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Astrophysical Motivation: s-process
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*’Ne(a,[n,y])*>**Mg
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962r

2.8
10.7 mb

* (a,n) channel -> late-stages of main s-process (AGB)

* Resonance info -> branching point population

* Mg observations in stellar atmospheres -> (a,n) vs (a,y)

* Both channels important
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State-of-art: Direct Measurements

Ex=11.316 MeV, E__

Courtesy: A. Best
Generated from P. Adsley et al.
PRC 103 (2021) 015805
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State-of-art: Indirect Measurements
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Our TRIUMF “S2223” Experiment Goals

Study the 2°Mg compound using (’Li,t) alpha-transfer:

1.
2.
3.

Determine differential cross-sections
Extract alpha-particle partial widths

Calculate 2°2Ne(a,y)**Mg and %’Ne(a,n)?*Mg reaction rates

Model impact on s-process isotopic abundances

22Ne 3 MeV/u
E,, ~ 66 MeV

22Ne + Li
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T,=0.2-0.6

8.148

29A|
Q=25.09 MeV
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E, [MeV] Jr
Threshold ~ 0.8 MeV
Ex~ 12 — 14 MeV
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TRIUMF - Vancouver ————
ISAC-I and ISAC-II Facility
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52223 Experimental Setup

/ Reaction Chamber

“+ Micron S3 DSSD 308um thick
W 6., ~130° - 160°

) o
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2X SSB, e|ab 20° &
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* S3 thick enough to stop < 9.5 MeV tritons
0.74um Si Dead Layer

® 3mm aperture

S2223 used b) Optimised peak-to-total
@ 1 MeV y-ray: 9.4% absolute, 61% peak—to-écotal/
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Parallel-grid avalanche counter

52223 EXperimental SEtUp - Sketch (Multiwire proportional counter)
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S 1 S
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* Beam energy corrected for % LiF Thickness
* Triton energy corrected for S3 DL and % LiF Thickness

Data Analysis
’6Mg Excitation Energy Reconstruction
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Courtesy: Mike Qiu, Simon Fraser University

Simulation: Target Thickness Effect

E,—=11.310MeV, J"=1 : Maximum Likelihood Fit
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Ex =11.83 MeV

Data Analysis
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Conclusions & Future Work

v' 22Ne beam successfully bombarded LiF targets at ISAC-II

v/ 26\Ig states occupied via (’Li,t) a-transfer

v'Silicon detector response simulated

v’ Triple-coincidence gates applied between EMMA — S3 — TIGRESS

d State fits and cross sections in progress
* Informed by simulation and EMMA transmission

O Final goal to extract a-width -> Astro-impact

Special thanks to Collaborators:
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The SHADES Project

Nuclear Physics in Astrophysics Xll — Cluj-Napoca, Romania 07/09/2026

Scintillator-3He Array for Deep-underground Experiments on the S-process

* Low natural background
* BPE shielding

* n-detector array

* Enriched 2’Ne gas

Borated Polyethylene Shielding

Y il

EJ-309 Liquid Scintillators

Neutron/gamma separation & n-moderation

3He Proportional Counters

Reaction Yield

* Goals:

(Eyprest, = 561 keV)

1. Measure #2Ne(a,n)*>Mg across E, = 600 — 886 keV (E_,, = 507 — 750 keV)

2. Remeasure E, =832 keV resonance, search for E, = 635 keV resonance

- 1400m

§ Bellotti lon
Beam Facility

10?

Jaeger et al. 2001
Drotleff et al. 1993

Giesen et al. 1993

Harms et al. 1991

Ciani et al. 'Ca,n) @ LNGS -
Current LNGS background rate

Envisioned SHADES background rate &

1 1 1 1 I 1 1 1 | 1 1 1 I 1
800 1000 1200 1400
Alpha Lab Energy [keV]
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Efficiency Measurements at Debrecen — April 2025 EUR®-LABS

A EUROPEAN LABORATORIES

FOR ACCELERATOR
BASED SCIENCES

* Van de Graaf Laboratory of Institute for Nuclear Research ATOMKI

* Using the well-known 3V(p,n)>1Cr reaction, Q = -1534.92 (24) keV
N, — Irradiation measurement

(E,x) = 2
nie, - Ng Nr — Activation measurement
Courtesy: D. Mercogliano Thesis Neutron energy range [keV]
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Going Deep Underground: INFN-IBF (LNGS) See talks by R. Depalo on Tuesday

and F. Ferraro on Friday!

