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The seeds of  the S-process: 
experimental issues in the study of  

13C(α,n)16O and 22Ne(α,n)25Mg





In the Gamow peak 
region (140 -230 keV) 

~ 1 count/month 

Karlsruhe 3.7 MV Van De Graaff

α beam ~ 50 μA

n-Detector: 4π Karlsruhe BaF2
calorimeter (20 cm inner Φ;
thickness 15 cm) with n/γ converter
(paraffin loaded with Cd at 3%)

Total 41 crystals

Active shielding techniques;
Pulse shape analysis;
neutron background 0.014 n/s



13C(α,n): Q-value = 2215.6 MeV
113Cd(n,γ)114Cd, γ-flash energy: 9.04 MeV 

BaF2 efficiency ~ 95%

Multiplicity suitable 
for bck. reduction



Y ~ 1 mC-1  5 10-2 count/s

Y ~ 20 mC-1  1 count/s

Systematic: dominated by 
target deterioration

At lowest energies: uncertainty dominated by 
counting statistics

~ 3 times the bck. level



2008

Extrapolation still needed: are we close enough to the Gamow region ?



Without the – 3 keV resonance





LUNA estimate
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Expected rate @ LUNA

“Stuttgart” 4π thermal neutron 
detector  (η ~ 50%)

Lowest data
“good accuracy” data



Expected sensitivity @ LUNA

With bck. ~ 1 cnt/day



En max = 3 MeV

n production @ LUNA

Long runs



Michael Jaeger, PhD thesis, Stuttgart Univ., 2001



Possible development: high efficiency, (moderate) energy 
resolution, bck. reduction

PSA spectrum

TAC spectrum

E spectrum

η ~ 10%



The RHINOCEROS windowless gas-target (developed in Stuttgart now in Notre Dame, IN)

The 99.9% enriched 22Ne target gas was continuously re-circulated to allow long
term experiments in a specially designed reaction chamber with highly polished
gold-plated walls. The high chemical purity of the gas was sustained by three
purification elements: a cryogenic trap at liquid nitrogen temperature, a zeolite
trap, and a getter purifier. The pressure was reduced by the differential pumping
stages of the RHINOCEROS facility to several times 10-8 mbar.



Moreover, 22Ne(α,n)25Mg competes with
22Ne(α,γ)26Mg and therefore the σ of
both the reactions is needed

Even with such low-energy 
neutrons, a coupled n-γ detector 

could be a step forward

10.6 MeV



Band of uncertainty 
normalized to NACRE



Q = -0.473 MeV

LUNA estimate

But the pattern of low-energy resonances is very confused

Last estimate by A. Lemut, LBL, Ca



Reaction threshold

Windowless gas target +

“Stuttgart” 4π thermal neutron detector

Expected rate @ LUNA

The rate for the resonance at 552 keV is 
deduced  assuming the upper-limit of 60 
neV for the resonance strength [Jaeger 
et al., PRL, 2001]… now it seems over!



Expected sensitivity @ LUNA



En max  = 0.4 MeV

n production @ LUNA

~  3 OoM lower than the 
maximum production with 

13C(α,n)

Long runs



Neutron Energy Flux (cm-2 s-1)

0.025 eV (1.98 ± 0.05) 10-6

0.05 – 103 eV (1.08 ± 0.02) 10-6

1 keV – 2.5 MeV (0.54 ± 0.07) 10-6

> 2.5 MeV (0.23 ± 0.07) 10-6

Neutron background @ Gran Sasso 

~ 2.85 103 m-2 d-1

(To be compared with ~ 5.5 106 m-2 d-1  cosmic  
neutrons at sea level)

Unless the fast component is resolved (with a neutron spectrometer), a 
background rate of  a few hundreds  count/day is expected with a real 

detector installed at Gran Sasso

Passive shielding is required to achieve a background rate of  ~ 1 count/day

P.Belli et al., Nuovo Cimento 101A n. 6 (1989) 



0.4 m3 Pb and Cu shield bck reduction: 105

500           1000           1500          2000 E(keV)

20

40

60

80 T = 21.68 d≈ 0.7 counts/(day keV)
ROI 1230 - 1765

40K

Passive shielding is very effective underground: e.g. the LUNA set-up for  3He(α,γ)7Be



Not only shielding..

Spectrum collected at Boulby mine 
with the 4π Stuttgart detector

Courtesy of. F. Strieder

Courtesy of. F. Strieder

Spectrum collected at Bochum with 
the 4π Stuttgart detector

Thermalized neutrons peak 
(~ 1 MeV in a 3He counter)

The flat bck. is most likely intrinsic α background
in the 3He tubes and extends to about 5 MeV.
Similar indications from Notre Dame.



Summary and open issues
• Significative room for improve the study of 13C(α,n) and 22Ne(α,n): in the
first case very likely an underground experiment could definitively solve the
problem. 0.1 < Ea < 1 MeV for both the experiments.

• New neutron detectors: Maybe a combination of previous designs (e.g. an
“active” moderator + Cd foils + high resolution γ detectors ).

• Proper passive shielding and clean detecting materials must be developed
to fully exploit the advantages offered by the underground environment.

• Technical solution for using the same detector for both the experiments.

• 13C target production to enhance purity, stability, etc.

• New gas target with technical solution to prevent beam induced n
background and contaminations


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Not only shielding..
	Slide Number 25

