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Borromean Nuclel

A A class of nuclei with al8ody structure.
A All 3 bodies must be present to form a

bound system.
A The 2body subsystems are unbound.

Nucleus| Structure| 2-body Decay Decay
subsystem channel | Q-value(keV)
°He a+n+n *He a+n +895
’n n+n +66
‘Be a+a+n %Be a+a +92
(stable) *He a+n +895
N SLi+n+n 100 Li+n +25
’n n+n +66




10C: Super Borromean

A There is only one fodpody nucleus with Borromean properties:
10C a+a+p+p
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10C: Super Borromean

A There is only one fodpody nucleus with Borromean properties:
10C a+a+p+p

AW Aa UKSNBF2NB (0KS 2ytiteée 1y2

A 10C is actually atorder Brunnian link. =
A In knot theory: g

a!  sfidaflink that becomes trivial
AT Fyé 02YLRYySyl

A Threebody Borromean nuclei are<3
order Brunnian links.



10C: Super Borromeanata+p+p
The removal of one body leaves an unbound thibeely system:

Remove | Produces| Structure Decay Decay
channel| Q-value(keV)

P B a+ta+p SBe+p +185
a 6Be a+p+p SLi+p bptp

* 6Be is unbound toLi+p decay as th#ig.s is 1.5MeVwide.




10C: Super Borromeanata+p+p
The removal of one body leaves an unbound thibeely system:

Remove | Produces| Structure Decay Decay
channel| Q-value(keV)

P B a+ta+p SBe+p +185
a 6Be a+p+p SLi+p bptp

* 6Be is unbound toLi+p decay as th#ig.s is 1.5MeVwide.

The removal of two bodies leaves an unbound tvamly system:

Remove | Produces| Structure Decay Decay
channel| Q-value(keV)
pp %Be a+a a+a +92
ap oL a+p a+p +1967
aa P p+p p+p +93




Motivation

A The reproduction of the structure 8#C provides a unique
and stringent test of nuclear felwody models.

A The aim of the experiment was to stuthC to obtain new
Information on the energies, widths, spins and decay widths
of the states.



Motivation

A The reproduction of the structure 8#C provides a unique
and stringent test of nuclear felwody models.

A The aim of the experiment was to stuthC to obtain new
Information on the energies, widths, spins and decay widths
of the states.

A The two decay channels to be considered are:

12C(10C,10C* — 9Bgs+ p)lZC 12C(10C 10C* GBegs"' a)12C
L sBe,+ p L SLi+ p
|-> a-+a I—> a+p

A Both channels require the detection afra+p+p
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Double Sided Strip Detector
(DSSD) : 1000 pum thick

\\\>

[
16 horizontal strips (front) ﬂg‘ﬂ N "
& 16 vertical strips (back) _—
Beam stop —»
Drift chamber
(X1, X2, Y1,Y2)
" Csl array
o \ @ Fragments 64 crystals
X N (o, a,p, p) (6 x 6 x 20) mm
\ *% | 12C target
P (95, 45, 20 mg/cm2)
/ R | i Resistive Silicon Strip Detector
10C \ / (RSSD) : 500 um thick
33.3 MeV/A S

1) 16 vertical strips

25,000 pps 2) 16 horizontal strips

. )
98.6 % purity (Resolution ~ 0.2 mm)



Particle Identification

A DE(DSSD) vs.GE).

A For multiplicity = 1 :
1 DSSD X strip +
1 DSSD Y strip +
1 Cslcrystal.

AE (DSSD) (MeV)

0 50 100 150 200 250 300
E (Csl) (MeV)

() Beam contaminants (1.4 %) :
d, *He and*He



M=3 (a Ep) Decay Energy T, ~ookev "Be

2500 1 f_
A 8Beg.s peak seen at Q = ¥V 20001
15001

1000

Counts per 10 keV

5001

g : -
0.0 05 1.0 1.5
E o + o) (MeV)

decay (

800
7001
600 T
5001
400 1
3001
2001
100 1

Q, = 278 keV B
2

Counts per 10 keV

00 10 20 30 40
Egecay (0 + 0+ p) (MeV)



M=3 (a Ep) Decay Energy T, ~ookev "Be

2500 1 f_
A 8Beg.s peak seen at Q = ¥V 20001
15001

1000

Counts per 10 keV

5001

gk ,
00 05 1.0 1.5
Edgcay (o + a) (MeV)

800
Q, = 278 keV B
7001t °

A 9Bg.s peak seen at Q = 2K8V. sol *

500t
400 1
3001
2001
100 1

Counts per 10 keV

00 10 20 30 40
Egecay (0 + 0+ p) (MeV)



M=3 (a Ep) Decay Energy T, ~ookev "Be
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M=3 @pp) Decay Energy

A SLig.s peak not seen.
AQE S 9 bLI ke L p d

A Hence maX,,(°Li) = 196% 595 -
1372keV

A Calculation of decay phase spac
andl=1 centrifugal barrier shows
96% of yield is in ©9900keVrange.
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M=3 @pp) Decay Energy

A SLig.s peak not seen.
AQE S 9 bLI ke L p d

A Hence maX,,(°Li) = 196% 595 -
1372keV

A Calculation of decay phase spac
andl=1 centrifugal barrier shows
96% of yield is in ©9900keVrange.

A ®Beg.s peak seen at Q = 13k2V
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M=3 @pp) Decay Energy 2o

900 °Li
: 2001 1\ keV
A 5Lig.s peak not seen. 5, e
AQE S M bLI ke/ bpd T, |
A Hence maX,.,(°Li) = 196595 = £ | Q, = 1.967 MeV
1372keV. 3]
A Calculation of decay phase spac L o

andl=1 centrifugal barrier shows B 0 20, o

doay (0 + P) (MeV)
96% of yield is in ©9900keVrange.
160] Qs =1372MeV Be
A 6Beg.s peak seen at Q = 13k@2\V 3 4of Y
=< 1201
g 100t
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10C Excitation Energy

A DSSD M=4%(ap) events.
A 2 peaks iffB+p channel:

A 4.20MeV (new)

A 5.31MeV (5.22 & 5.38)

A 1 peak irfBe+a channel:

A 6.74MeV (6.58)

A Crosssections:

Decay

E, (MeV)

s (mb)

P

4-7

9.2+1.9

a

5-12

3.3+0.7

Counts per 100 keV
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10C andi%Be

A In the 4 to ™eVregion there 77
are 4 states in the mirror

nucleus!Be:

A 5.958MeV
A 5.960MeV
A 6.179MeV
A 6.263MeV

27]
1]
07]

2]

A Is there an association?

6.179 o+ 6263 2

6.58

5958 2+ 5.960 1" |

5.22

5.38

1OBe

1OC



Angular Distributions

. . . 160
A Y distributions for the states 1401 E.=420Mev
seen in’B+p decay. g 2
(QV
A Y is the angle between the & %
relative velocity vector of the ‘g ol
°B and p fragments and the © 28"
beam axis.
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A The dotted lines are Monte
Carlo predicted efficiencies.



