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Motivation Experiment & Analysis Preliminary results Summary
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T. Otsuka et al. PRL 105, 032501 (2010)

NN cannot replicate phenomenology...
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... requires chiral 3N forces!
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Experimental constraints for evolution of d3/2

Direct transfer, populate single-particle-like
20O(d,p): Fernández-Domínguez et al. PRC 84 029902 (2011)
20O(d,t): Fernández-Domínguez, Thursday

What about 19O(d,p)20O transfer?
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HELIOS @ Argonne Nat’l Lab

All ℓ = 2 strength → d5/2

Bound states only!

d3/2 strength in unbound states?
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MUGAST-AGATA-VAMOS@GANIL

Focus: lifetimes by DSAM in AGATA

Possible unbound structure?

This work: particle-focused analysis!
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VAMOS++
Magnetic spectrometer

²⁰O
d Au¹⁹O
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VAMOS++
20O at focal plane

Zero-degree arrangement

Crucial background rejection
No background with CD2
Small bg with CD2+Au
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VAMOS++
Magnetic spectrometer
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MUGAST
DSSD array

d Au¹⁹O
ɣ

p

MUGAST
Detection of proton

7 trapezoidal DSSDs

One annular DSSD

215 keV FWHM
∼40 keV more than
Hoffman et al.
Dominated by target
thickness
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VAMOS++
Magnetic spectrometer
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DSSD array

d Au

AGATA
HPGe array
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AGATA
Prompt 𝛾-ray emissions

State-of-the-art 𝛾-ray tracking

12 triple clusters at 18 cm

7.7 keV FWHM at 1.67 MeV

Event-by-event Dopp. corr.
𝛽 @ mid-CD2
𝛽 @ post-Au
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Strength: particle-𝛾 coincidence!
Excitation energy to keV-precision
Build decay schemes for each level

Two key 𝛾-ray transitions:

1674 keV: 20O, 1st ex. → g.s.
96 keV: 19O, 1st ex. → g.s.

Unbound, no 𝛾 cascade for energy...

Ex accuracy is critical!
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C. R. Hoffman et al. PRC 85, 054318 (2012)

PRELIMINARY

Off-coincidence gate for Au background

Above Sn, deuteron breakup

Simulated with GEANT4 & nptool
(WARNING: flat cross section!)
Scaled in 2D, Ex :𝜃lab, subtract max
Soon: realistic cross-section (G. Potel)

Accuracy of energy without 𝛾-rays

Accurate to within 10’s of keV

Confident extrapolating to unb. region

So, what is populated in the unbound region?
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PRELIMINARY

Fit full spectrum with Gauss & Voigt
with fixed E, 𝜎 and Γ

Fit across 𝜃, then correct for solid angle

Extract experimental diff. cross sections!
d𝜎
dΩ exp

= S
d𝜎
dΩ thr

Need reaction theory to compare...
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Motivation Experiment & Analysis Preliminary results Summary

Koning-Delaroche Uncertainty Qualified (KDUQ)

KDUQ integrated into FRONT code for TWOFNR!
Huge thanks to Chloë Hebborn

Calculate ADWA potential in FRONT...

... but TWOFNR can’t handle unbound states!

Read ADWA into DWUCK4, Vincent & Fortune method!

Do this 416 times for one UQ output (105 total!)

Confirm by comparing TWOFNR to DWUCK4

Hebborn and Nunes, Front. Phys. 13 1525170 (2025)
Pruitt, Escher and Rahman, PRC 107 014602 (2023)
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Motivation Experiment & Analysis Preliminary results Summary

Compare bound states to literature

C. R. Hoffman et al. PRC 85, 054318 (2012)
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Motivation Experiment & Analysis Preliminary results Summary

Compare bound states to literature

3.572 MeV, ℓ = 2 → Agree!

C. R. Hoffman et al. PRC 85, 054318 (2012)
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Motivation Experiment & Analysis Preliminary results Summary

