was 
a collaboration between the local Nuclear 
Spectroscopy group and researchers from 
the University of Liverpool led by Prof. 
Robert Page. 

First successes at MARA

New control 
system for the 
K130 cyclotron

The original cyclotron control system, 
Alcont II, is approaching its end after 
25 years of operation. With the help of 
infrastructure funding (FIRI) from the 
Academy of Finland, a new control system 
was ordered in July, 2016. The installation of 
the Rockwell PlantPAx system will start in 
the beginning of 2017. Full implementation 
of the new system will require also local 
resources for programming and hardware 
installation. The installation will be done in 
a way that has minimal interference to the 
normal accelerator laboratory work.

Part of a recoil-alpha correlated mass spectrum measured at the focal plane of MARA. The X-axis shows the correlated alpha particle 
energy while the Y-axis shows the position in the MWPC gas counter from the reactions of 78Kr ion beam on a 96Ru target.
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The MARA Low-Energy Branch
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The concept of MARA-LEB
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P. Papadakis et al., Hyperfine Interact. DOI: 10.1007/s10751-016-1364-8 
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Motivation – A few examples

Nuclei close to the proton drip-line with Z≥60
n  β-emitters, β-delayed proton emitters 
n  proton emitters, 2p emitters
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Motivation – A few examples

Data from :P. Campbell, I.D. Moore and M.R. Pearson, Progress in PPNP 86, 127 (2016) 
 



UNIVERSITY OF JYVÄSKYLÄ

Motivation – A few examples

T.R. Rodríguez, J.L. Egido / Physics Letters B 705 (2011) 255–259 257

Fig. 2. (Color online.) Potential energy surfaces—normalized to their absolute minima respectively—calculated for 80Zr using the Gogny D1S interaction: (a) only particle
number symmetry is restored—before variation—and (b) the rotational symmetry is also restored (I = 0), i.e., the PNAMP approach. Spatial densities for each minimum of
(b) are also shown. Contour lines are separated by 0.2 MeV (dashed) and 1 MeV (continuous). The color scale is the same for (a) and (b).

states that correspond to the different minima found in the surface
to give a better idea about their shapes. We observe that, except
for the spherical point, the rotational correction induced by the
symmetry restoration produces a significant lowering of the energy
in the whole plane. The prolate and oblate minima in the PN-VAP
approach have been displaced to triaxial shapes and slightly larger
β2 deformations. In fact, the absolute minimum corresponds now
to a moderately triaxial deformed shape (β2,γ ) = (0.55,7◦) while
the spherical one has been displaced to a slightly prolate shape,
being now at ≈ 1.4 MeV above the absolute minimum. This re-
sult goes in the right direction to reproduce the experimental data.
The effect is somewhat similar to the 32

12Mg20 case in the island of
inversion where the deformed configuration becomes the ground
state only after restoring the rotational symmetry [36]. Neverthe-
less, we have to include the possible influence of shape and K
mixing in the calculation because the barriers between neighbor-
ing triaxial minima remain of the order of 1 MeV or less. Hence,
we perform SCCM calculations including particle number and an-
gular momentum projection (Eq. (3)) to obtain the energy levels
and electric quadrupole reduced transition probabilities B(E2). The
predicted spectrum is shown in Fig. 3. The states are sorted in
bands according to the values of the highest transition probabil-
ities B(E2) between those levels. Highest values of B(E2) within
the different bands are also displayed in Fig. 3 while several inter-
band transitions are given in Table 1. Additionally, the distribution
of probability of having a given deformation (β2,γ ) for the band-
head states is also plotted on the right in Fig. 3. This distribution
corresponds to the square of the collective wave functions in the
triaxial plane. Here we observe very well defined maxima show-
ing that the concept of shape is still valid even after the shape
mixing. The energy ordering of these maxima coincides with the
minima of Fig. 2(b) with the exception of the spherical and the
oblate ones which have been exchanged. Interestingly, the shape
fluctuations bring back the “almost” prolate and oblate minima to
pure prolate and oblate shapes as in Fig. 2(a). In addition, the dis-
tribution of probability remains practically the same for the rest of
the members of a particular band and corroborates the stability of
the different minima. The distribution in K for the states belonging
to a band is also similar as it is shown in Table 2. Furthermore, the
most intense electric quadrupole transitions, both between intra-
band and interband states, are related to similar distribution in K
of the initial and final states (see Tables 1, 2 and Fig. 3).

