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Determination of the α decay width of a near-threshold 
proton-emitting resonance in 11B



• First direct observation of β-p in a neutron-rich nuclei.

• Branching ratio is 1.2x10-5 , with 30% uncertainty… Theoretical calculations 
yield 8.0×10−6.

• A narrow resonance (12 keV) in 11B was inferred. E = 11425(20)keV, Γ=12(5) 
keV, Jπ = 1/2;3/2+

• Decay into the continuum would be characterized by a much shorter branching 
ratio (10-10).
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Theory tries to reproduce the result

• Shell model embedded in the continuum (SMEC).

• Near-threshold collectivity driven by the interplay between nuclear 
interactions and decay channels.

• Single “aligned eigenstate”.

• [10Be(0+) ⊗ p(s1/2)]1/2+, [10Be(0+) ⊗ p(s1/2)]1/2+ and [10B(3+) ⊗
n(d5/2)]1/2+

• Strongest collectivization is predicted at Ep ≃ 142 keV.

• Core-coupled proton state [10Be ⊗ p] with the negligible [7Li ⊗ α] 
component.

• SMEC finds a consistent description of the beta-delayed alpha 
branching ratio of 11Be and the Γp(1/23

+).

• However, it does not reconcile with the branching ratio for proton 
emission. It should be 40 times lower.

• This is based on the assumption that a neighboring 3/2+ state 
decaying by alpha emission exists (at around 11.450 keV). Such 
state was inferred from R-matrix calculations.
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• Halo Effective Field theory (EFT) yields results 
consistent with the experiment. bp =4.9 +5.6-2.9(exp) 
+4.0-0.8(theo.) and Γ=9.0+4.8-3.3(exp)+5.3-2.2(theo.) 
keV. 

• No resonance: Γ=(6.6+-2.6) 10-10 s

• From ab-initio calculations with no-core shell model 
with continuum (NCSMC) bp= (1.3+-0.5) 10-6 s

• Alpha decay spectroscopic factor is consistent with 
our estimate inferred from the decay width.

• From shell model calculations (A. Volya EPL 130, 1, 
2020) the decay proceeds via the isobaric analog 
state with a lifetime of 2.6 1010 s SFp = 0.23. Small 
alpha width does not explain the experimental 
branching ratio. 
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10Be+p at ReA3

Er= (171 +-20) keV
Jp = 1/2+
Γ = 16+-3 keV
Γp = 4.5+-1.1 keV
Γa = 11+-4 keV
Sf =0.25



10Be(d,n) FSU



• There are three main ingredients for solving this situation: beta decay branching ratio, 
energy and width.  

• We can assess two of them in this experiment. Theoretical calculations are mainly
feeding on energy and width to determine the branching ratio.

• It is possible to determine the alpha decay to gs and the excited state of 7Li. Also, we will 
obtain a much better excitation function of the (p,p).

• Direct measurement of branching ratio is extremely challenging. Results of this 
experiment will help to understand errors in the interpretation of the previous result.

• Calculations are very sensitive to the uncertainty of these observables.

• Even if the latest results are consistent, there are some conflicts: Energy and 
spectroscopic factors.

• There are conflicting indications of other neighboring resonances (3/2+) critical for the 
interpretation of model calculations. 

• We have direct evidence of at least two open decay channels, with a relatively large 
uncertainty.

• Therefore, we would like to repeat the same experiment with improved statistics.

Motivation



Beam time request

• 0.2 μm of CH2 thickness,corresponding to 1.78×1018 hydrogen atoms/cm2

• (p,p) and (p,α) reactions are of the order of 1 b/sr and 0.2 b/sr

• 10Be beam at 300 keV/u

• 105 pps we will obtain 2/4 counts per hour and 5/10 keV energy bin.

• 6 shifts for the measurement of the reaction, focusing on the (p,α) channel. 
2 extra shifts are requested for calibration purposes, if possible, using a 
proton beam.

• Total number of counts with 40 times larger statistics will be few 
hundreds per energy bin for (p,α).



Thank you!




