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Nucleus Structure 2-body
subsystem

Decay
channel

Decay
Q-value(keV)

6He a+n+n 5He
2n

a+n
n+n

+895
+66

9Be
(stable)

a+a+n 8Be
5He

a+a
a+n

+92
+895

11Li 9Li+n+n 10Li
2n

9Li+n
n+n

+25
+66



10C: Super Borromean

ÅThere is only one four-body nucleus with Borromean properties:

10C  (a+a+p+p)

Å 10/ ƛǎ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ƻƴƭȅ ƪƴƻǿƴ ά{ǳǇŜǊ .ƻǊǊƻƳŜŀƴέ ǎȅǎǘŜƳΦ



10C: Super Borromean

ÅThere is only one four-body nucleus with Borromean properties:

10C  (a+a+p+p)

Å 10/ ƛǎ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ƻƴƭȅ ƪƴƻǿƴ ά{ǳǇŜǊ .ƻǊǊƻƳŜŀƴέ ǎȅǎǘŜƳΦ

Å 10C is actually a 4th order Brunnian link.

Å In knot theory:

ά! ƴƻƴ-trivial link that becomes trivial 
ƛŦ ŀƴȅ ŎƻƳǇƻƴŜƴǘ ƛǎ ǊŜƳƻǾŜŘΦέ

ÅThree-body Borromean nuclei are 3rd

order Brunnian links.



10C: Super Borromean : (a+a+p+p)
The removal of one body leaves an unbound three-body system:

Remove Produces Structure Decay
channel

Decay
Q-value(keV)

p
a

9B
6Be

a+a+p
a+p+p

8Be+p
5Li+p

+185
ҍрфр *

* 6Be is unbound to 5Li+p decay as the 5Li g.s. is 1.5 MeVwide.
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The removal of one body leaves an unbound three-body system:

Remove Produces Structure Decay
channel

Decay
Q-value(keV)

p
a

9B
6Be

a+a+p
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* 6Be is unbound to 5Li+p decay as the 5Li g.s. is 1.5 MeVwide.

The removal of two bodies leaves an unbound two-body system:

Remove Produces Structure Decay
channel

Decay
Q-value(keV)

p p
ap
aa

8Be
5Li
2p

a+a
a+p
p+p

a+a
a+p
p+p

+92
+1967
+93 



Motivation

ÅThe reproduction of the structure of 10C provides a unique 
and stringent test of nuclear few-body models.

ÅThe aim of the experiment was to study 10C to obtain new 
information on the energies, widths, spins and decay widths 
of the states.



Motivation

ÅThe reproduction of the structure of 10C provides a unique 
and stringent test of nuclear few-body models.

ÅThe two decay channels to be considered are:

12C(10C,10C* 9Bgs+ p)12C

a+ a

8Begs+ p

12C(10C,10C* 6Begs+ a)12C

a+ p

5Ligs+ p

ÅBoth channels require the detection of a+a+p+p.

ÅThe aim of the experiment was to study 10C to obtain new 
information on the energies, widths, spins and decay widths 
of the states.
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Particle Identification

ÅDE(DSSD) vs. E(CsI).

ÅFor multiplicity = 1 :

1 DSSD X strip +

1 DSSD Y strip +

1 CsIcrystal.

Beam contaminants (1.4 %) : 
d, 3He and 4He

p,d,t

3,4He

Li



Å 8Be g.s. peak seen at Q = 92 keV.

M=3 (aap) Decay Energy
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Å 9B g.s. peak seen at Q = 278 keV.

Å



Å 5Li g.s. peak not seen.

ÅQ(6.Ŝ Ҧ 5[ƛҌǇύ Ґ ҍрфр keV.

ÅHence max Edecay(
5Li) = 1967 ς595 = 

1372 keV.

Å Calculation of decay phase space 
and l=1 centrifugal barrier shows 
96% of yield is in 0 - 900 keVrange.

M=3 (app) Decay Energy
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ÅDSSD M=4 (aapp) events.

Å2 peaks in 9B+p channel:

Á4.20 MeV (new)

Á5.31 MeV (5.22 & 5.38)

Å1 peak in 6Be+achannel:

Á6.74 MeV (6.58)

ÅCross-sections:

10C Excitation Energy

Decay Ex (MeV) s(mb)

p 4 - 7 9.2 ± 1.9

a 5 - 12 3.3 ± 0.7



10C and 10Be

Å In the 4 to 7 MeVregion there 
are 4 states in the mirror 
nucleus 10Be: 

Á5.958 MeV[2+]

Á5.960 MeV[1-]

Á6.179 MeV[0+]

Á6.263 MeV[2-]

Å Is there an association?



ÅYdistributions for the states 
seen in 9B+p decay.

ÅYis the angle between the 
relative velocity vector of the 
9B and p fragments and the 
beam axis.

ÅThe dotted lines are Monte 
Carlo predicted efficiencies.
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