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MINIBALL Anti-Compton shield

IPN Orsay: Ch. Le Galliard, I. Matea, A. Gottardo

IKP Köln: D. Rosiak, P. Reiter, S. Thiel



Coulomb excitation setup:
Si detector (DSSSD) for particle detection

• 16 rings (front), 96 strips (back)
• angle coverage: θlab = 16-55°

• ΔE-E measurement

Particle detector setups

Transfer reaction setup:
Si detector array for
Transfer experiments at REX-ISOLDE
T-REX

• large solid angle (58% of 4π)

• position sensitive
• PID (ΔE-E): p, d, t, α, 



Conversion electron spectrometer

SPEDE - SPectrometer for Electron DEtection

J. Pakarinen, Jyväskylä



Shell Model Physics with MINIBALL@REX-ISOLDE

transfer reaction 
at N=28 

46Ar 

“Island of inversion” N=20
Coulomb excitation & 

transfer reactions 
26,30,31,32Mg

28,29,30Na

Towards the doubly magic 78Ni
with Coulomb excitation and nucleon

transfer reactions around 68Ni
72,74,76,78,79,80Zn
67,68,69,70,71,73Cu

66,67,68Ni
61,62Mn, 61,62Fe
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MINIBALL physics case



B(E2) measurements around 132Sn
122,124,128Cd

138,140,142,144Xe
140,142,148Ba

Shell Model Physics with MINIBALL@REX-ISOLDE

Towards the doubly magic 100Sn
106,107,108,109,110Sn

107,108In
100,102,104Cd
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MINIBALL physics case



Shapes & collectivity with MINIBALL@REX-ISOLDE

Shapes and collectivity 
between Kr and Sr

72Kr               88,92,94,96Kr  
93,95,97,99Rb

96,98Sr

Shapes and collectivity
in the rare earth region

138,140Nd, 140,142Sm
142Gd, 144Dy
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MINIBALL physics case

Octupole collectivity
in heavy Rn, Ra isotopes
220,222Rn
222,224Ra  

Shapes and collectivity
in Hg, Pb, Po, Rn nuclei

182,184,186,188Hg
188,190,192,194,196,198Pb

198,200,202,206Po, 202,204Rn
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The REX normal conducting linac:

 Beam from the REX-EBIS charge breeder with 5 keV/u energy  is accelerated to 2.85 MeV/u

 Six normal conducting RF structures with a f = 101.28 MHz (9gap at 202.56 MHz) and a 10 % maximum 
duty cycle

 Transport and delivery of intermediate energies possible 

REX/HIE-ISOLDE  post-accelerator:

RF 
structure

Ef

[MeV/u]
βf

[%]
P [kW] 

(A/q = 4.0)

RFQ 0.3 2.5 29

Buncher 0.3 2.5 1.3

IHS 1.2 5.1 40

7gap1 1.55 5.7 60

7gap2 1.88 6.3 60

7gap3 2.2 6.8 60

9gap 2.85 7.8 71

REX RF systems:

Beam from REX-EBIS (5 keV/u)

Beam to HIE-ISOLDE 
(2.85 MeV/u)

The REX normal conducting linac:

Jose Alberto Rodriguez for the

HIE-ISOLDE operation team



REX/HIE-ISOLDE  post-accelerator:
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Diagnostics

Phase 1A 1B 2A 2B

Completed in: 2015 2016 2017 2018

# cryomodules 1 2 3 4

# HEBT lines 2 2 3 3

Emax [MeV/u] 
(A/q = 2.5)

5.6 8.6 11.5 14.2

Emax [MeV/u] 
(A/q = 4.33)

4.4 6.1 7.9 9.6

Phases of the HIE-ISOLDE project

Diagnostics

The HIE-ISOLDE super conducting linac and HEBT lines:

 Project divided into different phases to optimize 
resources and maximize physics output

 Phase 1B completed in 2016 (two cryomodules and 
two high energy transfer lines (HEBTs))

 Six experiments delivered to users after machine was 
commissioned in 2015 

• 78Zn at 4.3 MeV/u 

• 110Sn, 142Xe and  66Ni at 4.5 MeV/u 

• 132Sn at 5.5 MeV/u 

• 9Li at 6.8 MeV/u

Jose Alberto Rodriguez for the

HIE-ISOLDE operation team



Piet Van Duppen

196Pt 2+ → 0+

74Ga Cont.

