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Transfer as spectroscopic tool

Q-values ⇒ position of levels

Angular distribution
⇒ spin and parities

Cross sections
⇒ (relative) spectroscopic
factors, ANCs

Measuring with RIBs

Inverse kinematics

Low intensity beams
(“thick” targets)

Detection of
beam-like ejectile ⇒ spectrometer
target-like ejectile ⇒ Si array
γ-rays ⇒ Ge array

Problems

Energy (angular) resolution

Efficiency

Background
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REX-ISOLDE @ CERN

1.4 GeV

2 µA
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ISOLDE Ion Sources

A New Setup for Transfer Reactions at REX-ISOLDE Riccardo Raabe



Outline Transfer REX-ISOLDE T-REX Physics Summary

ISOLDE Ion Sources

RILIS: Resonant Ionization Laser Ion Source

Currently available

Tested

Feasible

Isomeric Beams
I. Stefanescu, PRL 98 (2007) 122701

COULEX with 68m,70gCu
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REX-ISOLDE @ CERN
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REX-ISOLDE @ CERN
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REX: Radioactive Beam EXperiment

REXTRAP: Penning trap at 60 kV

REXEBIS: Efficiency . 30%
τ = 10-100 ms
A/q < 4.5, pulse width < 100µs

Separator: q/A resolution ≈ 150

LINAC: L = 10 m
0.8 < E < 3.0 MeV/u

Total efficiency: 1-5%
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REX-ISOLDE @ CERN
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REX-ISOLDE @ CERN

HIE-ISOLDE

new hall

E = 5.0 MeV/u

by ≈2010
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Miniball Ge-array

Emphasis on efficiency:
20% @ 1.3 MeV photopeak

High granularity:
8 clusters × 3 detectors ×
6 segments
+ pulse-shape analysis

Rate 10 kHz per detector

Resolution 2-3 keV
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The charged-particle detector array (T-REX)

Detector Angles (deg) Thickness (µm) Segmentation
CD Front ∆E 8-27 300-500 4 × 16 × 24
CD Front E 8-27 1500 4

Barrel forward ∆E 31-78 60-140 4 × 16 PSD
Barrel forward E 31-78 1000 4
Barrel backward E 99-148 1000 4 × 16 PSD
CD Back E 153-172 300-500 4 × 16 × 24
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The charged-particle detector array (T-REX)Setup

ISOLDE Workshop, 12-14.02.2007 – p. 7/15Detector Angles (deg) Thickness (µm) Segmentation
CD Front ∆E 8-27 300-500 4 × 16 × 24
CD Front E 8-27 1500 4
Barrel forward ∆E 31-78 60-140 4 × 16 PSD
Barrel forward E 31-78 1000 4
Barrel backward E 99-148 1000 4 × 16 PSD
CD Back E 153-172 300-500 4 × 16 × 24
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The charged-particle detector array (T-REX)Setup/Simulation

based on work by H. Boie

Geant4-Simulation with
selfmade event generator

Simulation was used to ana-
lyze the performance of differ-
ent setups

ISOLDE Workshop, 12-14.02.2007 – p. 8/15

Setup

ISOLDE Workshop, 12-14.02.2007 – p. 7/15

Detector Angles (deg) Thickness (µm) Segmentation
CD Front ∆E 8-27 300-500 4 × 16 × 24
CD Front E 8-27 1500 4
Barrel forward ∆E 31-78 60-140 4 × 16 PSD
Barrel forward E 31-78 1000 4
Barrel backward E 99-148 1000 4 × 16 PSD
CD Back E 153-172 300-500 4 × 16 × 24
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Electronics for T-REX

Miniball: triggerless acquisition
(DGF modules, 3200 $/channel)

T-REX: ≈ 450 channels

⇒ Limit the number of channels

Mesytec MUX-16

16-into-2 channels (4 outputs)

Low noise, high rate (500 MHz)

One NIM trigger / LE timing

Multiplicity (veto) output

Replaceable preamp stage
⇒ different ranges possible

Eight modules on the same bus
⇒ 128 channels into 4

DGF-4C

Four-Channel CAMAC Spectrometer and Waveform Digitizer
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

