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Structure of neutron-rich light nucIeiJ

- nuclear molecules:

4He+n:4He+n

covalent exchange of neutrons between a’s -

Bonding &
increased stability of the system
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rNeutron-rich isotopes of Be & BJ

e evolution of clustering with addition of neutrons & proton on the
a-a cluster structure

* unbound ®Be - a-Xn-a molecular structures in 1%1?Be
— a-Xn-p-a molecular structures in boron isotopes

e various theoretical aproaches with common results of well
developed clustering

A B 12Be C e e PR ®
e AT 7 ) _ &  Molecular orbitals &
EeTeD N o i
@@ 2/3-center clustering
@ @ 3725 (©) 5/27 () g .
di-cluster states —‘ ‘ IN AMD fOrma|I5mZ
+ + - . . L .
| ‘ 01 | 02 molecular orbital states B=0.53 B=0.50 denS|ty dIStrlbUthnS
. . & @@ —_1; " m :
- . = o Tl 270 12t e | ey 0| of the states in: A) 19Be,
@ > o e 12 13
o p=074) |  p-oss B) Be, C) B.
10Be 10Be o2 @8@ 13B

Y. Kanada-En'yo et al. Y. Kanada-En'yo et al, Y.Kanada-En'yo et al.
PRC 60 (1999) 064304 PTEP 1(2012) 01A202 PTEP 120 (5) (2008) 917



10,12Be & 13B experimental studies }

» 10Be: transfer reactions, inelastic breakup, resonant elastic scattering

» 12Be: inelastic breakup

» 13B:inelastic breakup, resonant elastic scattering
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Experiment S1620@TRIUMF J

* Experiment "Examining the helium cluster decays of the 1?Be excited states by
triton transfer to the °Li beam”, spokespersons: N.Soi¢, M.Freer

e |ISAC-II facility °Li beam: 74.8 MeV, average intensity 4x10° pps

* Natural lithium LiF target ~1mg/cm?

Shematic presentation
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Data analysis

/

* asequence of event reconstruction and event selection procedures
* reduction of background contributions

* in each step rigorous criteria for selection of the events applied and quality checks
performed

dE:E spectrum [T1,S5]
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1) hit reconstruction, multiple hits
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2) reaction products identification

3) reaction exit channel identification
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4) excited states identification
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Typical PID AE-E spectrum
for 1 strip in E detector

s e

E/50keV [MeV]
Coincident detection of 2 reaction products - kinematically complete measurements
of the 3-body reactions: a full reconstruction of the event kinematics by application
of momentum and energy conservation. Detailed Monte Carlo simulations.
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Data analysis — 13B* decay into °Li+ “He

p
Li+7Li>3H+1BB* > 3H +a +°Li, Q=-2.46 MeV

g oLi+ P¥F > >N + 3B* 5 3H + a + °Li, Q = -4.01 MeV
* reaction exit chanell identification: Q-value & Catania plot for each event
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Catania plot & Q-value plot for the t+a+°Li & a+°Li coincidences
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Data analysis — 13B* decay into °Li+*He

e excited states identification: 2D correlation plots
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Excitation energy spectra for the 13B decay to the °Li+*He for coincident
detection of °Li & *He in dT=3 (A), dT=2 (B) and dT=1 (C) telescope combinations.



13B results: 13B* = °Li+*He, ’Li+°He,

(SLi+7Li > 3H +6He +7Li, Q= -7.59 MeV 3%,
o 18ex1

9Li+7Li > 3H + 1Be + 3H, Q = -2.64 MeV  |§=
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10Be results: 19Be* > 4“He+°He, *“He+%He* J

o
9Li + ’Li > ®He + 19Be* - ®He + “He + °He, Q = 2.24 MeV
oLi + 19F > 180 + 10Be* - 180 + “He + ®He, Q = 4.23 MeV
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12Be results: 12Be* > °He+°He, *He+fHe* J

(90 + 7Li = 4He + 12Be* = %He + 5He + 5He, Q = 2.24 MeV
9Li + 1°F 5160 + 12Be* - 160 + ®He + °He, Q = -6.98 MeV
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12Be results: 12Be* > “He+%He J

(9L + 7Li = 4He + 12Be* = 4He + *He + 8He, Q = 3.402 MeV
oLi + 19F 5 160 + 12Be* 5 160 + 4He + 8He, Q = -5.830 MeV

\_
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i / decays to the *He+8He for
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" i and *He+*He (C-13+23-dT3, H-13+23-
T A dT2)
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Conclusions

* the °Li + ’Li experiment provided data for the number of light
neutron-rich nuclei, new spectroscopic info for 1%1’Be & 3B

« 13B: observed recently reported states decaying to the °Li+*He;
indications for new states in this decay channel found; indications
for the ’Li+®He and 1°Be+3H decay found m=) a+2n+p+2n+a ?

» 10Be: new states at high excitations observed in the *He+°He and
“He+®He*(1.8 MeV) channels

» 12Be: observed states reported in previous studies of inelastic
breakup to decay into “He+3He and ®He+°He; indications for new
states found; new decay channel ®He+°He*(1.8 MeV) observed

e could not provide info on the spin, parity and partial decay widths
of the states, but provided new important spectroscopic info

* exotic cluster-decay channels at high excitations mmstrong
support of the molecular structure of the observed states
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