In Fig. 3, on the left, we observe four 0+ excited states be-
low 2.25 MeV, built on top of different shapes, coexisting with the
ground state. The ground state band is predicted to be a rotational
band built on top of an axial prolate deformed configuration with
the usual sequence I = 0,2,4,6, . . . (g.s. in Figs. 3 and 2(b)). The

collective wave functions have their maxima at (β2,γ ) = (0.55,0◦)
that corresponds to the minimum found in Fig. 2. Comparing these
results with the experimental energies we obtain a rather good
agreement. This shows again the relevance of restoring the rota-
tional invariance in this nucleus where a spherical ground state
is found at the PN-VAP approach. The theoretical values of the
energies tend to follow a more rotational behavior I(I + 1) than
the data and the value for the B(E2,21 → 01) seems to be over-
estimated according to the trend of the experimental data along
the isotonic N = 40 chain [37]. These effects could be related to
the fact that we are not including time-reversal symmetry break-
ing intrinsic states. The angular momentum projection of cranked
states would compress the spectrum—affecting only the excitation
energies for states with I ≠ 0—and would modify also the value of
the transition probabilities [38]. All the states belonging to the g.s.
band correspond to rather pure K = 0 configurations (see Table 2).
According to a semiclassical picture [35], a γ -vibrational band with
K = 2 is expected to be present with an I = 2+ state as the band
head and #I = 1. These states are found indeed at 2.4 MeV as we
can see in the figure (γ -g.s. in Fig. 3, see also Table 2). The transi-
tion probabilities along this band are large and, since K -mixing is
very weak, those to the g.s. band very small.

The first excited band built on top of the 0+
2 state (E0+

2
=

0.76 MeV) has also a rotational character based on a triaxial con-
figuration (1st exc. in Figs. 3 and 2(b)). The distribution of proba-
bility is concentrated at (β2,γ ) ≈ (0.4,20◦). As we see in Table 2,
this is mostly a K = 0 band although some mixing with K = 2
components is present, especially in the I = 6+

2 ,8+
2 states. We can

also find a quasi-γ band partner with the 2+
3 state at 1.32 MeV as

the band head, and with the probability peaked at the same de-
formation as its partner (γ -1st exc. and Fig. 3). The even I states
of this band have a considerable K = 0,2 mixing while the odd
I levels are rather pure K = 2 states. Correspondingly, we obtain
large B(E2) values for #I = 2 transitions between the levels of
this band and rather strong inter-band transitions to the first ex-
cited band.

We also find another band and its quasi-γ band partner with
strong K mixing built on top of the triaxial minimum of the PES
at (β2,γ ) = (0.5,30◦) (2nd exc. and γ -2nd exc. in Figs. 3 and
2(b)). The excitation energies of the band heads are E(0+

3 ) = 1.4
and E(2+

5 ) = 1.8 MeV respectively. In the quasi-γ band the largest
values for the B(E2) correspond to #I = 2 and also #I = 1 tran-
sitions with an odd I initial state. The states of these two bands
are also strongly connected to the first excited quasi-γ band. Fi-
nally, we obtain two more 0+ states located on top of the spherical
and oblate minima of the PES at excitation energies of 1.5 and
2.24 MeV, respectively.

PN-VAP: Particle number symmetry 
restored 
PNAMP: Rotational symmetry also 
restored 

T. Rodriguez and J. Luis Egido, Phys. Lett. B 705, 255 (2011) 

80Zr
n  Highly deformed
n  Theoretical predictions indicate coexistence of 5 shapes
n  Waiting point of astrophysical rp-process
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Motivation – A few examples
94Ag 21+ Isomer
n  I. Mukha et al., Nature 439 (2006) 298

–  1st nucleus to exhibit 1p and 2p radioactivity
–  Very large prolate deformation
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Motivation – A few examples
94Ag 21+ Isomer
n  I. Mukha et al., Nature 439 (2006) 298

–  1st nucleus to exhibit 1p and 2p radioactivity
–  Very large prolate deformation

n  O. L. Pechenaya et al., Phys. Rev. C 76 (2007) 011304(R)
–  No indication of 2p decay to 92Rh

n  J. Cerny et al., Phys. Rev. Lett. 103 (2009) 152502
–  Confirmation of 1, 1p decay branch
–  No sign of the 2p decay

n  A. Kankainen et al., Phys. Rev. Lett. 101 (2008) 142503
–  Measurement of 92Rh, 94Pd mass with JYFLTRAP at IGISOL
–  Contradicting masses for 94Ag 21+ isomer
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Motivation – A few examples

Medical applications
n  Development of laser ionisation schemes
n  Comparison of ionisation efficiencies
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The gas cell
Designed by KU Leuven to be used for the rare element in-gas laser  
ion source (REGLIS) at S3, GANIL.  

