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ERNA@CIRCE

ERNA RMS was developed at 
the 4MV Dynamitron
Tandem Laboratorium of the 
Ruhr-Universität Bochum
(Germany). Measurements of 
3He(α, γ)7Be successfully 
performed 12C(α, γ)16O at 
Bochum.

In 2009, ERNA was moved to 
the Tandem Accelerator 
Laboratory of the CIRCE 
(Center for Isotopic Research 
on Cultural and 
Environmental heritage), at 
University of Campania. 



ERNA@CIRCE
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GASTLY - GAs-Silicon Two-Layer sYstem

Devoted to study reaction with charged particle in the exit channel. 
Good angular resolution (∆θ = 1.0° – 1.5°) thanks the 16 Strips Silicon 
Detector used as residual energy detector.
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GASTLY - GAs-Silicon Two-Layer sYstem
✤ Advanced burnings

✤ 12C(12C,p)23Na and 12C(12C,α)20Ne

✤ 12C(16O,p)27Al and 12C(16O,α)24Mg



ERNA - European Recoil for Nuclear 
Astrophysics
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Np Suppression≈> 1010 - 1012



Cross section determination

Typical uncertainty budget

Counting statistics
Number of  projectiles
Transmission

Charge state probability
Target thickness
Detection efficiency

2-10%
1%
1%

2%
5%

0.5-2% 8
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Target density n = 7.22 ± 0.15 · 1018 at/cm2 at 4.9 mbar
Target effective length 29.8 cm

D. Schürmann et al., Eur. Phys. J. A (2013) 49: 80

H2 ArAr
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1H configuration 4He configuration

Di Leva et al. PRC 95, 045803 (2017)

Target density n = 0.54 ± 0.03 · 1018 at/cm2 at 4.0 mbar
Target effective length 6 cm

Extended gas target

Recent achievements



15N(α,𝜸𝜸)19F
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7Be(p,𝜸𝜸)8B
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12C(α,γ)16O
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Ongoing measurements

The measurements in Bochum was performed up to lower limit at Ecm = 1.9 
MeV because of the background.

ERNA RMS has been updated to push down the measurement energy range:

 Charge State Selction Magnet (CSSM) -> Mitigate the background down to Ecm=1 MeV

 4He Supersonic Jet Target -> Improve the Transmission

 NaI gamma array detector -> Measurement of angular distribution

 ToF-Detector -> Improve the recoil identification



Recirculated 4He Supersonic Jet Target 
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Gas Inlet
10 bar

Gas Outlet
1 bar

Compressor

Target thickness = (1.73±0.06)x1018 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝑐𝑐𝑎𝑎2



12C(α,γ)16O Acceptance
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ERNA commissioning completed at

1 MeV 2 MeV 2.68 MeV

Energy

Angular



12C(α,γ)16O Charge states probability
4He gas jet target Ar gas post-stripper

15

12Cq

12Cq
16Oq

16Oq



12C(α,γ)16O Recoils identification
ICT ΔE-E
telescope
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MCP
ToF Start

Parallel Grid
ToF Stop

Santonastaso PhD thesis

Measurement matrix at Ecm = 2.44 MeV. The ellipse 
corresponds to the ROI of the 16O



NaI 𝜸𝜸-ray detection array
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The reduced extension of the target offers the possibility for angular distribution measurements. 
Thanks to this system it is possible to distinguish the E1, E2 and cascades contributions to the 
cross section.



Recent achievement
✤ 15N(α,𝜸𝜸)19F measured resonance width at 1323 and 1487 keV

✤ 7Be Beam
✤ 7Be(p,𝜸𝜸)8B measured in the energy range Ecm = 300 – 800 keV

Measurement ongoing

✤ 12C(α,𝜸𝜸)16O
✤ Commissioning completed in the range of interest
✤ Total Cross section in the energy range Ecm = 1.0 – 2.7 MeV
✤ Angular distribution by NaI γ-ray detector array


7Be(p,𝜸𝜸)8B at Ecm> 1 MeV


7Be Ionized Half Life (ASBeST PRIN project).

Analysis ongoing

✤ 12C(12C,p)23Na and 12C(12C,α)20Ne - Angular distribution analysis
✤ 12C(16O,p)27Al and 12C(16O,α)24Mg - Total cross section analysis 18

Summary



Thank you for your attention
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The number of incident projectiles, including 
lithium contamination, is monitored on line

through elastic scattering.

7Be beam

Radiochemical 
separation

7Li + 7Be
pills

7Li
pills 7Li(p,n) 7Be

SNICS-40 ions 
source.Source 

2mm cathodes

Test and 
mounting

ATOMKI 
Cyclotron Laboratory CIRCE laboratory

7Be BEAM

Intensity up 
to 109 pps.

≈10GBq
3x≈3GBq

Eur. Phys. J. A (2018) 54: 92
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7Be(p,𝜸𝜸)8B
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