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« Classic » decay modes:
beta minus, beta plus, alpha emission, 
fission

at the proton drip-line:
strong interaction is not able to bind 
last proton
→→→→ kept inside by Coulomb barrier

1-proton radioactivity
1981: discovered at GSI 
~30 known emitters, Z = 53 à 83

2-proton radioactivity
due to pairing, predicted in the 60’s
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choose heavy nuclei: Longer lifetimes due to Coulomb and
angular momentum barrier
produce in fusion evaporation reactions
separate and subsequently stop in a detector for identification
use segmented silicon strip detectors to observe delayed decay
(recoil decay tagging)
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C. J. Gross et al.
113Cs

A. A. Sonzogni et al.
131Eu, 141Ho, 145Tm

J. Uusitalo et al.
155Ta

K. Rykaczewski et al.
140Ho, 141Ho

T. N. Ginter et al.
150Lu

K. S. Toth et al.
151Lu

P. J. Woods and C. N. Davids, Annu. Rev. Nucl. Part. Sci. 47 (1997) 541
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141Ho

92Mo + 54Fe àààà 141Ho + p4n @ 292 MeV
54Fe + 92Mo àààà 141Ho + p4n @ 502 MeV

One example: 141Ho

Reactions:

σσσσ~100 nbarn
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Gammasphere
(101 Ge)

mass
separator

recoil
identification

QQ Q Q

E E
B

beam

target
wheel

recoils

FMA

Si det.
40x40 mm2

1600 pixel
focal plane

M/Q Erec, Eαααα, x, y

PPAC

αααα

γγγγ

• same setup than in No experiment
• now proton instead of αααα decay



50 µµµµs < ∆∆∆∆T < 25 ms

∆∆∆∆T < 40 µµµµs
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Andrea Jungclaus

Universidad Autónoma de Madrid

introduction
γγγγ-ray spectrometer
ancillary detectors
examples:

prompt particle decay from deformed excited states
superdeformed bands 
spectroscopy of transfermium nuclei
ground state proton decay

next generation γγγγ-ray spectrometer
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View into the collimators
of EUROBALL
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Pph :  ≈≈≈≈9%
P/T:  ≈≈≈≈60%

Pph :  ≈≈≈≈6.5%
P/T:  ≈≈≈≈40%

≈≈≈≈65%
≈≈≈≈85%

≈≈≈≈6.5%
≈≈≈≈13%

M=1

M=30
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Another problem:
small R →→→→ large ΩΩΩΩ →→→→
large Doppler broadening !
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like EUROBALL, Gammasphere
etc. for high-spin spectroscopy
after fusion-evaporation reactions

for low-rate experiments:
e.g. MINIBALL at REX-ISOLDE

The future: AGATA in Europe
and GRETA in the US
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length: 78mm
diameter: 68 mm

(same shape as Ge
crystals in EUROBALL
Cluster detectors)

asymmetric triple cryostats



42 6-fold segmented Ge crystals
in cryostats with 3 (4) crystals
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6x6=36 segments
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fold distribution for Mγγγγ=30