Yu. Kudryavtsev et al., Nucl. Instr. and Meth. B 376, 345 (2016) 
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Recoil distributions at the focal plane
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Production of 94Ag

n  58Ni(40Ca,p3n)94Ag, 200pnA, 240MeV, 500μg/cm2

n  94Ag cross section ~500nbarn
n  MARA transmission efficiency for the 2 most abundant 

charge states in inverse kinematics: ε=0.4x0.8
n  94Ag at the MARA focal plane: ~1.5 ions/s
n  Efficiency for resonance ionisation spectroscopy: ~12%

–  50% thermalisation, transport efficiency, 50% neutralisation, 50% 
in-gas-jet laser ionisation

–  Yield of 94Ag: ~0.2 ions/s
n  Efficiency to the MR-TOF-MS: ~27%

–  50% thermalisation, transport efficiency, 90% to the cooler and 
buncher, 60% efficiency through the buncher

–  Yield of 94Ag: ~0.4 ions/s
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Recoil distributions at the focal plane
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Recoil distributions at the focal plane
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Recoil distributions at the focal plane
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Recoil distributions at the focal plane
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Recoil distributions at the focal plane
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Recoil distributions at the focal plane
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Recoil distributions at the focal plane
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Recoil distributions at the focal plane
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Stopping ranges
40Ca(58Ni,p3n)94Ag  

240MeV, 500µg/cm2 

10+1µm Mylar foils, 500mbar Ar  

58Ni(40Ca,p3n)94Ag 
192MeV, 500µg/cm2 

10+1µm Mylar foils, 500mbar Ar  

Ion Range 13.0mm 
Straggle 3.09mm 

Ion Range 23.9mm 
Straggle 2.84mm 
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Stopping ranges
40Ca(58Ni,p3n)94Ag  

240MeV, 500µg/cm2 

13+1µm Mylar foils, 500mbar Ar  

58Ni(40Ca,p3n)94Ag 
192MeV, 500µg/cm2 

10+1µm Mylar foils, 500mbar Ar  

Ion Range 13.0mm 
Straggle 3.09mm 

Ion Range 16.5mm 
Straggle 2.77mm 
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Stopping ranges
58Ni(40Ca,p3n)94Ag 

192MeV, 500µg/cm2 

10+1µm Mylar foil, 1000mbar He 

58Ni(40Ca,p3n)94Ag 
192MeV, 500µg/cm2 

10+1µm Mylar foils, 500mbar He 

Ion Range 76.2mm 
Straggle 12.8mm 

Ion Range 38.2mm 
Straggle 6.43mm 
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Stopping ranges
58Ni(40Ca,p3n)94Ag 

192MeV, 500µg/cm2 

14µm Mylar foil, 1000mbar He 

58Ni(40Ca,p3n)94Ag 
192MeV, 500µg/cm2 

14µm Mylar foils, 500mbar He 

Ion Range 26.6mm 
Straggle 13.3mm 

Ion Range 14.4mm 
Straggle 7.5mm 
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Evacuation times

For Ar:
n  Depth: 30mm. Throat: 1mm (1.5mm)

–  By detailed calculation of the gas velocity 
profile in the cell: 630ms *

–  By estimating the evacuation time: ~600ms 
(~260ms)

n  Depth: 20mm. Throat: 1.5mm
–  By detailed calculation of the gas velocity 

profile in the cell: 190ms *
–  By estimating the evacuation time: ~180ms

For He:
n  Depth: 30mm. Throat: 1mm

–  By estimating the evacuation time: ~180ms
n  Depth: 20mm. Throat: 1.5mm

–  By estimating the evacuation time: ~60ms

depth 

throat 

*Yu. Kudryavtsev et al., Nucl. Instr. and Meth. B 376, 345 (2016)  
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For Ar:
n  Depth: 30mm. Throat: 1mm (1.5mm)

