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Clustering in (n-rich) light nuclei

- excellent "tool” for the theory test and development [1]: from Ab Initio [2-4] to Mean Field [5]
- talk by P.Li on tuesday morning - clustering and molecular structure of n-rich Be isotopes

(neutron-rich) Be and B isotopes:

- evolution of the clustering with addition of neutrons in 1%12Be [4,5]: a-Xn-«

- role of extra proton in 3B [4]: °Li+*He, (a-2n)-t-a, 1°Be+3H

- molecular-like and cluster structures in Be, B isotopes
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Figure 1: Schematics of
molecular orbitals and
two/three-center clustering
in AMD formalism: A) 19Be
[2], B) ?Be [3] and density
distribution of the 3B [4]
ground and excited states.
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Clustering in light nuclei: experimental approach

Cases of 1%12Be and !B experimental study (a-clustering example):

transfer [6,7], inelastic and resonant elastic scattering [8-12,15] and breakup reactions [13,14]
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Experiment $S1620 at TRIUMF

51620

experiment: " Examining the helium cluster
decays of the 1?Be excited states by triton
transfer to the °Li beam”

spokespersons: N.Soi¢, M.Freer

August '17 at TRIUMF, Vancouver, CA.

v

method:

to explore the sensitivity of transfer
reactions on the structure of the nuclei in
the entrance channel

ingredients:

- 9Li beam (75MeV) produced by ISAC-II
(ISOL technique)

- LiF target (1 mg/cm?) produced in
Catania (evaporation technique)

TargetStations 500 Mev
Protons

Cyclotron

Figure 3: ISAC-II accelerator facility at
TRIUMF. Targets and detector setup
("LAMP") were mounted in TUDA
chamber.
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"LAMP" detector setup

Detectors:

YY1 wedge shaped silicon strip telescopes
(16 strips in polar angle)

-6 x70 um as AE

- 6 x 1500 ym as E

Geometry:

- lampshade geometry: 360° in A¢
and 16-48° in Af (2°/strip)

Particle identification:

- standard AE-E technique
(graphical cuts)
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< Figure 4: YY1 wedge detector [16] in

LAMP telescope setup. Optimization of
detection efficiency: AUSA MC framework
[17a], while UNISim MC framework [17b]
was used in analysis.

[16] http://www.micronsemiconductor.co.uk/product/yyl/, [17a] https://git.kern.phys.au.dk/ausa/ausalib/wikis/home,

[17b] https://github.com/dellaquilamaster/UNISim-tool



PID spectrum

dE:E spectra [T1,S5]
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Figure 5: AE-E (PID) spectrum (zoomed) for T1-S5: example of °Be and 1°Be
identification, the rest of the isotopes are (starting from the bottom):
H, He, Li, Be and B.
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Tree-body reactions: t(p,12)3

- full kinematic reconstruction:
p3, E3, Q + A¢1, dependence
(large uncertainty)
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Figure 6: Typical tree-body reaction:

t(p,12)3, particles "1" and "2" are detected, _ exit channel ID: Catania plot +
and "3" undetected. Symmetrical setup: Q value spectra— — AL

$1=0°, o=, DG o F(Q, 1, B, 01, 02,)
Ero o f(E1, Bz, 01,02, Ad12) — Enz x Q+ F(ESM) — Ejoz < Q + f(ECM)

excitation energy: Ex/ = E"tj,A+Ege,A



Experimental results: "Li(°Li,°Li*He)*H - 3B

Catania plot (‘Li+*He, 3-"H) Qspectrum ('Li, 33) vs. eneray,

Catania plot (*Li+*He) Qspectra (3="H) vs. energy .
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Figure 7: 3/3: a) Catania plot (slope
~ 1/A) and Q value spectrum for
"Li(°Li,°Li*He®H) reaction.

b) reconstructed A¢i5® distribution
for the A¢79™ = 180°.
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Figure 8: 2/3: a) Catania plot (slope
~ 1/A) and Q value spectrum for
"Li(°Li,’Li*He)>H reaction.

b) Data selection QC test (UNISim
MC framework).
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Experimental results: *B— °Li+*He (on ’Li)
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Figure O: Excitation energy spectra for the 13B decays to the ?Li+*He pairs from the coincident
detection of the °Li+*He pairs in dT=3 (A), dT=2 (B) and dT=1 (C) telescope combinations.



Experimental results: 3 B— °Li+*He - table of states

reaction | || Ex [MeV] _, H 12 H 13.5 ‘ 16.5 | 18.5 | 19.7 ‘ 21.5
"Li(°Li, 'Li*He)qr—3°H o o ® ®
7L1("L1 ILi'He)qr=2*H ® o ® o
Li(°Li, *Li*He)gr—1°H ° ® o

"Li(°Li, 'Li*He)qr—o°H o ®

9P (9L, YLi*He)qr—3'°N ° o | ® ®
YR (OLi, 'Li*He)qp—3'°N* o o | ® o
YR (OLi, "Li*He) gp—; '°N ® o o o
1"F(”Li7 ”Li'lHC)delmN* o ® ® ° °

YR (OLi, "Li*He) gp—o°N ® ®
YFOLL, “Li*He)gp—'"N* | o ®
references [18%] || [19,20] | [21] | [21] | [21]

® = good statistics and fit, o = peaks with low statistics and/or background interference;
& = peaks with low statistics which were not fitted, but have a possible presence in the relative energy spectra.