OVERVIEW

The DGF-4C is a 4-channel all-digital waveform acquisition and spectrometer card. It combines spec-
troscopy with waveform digitizing and on-line pulse shape analysis. The DGF-4C accepts signals from
virtually any radiation detector.  Incoming signals are digitized by a 14-bit 40MSPS ADC. Waveforms
of up to 100µs in length for each event can be stored in a FIFO. The waveforms are available for on
board pulse shape analysis, which can be customized by adding user functions to the core processing
software. Waveforms, timestamps, and the results of the pulse shape analysis can be read out by the host
system for further off-line processing. The DGF-4C can process up to 200,000 counts per second (com-
bined for all 4 channels) into spectra with up to 32K channels.  It supports coincidence spectroscopy and
can recognize complex hit patterns. Front panel I/O connections allow external vetoing and provide
trigger and multiplicity information.  Several DGF-4C modules can be combined into groups with dis-
tributed timing and trigger signals.

FEATURES

• Designed for high precision γ-ray spectroscopy with HPGe detectors.

• Directly compatible with scintillator/PMT combinations: NaI, CsI, BGO, and many others.

• Input signal decay time: as fast as 150ns and up to 10ms, exponentially decaying.

• Wide range of filter rise times: from 50 ns to 45 µs, equivalent to 22 ns to 20 µs shaping.

• Selectable spectrum length: from 1K to 32K channels, 16.7·106 counts per bin.

• Sustained count rate into spectra: up to 200,000 cps per module.

• Excellent pile up inspection: double pulse resolution of 100 ns.

• Automatic optimization of instrument settings to match detector characteristics.

• Digital oscilloscope and FFT for health-of-system analysis.

• Triggered synchronous waveform acquisition across channels, modules and crates. The

module operates at 14-bit, 40 MSPS, 100 µs trace length on each channel.
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Electronics for T-REX

Miniball: triggerless acquisition
(DGF modules, 3200 $/channel)

T-REX: ≈ 450 channels

⇒ Limit the number of channels

Mesytec MUX-16

16-into-2 channels (4 outputs)

Low noise, high rate (500 MHz)

One NIM trigger / LE timing

Multiplicity (veto) output

Replaceable preamp stage
⇒ different ranges possible

Eight modules on the same bus
⇒ 128 channels into 4 Electronics scheme
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First case: d(30Mg,31Mg)p

Single-particle states in 31Mg

Border of the “island of inversion”
Niedermeier PRL 94 (2005) 172501

Studied with β-NMR, laser, β-decay
Neyens PRL 94 (2005) 022501

Maréchal PRC 72 (2005) 044314

Current Status of 31Mg

30Mg

29Na

33Al

???
32Al31Al

normal

sd

configurations

intruder

fp

configurations

31Mg 32Mg

Check the configurations of the
excited states with (d,p) trans-
fer reaction in inverse kine-
matic.

ISOLDE Workshop, 12-14.02.2007 – p. 4/15

d3/2
s1/2
d5/2

f7/2

20

8

p3/2

ν

Ground state,
first excited state:
> 95% 2p-2h intruder
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First case: d(30Mg,31Mg)p

Single-particle states in 31Mg
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d3/2
s1/2
d5/2

f7/2
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8
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ν

Ground state,
first excited state:
> 95% 2p-2h intruder
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Figure 2: Present situation for 31Mg (taken from Refs. [15, 17, 19]): experimental infor-
mation and different predictions from large scale shell model calculations (for details see
text).

state and the first excited state are largely dominated by 2p-2h intruder configurations
(93% and 95% of the wave function, respectively) with a fp-shell occupancy close to 2.
Hence, there is a sudden transition from normal to intruder configurations adding one
neutron to 30Mg and 31Mg would be clearly inside of the “island of inversion”.
Interestingly, this behaviour is different for the neighbouring Na isotopes where this tran-
sition is much smoother. 29Na e.g. has a 50% content of the intruder configuration in the
wave function of the ground state [20]. For Al isotopes, no significant intruder content
is found for the ground states of 31,32Al [21, 22] whereas for 33Al neither experimental
[23, 24] nor theoretical results [7, 8, 11, 25] on the intruder content of the ground state
wave function are consistent.
Since our current understanding of this interesting region of the nuclear chart is still based
on scarce experimental information, it is obvious that more measurements are needed. In
particular, the sensitivity of the level structure of 31Mg on the details of the interactions
used in shell model calculations, as it is demonstrated in Fig. 2, motivates the study of the
single particle structure of this nucleus. Aim of the experiment proposed here is to obtain
such information, in particular for excited states, by a nucleon transfer reaction. This
is complementary to both results from Coulomb excitation and the measurement of the
magnetic moment of the ground state. New information on the structure of 31Mg will chal-
lenge modern shell model calculations further and, eventually, improve the understanding
of the physics which cause the existence of the “island of inversion”.

