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1. Why 2%, in ?C? The Structure of the Hoyle State.

2. The HIyS Facility: Real Photons 2 < Ey <40 MeV
Iy ~ 3x10% y/sec
AE ~2%

3. The Detector: Optical Readout TPC (O-TPC)
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Why Study the 2¥5 in 12C ?

What is the Structure of the Hovle State?

1. Deformed three alpha state.
(Not linear chain, Brink 1966)
(Is a rotational band built on it?)

2. Low N limit of Bose Einstein
Alpha Condensate.

3. Predicted e.g. Descouvemont & Baye
at 9.11 MeV; B(E2: 2T — gs) =2.6 Wu.

4. Included in NACRE compliation.
x15 at T > 3 GK (Beyond Hoyle)

5. Not Observed in beta-decay.

6. Observed in 12C(p,p’) and 12C(oc,oc’).




S. Hyldegaard et al.; Phys. Let B678(2009)459.
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2* EXCITATION OF THE '2C HOYLE STATE
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FIG. 2. (Color online) '?C excitation energy spectrum measured
at 8,, = 287. Contaminants from '°O (O) and *C (C) are indi-
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Further Evidence for the broad 2§ at 9.6 MeV in '2C.

W.R. Zimmerman'2, N.E. Destefano!2, M. Freer3, M. Gai*? and F. D. Smit*.
1. LNS at Avery Point, University of Connecticut, Groton, CT 06340-6097.

2. WNSL, Dept of Physics,

Yale University, New Haven, CT 06520-812).

3. School of Physics and Astronomy, University of Birmingham, Birmingham, B15 2TT, United Kingdom.
4. iThemba LABS, P.O. Box 722, Somerset West 7129, South Africa.

A recent measurement of the 2C(p,p’) reaction per-
formed at the iThemba LABS [1] provided evidence for
a broad (I' = 600 keV) 27 state at 9.6 MeV in 12C. The
existence of this 23 state in '2C has been the subject of
much debate since it was observed in a 12C(a, o) mea-
surement [2] but it was not observed in the beta decays of
12N and 2B [3]. Such a 27 state at 9.11 MeV (a member
of the rotational band built on top of the Hoyle state at
7.654 MeV in '2C) was predicted [4] to significantly alter
the rate of the formation of 12C' at high temperatures (T
> 3GK) during stellar helium burning [5]. Such a rota-
tional band was not predicted by the newly suggested low
N limit of a BEC structure of the Hoyle state [6]. In this
model the 2§ was predicted to be an alpha-vibrational
state.

We used a 25 MeV proton beam extracted from the
Yale tandem to measure the 2C(p,p’) reaction at an
energy lower than used in Ref. [1]. As we discuss below,
at 25 MeV we observe small contributions from the broad
(' = 3.0 MeV) 05 state at 10.3 MeV that dominated the
iThemba LABS data [1]. But our experiment is plagued
by another (most likely instrumental) background, hence
we do not plan to continue this study (e.g. to achieve
higher statistics). However, we present our data in this
Brief Report since it gives credence to the findings of Ref
[1] 1(;n the observation of the broad 23 state at 9.6 MeV
in ~C.

Measurements with a 25 MeV (~10 nA) proton beam
and thin (40 pg/cm?) natural 2C and enriched (93%)
B¢ targets were performed. The protons were detected
in the Yale Enge Split Pole Spectrometer [7] with a solid
angle of 2.8 msr and angular opening of A ~ =+ 1°,
at lab angles of 20°, 35° and 45°. The energy resolution
was measured using the narrow 05 Hoyle state at 7.654
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(Color Online) The scattered proton spectra mea-
sured at lab angles of: 20° (top blue), 35° (middle red) and
45° (bottom black).

PN R R
7000 8000 9000 10000

FIG. 1:

I 3 L2cpp)
> |2 Ep=25MeV 0 =20° r*

103j © = >

E = - §

E v =

[ -1 (=) 1 :

r = &

- -

1083 MeV 2

102

Counts / 8 keV

10

1=

L,
Wl ’L \' A I SR BRI
7000 8000 9000 10000 11000 12000 13000

Ex(keV)
FIG. 2: (Color Online) Scattered proton spectrum measured
at 20° compared to the sum (red line) of all contributions
from all known states plus the broad 27 at 9.6 MeV and a
linear background term (dashed blue lines).
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FIG. 3: (Color Online) The measured background-subtracted
proton spectrum analyzed with (red line) and without (black
dashed line) the contribution of the 27 state at 9.6 MeV.

MeV as well a the narrow 17 state at 12.710 MeV [8].
The large background observed in all three angles, see
Fig. 1, cannot be associated with a state in 2C. This
background is larger at small angles and for lower energy
scattered protons, hence we conclude that it arises (most
likely) from plural scattering of protons (e.g. in the slits
etc.).

The data shown in Fig. 1 allow us to discriminate in-
elastic scattering from contaminants in the target (e.g.
hydrogen, oxygen or 13C), since the contaminant lines
appear at each angle at a different computed ”excitation
energy” in '2C. The contaminant lines were also directly
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Hovle State (7.654 MeV): Low N Limit of Alpha-Condensate in 12C

26 T. Yamada, Y. Funaki, H. Horiuchi, G. Ropke, P. Schuck, and A. Tohsaki
arXiv.org > nucl-th > arXiv:1103.3940v1
P. Ring, and P. Schuck, The Nuclear Many-Body Problem (Springer-Verlag, Berlin, 1980).
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Fig. 15 (Color online) Theoretical interpretation of the 03 , 2} and 03 states.



Descouvemont and Baye: PRC36(1987)54
Deforemed 219 at 9.11 MeV in 12¢
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FIG. 2. ®Bel(a,y)'?C astrophysical S factors for transitions
towards the O and 2" states of '2C.
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tan ¢ =tan § / Sin o,

Cos 8 =Cos 3 x Cos a

Y
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Conclusions
B(E2: 29 — 01p) =2

12
B 1+
Logft
12
N +
Logft
B(E2)
~9.6 +
>8 - 2 2 >8
~0.3 Wu_r

| ? BR~10-9-10-8 1)

4.34 0+2 4.13 - 366

o + 8Be

5.15 2+ 5.12

4.12 0+ 4.07
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