[18] A. H. Wuosmaa et al. Phys. Rev. C 90, (2014) 061301, [19] N. R. Fletcher et al. Phys. Rev. C 68, (2003) 024316,
[20] R. J. Charity et al., Phys. Rev. C 78, (2008) 054307, [21] A.Di Pietro et al. Phys. Let. B 832 (2022) 137256
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Experimental results: 13B— "Li+°He, °Be+3H
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g 13: 40F decays to the: "Li+%He (A,
3 g M: dT=1) and 1°Be+3H (B,
6F 20F dT=3,C, dT=3 on '°F).
421: i . 10f ) note: ‘Li=g.s. + 0.48 MeV
O S s s
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® = good statistics and fit, o = peaks with low statistics and/or background interference;
& = peaks with low statistics which were not fitted, but have a possible presence in the relative energy spectra.
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Experimental results: 1°Be— *He+°He (on ’Li)
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Figure 11: Excitation energy spectra for the °Be decays to the “He+°He and *He+%He* (E)
pairs from the coincident detection of the: “He-+%He (A-12-dT3, B-13-dT3, D-12-dT3%,

E-13*-dT3*) and ®He+%He (C-13+23-dT3, F-13423-dT3) pairs. Blue dashed line represents
geometrical efficiency (%).

12 /17



Experimental results: ?Be— °He+°He (on ’Li)
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Figure 12: Excitation energy spectra for the ?Be decays to the He+°He and He++%He* (D)
pairs from the coincident detection of the: “He+5He (A-23-dT3, D-23*-dT3*) and SHe+%He
(B-12-dT3, C-12-dT1, E-12-dT2, F-12-dT0) pairs. Blue dashed line represents geometrical

efficiency (%).
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Experimental results: ?Be— *He+8He (on ’Li)
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Figure 13: Excitation energy spectra for the 1?Be decays to the “He-+8He pairs from the
coincident detection of the: “He+8He (A-12-dT3, B-23-dT3, D-12-dT2, E-23-dT2) and

4He+*He (C-13423-dT3, H-13423-dT2) pairs. Blue dashed line represents geometrical

efficiency (%).
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Experimental results: 1%12Be table of states

Be — SHe+5He Be — SHe+0He* | *Be = He+ He "2Be — OHe+CHe | 2Be — ‘He+*He
7.5 [1.2,5] 98] 13,147
06 v (2] ) 103 v [15]
10.9]/[11.3; 13,14% 13,14%
10.2 v | [1-6,8,10,12%] v o9)/s3) (13147) (3147)
117 v | 1415 121 v | (15,16
11.8 v [1.3-9.11] v 13.5 v | 1517 (13.8) 13.6 v | [15.16,17%]
13.5] 5-7.11] 14.7)/[155% | v | [14,16,17%] 155 (14.5) v | [14,16,18]
(14.7) ) [11) 16.1 v | [16.17% 16.5 15.9 v | [14.16.18]
16.5 v [11] 16.0 [17.8]/18.6/(19.3] | v | [14,16] 17.8 17.2/[182] | v [16)
(17.8)/18.5 v s 20.9 v [16] 19.8/(19.2/20.7) | v | [14.16]
20.0 v 20.8 @Ln) s L) L)
22.8 v [16] 221 225 v
23.0 v
[240]/25.1 | v [16] 2
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Summary

- extensive research of reactions of °Li beam on Li and 1°F targets was carried out

- multinucleon (cluster) transfer reactions are suitable for populating cluster and molecular
states in wide variety of nuclei (focus on 1%:12Be and 13B)

13B:

- support of published °Li+*He experimental results with 2 new states at 12 and 21.5 MeV
observed

- first experimental observation of 7Li+%He (18.5, 19.5, 21.2 MeV) and 10Be+3H (16.5, 18.5,
19.5, (21.2), 22.9, 24.7 MeV) decay channels

10Be:

- observation of known molecular states with new observation of states at 18.5*, 20 and 23 MeV
- data didn't indicate the existence of high-spin 13.5 MeV state

- experimental evidence of *He+-%He* decay ((9.6), 10.2, 11.8, 16 and 20.8 MeV states)

- support of a-2n-a molecular structure

12Be:

- newly observed state at 22.5 MeV in *He+8He channel and first exclusive measurement (decay
to “He or SHe) for number of states

- first experimental evidence of ®He+8He* decay ((13.8), 15.5, 16.5, 17.8, 22.1, (24) MeV
states)

- support of a-4n-ac molecular structure

GENERAL:

- number of new states and/or decay channels observed in 1:12Be and 13B
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Thank you DREB2022!
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