–  By detailed calculation of the gas velocity 
profile in the cell: 630ms *

–  By estimating the evacuation time: ~600ms 
(~260ms)

n  Depth: 20mm. Throat: 1.5mm
–  By detailed calculation of the gas velocity 

profile in the cell: 190ms *
–  By estimating the evacuation time: ~180ms

For He:
n  Depth: 30mm. Throat: 1mm

–  By estimating the evacuation time: ~180ms
n  Depth: 20mm. Throat: 1.5mm

–  By estimating the evacuation time: ~60ms

depth 

throat 

*Yu. Kudryavtsev et al., Nucl. Instr. and Meth. B 376, 345 (2016)  
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Ion Extraction
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Ion Extraction

SIMION simulations on-going 
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Differential pumping

10-2 mbar 
 
 
 

 
 
 
10-4 mbar 

 
 
 
10-6 mbar 
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Differential pumping
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Differential pumping

In the tendering stage – 
Currently with the JYU lawyers 
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Gas handling system

P

2LN 2LN

P

M

M
P

P

Sintered element filter

Ar

Cold trap 1 Cold trap 2

Getter
purifier

P

He

Needle valveGas lines

extraction
Ion

Recoils

Pneumatic diaphragm valve

Motorized needle valveBakeable gas lines

Hand valve

Gas line purging

Pressure gauge

Based on the system build for IGISOL-4 by I. Pohjalainen 
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Gas handling system
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Ar purification 

He purification 

Electro-polished 
stainless steel 

Bakeable gas lines 
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Gas handling system

MonoTorr PS4-MT3-R2 
Heated getter purifier 
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IGISOL off-line rig – Equipment testing
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Detector stations

n  1st phase
High-voltage

region

MARA
recoils

Extraction
and

acceleration

Mass
separation

Germanium
detectors

Implantation
detector

Gas
inlet

Gas cell
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Detector stations

n  1st phase
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n  2nd phase

Detector stations

High-voltage
region

MARA
recoils

Lasers

Lasers

Lasers

Extraction
and

acceleration

Mass
separation

Gas
inlet

Gas cell

MR-TOF-MS

RFQ
Cooler buncher
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Radiofrequency quadrupole cooler and 
buncher

To be used for decelerating, cooling and bunching of the ion 
beam to make it suitable for the MR-TOF mass spectrometer.

IGISOL RFQ 

40keV ions 
from mass  
separator  

Electrostatic 
deceleration 

Buffer gas 
cooling in an 
RFQ 

Extraction and 
acceleration 
to 1keV 

Acceleration 
to 40keV 

1keV ions to  
the Penning 
trap 

40keV ions  
to the laser 
spectroscopy 
station 

A. Nieminen et al., Phys. Rev. Lett. 88 (2002) 9 
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Radiofrequency quadrupole cooler and 
buncher

To be used for decelerating, cooling and bunching of the 
beam to make it suitable for the MR-TOF mass spectrometer.

A. Nieminen et al., Phys. Rev. Lett. 88 (2002) 9 

VOLUME 88, NUMBER 9 P H Y S I C A L R E V I E W L E T T E R S 4 MARCH 2002

Ref. [11]. The principle of the ion bunching is presented
in Fig. 1.

The injected ions are thermalized in the buffer gas
and guided with a weak axial field (!0.1 V cm21)
towards the trapping region at the end of the device.
In the trapping region a stronger axial field gradient
(!1.2 V cm21) is provided by the last 2 rod segments
and the miniature quadrupole. Applying a voltage of
120 V on the end-plate electrode creates a potential
barrier closing the trap for accumulation of the ions. To
release the bunch, the end-plate voltage is switched to
zero. The trap serves as a source of cooled ion bunches
whose emittance properties are independent of the in-
jected IGISOL beam quality. The ions are accumulated
typically for a few hundred milliseconds (tacc). The trap
is opened for 100 ms to release the bunch with a width
of 10 20 ms. The benefit to collinear laser spectroscopy
is diverse. The energy spread of the extracted beam
is of the order of 1025 of the total 40 keV energy. At
this level the corresponding Doppler broadening of the
laser resonance is less than the natural linewidth of most
allowed atomic and ionic transitions. The emittance is

