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Two proton radioactivity
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Best candidates :
19Mg, 45Fe, 48Ni, 54Zn
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Predicted decay scheme of 45Fe

2 - 300

T1/2 [µµs]

1.15 ±±0.09-0.024

Q2p [MeV]Q1p [MeV]QEC = 18.7 MeV
T1/2 = 7 ms

T1/2 for the 2p emission 
from the ground state:  

• diproton, L=0 

• θθ2 = 1

Ä



• GSI , 1996– first observation of 45Fe (3 atoms !), 49Ni and 42Cr

• GANIL, 1999– discovery of 48Ni, 53 atoms of 45Fe,  T1/2 = 6 (+17–3) ms 

• GANIL, July 2000– next attempt of spectroscopy of 48Ni, 45Fe, … 

• GSI , July 2001 – new approach to 45Fe studies

History of 45Fe studies
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Beam current
(SEETRAM)

Target
4 g/cm2 Be

Degrader 2
3.6 g/cm2 Al

TOF 1, 2, 3
(scintillators)

Bρρ2
Bρρ3

∆∆E
(MUSIC)

IN-FLIGHT  IDENTIFICATION

Bρρ3,4 ⇒ p/Z
TOF 1,2,3 ⇒ v

∆∆E ⇒ Z

} ⇒ A/Z

Degrader 1
3.2 g/cm2 Al

Bρρ1

Bρρ4

NaI barrel

Si telescope
7 x 300 µµm

511 keVIdentified
ions

511 keV

Trigger, ∆∆E
300 µµm Si

Fragment Separator (FRS) at GSI

58Ni, 650 A MeV
4××109 ions/spill

Implantation
and decay

spectroscopy



Si telescope electronics
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Spectroscopy in the microsecond range
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45Fe identification

A/q2-3

Z

45Fe

Ions, which triggered DGF system:
2115 events in 8117 min. (5.6 d)

A/q2-3

Ions registered in the Si telescope 

during 10 ms after each trigger

3970 ions in 21 s (2115 ×× 10 ms)

44V



Radioactivity in the millisecond range  
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6 ×× 45Fe

664 other ions44V

Correlation conditions:

• implantation and decay in the 
same detector

• correlation time 10 ms



Evidencefor 2p radioactivity of 45Fe

• 4 decay events correlated with 45Feimplantation

E2p = 1.1(1) MeV

T1/2 = 3.4 ms

• No coincident γ − rays

• E2p and T1/2 compatible with predictions

- 1.1
+3.4

M. Pfützner et al., EPJA 14, 279 (2002)

� Other candidates to measure : 48Ni, 54Zn

� Energy and angular correlation of two protons 

Outlook


