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Influence on :

(&= Carbon / Oxygen Ratio

(&= Composition of White Dwarfs

&= Mechanism of Supernovae

(&= Formation of Black Holes in Massive Stars



Why > 30 years of research ?

300keV

>  Resonances, I nteiferences
> Modelling, Extrapolation
»>  Separation E1, E2, Rest



O level scheme
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Experimental Ingredients

Ion beam :

» Intensity 0.5 mA He"*

» Stability

» Beam induced background

Targets :

Isotope separation
Purity
Homogeneity

VV VYV

Standing time

Detectors :
» Efficiency

» Background suppression
» Granularity












E_ E_ oy cour:ctO :ate* background rate
[MeV] [MeV] [nb] 12C(a,y)160 | cosm.ind. | beam ind.
2.40 3.20 48 500 cts/h | 0.2 cts/h | 2 cts/h
2.06 2.75 10 100 cts/h | 0.2 cts/h | 1.2 cts/h
1.60 2.13 1 200 cts/d S5cts/d | 15 cts/d
1.20 1.60 0.13 25 cts/d 5 cts/d 8 cts/d
1.00 1.33 0.03 /7 cts/d Scts/d | 5cts/d
0.80 1.06 0.005 1 cts/d Scts/d | 3cts/d
0.70 0.93 0.0014 0.3 cts/d 5 cts/d -

* for one Eurogam-Ge-detector at EY =9 MeV ; distance to target 14cm ;
a-beam current 0.5 mA ; target aerial density 2 x 1018 cm-2

8re| = 75% X




The Stuttgart GANDI Array
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Eom, = 2.221 MeV

R .

’

" T

. 100
E, (MeV) E, (MeV)

Ausbeute (willk. Einh.)

JIJ
:.
-
P

v-Spekiren bei E., = 2.221MeV, +-Spektren bel B, = 2.660 MeV.




T T T T T

Eem = 2209 McY

8
ﬁ‘\"ﬁl‘?&‘\{th&&:-

LAkl AL ARy
\““LWL iw‘"{\ AR
RN
TR R
\\“‘“;‘\\\“ R R \:EE:%\“‘ SR ﬂ
L}

i\ \

TR A

‘“ \ \R\. |\\=““\ “““
W

CREEE LRI
RS

AR

AL

\

\ \ i X AN :

N oy
TR :
0
\}R&tt\\\}“:g i
R

Eer = L4562 MeV

Eem = 1102 MeV

60° 907 120° 150° 180°




R - Matrix Fits E1

Fit of ...
» Capture data
» °N data

» o-scattering data

3-level-fit

» 4 interference-
combinations




o EUROGAM-Array Sp1(300keV) = 77.0keVb
| e GANDI
X Kunz et al.
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R - Matrix Fits E2 o

Fit of ...

» Capture data
» o-scattering data

S5-level-fit

» 16 interference-
combinations
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o EUROGAM-Array
® GANDI
10° } O Kunz et al.
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Cascade transitions

R — 6.92 MeV

® data
Breit-Wigner resonance
—— resonance + backgroundg-resonance
resonance + background-polynomial

- R — 7.12 MeV

® data
B —— Breit-Wigner resonance

S (MeV b)
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Comparison of the uncertainties given for the
“Clay)*O reaction rate
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S, (300) EL )

Experiment(s) [keV b] [keV b]
Eurocam 81 (20) 80 (27)
77 (19) 78 (26)

Kunz et al. 76 (20) 85 (30)
E + 77 (19) 80 (25)
+ K 76 (18) 81 (23)
E+GC+K 777 (17) 81 (22)

PRL 86, 3244 (2001) ; APJ 567, 643 (2002) ; Nucl. Phys. A752, 514 (2005) ; Phys. Rev. C 73, 055801 (2006)



SUMMARY and CONCLUSION for '2C(ay)'6O

> 2 experiments: E__ = 0.89 — 2.8 MeV
Separation of E1 and E2
Interference combinations excluded