Release 

 Accumulate   

+4.5 V

-1.5 V

VZ

z

 z

Extraction Injection 

0 

HV platform 

0 20 40 cm 

Miniature 
quadrupole 

Pulsed 
end-plate 

+4.0 V 0 V 

V 

FIG. 1. Schematic principle of the rf-quadrupole ion trap.
The ions are accumulated in the trapping zone formed by the
rf-quadrupole pseudopotential Vr in the radial direction and
by the dc axial potential Vz in the axial direction with pulsed
end-plate voltage at +20 V. To release the accumulated bunch,
the end-plate voltage is switched to zero leaving the ions in an
axial field gradient of 1.2 V cm21 that pushes the ions out of
the trap. All the voltages are relative to the HV platform.

smaller after the cooler, estimated to be 3p mm mrad,
resulting in a better spatial overlap between the ion beam
and the counterpropagating laser beam. Moreover, the
overlap is independent of the ion source and isotope
separator, making the experiment insensitive to drifts in
the separator or ion guide conditions. Finally, as the
ions are in a short bunch of time width w the effective
measurement time containing all the real events is a
fraction w"tacc of the total measurement time. This allows
a suppression of the background events by a factor of S !
#w"tacc$21. The efficiency of the suppression depends on
the width of the bunch and the collection time that can be
used without incurring losses in the ion flux.

The width of the bunch was studied by measuring the
ionic resonances of Hf1. Different gates, synchronized
with the ion bunch, were set on photon events from a
photomultiplier viewing the ion-laser interaction region.
The bunch width was then calculated from the number
of resonant photons counted within each gate. Figure 2
shows typical resonance spectra from these measurements.
Figure 2(a) shows the photons detected inside a 28 ms
gate and Fig. 2(b) shows the total (ungated) photons
recorded simultaneously. The photons were simultane-
ously recorded using two additional gates of 75 and 16 ms.
From the relative intensities of resonant photons within
these gates the bunch width was evaluated as w ! 14
16 ms. The bunch width was observed to increase from
a minimum value in a manner consistent with a 3

p
N

dependence where N is the number of ions accumulated
in the trap. This can be qualitatively explained, following
Ref. [15], by the linear increase of the volume of the
ionic ensemble in the harmonic trap (pseudo-) potential as
the number of ions is increased. An accurate calculation
would be complicated by thermal effects from the buffer
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FIG. 2. Resonance fluorescence spectra for 174Hf (a) gated on
the ion bunch, and (b) ungated. The spectra show the num-
ber of scattered photons counted as the ds2 2D3"2 2 dsp 2D5"2
(301.3 nm) Hf1 line is brought to resonance with laser light of
frequency 33 158.5766 cm21. The ion rate was 1300 s21 and
the total measurement time was 25 min. The gate used in spec-
trum (a) was 28 ms and accumulation time in the buncher was
tacc ! 500 ms.
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Multi-reflection time-of-flight mass 
analyser

R.N. Wolf et al., Int. Journal of Mass Spectrometry 349–350 (2013) 213 

128 R.N. Wolf et al. / International Journal of Mass Spectrometry 349– 350 (2013) 123– 133

Fig. 5. Sectional view (adapted from [54]) of the MR-ToF device. The mass-separated ions are either detected by a microchannel-plate detector to record a time-of-flight
spectrum (right top) or selected by the BNG (right bottom).

with respect to a set of operation parameter of the mass analyzer.
In general, for a rough identification of nuclear species, an “exter-
nal”, i.e. non-simultaneous, calibration with two or more different
ion species, e.g., with stable isotopes from the alkali ion source,
is sufficient. This allows assigning a mass-over-charge value, and
therefore a likely species, to every flight time. As a start, if one
species in the spectrum is clearly identified, the relative distances
to the neighboring time-of-flight signals can be used to further
analyze the ensemble. This procedure is advantageous in case of
voltage drifts, e.g., due to a change in the environmental conditions,
which might cause time-of-flight deviations. While these may  shift
the absolute positions of the peaks, the changes in the distances
between close-neighboring signals remain negligible.

