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Outline

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

* "B:the ®Li(5Li, py) experiment at LNL-INFN with GALILEO+TRACE
* C: the °Be(°Li, py) experiment at ANL with GRETINA+ORRUBA

* The new SLi(5Li, py) experiment at LNL-INFN with AGATA+TRACE

* Preliminary analysis and results of the new experiment
* Summary and future perspectives
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Near-threshold states in light nuclei
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Near-threshold resonance
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Near-threshold states in light nuclei

Relevant for understanding:

* Collectivization

Nuclear clustering

Nucleosynthesis (e.g., '2C Hoyle state)

Continuum <

> Near-threshold resonance

E ISP ESREE N KRR W

e
Few Mels r—- - I I I Particle-emission threshold
—8_1n—6
Bound states < v 10 *-10
. A 4 2.5
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Near-threshold states in light nuclei

Relevant for understanding:

* Collectivization

* Nuclear clustering

* Nucleosynthesis (e.g., ?C Hoyle state)

E. A
-

Continuum <

> Near-threshold resonance

Particle-emission threshold

Shell Model Embedded in the Continuum
(SMECQ):

* Coupling with continuum

v * Core ® particle/cluster

* Enhanced «-ray branches (10--10)

J. Okotowicz, M. Ptoszajczaka and I. Rotter,
&-5- Phys. Rep. 374, 271 (2003)

Few MeVs ...........0..

Bound states <

E ISP ESREE N KRR W
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Near-threshold states in light nuclei

E. A
-

Continuum <

> Near-threshold resonance

E ISP ESREE N KRR W

e
Few Mebs (_- TaATTTIETIT T T T Particle-emission threshold
-3_.10-6
Bound states < v 10 *-10
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RELTEEEEEEE 18721
UBYp - 15952
«-ray as probes to |
investigate T

their wave functions

Relevant for understanding:

* Collectivization

* Nuclear clustering

* Nucleosynthesis (e.g., ?C Hoyle state)

Shell Model Embedded in the Continuum
(SMECQ):

* Coupling with continuum

* Core ® particle/cluster

* Enhanced «-ray branches (10--10)

J. Okotowicz, M. Ptoszajczaka and I. Rotter,
Phys. Rep. 374, 271 (2003)
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The rare B'p decay of ''B

A

Z

’IZB
B

1OBe 11Be

>

N

A n-rich nucleus emitting
a proton: an extremely
rare decay
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The rare B'p decay of ''B
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7 t 11.509 \l! 11.454
g\ > WMEEEEEEEEMMNE =2 2222 2"
B 8971 s/- UBe +1
12 @ i— i
C 8560 3/2 Li+a
f" 7978 G+ 3.664
7286 St
6792 1/2+
1Be '"Be 6742 73
5020 3/2
g 4445 5/2-
N A very limited
2125 1/ phase space
A n-rich nucleus emitting of 280 keV
a proton:. an extremely only
rare decay 0 3/2-

Fabio Conca Zakopane Conference on Nuclear Physics Aug 30t - Sept 6" 2026



The rare B'p decay of ''B

WE+n
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The rare B-p decay of '"B

/ B-decay of ""Be with

TPC @TRIUMF

. Proton energy distribution
------------ Breit-Wigner T',,, = 10 keV
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Y. Ayyad et al., Phys. Rev.
Lett. 123, 082501 (2019)
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The rare B-p decay of '"B

/ B-decay of '"Be with / ""Be production and \
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The rare B-p decay of '"B

/ B-decay of '"Be with / ""Be production and \

TPC @TRIUMF AMS @ISOLDE
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The rare B-p decay of '"B

/ B-decay of ""Be with / 11Be production and \ / | \
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A near-threshold resonance in '""B?
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A near-threshold resonance in '""B?
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Y. Ayyad et al., Phys. Rev.
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A near-threshold resonance in '""B?

'R-+n
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Search for the -y decay at LNL with GALILEO

®Li(°Li,p-y) fusion-evaporation reaction
@LNL with GALILEO+TRACE setup

GALILEO HPGe array W
* 20 single detectors

* 10 triple clusters
* BGO AC shields

TRACE Si detector
* 3 AE-E telescopes
* 60 pads each

* PSA
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Search for the -y decay at LNL with GALILEO

®Li(°Li,p-y) fusion-evaporation reaction
@LNL with GALILEO+TRACE setup
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Search for the -y decay at LNL with GALILEO

®Li(°Li,p-y) fusion-evaporation reaction
@LNL with GALILEO+TRACE setup
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The new AGATA+TRACE experiment at LNL

®Li(°Li,py) fusion-evaporation reaction @LNL
with AGATA+SAURON+TRACE setup

AGATA

* 10 triple clusters (ATC)

* 11 coverage

* ~5 mm position resolution

SAURON
* DSSSD detector
2,.° 16 pads - 64 strips

TRACE

* 4 AE-E Si detectors

* 60 4mm x 4mm pads on
each layer

* new electronics

Fabio Conca Zakopane Conference on Nuclear Physics
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The new AGATA+TRACE experiment at LNL

®Li(°Li,py) fusion-evaporation reaction @LNL
with AGATA+SAURON+TRACE setup

AGATA o ~150 PB storage

* 10 triple clusters (ATC) - ~30000 CPU cores
* 11 coverage ‘ '
* ~5 mm position resolution