Compare bound states to literature

4.070 MeV, ℓ = 0 + 2 → Small d-wave component?

C. R. Hoffman et al. PRC 85, 054318 (2012)
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Compare bound states to literature

5.628 MeV, ℓ = 0 + 2 → Better constrain weak states

C. R. Hoffman et al. PRC 85, 054318 (2012)
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Search for d3/2 at high-energy

C. R. Hoffman et al. PRC 85, 054318 (2012)
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Motivation Experiment & Analysis Preliminary results Summary

Search for d3/2 at high-energy

7.252 MeV, ℓ = 2 → maybe d3/2?
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Motivation Experiment & Analysis Preliminary results Summary

Search for d3/2 at high-energy

7.855 MeV, ℓ = 2 → maybe d3/2?
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Motivation Experiment & Analysis Preliminary results Summary

Search for d3/2 at high-energy

8.554 MeV, less certain...
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Motivation Experiment & Analysis Preliminary results Summary

Summary:
Evolution of 𝜈d3/2 orbital towards oxygen dripline, trace emergence of N=16 gap
19O(d,p) to search for d3/2 strength in unbound states of 20O
Improved constraint on bound states (i.e. mixing)
Preliminary experimental DCS for unbound states point towards d-wave structure

Next steps:
Theory input:

Improve treatment of deuteron breakup (Gregory Potel, underway)
Compare to shell model calculations (Bhoomika Maheshwari, underway)

Populating tenative (5−) states? Reassign spin-parity?
Are these states d3/2? → Shell evolution & N = 16 shell gap!

Thank you!
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Motivation Experiment & Analysis Preliminary results Summary

BACKUP SLIDES
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Motivation Experiment & Analysis Preliminary results Summary

Backup - prelim SM calcs from Bhoomika

This work
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Motivation Experiment & Analysis Preliminary results Summary

¹⁹O
 Beam

CD  Target2

X
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Recall, no beam tracking!

Sensitive to beam spot
position

Numerical minimisation!

Vary Xb, Yb, Zt Tt

Align by "average" position

Separated by target
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Backup - Minimization example
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Backup - rotational structures

Bohlen et al. EPJA 47 44 (2011)
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Motivation Experiment & Analysis Preliminary results Summary

Backup - Prelim orbital fractions (assuming high-E are d3/2)
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Motivation Experiment & Analysis Preliminary results Summary

Backup - VAMOS to isolate unbound?
hGood

Entries  82098

Mean     5.03

Std Dev     2.624
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abs(T_FPMW_HF-13300)<1500
&& MW_N==9
&& MW_N < 8

great! but how to normalise...
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Motivation Experiment & Analysis Preliminary results Summary

Backup - Why the unusual edges to the data?
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Motivation Experiment & Analysis Preliminary results Summary

Optical model calculations

Systematic study of KDUQ for (d,p)

Uncertainties on the order of 5-10%

Using KDUQ for (un)bound states

Uncertainties for theoretical differential cross-sections!

General method + application to KD and CH89

416 samples of Koning-Delaroche ("KDUQ Democratic")
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Motivation Experiment & Analysis Preliminary results Summary

Workflow
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label: o19

tr: nl2j-0-2-5

run_dwuck

make_exit_proton
energy: 0

i: 4
label: o19

tr: nl2j-0-2-5

run_dwuck

make_exit_proton
energy: 0

i: 5
label: o19

tr: nl2j-0-2-5

run_dwuck

make_exit_proton
energy: 0

i: 6
label: o19

tr: nl2j-0-2-5

run_dwuck

make_exit_proton
energy: 0

i: 7
label: o19

tr: nl2j-0-2-5

run_dwuck

make_exit_proton
energy: 0

i: 8
label: o19

tr: nl2j-0-2-5

run_dwuck

make_exit_proton
energy: 0

i: 9
label: o19

tr: nl2j-0-2-5

run_dwuck

make_exit_proton
energy: 0

i: 10
label: o19

tr: nl2j-0-2-5

1/40th of one calculation...
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compare TWOFNR to DWUCK4
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