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● Light nuclei as open quantum systems
● The 11B case: existence of a near-threshold proton resonance?

● 11B: the 6Li(6Li, pγ) experiment at LNL-INFN with GALILEO+TRACE
● 14C: the 9Be(6Li, pγ) experiment at ANL with GRETINA+ORRUBA 

● The new 6Li(6Li, pγ) experiment at LNL-INFN with AGATA+TRACE

● Preliminary analysis and results of the new experiment
● Summary and future perspectives
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Relevant for understanding:
• Collectivization
• Nuclear clustering
• Nucleosynthesis (e.g., 12C Hoyle state)
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Relevant for understanding:
• Collectivization
• Nuclear clustering
• Nucleosynthesis (e.g., 12C Hoyle state)

Shell Model Embedded in the Continuum 
(SMEC):
• Coupling with continuum
• Core  particle/cluster⊗
• Enhanced γ-ray branches (10-3-10-6)
J. Okołowicz, M. Płoszajczaka and I. Rotter, 
Phys. Rep. 374, 271 (2003)



  

Near-threshold states in light nuclei

2 Fabio Conca                                                            Zakopane Conference on Nuclear Physics                              Aug 30th – Sept 6th 2026

Relevant for understanding:
• Collectivization
• Nuclear clustering
• Nucleosynthesis (e.g., 12C Hoyle state)

Shell Model Embedded in the Continuum 
(SMEC):
• Coupling with continuum
• Core  particle/cluster⊗
• Enhanced γ-ray branches (10-3-10-6)

γ-ray as probes to 
investigate 

their wave functions

J. Okołowicz, M. Płoszajczaka and I. Rotter, 
Phys. Rep. 374, 271 (2003)
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Z

N
A n-rich nucleus emitting 
a proton:  an extremely 

rare decay
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β-p

Z

N
A n-rich nucleus emitting 
a proton:  an extremely 

rare decay

bβp=3×10-8
D. Baye and E.M. 
Tursunov, Phys. Lett. B 
696, 464 (2011)

A very limited 
phase space 

of 280 keV 
only 
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bβp=1.3×10-5
Y. Ayyad et al., Phys. Rev. 
Lett. 123, 082501 (2019)

β- decay of 11Be with 
TPC @TRIUMF 
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bβp=1.3×10-5 bβp = (8.3 ± 0.9)×10-6
Y. Ayyad et al., Phys. Rev. 
Lett. 123, 082501 (2019)

K. Riisager et al., Phys. 
Lett. B 732, 305 (2014)

β- decay of 11Be with 
TPC @TRIUMF 

11Be production and 
AMS @ISOLDE 
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bβp=1.3×10-5 bβp < 2.2 ×10-6
Y. Ayyad et al., Phys. Rev. 
Lett. 123, 082501 (2019)

K. Riisager et al., Eur. 
Phys. J. A 56, 100 (2020)

β- decay of 11Be with 
TPC @TRIUMF 

11Be production and 
AMS @ISOLDE 

REVISED
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bβp=1.3×10-5 bβp < 2.2 ×10-6
Y. Ayyad et al., Phys. Rev. 
Lett. 123, 082501 (2019)

K. Riisager et al., Eur. 
Phys. J. A 56, 100 (2020)

bβp < (2.2 ± 0.8)×10-6

β- decay of 11Be with 
TPC @TRIUMF 

11Be production and 
AMS @ISOLDE 11Be production @ISOLDE

N. Sokołowska et al., Phys. 
Rev. C 110, 034328 (2024)

REVISED
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Eres = 11.400(20) MeV Eres = 11.440(40) MeV

Γp = 4.5(11) keV

Y. Ayyad et al., Phys. Rev. 
Lett. 129, 012501 (2022)

E. Lopez-Saavedra et al., Phys. 
Rev. Lett. 129, 012502 (2022)

10Be(p,p’) @NSCL 10Be(d,n) @FSU 
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Eres = 11.400(20) MeV Eres = 11.440(40) MeV

Γp = 4.5(11) keV

Y. Ayyad et al., Phys. Rev. 
Lett. 129, 012501 (2022)

E. Lopez-Saavedra et al., Phys. 
Rev. Lett. 129, 012502 (2022)

10Be(p,p’) @NSCL 

Search for the 
near-threshold 
resonance with 

a different 
approach: 

measurement 
of its γ decay

10Be(d,n) @FSU 
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6Li(6Li,pγ) fusion-evaporation reaction 
@LNL with GALILEO+TRACE setup

GALILEO HPGe array 
• 20 single detectors
• 10 triple clusters
• BGO AC shields

TRACE Si detector
• 3 ΔE-E telescopes
• 60 pads each
• PSA 
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6Li(6Li,pγ) fusion-evaporation reaction 
@LNL with GALILEO+TRACE setup

GALILEO HPGe array 
• 20 single detectors
• 10 triple clusters
• BGO AC shields

TRACE Si detector
• 3 ΔE-E telescopes
• 60 pads each
• PSA 

bγ < 2.37 × 10-3
bγ = 0.98 × 10-3SMEC:

J. Okołowicz, M. Płoszajczak, and W. 
Nazarewicz J. Phys. G: Nucl. Part. 
Phys. 49, 10LT01 (2022)

Exp:
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The new AGATA+TRACE experiment at LNL 
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6Li(6Li,pγ) fusion-evaporation reaction @LNL 
with AGATA+SAURON+TRACE setup