In cases where ISOLDE’s resonance-ionization laser ion source
(RILIS) [79] is employed, the unambiguous identification of one
of the unknown ions in the time-of-flight spectrum can easily be
accomplished: The RILIS system can be tuned to selectively ion-
ize only the species under investigation. Blocking the laser beam
leads to an immediate drop of the signal of the corresponding ion
in the time-of-flight spectrum, i.e. a straightforward identification,
as shown for 185Au+ in Fig. 6: The surface-ionized isobar 185Tl+

is well separated after a flight time of about 33 ms.  By monitor-
ing the count rate the ionization efficiency can be optimized even
for very low yields, independent of branching ratio and half-life,
as described below. Furthermore, the hyperfine structure of the
isotope under investigation can be studied by scanning of the reso-
nances, as show in Fig. 7 as a proof of principle with a relatively
large laser line width [80]. A high count-rate range of four orders of
magnitude could be recorded background free. A detailed discus-
sion about the application of the MR-ToF MS  in the field of in-source
laser spectroscopy is out of the scope of the present treatment and
will be given elsewhere [81].

The abundance ratios of the different species composing the
MR-ToF time-of-flight spectrum are in many cases a direct rep-
resentation of the ion-beam composition delivered from ISOLDE.
Depending on the isotope, corrections may  have to be applied with
respect to, e.g., the half-lives and charge-exchange rates from col-
lisions with buffer-gas atoms in the RFQ. By varying the delay
between the ISOLTRAP RFQ collection-time window and the pro-
ton irradiation pulse on the ISOLDE target, the time structure of the
release of the nuclides from the target can be sampled. To derive
absolute yield numbers, the efficiency of the ISOLTRAP setup up
to the MR-ToF MS  can be calibrated by the signal intensity of a
reference beam.

Currently, the intensity of an ion beam from ISOLDE is moni-
tored with Faraday-cups, which give only an integral number and
no information on the composition. In addition, the sensitivity on
the order of picoamperes is not sufficient to measure the yield
of very exotic species far away from the valley of stability. The
beam composition is determined by nuclear decay spectroscopy.
This method, however, comes to its limits if the half-life exceeds

a few tens of seconds, if the branching ratio is unfavorable (as,
e.g., in Fig. 7, with an ˛-decay branching fraction of 185Au of only
0.26%), or if the production in the target is low. In contrast, the
MR-ToF MS  offers an efficient alternative to both Faraday-cup
beam-current measurement as well as decay spectroscopy as it
has no intrinsic upper half-life limit, provides single-ion counting
and can distinguish the species delivered by its ultra-high mass
resolving power. Thus, the MR-ToF MS  is a universal analytical tool
that provides yield information for stable to short-lived species
down to the 10-ms half-life range.

The ion-identification capability can be used to optimize the
ISOLDE performance for particular experimental requirements, e.g.,
to find the best parameters to enhance or suppress the yield of
specific isotopes. For example, the temperature of an ISOLDE tar-
get determines the diffusion time of the ions out of the target. In
Fig. 8, the target temperature was  varied from about 1740 ◦C to
1810 ◦C and the effect on the ion ensemble was  observed with the
MR-ToF MS:  At mass A = 72 the spectrum shows, amongst others,
the short-lived ions 72Ga+ and 72Cu+, with half-lives of 14.10(2) h
and 6.63(3) s, respectively [82]. The proposed species are the ones
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Fig. 6. A = 185 time-of-flight spectra after 1000 revolutions in the MR-ToF MS.  (a)
The  RILIS lasers were tuned to ionize 185Au+ atoms. The clear separation from 185Tl+

isotopes enables a background-free gold-yield analysis. (b) Furthermore, blocking
the laser beam unambiguously identifies the gold isotope.
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Lasers system
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Lasers system

Developed by the University of Mainz 
and IGISOL 
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Space requirements
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Space requirements

Quadrupole 
triplet

Electrostatic
deflector
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dipole

Target
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Magnetic
dipole

Wall

Gas cell,
ion extraction

MWPC,
mechanical

slits

High-voltage
platform



UNIVERSITY OF JYVÄSKYLÄ

Space requirements

Magnetic 
dipole 

Electrostatic 
90° bender Space for 

experiments 
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Current Status

Funding:
n  Received infrastructure funding from the Academy of 

Finland, 2016-2018 FIRI
–  432k€

n  MR-TOF-MS for IGISOL funded from Academy of 
Finland 2014-2016 FIRI
–  150k€
–  Tommi Eronen
–  Duplicate device to be build for MARA-LEB
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Current Status

Equipment
n  Tendering for vacuum pumps on-going
n  Simulations for the dipole magnet in progress
n  Gas cell order by the end of the year
n  Ion optics design decided, simulations on-going

People
n  MSc student working on the design of the ion guides
n  Submitted a number of funding applications for 

personnel costs
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