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T=0.36-0.37 GK,

density Nn=1011-13 n/cm-3 

60 ≤ 𝐴 ≤ 90

Main component in AGB stars:
T=0.25-0.3 GK

density Nn=1010 n/cm-3

90 ≤ 𝐴 ≤ 208

Stellar reaction rates for
22Ne(𝜶,𝒏)25Mg and  22Ne(𝜶,𝛾)26Mg required
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BEST, Andreas, et al. The 22Ne α, n 25M reaction-state of the art, 

astrophysics, and perspectives. The European Physical Journal A, 

2025, 61.5: 1-15.



Scientific
Goal

SHADES

Deep underground 

location at

Bellotti IBF, LNGS

Hybrid array for 

neutron detection

Beam-induced

background 

reduction techniques

First deep-underground direct measurement of the 22Ne(𝜶,𝒏)25Mg  

cross-section in the range of astrophysical interest (E𝛼= 597-900 keV)
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• 12 EJ309 liquid scintillators

• 1 Si detector 

Upstream

Downstream



6

Background

Problem

SHADES

Surface measurements bkg > 100 counts/h



6

Background

Problem

SHADES

Surface measurements bkg > 100 counts/h

➢ Massive natural shielding

➢ Additional borated polyethylene shielding

➢ Low-activity detectors



6

Background

Problem

SHADES

Surface measurements bkg > 100 counts/h

➢ Massive natural shielding

➢ Additional borated polyethylene shielding

➢ Low-activity detectors

Natural bkg = 0.00011 counts/s/counter

(~7 total counts/h)



6

Background

Problem

SHADES

Surface measurements bkg > 100 counts/h

➢ Massive natural shielding

➢ Additional borated polyethylene shielding

➢ Low-activity detectors

Neutrons from 𝛼 -induced reactions on impurities are 
the main component of background (Beam Induced

Background)

Natural bkg = 0.00011 counts/s/counter

(~7 total counts/h)
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Identification of BIB achieved by looking at the EJ309 spectra:

• Energy information to identify BIB sources 

• Information on the position of the BIB (upstream/downstream 

asymmetry)

• Anticoincidence 3He-EJ309 (to be implemented)

EJ309 liquid scintillators are blind to neutrons from 
22Ne α, n 25Mg reactions

Neutrons coming from reactions on impurities have an En > 

Ethreshold .

Pulse shape discrimination (PSD) vs Energy

Sensitivity level achieved is

~15  total counts/h
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SHADES

❑ Re-measure the resonance strenght 𝜔𝛾

❑ Identify its exact position in 26Mg   
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Ex = 11329 keV (Er= 835 keV)

𝑌 𝐸0 = (𝜆𝑟
2𝜔𝛾)

1

2𝜋𝜖𝑟
arctan

E0 − Er
Γ
2

− arctan
𝐸0 − 𝐸𝑟 − Δ𝐸

Γ
2

𝜔𝛾𝑝𝑟𝑒𝑙 = 129 ± 15 μeV

𝜔𝛾𝐽𝑎𝑒𝑔𝑒𝑟 = 118 ± 11 μeV
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Jaeger 2001



Conclusions and 

Takeaways

• 22Ne(𝛼,n) pivotal in nuclear astrophysics, but its stellar reaction rate is highly uncertain

• Low energy investigations strongly hampered by natural background. State of the art dominated by UL of 100 

counts/h below the 835 keV resonance. 

• SHADES takes the advantages of deep underground location  (INFN-LNGS) to reduce natural background. 

Additional BIB minimization leads to an unprecented sensitivity of 15 counts/h.

• 835 keV resonance scans performed : preliminary values of the 𝜔𝛾 in agreement with the literature.

• The enhancement in sensitivity opens the possibility to probe the lower-energy region to search for a possible

resonance at 656 keV. 
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Thank you for the 

attention!
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