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o Transfer reactions with RIBs

© REX-ISOLDE at CERN
@ lon Sources
@ The REX post-accelerator
@ Miniball y-array

e New setup for charged particles: T-REX
@ Detector
@ Electronics

0 First physics cases
° d(**Mg'Mg)p
e d(°®Ni,%"Ni)p

© Summary
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Transfer as spectroscopic tool

o ©

Q-

@ Q-values = position of levels

@ Angular distribution
= spin and parities

@ Cross sections
= (relative) spectroscopic
factors, ANCs

A New Setup for Transfer Reactions at REX-ISOLDE

Measuring with RIBs
@ Inverse kinematics

@ Low intensity beams
(“thick” targets)

@ Detection of
beam-like ejectile = spectrometer
target-like ejectile = Si array
~y-rays = Ge array

Problems
@ Energy (angular) resolution
@ Efficiency

@ Background
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ISOLDE lon Sources

RILIS: Resonant lonization Laser lon Source ]
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REX: Radioactive Beam EXperiment

REX-ISOLDE
9-GAP 7-GAP
RESONATOR  RESONATORS
@ 20256 MHz @ 101.28 MHz IHS RFQ ISOLDE
Beam X*
Wiantnl
3.0 MeViu 2.2 MeViu 1.2MeV/u 0.3MeV/u SEPARATOR REXTRAP 60 keV
Experiments
@ REXTRAP: Penning trap at 60 kV @ Separator: g/A resolution ~ 150
@ REXEBIS: Efficiency < 30% @ LINAC: L=10m
7 =10-100 ms 0.8 < E < 3.0 MeV/u

A/q < 4.5, pulse width < 100ps @ Total efficiency: 1-5%
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Media File (application/x-shockwave-flash)
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REX-ISOLDE @ CERN

Proton Beam

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 x 3 detectors X

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 (um) Segmentation
CD Front AE 8-27 300-500 4 x 16 x 24
CD Front E 8-27 1500 4
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The charged-particle detector array (T-REX)

[ ——

Detector Angles (deg) Thickness (um) Segmentation
CD Front AE 8-27 300-500 4 x 16 x 24
CD Front E 8-27 1500 4
Barrel forward AE 31-78 60-140 4 x 16 PSD
Barrel forward E 31-78 1000 4
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The charged-particle detector array (T-REX)

.-—-‘
Detector Angles (deg) Thickness (um) Segmentation
CD Front AE 8-27 300-500 4 x 16 x 24
CD Front E 8-27 1500 4
Barrel forward AE 31-78 60-140 4 x 16 PSD
Barrel forward E 31-78 1000 4
Barrel backward E 99-148 1000 4 x 16 PSD
CD Back E 153-172 300-500 4 x 16 x 24
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The charged-particle detector array (T-REX)

Detector Angles (deg) Thickness (um) Segmentation
CD Front AE 8-27 300-500 4 x 16 x 24
CD Front E 8-27 1500 4

Barrel forward AE 31-78 60-140 4 x 16 PSD
Barrel forward E 31-78 1000 4

Barrel backward E 99-148 1000 4 x 16 PSD
CD Back E 153-172 300-500 4 x 16 x 24
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The charged-particle detector array (T-REX)

Detector Angles (deg) Thickness (um) Segmentation
CD Front AE 8-27 300-500 4 x 16 x 24
CD Front E 8-27 1500 4

Barrel forward AE 31-78 60-140 4 x 16 PSD
Barrel forward E 31-78 1000 4

Barrel backward E 99-148 1000 4 x 16 PSD
CD Back E 153-172 300-500 4 x 16 x 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

A New Setup for Transfer Reactions at REX-ISOLDE

Summary
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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

A New Setup for Transfer Reactions at REX-ISOLDE

T-REX Physics Summary
oce 0000

input connector

pulser input
bias, max +-400V

thresflold address N
sl output connector

» Electronics scheme
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First case: d(3°Mg,3'Mg)p
Single-particle states in 3'Mg -
772
@ Border of the “island of inversion” dare .
Niedermeier PRL 94 (2005) 172501 e
8
A%

intruder
fp
configurations
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REX-ISOLDE T-REX
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First case: d(3°Mg,3'Mg)p

Single-particle states in 3'!Mg B
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@ Studied with 8-NMR, laser, 5-decay
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d(3°Mg,3'Mg)p with T-REX + Miniball

@ 3°Mg at 3.0 MeV/u, 5 x 10* pps

A New Setup for Transfer Reactions at REX-ISOLDE

Summary
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d(3°*Mg,3'Mg)p with T-REX + Miniball

@ 3°Mg at 3.0 MeV/u, 5 x 10* pps
@ Coincidence with +'s to identify the states

@ p, d, bgr identified in telescopes
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d(°®Ni,*"Ni)p

The N = 40 subshell closure

N =40

Cu68 | Cu69 | Cu70
3ls 2.85m 455
1+ 3- a

B

1L 2
Ni67 Ni68 Ni69
21s 19s 114s

Z =28 a2 0+

B

I- .
Co66 | Co67 | Co68
0235 042’ 0.18's

(3+) 12)

A New Setup for Transfer Reactions at REX-ISOLDE

T-REX Physics Summary

00 00@0
Yo/2
40
P12
T2 [eosoee
P32 —eoew
28
\%

@ Neighbours of %8Ni
probed by §-decay
(and Coulex on %°Cu)

@ N = 40 strongly weakened
by adding/removing a nucleon

= Measure structure of states
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d(®®Ni,®’Ni)p with T-REX + Miniball
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A New Setup for Transfer Reactions at REX-ISOLDE

@ %0Ni at 3 MeV/u, 10° pps

@ Prompt and delayed
~-coincidence

V(Qop) =>9/2* ; I=4
v(py,) =>1/27 5 1=1
V(s ) =>5/2;1=3

*Ni(d,p)*'Ni @ 2.95 MeV/u

€ —Ex=00Mev

doldQ) [mblsr]

Ex = 1.007 MeV

Ex = 0.694 MeV

| L L L
0 20 40 60 80 100 120 140 160 180
CM Angle [deg]
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Summary

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

@ Coupling with Miniball
@ First measurement: d(*°Mg,3Mg)p in 2007

@ First test of the setup at Munich with d(54Ni,%*Ni)p
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MUX-16 electronic scheme
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Around 9%8Ni
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Around 9%8Ni
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Courtesy of I. Stefanescu
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