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Cluster structure of few-body nuclei
Simone Bottoni

N

Z

3 4 5

3

4

5

7Li 8Li

7Be 9Be

8B
……

…
…

8Be

6Li

1

Nucleon clustering and 
molecular rotations

M. Freer et al., Rev. Mod. Phys. 90, 035004 (2018)
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q Low nucleon density and clusterization

q Sizable deformation and molecular rotations

q Large E2 transition strengths 

q Structure captured by ab initio calculations

    

q  Nucleon dynamics with 2- and 3-body forces

What happens in 8Li?
ACC meeting

Warsaw, 7-8 Sept. 2026



What happens in 8Li?
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Classic axially symmetric rotations 

but very large B(E2) values exist in the literature…

No 1+ member of a K=2 rotational band

I = K, K + 1, K + 2,…
𝟐!
𝟏!

8B

8Li

No halo structure and 
short density tail

Matter density distribution

1 ACC meeting
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Previous Coulomb excitation experiments of 8Li
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but ab initio calculations predict very small values…2

𝐁 𝐄𝟐; 𝟐! → 𝟏! = 𝟓𝟓(𝟏𝟓)	𝐞𝟐𝐟𝐦𝟒

Without 𝛾 rays With 𝛾 rays

𝐒𝐢	𝐭𝐞𝐥𝐞𝐬𝐜𝐨𝐩𝐞𝐬

𝐁 𝐄𝟐; 𝟐! → 𝟏! = 𝟏𝟗$𝟔!𝟕(𝟐)	𝐞𝟐𝐟𝐦𝟒

𝐋𝐚𝐁𝐫	𝐬𝐜𝐢𝐧𝐭𝐢𝐥𝐥𝐚𝐭𝐨𝐫𝐬
𝐁𝐚𝐲𝐞𝐬𝐢𝐚𝐧	𝐢𝐧𝐟𝐞𝐫𝐞𝐧𝐜𝐞
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Quantum Monte Carlo calculations (QMC)
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𝐁 𝐄𝟐; 𝟐! → 𝟏! = 𝟎. 𝟖	𝐞𝟐𝐟𝐦𝟒

Results for 8Li

Green’s Function Monte Carlo

AV18 IL7

𝐕𝐚𝐫𝐢𝐚𝐭𝐢𝐨𝐧𝐚𝐥	𝐚𝐩𝐩𝐫𝐨𝐚𝐜𝐡	

𝛘𝐄𝐅𝐓	𝐞𝐥𝐞𝐜𝐭𝐫𝐨𝐦𝐚𝐠𝐧𝐞𝐭𝐢𝐜	𝐨𝐩𝐞𝐫𝐚𝐭𝐨𝐫𝐬

R. B. Wiringa et al., Phys. Rev. C 51, 38 (1995) S. C. Pieper, AIP Conf. Proc. 1011, 143 (2008)
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No-Core Configuration Interaction calculations (NCCI)
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R. Barret et al., Prog. Part. Nucl. Phys. 69, 131 (2013)

Systematic truncation errors 
are cancelled in the ratio of 
diagonal and non-diagonal

E2 matrix elements 

Results for 8Li

assuming Q0=3.14 fm2

𝐁 𝐄𝟐; 𝟐! → 𝟏! = 𝟏 − 𝟐	𝐞𝟐𝐟𝐦𝟒

compatible with QMC

𝐁𝐞𝐧𝐜𝐡𝐦𝐚𝐫𝐤	q Truncated HO basis and excitations

q Slow convergence of B(E2)

q Approximated B(E2) values
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Quadrupole strength in few-body nuclei 
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Coulex

Exp	from	Q0	and	rotationa	model

Coulex	-	Brown	et	al.1

Coulex	-	Henderson	et	al.2

Theo	(QMC)	-	Pastore	et	al.3

1Phys.	Rev.	Lett.	66,	2452	(1991)
2Phys.	Rev.	C	109,	064304	(2024)
3Phys.	Rev.	C	90,	024321	(2014)
4Phys.	Rev.	C	106,	034320	(2022)

*Assuming	Q=3.14	fm2

8B 9Li

Theo	(NCCI)	-	Caprio	et	al.4*

3/2-→1/2- 3/2-→1/2- 2+→1+ 2+→3+ 3/2-→1/2- 3/2-→5/2-

Predictions of large B(E2) classically 
interpreted as molecular rotations

Predictions of B(E2) as deduced from
ground-state quadrupole moments 

Large discrepancy in 8Li
no theoretical interpretation
of such a large E2 strength

investigation of the possible 
8Li anomaly via Coulex

ab initio calculations 

Proposed experiment
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The EXOTIC facility @ LNL 
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Warsaw, 7-8 Sept. 2026Courtesy of M. Mazzocco, S. Pigliapoco, A. Togni, D. Genna

primary beam

8Li beam 
production

7Li (d,p) @ 28 MeV
from Tandem

Primary intensity 
up to 300 enA



8Li beam production and transport optimization
Simone Bottoni

8

ACC meeting
Warsaw, 7-8 Sept. 2026Courtesy of D. Genna

Technical paper 
in preparation

Bayesian Optimization
o Simultaneous modification 
      of 8 optical parameters

o Rate measured 
     at target position

o Convergence time ~ 1 h 
(8-10 h with manual methods)

Ibeam = 5E4 – 1E5 pps



The 8Li Coulex experiment   
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𝟐!
𝟏! 109Ag target 3 mg/cm2

mostly low-energy 𝛾 rays

Superior resolving power 
of AGATA to reach 

B(E2) ~ 1 e2fm4

𝐒𝐚𝐟𝐞	𝐂𝐨𝐮𝐥𝐞𝐱

𝐀𝐆𝐀𝐓𝐀 𝐒𝐀𝐔𝐑𝐎𝐍 Si detector

q Expected FWHM = 8 keV @ 1 MeV

q No 𝛾-ray feeding

q No M1 contribution

q Normalization: 
§ 109Ag target
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B(E2↑)	=	1	e2fm4

109Ag(8Li,8Li)/σruth
109Ag(8Li,8Li*	(981	keV))
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The 8Li Coulex experiment   
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MCP beam tracking

Inside the scattering chamber
Neutron shielding

AGATA in 
close-up position

Beam spot 
and direction

target 
position

target 
position



Si detector analysis 
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Warsaw, 7-8 Sept. 2026Bachelor’s thesis by T. Ghiringhelli 

p-n energy correlation
p-n time correlation

calibrations, PID, beam offset, 
and study of Rutherford scattering 

Ion identification 
through PSA

in the Si detector 

M. Reese et al., NIM A 779, 63 (2015)

beam offset observed



Online 𝛾-ray spectra - partial statistics 
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clean region 
of interest

average
β = 8%

selectivity to 
different ion gates

No prominent 8Li peak pointing to a small B(E2)
ongoing analysis 
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