74Zn 2+ → 0+

74Zn 4+ → 2+

74Zn 4+ → 2+

74Zn 2+
2 → 2+

?

4.0 MeV/u (~ 5 hours)

2.8 MeV/u (~ 16 hours)

74Zn on 196Pt at two different energies

First Coulex experiment at HIE ISOLDE 10/2015
74Zn(106 pps) + 196Pt



Piet Van Duppen

74Zn on 208Pb at 4.0 MeV/u

74Ga Cont.
74Zn 2+ → 0+

74Zn 4+ → 2+

First Coulex experiment at HIE ISOLDE 10/2015



Piet Van DuppenIllana Sison, Zielinska to be published

HIE ISOLDE (2015)

Louchart PRC 2013

Van De Walle PRL 2007

74Zn Louchart PRC 2013

Van De Walle PRL 2007

Shiga PRC2016

First Coulex experiment at HIE ISOLDE 10/2015



Preliminary results IS557 – Oct 2016

78Zn on 208Pb at 4.3 MeV/u

10th to 16th October 2016

78Ga contamination

78Zn: 4 + 2 + and 6 +  4+

150 counts

78Zn: 2 +  0 +

3600 counts

Coulex experiment at HIE ISOLDE second part

Courtesy by Illana Sison, KU Leuven



Oak ridge beam time

• 132Sn beam: 

 1.3 x 105 ions/s, 96% pure.

 3.75 MeV/u, 3.56 MeV/u.

• 48Ti target, Z=22.

• high efficiency BaF2 array (e∼ 30%).

• two weeks beam time

• particle gamma coincidences

ISOLDE beam time, Oct. 2016

• 132Sn beam: 

 1 - 3 x 105 ions/s, ? % pure.

 5.5 MeV/u.

• 206Pb target, Z=82.

• MINIBALL HPGe array (e ∼ 3%)

• energy & efficiency calibration @ 4 MeV (66Ga)
• 6 days beam time

• particle gamma coincidences

IS551 Coulomb Excitation of 132Sn

R.L. Varner et al., EPJA 25 s01, 391 (2005)



IS551 Coulomb Excitation of 132Sn

132Sn + 206Pb

– beam energy 5.5 MeV/u, Oct. 2016 

– online analysis

Dawid Rosiak (U Cologne)
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after ß⁻ decay 132Sb->132Te

Coulomb Excitation of 132Sn

Dawid Rosiak (U Cologne)



IS548 | Spokespersons: Th. Kröll (TU Darmstadt), G. Simpson (LPSC Grenoble)  

IS548 - Region of Interest

132Sn

Z=50 Sn

N=82

North-east of doubly-magic shell closure in 132Sn

• onset of octupole collectivity (nf7/2  ni13/2)

• evolution of quadrupole collectivity

Z=52 Te

Z=54 Xe

142Xe

Multiple safe 

Coulomb excitation

of 142Xe



IS548 | Spokespersons: Th. Kröll (TU Darmstadt), G. Simpson (LPSC Grenoble) 

Collectivity in 142Xe

W. Urban et al., 

EPJA A 16, 303 (2003)

(3-)? octupole state???

E3
E2

(2+,3+)

New low-lying

collective states,

e.g. g band???

Deformation from

quadrupole

moments



IS548 | Spokespersons: Th. Kröll (TU Darmstadt), G. Simpson (LPSC Grenoble)  

Online spectrum

Courtesy by Corinna Henrich (TU Darmstadt)

206Pb target

• Clearly enhanced yield for 

multiple Coulomb excitation 

compared to REX-ISOLDE

• ... new g rays observed
96Mo target



MINIBALL @ REX-ISOLDE

• Physics case covers chart of nuclei up to 224Ra

• Coulomb excitation & transfer reactions at 3.0 MeV/A

MINIBALL @ HIE-ISOLDE

• First experiments at beam energies up to 5.5 MeV/A  

• Coulomb excitation 74Zn

• Online results from 78Zn, 110Sn, 132Sn, 142Xe 

Future of MINIBALL

• BGO shields, SPEDE conversion electrons, plunger, new digital 

electronics

• A lot of beam time, >48 approved experiments

Summary



MINIBALL collaboration