AGATA
• 10 triple clusters (ATC)
• 1π coverage
• ~5 mm position resolution

SAURON
• DSSSD detector
• 16 pads – 64 strips

TRACE
• 4 ΔE-E Si detectors
• 60 4mm x 4mm pads on 

each layer
• new electronics
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6Li(6Li,pγ) fusion-evaporation reaction @LNL 
with AGATA+SAURON+TRACE setup

AGATA
• 10 triple clusters (ATC)
• 1π coverage
• ~5 mm position resolution

SAURON
• DSSSD detector
• 16 pads – 64 strips

TRACE
• 4 ΔE-E Si detectors
• 60 4mm x 4mm pads on 

each layer
• new electronics

Data storage and analysis 
@INFN-CNAF Tier1 (Bologna)

~150 PB storage
~30000 CPU cores

Batch Job Management 
via HTCondor
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bγ ≲ 10-44 MeV < Ep < 6 MeV  protons: 
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ONLINE

γ-ray Doppler-corrected 
spectrum gated on SAURON 

γ decay from near-
threshold resonance 

expected 



  

Impact of the continuum in a similar case: 14C 

9 Fabio Conca                                                            Zakopane Conference on Nuclear Physics                              Aug 30th – Sept 6th 2026

9Be(6Li,pγ) fusion-
evaporation reaction @ANL 

with GRETINA+ORRUBA setup
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9Be(6Li,pγ) fusion-
evaporation reaction @ANL 

with GRETINA+ORRUBA setup bγ < 4.0 × 10-5
Upper limit on the γ-decay 

branch of the 22+ resonance:
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9Be(6Li,pγ) fusion-
evaporation reaction @ANL 

with GRETINA+ORRUBA setup bγ < 4.0 × 10-5
Upper limit on the γ-decay 

branch of the 22+ resonance:

Constraining the V0 continuum 
coupling strength parameter 
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9Be(6Li,pγ) fusion-
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Upper limit on the γ-decay 

branch of the 22
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● Near-threshold resonances: key role in clustering  and collectivization phenomena, 
fundamental probe of nuclei as open quantum systems and to explain 
nucleosynthesis reactions

● A near-threshold proton resonance in 11B?
→ 6Li(6Li,pγ) experiment with AGATA+SAURON+TRACE @LNL (2025)

● γ tracking algorithms, improved Doppler correction and clean particle identifications: 
enhanced sensitivity on the γ branching is expected

→upper limit of 4×10-5 reached in 14C with GRETINA

● Analysis is ongoing: fine-tuning of Si detectors 
calibration, AGATA neutron damage correction 
and test of γ tracking algorithms up to 9 MeV.
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● Near-threshold resonances: key role in clustering  and collectivization phenomena, 
fundamental probe of nuclei as open quantum systems and to explain 
nucleosynthesis reactions

● A near-threshold proton resonance in 11B?
→ 6Li(6Li,pγ) experiment with AGATA+SAURON+TRACE @LNL (2025)

● γ tracking algorithms, improved Doppler correction and clean particle identifications: 
enhanced sensitivity on the γ branching is expected

→upper limit of 4×10-5 reached in 14C with GRETINA

● Analysis is ongoing: fine-tuning of Si detectors 
calibration, AGATA neutron damage correction 
and test of γ tracking algorithms up to 9 MeV.

Thank you!
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SMEC Theory 
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Continuum coupling

Correlation energy

Shell Model Hamiltonian + energy-
dependent continuum coupling

Shell Model states coupled to 
one-nucleon decay channel

Eres=11371 keV

J. Okołowicz, 
M. Płoszajczak, 
and W. 
Nazarewicz J. 
Phys. Rev. Lett. 
124, 042502 
(2020)



  

Statistical analysis of GALILEO experiment 
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• Region of interest: 280 keV 
• 120-keV moving window (3σ) 
• 20-keV steps (1σ)

CLloc=CLglob1/MLook-Elsewhere Effect: 

Significant excess of counts (C) in 
the considered region if:C-B > LC

S. Bottoni et al., 
Phys. Lett. B 855, 

138851 (2024)

G.R. Gilmore, 
Practical Gamma-
ray spectroscopy, 
2nd ed., 2008 John 

Wiley & Sons



  

TRACE commissioning in 2024 
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Commissioning: 7Li(13C,p)19O @12 MeV in 
PISOLO chamber @LNL

Pixel-type matrices of 12×5 4×4 mm2 on 
both ΔE and E layers

Thicknesses: 200 μm and 1500 μm
Readout: channel by channel or grouping 
scheme (rows and columns)

Tested new components (preamplifiers, 
kapton cables, etc.)

Tested PID capabilities

Tested readout techniques



  

TRACE readout 
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CAD drawing
 courtesy of N. Bez 

5×12 layout mapped 
into 6×10 layout

(E layer) 

column - row 
readout logic

(60 ch. → 16 ch.) 

Planar geometry mapped 
into (θ,φ) plane 



  

14C experiment 
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9Be(6Li,pγ) fusion-evaporation 
reaction @ANL with GODDESS 

(GRETINA+ORRUBA) setup

Fractional Doppler-Shift 
Attenuation Method:

G. Corbari et al., Phys. 
Lett. B 879, 140630 (2026)
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