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10Be

6He+6Li→6He+α+d , 6He+7Li→6He+α+t

resonant 6He+α elastic scattering

Rotational band: 

0+(6.18 MeV), 2+(7.54 MeV), 4+(10.15 MeV)

ħ/2I = 200 keV ; axes ratio 2.5 : 1 

very large α–cluster spectroscopic factors

α-2n-α molecular structure



11C,11B

• 16O(9Be,11C*→7Be+α)14C , 7Li(9Be,11B*→7Li+α)5He

• resonant particle spectroscopy technique

• 2p pickup to 9Be and d pickup to 9Be

these strongly excited states observed in 

α-decay of both nuclei should have similar

cluster structure



• Rotational bands:
11B:

K=5/2+: 7.286, 9.185, 11.265, 14.04 MeV

rotational parameter ħ/2I=250 keV

K=3/2+: 7.978, 9.274, 10.597, (12.5) MeV

rotational parameter ħ/2I=215 keV
11C:

K=5/2+: 6.905, 8.655, 10.679, 13.4 MeV

rotational parameter ħ/2I=240 keV

K=3/2+: 7.500, 8.699, 10.083, (12.1) MeV

rotational parameter ħ/2I=215 keV

very deformed structure

11B: α+t+α 11C: α+3He+α



10,11,12B

12C(7Li,10B*)9Be
16O(7Li,10B*)13C
7Li(7Li,11B*)t
7Li(7Li,12B*)d

α-decay channel

dominates: α+Li 

cluster structure



12B



Experimental details

• Measurements performed at the Australian National University’s 14UD Tandem Van de 

Graaff accelerator, Canberra, Australia

• Beam: 70 and 55 MeV 9Be intensity ≈3 enA

• Target: Li2O3 foil, 100 µg/cm2

• Detector array: four telescopes for charged particles in a cross-like arrangement

• T1: θc=17.3°Φc=0°; T2: θc=17.8°Φc=180°; Θ= ≈7°- ≈28°

• T3: θc=28.6°Φc=90°; T4: θc=29.7°Φc=270°; Θ= ≈20°- ≈38°

• Telescopes: 70µm 5x5cm2 silicon detector segmented into 4 squares, 500µm 5x5cm2

silicon strip detector divided into 16 position-sensitive strips, 2.5 cm thick CsI detector



Charge and mass resolution from hydrogen to beryllium isotopes



7Li(9Be,11B*→α+α+t)5He

• Q = -4.9 MeV

• similar spectra for other

telescope combinations

• peak width: 1.0-1.5 MeV

• width of the 5He gs 600 keV



• reaction identification: 3 detected particles of 4 in the exit reaction channel
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• 11B excitation energy spectra reconstructed from the energy and momentum of three

detected particles: peaks at 13.1, 14.4 and 17.5 MeV



11B→t+8Be(gs) decay 11B→α+7Li*(4.652 MeV, Jπ=7/2-) decay

peaks at 13.1 and 14.4 MeV                             peaks at 14.4 MeV and 17.5 MeV



• Relative decay strengths of the α+7Li(gs), α+7Li*(4.652 MeV, Jπ=7/2-) and t+8Be(gs) decays

for the 14.4 MeV state in 11B:

– all angular range for 11B*(14.4 MeV) c. m. scattering angle θ*

– 10°≤ θ* ≤ 40°(this range is covered in all three decay channels)

– three intervals: 10°≤ θ* ≤ 20°, 20°≤ θ* ≤ 30°, 30°≤ θ* ≤ 40°

• data corrected for detection efficiency, analysis excludes events for which kinematics allow

decay via two different decay channels (all events included only once), analyzed data for

both beam energies

• Result: N(α+7Li(gs)) / N(α+7Li*(4.652 MeV, Jπ=7/2-)) = 4.90 ± 0.75

N(α+7Li*(4.652 MeV, Jπ=7/2-)) / N(t+8Be(gs)) = 5.15 ± 0.75

• 11B* decay thresholds (MeV):

α+7Li(gs)        t+2α t+8Be(gs)         p+10Be        n+10B        α+7Li*(4.652 MeV, Jπ=7/2-)   

8.664          11.131      11.223             11.228  11.454          13.316

• if the 14.4 MeV state decays only into these three channels: 80.5% into α+7Li(gs), 16.3% into 

α+7Li*(4.652 MeV, Jπ=7/2-) and 3.2% into t+8Be(gs)

• spin and parity of the 14.4 MeV state unknown

• it has been claimed that at this excitation is Jπ=5/2+, T=3/2 state and that its isospin is mixed

• additional measurements are planned for the near future 


