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• Beta-decay proton emission in 11Be.

• 10Be+p resonant scattering.

• Determination of branching ratios via 10B(d,p).

• Outlook and conclusions.



11B, an “exotic” structure



11Be β-delayed proton emission experiment at TRIUMF

• 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).



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.

Phys Rev Lett. 124, 042502 (2020)
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10Be+p resonant scattering at ReA3 (FRIB)
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Y. Ayyad et al., Phys. Rev. Lett. 129, 012501 (2022)
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Fit with code 
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Eres=(171 +-20) keV
Γ = 16 keV
Γp= 4.5 keV
Γa= 11 keV



What about near neutron-threshold 
states?

Phys Rev Lett. 124, 042502 (2020)





10B(d,p) with HELIOS (ANL)

10B

11B,10B,7Li…

• 10B beam at 106 pps.

•  CH2 target 100 μ g/cm2.

•  Resolution (150 keV FWHM).

•  Scatter + Recoil coincidence. 



11B

10B

7Li
?

4He

10B(d,p) with HELIOS (ANL)



10B(d,p) with HELIOS (ANL)

Alpha width

Neutron width

Penetrability not 
included in the fit!!!



Proton emission from 11.4 MeV state

Results are consistent with the 
previous estimate (factor 5): 

Γp= 4.5 keV
Γa= 11 keV



Remeasurement of 7Li+alpha TRISOL (ND)

Search for the 11B resonance via the 
α(7Li, 7Li)α reaction 

• 7Li + α 🡪  11B* 🡪  7Li + α
• 7Li + α 🡪  11B* 🡪  10Be + p
✔  Very thin Li target 

10µg/cm2 
✔  5keV Energy resolution in 

C.M.



https://arxiv.org/pdf/2407.09846

Decay study of 11Be with an Optical TPC detector

(2.2 ± 0.6 ± 0.6) × 10−6 



• Three Four independent experiments confirm the existence of a ½+ state at Ex~11.400MeV in 11B: 11Be(b,p), 
10Be(p,p) and (10Be(d,n)11B->10Be+p)

• All show a strong spectroscopic factor of ~ 0.2-0.3

• Models with coupling to the continuum can reproduce these properties

• Still needed: precise branching ratios to decay, (gs and 1st excited state of 7Li) tritium decay

• Independent measurement of 11Be->10Be+p branching ratio



Thank you for your 
attention!



10Be(d,n) FSU

Phys. Rev. Lett. 129, 012502 (2022)

Upper limit for alpha branch < 40%
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