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Recoil Separator ERNA:
an alternative approach to measure the reaction 12C(α,γ)16O
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Nrecoils detected = Nprojectiles ⋅ ntarget ⋅ σ ⋅ TERNA ⋅ pq

Requirements
• angular / energy acceptance
• knowledge of charge state distribution
• high purity of incoming 12C beam
• suppression of 12C beam

Advantages
•high efficiency ~pq
•measure σtot
•independent of γ‘s
•(mostly) background free
•γ-ray coincidences possible
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GastargetGastarget

Density Determination
• Energy Loss (Stopping Power)
• 7Li(α,γ)11B
• 7Li(α,α´)7Li*
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Charge State DistributionCharge State Distribution
electron losselectron loss
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AcceptanceAcceptance
Matrix calculations:
COSY INFINITY

These just give STARTING values:

Tune Separator with 16O pilot beam!

Good tuning

Bad tuning



Angular acceptanceAngular acceptance

Ecm = 2.4 MeV    qrec = 6+



AngularAngular AcceptanceAcceptance
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Typical ∆E-E Spectra

Ecm = 4.4 MeV
suppression ~ 3·109

Ecm = 2.2 MeV
suppression ~ 1·1011



SuppressionSuppression
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1212C(C(α,γα,γ))1616O total cross O total cross sectionsection
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Background ?Background ?

Sources:
• 16O impurities in 12C beam
• scattering of 16O restgas
• 12C + 12C



Beam purification system
Wien-Filters

Purification WF:        OFF                                    On
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Background: Background: 1212C + C + 1212CC

 [channel]restE
0 20 40 60 80 100 120 140

E
 [c

ha
nn

el
]

∆

0

20

40

60

80

100

120

140

 [channel]restE
0 20 40 60 80 100 120 140

restE
0 50 100 150 200 250

E∆

0

20

40

60

80

100

120

140

160

180

200

C (leaky beam)12

O16

restE
0 50 100 150 200 250

20

40

60

80

100

120

140

160

180

200

Ne20

O16

restE
0 50 100 150 200 250

1

10

210

310

pre target aperture
-> Rate  x50

carbon
foil



Background ?Background ?

Sources:
• 16O impurities in 12C beam 105 to small

• scattering of 16O restgas 102 to small
• 12C + 12C most probably !

(but: background almost constant)



Comparison ERNA <-> Calculation Kunz. et al.
(Kunz R. et al., ApJ 567, 643-650 2002)

Basic resonance properties well reproduced
Clear need for improved (new) R-Matrix calculation
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Leaky BeamLeaky Beam

qrecoil = 3+
qcarbon, initial = 6+

Triplet     Wien Filter
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E1 groundstate transition:
5-6 MeV states



Charge State DistributionCharge State Distribution



γγ--Recoil CoincidencesRecoil Coincidences
Ecm = 2.4 MeV   (1-)
8x BaF2
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γ-Recoil Coincidences

Ecm = 2.4 MeV   (1-)
2“x2“ BGO



GastargetGastarget: pressure profile: pressure profile

7Li(α,γ)11B,  Γcm=4keV

7Li(α,α’)
Γcm=130keV

Independent of stopping powers!

p0/p > 20!



12C(α,γ)16O  - 16O level scheme
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