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1. Why 2% in *C?
The Structure of the Hoyle State
Stellar Helium Burning (Formation of '2C)

2. The HIyS Facility: Real Photons 2 < Ey <40 MeV
Iy ~ 5x10° y/sec
AE ~2%

3. The Detector: Optical Readout TPC (O-TPC)
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The Structure of the Hoyle State, 1953?
1. Deformed three alpha state?
Rotational band built on it, Morinaga, 1956?
Linear Alpha Chain, Brink 1966?
2. Spherical, Low N limit of BEC?
Alpha Condensate?
Efimov State?

Why Search For 25 in 12C

3. 2+2 Predicted e.g. Descouvemont & Baye
at 9.11 MeV; B(E2: 27— gs) =2 Wu

4. 2% Included in NACRE compliation
x15 at T > 3 GK (Beyond Hoyle)

5. 219 Not Observed in beta-decay

6. 2+ Observed in 12C(p,p’) and 12C(0,")




Hovle State (7.654 MeV): Low N Limit of Alpha-Condensate in 12C

T. Yamada, Y. Funaki, H. Horiuchi, G. Ropke, P. Schuck, and A. Tohsaki
arXiv.org > nucl-th > arXiv:1103.3940v1
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Fig. 15 (Color online) Theoretical interpretation of the 03 , 23 and 03 states.



Descouvemont and Baye: PRC36(1987)54
Deforemed 219 at 9.11 MeV in 12¢

B(E2: 219 — gs) =0.5-2.6 W.u.
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FIG. 2. ®Bel(a,y)'?C astrophysical S factors for transitions
towards the O and 2" states of '2C.



Rate (cm3/mol sec)

Triple Alpha Burning Rate: 8Be(c.,y)12C
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S. Hyldegaard et al.; Phys. Let B678(2009)459.
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Identification of the 2 excitation of the 2C Hoyle-state
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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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RAPID COMMUNICATIONS

PHYSICAL REVIEW C 80, 041303(R) (2009)
M. Freer et al
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Counts / 8 keV

UConn-Yale, M.W. Zimmerman et al. Phys. Rev. C 84, 027304 (2011)
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Beta Decay Experiments
2C(p,p’) Experiments

Plagued with Background from 0,

Gamma Beams are Ideal: No 07(gs) — 0"

O-TPC Ideal Detector for Gamma Beams




DFELL & HIGS
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10.84 MeV y + C*(17) —> aq + SBe*(3.05)
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o (pb)

m E2 cross section
o F1 cross section

+ — Fit 27 resonance

we Known 17 resonan)
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TABLE 1. HIyS measurements of 27 resonance parameters. Results are shown from fits to both a

single resonance as well as two 2% resonances. 2/ 7‘%[, is the ratio of the reduced alpha width to

the Wigner limit [39]. B(E2) values are for transitions from the 2% state to the ground state.

Bres Lo (res) Ly (res) Yo/ Vv B(E2)
(MeV) (keV) (meV) (W.u.)
Single
B, 10.11(4) 907(58) 63(5) 0.72(7) 0.44(4)
Two 9.98(5) 759(61) 47(5) 0.67(10) 0.35(4)
Res. 11.16* 430 103(31) 0.16> 0.44(14)

2 Resonance parameters for a possible 2 at 11.16 MeV were taken from [27].
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