* Atmospheric neutrons reduced by rock layer -> X 1000 « Ey >3 MeV: Cosmic muons absorbed by rock -> X 1000

* 18°He counters: 1 neutron / hour e Ey <3 MeV: Further reduce by lead, copper, radon box
* Add passive shielding and pulse-shape discrimination (PSD)

"o, 'E ! lin surtace lab HEO E, > 3.5 MeV
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— " 3 ° iy HPGe —inside
— P .
GC) 10 4 He Counter | aluminium in UG lab  LNGS 1.6403 e Counts/keV/hours
C i ' m=27h -0 utside 3.3-10"1 out
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o = 1.E+02 =15 cm lead .
| - Y .,.n"' "| 3
D 10 ¥ fw“"’"' . 2 Radiation | LNGS/out
43 1\.‘ |l"“I]&"“fﬁ"’"“\“"\""""-:‘r\'mfm.|-Mr,;.‘-_-ll.p\'1w'-h‘-"" :‘ i 1.£+01 muons 10¢
5 10° k .ﬂr"""fl\v':{ ' > neutrons 102
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19



T. Chillery

Nuclear Physics in Astrophysics Xll — Cluj-Napoca, Romania

SHADES Measurements @ LNGS
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Courtesy: D. Mercogliano Thesis
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835 keV resonance measured
Target scans: 0.5 — 35 keV
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Analysis ongoing -> strength and width extraction

Yield vs Energy

Courtesy: Andreas Best
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Lewis peak I}I p
Fef;
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The 835keV strength

> B
2 300
d 250E %
-+ =
— -
L > o :
200 3 Close to literature average
B ()
B £ ,
N - * Improved Ex and I in progress
150 — S
E 1 E % * Low energy (< 700 keV) runs under analysis
100 — ‘ [ +
L 1 |
L] | | | | | | |

Giesen et al. Drotleff et al. Drotleff et al. Harms et al. Jaeger et al. Shahina et al. Otaetal. SHADES
(1991) (1993)
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Summary

* 22Ne(a,n)**Mg and 22Ne(a,y)?Mg progressively studied, need more direct data

Friendly competition:

* Pushing directly into G : SHADES @ LNGS
ushing directly into Gamow energy range @ CASPAR & JUNA

* First 22Ne(a,n)>>Mg low-energy resonance search in 20 years
* Expecting improved results of the 835 keV resonance, low energy in progress

* Bringing together all the experiments should give a big step towards understanding these reactions in the s-process

Special thanks to the LUNA Collaboration!
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Full Energy Peak Efficiency
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* Goal: cross section of 22Ne(a,y) channel in Gamow region
* Use SHADES gas target, DAQ, etc...

* Nal Detector Array

» Characterised last February in CIRCE (ltaly)

e First beam 7 weeks ago, more to come...
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Background: Formation of Solar System and Mg Observations
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* (a,n) channel -> late-stages of main s-process (AGB)

* Resonance info -> branching point population

* Mg observations in stellar atmospheres -> (a,n) vs (a,y)

* Both channels important
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State-of-art: Resonances above n-threshold A. Best et al. EPJA 61 (2025) 61-99
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State-of-art
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Kinematic Curves

Transfer reaction 22Ne(7Li,t)26Mg
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22Ne beam E,,, = 3 MeV/u
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EMMA 26Mg Particle Identification
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* Beam energy corrected for % LiF Thickness
* Triton energy corrected for S3 DL and % LiF Thickness

Ex Energy Calculation
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Courtesy: Mike Qiu

Ex Model Fit Formula

dE/dx Slope Low energy edge High energy edge
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TIGRESS Energy Calibration & Addback Efficiency

TIGRESS Calibrated using
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S3 + SSB Energy Calibration

S3 rings + sectors and SSBs calibrated using triple alpha source

Nuclear Physics in Astrophysics XIl — CIuj-Napoca
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S3 + SSB Energy Calibration

S3 rings + sectors and SSBs calibrated using triple alpha source
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