Reaction Rate with * 25% uncertainty

>

>

>

» Table + 2 analytical expressions

» Lowest measured energy up to now
>

Most precise reaction rate

Extrapolation Values at
E.,, =300 keV:

Sgq = (77 + 17) keVb

Sg, = (81+22)keVb

S.... = (4+4) keVb

cascC

S,... = (162 + 39)keVb

total

PRL 86, 3244 (2001) ; APJ 567, 643 (2002) ; Nucl. Phys. A752, 514 (2005) ; Phys. Rev. C 73, 055801 (2006)



Efforts for the two C12 eriments :

Target production

Target development 41 days
3.300 spectra

RBS-target-analysis 30 days
800 spectra
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Daniel Schurmann

Inverse kinematic studies of 12C(a,y)'¢O
with ERNA at the DTL-Bochum

Excitation function in the range E_, = 1.8 — 4.9 MeV

Comparison with Stuttgart results
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> y-efficiency factor 10
> «Q-current factor 2-5

> time factor 5
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solencids B=4.5T

air coil

B=3x10*T
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A Dyer et al.
¢ Redder et al.
Kremer et al.
X Quellet et al.
+ Roters et al.
7 Kunz et al.
® EUROGAM
A GANDI
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A Dyer et al.

¢ Redder et al.
X Quellet et al.
+ Roters et al.
7 Kunz et al.
® EUROGAM
A GANDI

’E%% :
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Ec.m. eff. (MeV)




X Quellet et al.

¢ Redder et al.

A Plaga et al., D’Agostino et al.
® EUROGAM

— R-matrix fit

. S

1.5 2.0
Ec.m. eff. (Mev)




® ERNA measurement: total cross section|
R-Matrix Kunz: E1

R-Matrix Kunz: E2

R-Matrix Kunz: Casc

R-Matrix Kunz: Total
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2
of 10kW/cm
J.W. Haommer and W. Niessner,
Kerntechnik 17 (1975) 477

Ref.:

TARGET BACKING
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do — ZEL W (cos ) = E - (}Vm(cos J) + - » Wga(cos 9) + \/i + coS P12 + Wins(cos 19))

g
= 08
0" 20° W0 o B0 100" 20" 140" oo 1ae” 06 S07 200 0% 60° 80° 100° 120° 140° 160° 180°
Winkel 0z Winkel

0" 20° 40° 60° 80° 100° 120° 140° 160° 180°
Winkel

¢12 = 02 — 8; + arctan



Yie I/

Ausbeute [rel. Einh.]

Ausbeute [rel. Einh.]

O'l\) 4':- o)) o0 =)

-

-

- -
——

20 60 100

T40

dngle  Winkel [Grad]
®=60° -

Ausbeute [rel. Einh.]

20 60 100 140 180

Winkel [Grad]

60 100

Winkel [Grad]

140




1
10—1_ C(Q,n) 60 f‘\f\‘ l&' 74 i

CROSS SECTION [barn]

1 2 3 4
E, [MeV]

o(Ey = 300 kev) =~ 1077 barn
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4He <> ®Be equilibrium

creation of 12C
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survival of 12C
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150

blocking of further nucleosynthesis




12C(OL,’Y)16O

the Rey reaction in stellar nucleosynthesis






“Ca.y)°o

> y-efficiency factor 10
> a-current factor 2-5
> time factor 5
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2C(a, 7)'%0 - direct methods

1) l‘eg'llhl‘ cinematics

a-beam
12C_solid state target
~y-detectors

2) inverse cinematics

12C-beam
He- gas target

7y - detectors
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He- gas target

particle-separation

particle- detector




12C(a, 4)'°0 — direct methods

12C.beam
He- gas target
~ - detectors

12C-beam

He- gas target
particle-separation
particle- detector
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Workshop in Honor of the 85 Birthday of Charlie Barnes

December 15, 2006
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