SAURON
* DSSSD detector
* 16 pads - 64 strips

@

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

TRACE

* 4 AE-E Si detectors

* 604mm x 4mm pads on
each layer

* new electronics

Batch Job Management

via HTCondor I'ITCOHM

Software Suite
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Preliminary results
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Preliminary results
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Preliminary results
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Preliminary results
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Impact of the continuum in a similar case: “C

’Be(°Li,py) fusion-
evaporation reaction @ANL
with GRETINA+ORRUBA setup
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Impact of the continuum in a similar case: “C

’Be(°Li,py) fusion-
evaporation reaction @ANL
with GRETINA+ORRUBA setup

Upper limit on the -decay
branch of the 2,* resonance;
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Impact of the continuum in a similar case: “C

1 27, Ref. [32]

Upper limit on the «y-decay i ?ﬁfﬁiﬂk ! 2 Tk
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Summary and future perspectives
®

* 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 ""B?
— 6Li(5Li,py) experiment with AGATA+SAURON+TRACE @LNL (2025)

* « tracking algorithms, improved Doppler correction and clean particle identifications:
enhanced sensitivity on the « branching is expected
— upper limit of 4x10~° reached in *C with GRETINA

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

®
U
. : - 1/23
Continuum coupling $ :
J. Okotowicz, E o2l 3/23
ﬂ(E) — HQ Q —|— WQ QO (E) g/lr;dP’{/(?/-szachak, % - 3/2;
WQ Q, (E) (E) l;lszar:wicij. E‘; oal AR _
ys. Rev. Lett. N .
Shell Model Hamiltonian + energy- 124, 042502 X -
dependent continuum coupling (2020) oy
06T 10Be(0*)+p
Correlation energy . , . .
i P . 0 0.5 1 1.5
Ecorr a(E) <\Ij ( ( )|\Ij (E)> E,(MeV)
I _ |A—1
|\Ija >— ‘ Z(Kﬂ)®fj> 1 h l _10B (0+)® ( )]1/2+
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Shell Model states coupled to ‘ E_ =11371 keV ‘ P i P\ 513

one-nucleon decay channel
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Statistical analysis of GALILEO experiment

®
> T ooy
M C G.R. Gilmore,
o 10 Practical Gamma-
<t N ray spectroscopy,
> F 2" ed., 2008 John
g 5 — Wiley & Sons
= N
Q 0 B . | ; N | . " 1 e aon 0 N e G
9000 9100 9200 9300 9400 9500 "
O
Ey [keV] S. Bottoni et al., —

Phys. Lett. B 855,

138851 (2024) _

 Region of interest: 280 keV Lc = ko VIB(1 + n/2m)]

* 120-keV moving window (30)

«  20-keV steps (10) Significant excess of counts (C) in

the considered region if:

Look-Elsewhere Effect: [ CL,,.=CLg,,"™ } [ C-B> L. J
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TRACE commissioning in 2024

AE [MeV]

Counts

18

200}

E [MeV]
1000 ~——— ——
| FWHM < 150 keV 9.6 | 9 :
Lt
2.8 - -
v ]
39 |
Fg.8 l ! 4 ]
.i Aid |f ..'r.\:lw ! ey
0 2 4 6 8 10 12
E [MeV]

10°

F10°E
F 0%
E10'E
Bl L Lo lhivi

a “tdp

0 5

10 15 20
F.o.M. [a.u.

d~ o

16

800}
600}

400

Commissioning: 7Li(*C,p)"?0 @12 MeV in
PISOLO chamber @LNL

Pixel-type matrices of 12x5 4X4 mm? on
both AE and E layers

Thicknesses: 200 ym and 1500 pm

Readout: channel by channel or grouping
scheme (rows and columns)

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

Tested PID capabilities

Tested readout techniques
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TRACE readout

55|50( 454035 (3025 |20f15|10| 5| O 5550 [45 kol 350 30
5651464136 (3126 [21[16|11]| 6] 1 5651 46 k11 36] 31

57(52| 474237 |32 (27 [22| 17 12| 7| 2 | [57]52]47 k2] 37]32

5815314843138 |33 128 [23]18]13] 8| 3 58153 148 B3138]33

59(54[49144 139 (3429 12411914 9| 4 59|54 |49 B4 39|34

PCB '~ _ CONNECTQR _'! 25]20[15J10] 5] 0

26121116 1} 6| 1

5x12 layout mapped 27 (2217 fi2] 7| 2

B into 6x10 layout 2823118131813
(E layer) 29 (24 (19 p4a] 9| 4

CAD drawing !
courtesy of N. Bez :

Planar geometry mapped 6
into (6,p) plane

55

130 140 150 160 170 180

190

column - row
readout logic
(60 ch. - 16 ch.)
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1“C experiment

®

°Be(°Li,p-y) fusion-evaporation

reaction @ANL with GODDESS
(GRETINA+ORRUBA) setup

20[

15

E [MeV]

10

Counts / 10 keV

G. Corbari et al., Phys.
Lett. B 879, 140630 (2026)
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Fractional Doppler-Shift

Attenuation Method:
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R(O.) = =X y\Yy
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4 2% Ref. [32]
O 2, Ref. [31] @O 2%, Ref [34]
® 2% This work ,l, 2%, This work

- (2) YSOX
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