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On the birth of an alpha particle

What is the nature of alpha 
particle formation in nuclei ?

https://people.physics.anu.edu.au/~ecs103/chart/
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2016: FRIB SAC endorses Decay Station 
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Range of n-rich nuclei investigated with FDSi Experiments
2022-2025

Decay Station Initiator
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Superallowed Alpha Decay of 104Te

104Te expected to be the best candidate for the 
“superallowed” alpha decay

https://people.physics.anu.edu.au/~ecs103/chart/

108Xe

104Te

100Sn

This story begins around 2003 at HRIBF... 

2011
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Superallowed Alpha Decay of 104Te 
(@RIKEN)

2013 
2018
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Superallowed Alpha Decay of 104Te 
(@RIKEN)

2018

2020 
COVID !!!
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Superallowed Alpha Decay of 104Te 
(@RIKEN) "The third time's a charm"
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Alpha decay and pre-formation problem

B. Frois, Proc. Int. Conf. Nucl. Phys., Florence 1983

How and where the alpha particle form
before emission from nucleus ?
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Alpha particle pre-formation
What is the measure of preformation ?
Reduced width (Rasmussen) 
(P- barrier penetrability with spherical potential)

Reference case:
alpha+doubly magic 208Pb:  212Po 

 
Cluster models: 
Nucleus treated as a system core+alpha(s)
Shell-model:
Alpha particle emergent from the nuclear wave-function 

λ=Aα
2 fP

Aα
2=|⟨ψi(A)|ψ f (A−4)ϕ(4)⟩|2

1/τ=λα=Pδ2/h

Wα=δ2 /δ2(212Po)

H. Mang PRC 119(1960) 1069

65 years  

212Po
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Alpha clusters in spherical heavy nuclei ? 
"superallowed" alpha decay

Proposed by Macfarlane in 1965
● Enhanced alpha pre-formation due to proximity of N=Z
 protons and neutrons occupies the same orbits !

● Small degree of alpha clusterisation postulated at 208Pb region
● Experiments on 105,106Te observed increased decay probability
● Conflicting model predictions for 104Te alpha decay !

Strong suggestion for superallowed alpha decay 
based on 2 events in fusion reaction. Two alpha particles not resolved.

104Te  = 100Sn+α

108Xe [Eα=4.4(2) MeV, T1/2 = 58 +106 -23
104Te [Eα=4.9(2) MeV, T1/2 <18 ns]

Auranen et al. Phys. Rev. 
Lett. 121, 182501 (2018) 
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α - preformation,  surge in theory interest
The decays of heavy and superheavy nuclei

Auranen et al. Phys. Rev. 
Lett. 121, 182501 (2018) 

C. Xu and Z. Ren, Phys. Rev. C 74, 037302 (2006).
F. R. Xu and J. C. Pei, Phys. Rev. Lett. B 642, 322 (2006).
P. Mohr, Eur. Phys. J. A 31, 23 (2007).
C. Qi et al., Phys. Rev. C 81, 064319 (2010).
J. P. Maharana, A. Bhagwat, and Y. K. Gambhir, Phys. Rev. C 91, 047301 (2015)
G. Röpke et al., Phys. Rev. C 90, 034304 (2014).
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V. V. Baran, D. S. Delion, Phys. Rev. 94, 034319 (2016).
C. Xu el al., Phys. Rev. C 95, 061306(R) (2017).
C. Qi , R. Liotta, R. Wyss, Prog. Part. Nucl. Phys. 105, 214 (2019).
T. Togashi et al., Phys. Rev. Lett. 121, 062501 (2018)
D. Bai, Z. Ren, and G. Röpke, Phys. Rev. C 99, 034305 (2019).
R. M. Clark et al., Phys. Rev. C 101, 034313 (2020).
F. Mercier et al., Phys. Rev. C 102, 011301(R) (2020).
C. Qi, R. J. Liotta, R. Wyss, Phys. Lett. B 818, 136373 (2021).
S. Yang et al., Phys. Rev. C 101, 024316 (2020)
J. Tanaka et al., Science, 371, 6526, (2021).
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Significant efforts experimental and theoretical to 
address directly the 104Te decay.

Predictions:  Wα~4.
2 observed events provide upper limit on lifetime 
T1/2 < 18 ns and energy estimate Eα=4.9(2) MeV.
The Wα~13.1 is unexpectedly large.

Further studies with fusion-evaporation are limited by 
the very low cross section and thin targets. 
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Experiment and theory
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 108Xe  →  104Te  →  100Sn

~ 100μs 

<18 ns

Directly produced 104Te 
cannot be electromagnetically separated

Use longer lived 108Xe to populate short lived 104Te
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4.7 MeV
620ns

3.9 MeV
13 ms

Experimental method to measure 104Te

[Lid06] S.N. Liddick et al, Phys. Rev. Lett. 97,082501 (2006)
[Grz07] R. Grzywacz et al., NIM B 261, 1103 (2007).
[Dar10] I. Darby et al., Phys. Rev. Lett. 105, 162502 (2010). 
[Lid12] S.N. Liddick, I.G. Darby and R.K. Grzywacz  NIM A 669, 70 (2012)

Silicon detector response is too slow to measure  T1/2~ 10 ns.
New technology needed to overcome DSSD limitations.

Implemented for the first time at ORNL in 58Ni+54Fe reaction (around 2005) 
led to discovery of 109Xe alpha-decay chain. 
Implant in position sensitive detector.
Record fast pileup pulses using digital signal processing methods.
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4.7 MeV
620ns

3.9 MeV
13 ms

Experimental method to measure 104Te

Silicon detector response is too slow to measure  T1/2~ 10 ns.
New technology needed to overcome DSSD limitations.

