Inpc S The INPC 2016 %m;_g S

Refuting the Nature of the Sixth 04
Hoyle-analogue State Candidate in °O

K.C.W. Li'? P. Adsley’? R. Neveling? P. Papka !+?
F.D. Smit? JW. Brummer! C. Aa. Diget "’

Z. Dyers? M. Freer® Tz. Kokalova® N.Y. Kheswa ?
F. Nemulodi? L. Pelligri?® B. Rebeiro*
J.A. Swartz® S. Triambak?* C. Wheldon 3

1Department of Physics, University of Stellenbosch, Stellenbosch 7600, South Africa

QiThemba Laboratory for Accelerator Based Sciences, South Africa

3School of Physics and Astronomy, University of Birmingham, Edgbaston Birmingham, B15 2TT, United Kingdom
4Department of Physics, University of the Western Cape, P/B X17, Belleville ZA-7535, South Africa

5Instituut voor Kern- en Stralingsfysica, KU Leuven, B-3001 Leuven, Belgium

6University of the Witwatersrand, Johannesburg Wits 2050, South Africa

7Department of Physics, University of York, York, United Kingdom

16" of September 2016



Introduction
Results
Conclusions

Clustering
Experimental Apparatus and Technique

Clustering

20Ne:N,=9

e The OZ{ state in '°0, situated at 15.097 MeV, is a primary
candidate for a Hoyle-analogue state.

8,
Be:N,=1

LD

g = 12 e In particular, theoretical predictions suggest that this
state may be a Bose Einstein Condensate.

P. Schuck et al., Alpha-Particle Condensation in Nuclear Systems,
. Phys. Conf. Ser. Journal of Physics: Conference Series 413 (2013)]

285i:N,= 16

e There is disagreement between the experimentally observed
width of 166(5) keV and the theoretically calculated width
of 34 keV.

[Y. Funaki et al., Phys. Rev. C 82, 024312 (2010)]

[D.M. Brink, 1967]
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o 12C(13C,°Be)l%0* at 141 MeV
[Haigh et al., J. Phys. G: Nucl. Part. Phys. 37 (2010) 035103]

e 12C(°Li,d)1%0" at 42 MeV

[Wheldon et al., Phys. Rev. C 83 (2011) 064324]

o 12C(a,a)2C" [a + X] at 386 MeV

[Itoh et al., Journal of Physics: Conference Series, 569 (2014)]

K.C.W. Li

SH

Refuting the Nature of the Oé’_ Hoyle-analogue State Candidate in 16



Introduction Ol

Experimental Apparatus and Technique

The K600 Spectrometer Vault

e The reaction of interest was 160(a, o)
with a beam energy of 200 MeV and a
LioCOg target.

Zero degree High dispersion
beamstop focal plane

N

SR e The K600 spectrometer was configured
NN e for a 0°— 2° measurement.

\ VDC 2

N

N

\ Paddle 2 Paddle 1 . . .

N e At 50 MeV /u, the dominating direct
y\ single-step reaction mechanism

Quadrupole

= predominantly excites
4 low-spin, natural-parity states.

Collimator

Target LN
\ \ \ \ ladder 17/ The CAKE

New scattering chamber

e The CAKE (Coincidence Array for
“He beam K600 Experiments) silicon array was
used to detected coincident charged

particle decays.
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The K600 Spectrometer Vault

Clustering
Experimental Apparatus and Technique

The reaction of interest was 0(a, o)
with a beam energy of 200 MeV and a
LioCO3 target.

The K600 spectrometer was configured
for a 0°— 2° measurement.

At 50 MeV /u, the dominating direct
single-step reaction mechanism
predominantly excites

low-spin, natural-parity states.

The CAKE (Coincidence Array for
K600 Experiments) silicon array was
used to detected coincident charged
particle decays.
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Coincidence matrix (gated on higher angles)
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ap decay from low-spin natural-parity states
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The a( Decay Channel
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Extraction of oy angular distributions

To be self-consistent with respect to
total and ring-gated fits:

250

200 ® The resonance energies (ERr’s) are fixed.

® The reduced width parameters (v’s) are fixed.
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Angular Distributions of Charged Particle Decay
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Angular Distributions of decay from 90 at E, ~ 15.1 MeV

1'45_ e The angular distribution of the a; decay observed
b3 at B, ~ 15.1 MeV is distinctly isotropic.
| o e s e SR ST B
T osfF e Isotropic a; decay can only originate from a
= 0.65— J™ =07 or 2T resonance/state.
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! contributions.
T 08
= 06 e The angular distribution of the ag decay observed
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0.2F- Eg :1615'046(3) MiV o The calculated angular distributions of ap decay
ok |(x.0.'. . .O % ] C (Ou) from J™ =01,17,2%,37, 4%, 5 resonances at

T P R T R 7 B T R T R o ) )
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Resonance energies of ag, a1 and py decay at B, ~ 15 MeV
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E,. ~ 15 MeV: py decay
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E,. ~ 15 MeV: ay and o decay
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Conclusions

e The data suggests that the resonance, previously observed at 15.097 MeV and
identified as the OgL resonance in 160, has a contribution from a non-zero spin
resonance.

e A previously unidentified resonance may explain the disagreement between the
experimentally observed width of 166(5) keV (162(4) keV for this work) and the
theoretically calculated width of 34 keV.

[Y. Funaki et al., Phys. Rev. C 82, 024312 (2010)]

e This unidentified resonance may be interpreted to be consistent with the data
from Itoh et al., Journal of Physics: Conference Series, 569 (2014).
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Angular Distributions of Charged Particle Decay
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Angular Distributions of Charged Particle Decay
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e The prominently observed g decay modes from

several J™ = 07 states exhibit clear isotropy.

e The solid angle correction factors for the data are
well understood through a GEANT4 simulation.

e The branching ratio of the J™ = 0T resonance
observed at F; = 12.049(2) is calculated to be
Bay = 96(3)%, which is in agreement with the

literature value of B, = 100.
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