4
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d(30Mg,31Mg)p with T-REX + Miniball

30Mg at 3.0 MeV/u, 5× 104 pps

Coincidence with γ’s to identify the states

p, d, bgr identified in telescopes

A New Setup for Transfer Reactions at REX-ISOLDE Riccardo Raabe



Outline Transfer REX-ISOLDE T-REX Physics Summary

d(30Mg,31Mg)p with T-REX + Miniball

30Mg at 3.0 MeV/u, 5× 104 pps

Coincidence with γ’s to identify the states

p, d, bgr identified in telescopes

Figure 3: Partial γ-spectrum from 31Mg (left) and the angular distributions of the protons
in coincidence with the 171 keV transition compared with different DWBA calculations,
for details see text (right) [31, 32, 33, 34].

` = 1 do not differ significantly in both the forward and backward direction, but can be
distinguished clearly in the region around 90◦. E.g. for ` = 2 (d3/2 at 50.5 keV) the count
rate at 85◦ and at 105◦ is nearly equal whereas it drops by more than a factor of 2 for
` = 3 (f7/2 at 461 keV). It has to be mentioned that the angular distributions in general
are less pronounced than angular distributions measured in normal kinematics because of
the lower beam energy.
Results of such an analysis are the excitation energy, the transferred orbital momentum,
and the spectroscopic factor. Additional information on the spin and parity assignment
to a level comes from the multipolarity of the γ-rays extracted from their angular distri-
bution. The obtained values have to be compared with predictions by the recent shell
model codes mentioned above.
A beam energy of 3 MeV/u is still low compared to the higher energies normally used in
order to assure that the levels are populated only by direct reactions like transfer and not
by fusion-evaporation reactions with the Deuterium. A fusion reaction as statistical pro-
cess usually populates after particle emission high-lying states where the level density is
large (Q-value for fusion of 30Mg with Deuterium is 15.3 MeV). Therefore, the experimen-
tal signature is very different from that of a direct reaction: statistical energy spectrum
of the protons and feeding of low-lying states mainly by cascades of γ-rays. Requiring
in the analysis coincidences of γ-transitions with discrete proton lines having the correct
kinematics enables to exclude contributions from non-transfer processes. Calculations
also show that even at 2.2 MeV/u such compound contributions should be small [34].
Finally, we would like to mention that we plan for the future also to investigate two-
neutron transfer reactions applying a Tritium-loaded Ti target. Such a target has been
tested last year successfully in an test experiment with stable Ar beam [36].

6

A New Setup for Transfer Reactions at REX-ISOLDE Riccardo Raabe



Outline Transfer REX-ISOLDE T-REX Physics Summary

d(66Ni,67Ni)p

The N = 40 subshell closure

Z = 28

N = 40

p1/2
f5/2
p3/2

g9/2

40

ν
28

Neighbours of 68Ni
probed by β-decay
(and Coulex on 69Cu)

N = 40 strongly weakened
by adding/removing a nucleon

⇒ Measure structure of states

Details
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d(66Ni,67Ni)p with T-REX + Miniball

p1/2
f5/2
p3/2

g9/2

40

28

66Ni at 3 MeV/u, 106 pps

Prompt and delayed
γ-coincidence

ν(g9/2) => 9/2+ ; l=4

ν(p1/2) => 1/2- ; l=1

ν(f5/2 ) => 5/2- ; l=3

ν(p3/2) => 3/2- ; l=1
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Summary

New charged particle detection setup at REX-ISOLDE
to measure transfer reactions

Coupling with Miniball

First measurement: d(30Mg,31Mg)p in 2007

First test of the setup at Munich with d(64Ni,65Ni)p
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Around 68Ni

40

N=40

68Ni

68Ni

Courtesy of I. Stefanescu

back
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