Implemented for the first time at ORNL in 58Ni+54Fe reaction (around 2005) 
led to discovery of 109Xe alpha-decay chain. 
Implant in position sensitive detector.
Record fast pileup pulses using digital signal processing methods.

Towards neutron knockout from 102Sn
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Fast inorganic scintillator enables measurements of 
fast decay chains 

Inorganic scintillators
(YSO, YAP, LYSO, CeBr3) :
- fast rise time (~1-2ns)
- short-decay time (30-60ns)
- bright (resolution ~8-10 %)

Fast digitization (500 MHz, 2ns) 
enables to resolve pile-up pulses 
in nanosecond range.  

Fragmentation !
Light quenching enables to
measure energetic
heavy ion (10 GeV) and decay 
induced signals (1-5 MeV).

Yokoyama et al. NIMA  93 (2019) 93-97
M. Singh NIM A. 1073 (2025), 170239
B. Kreider et al. https://arxiv.org/pdf/2508.15513
Y. Xiao et al. Phys. Rev. C 100, 034315, 2019

Xiao et al. PHYSICAL REVIEW C 100, 034315 (2019)

ΔT=16 ns
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Xiao et al. PHYSICAL REVIEW C 100, 034315 (2019)

ΔT=16 ns

JAEA 
2016
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108Xe  from 124Xe fragmentation

Experiment: 140 pnA (6kW), 124Xe52+ beam 345 MeV/u  on 6 mm 9Be target 
● "Nominal" (Epax 3.01) production cross section of 108Xe  ~ 60 fb resulting in 6 ions/hour of 108Xe.
● Empirical reduction factor of 20 observed for 105Te would result in 7 particles/24 hours.
● A reduction factor of 100 was observed for 67Kr fragments from 78Kr fragmentation (removal of 11 neutrons). 

108Xe=124Xe - 16 neutrons
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Experimental setup (RIBF June 2024)
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16x LaBr3 (Ce) for 105Te decay measurement 

Experimental setup (RIBF June 2024)
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16x LaBr3 (Ce) for 105Te decay measurement 

Experimental setup (RIBF June 2024)
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Ian Cox  
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Ian Cox  



28
RVF 2025. Grzywacz

  

108Xe  from 124Xe fragmentation

We observed 12 counts in ~120 hours  (reduction factor ~30)
Estimated cross section ~2.1 fb 
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Implant detector  

● 0.6 mm thick LYSO(Ce) 2”x2”
● 24x24x5 mm3 segmented light guide
● H12700 segmented photomultiplier 
● position sensitive readout using resistive network 
● digitizer: XIA Pixie16revF, 500 MHz, 14 bit

B. Kreider et al. https://arxiv.org/pdf/2508.15513
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Detection of alpha particles 

109Xe  →  105Te  →  101Sn

 106Te  

 107Te  

 106Te  
 107Te  

 106Te 
 



31
RVF 2025. Grzywacz

  

Alpha-alpha pileup signals

108Xe  →  104Te  →  100Sn
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Half-life of 104Te and 108Xe

9 correlated events 
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104Te

Alpha particle pre-formation
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α-cluster can only be formed on the surface of the “core” 
 Inside the nucleus the α cluster dissolves and four nucleons are uncorrelated.

● Four nucleons moving in a self-consistently determined mean field,
the shell model wave function determine the nuclear surface density 
and probability to form α-clusters (stronger for 104Te than 212Po).

● The  (p,p’a) experiment determined the probability of cluster
formation for stable neutron rich Sn isotopes.  

The quartetting model and alpha particle 
pre-formation

Shuo Yang et al., PHYSICAL REVIEW C 101, 024316 (2020)

Quartetting wave function approach (QWFA) 
G. Roepke and P. Schuck  

Tanaka et al., Science 371, 260–264 (2021)

Po
Te
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● 108Xe produced in fragmentation of 124Xe with ~1 fb cross section (12 events)
● First unambiguous observation of 108Xe → 104Te decay chain
● Fast response scintillator system can measure fast pileups.
● First measurement of the 104Te decay half-life 7.2+2.2

-1.4 ns
● The Qα value higher than expected, consistent with ANL result.
● High observed preformation (~10) compatible with QWFA predictions.

Superallowed Alpha Decay of 104Te
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La Double Vie De Robert Janssens ?
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La Double Vie De Robert Janssens ?



  

Happy retirement Robert !
                                     

from Kate and myself
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Alpha particle pre-formation

Te

Xe
Ba
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 T1/2, Qα and Wα of 104Te – experiment and theory 
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108Xe  from 124Xe fragmentation
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α-cluster can only be formed on the surface of the “core” 
 Inside the nucleus the α cluster dissolves and four nucleons are uncorrelated.

● Four nucleons moving in a self-consistently determined mean field,
the shell model wave function determine the nuclear surface density 
and probability to form α-clusters (stronger for 104Te than 212Po).

● The  (p,p’a) experiment determined the probability of cluster
formation for stable neutron rich Sn isotopes.  

The quartetting model and alpha particle 
pre-formation

Shuo Yang et al., PHYSICAL REVIEW C 101, 024316 (2020)

Quartetting wave function approach (QWFA) 
G. Roepke and P. Schuck  

Tanaka et al., Science 371, 260–264 (2021)

Po

Te
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