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Context Method The case for 74Kr Technical details Summary

Shape coexistence

Different shapes, with distinct properties, at similar energies
Long-standing challenge for nuclear structure
Diverse area of study, requiring many experimental probes

Microscopic picture is complex, but theory is advancing
Next frontier: "single-particle" picture, orbital occupation/vacancy etc.
Best tool for investigating this could be direct transfer

Systematic indications Detail of shape

Microscopic origins

First excited 0+ B(E2)’s by CoulEx
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Probe microscopic wavefunction

Shape coexistence
Critical structural phenomenon
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Nilsson model
Theoretical framework to

interpret results
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B. Elbek & P. O. Tjøm
Adv. Nucl. Phys. (1969)

Technically populate all 
21 Nilsson states 

All -ve parity states which 
can carry h₁₁.₂ strength

However, only 6 Nilsson states 
originating from the h₁₁.₂ are 
singificantly populated

Generated with github.com/wimmer-k/Nilsson/
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Challenges & Opportunities

Each Nilsson state corresponds to rotational band

However, relative strength of each state in band is extremely informative!
Population of rotational states = expansion coefficients Cjl → unique fingerprint

M. N. Vergnes & R. K. Sheline, Phys. Rev. 132 4 (1963)
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A. O. Macchiavelli et al.
Analysis of the 18Fg,m(d,p)19F

reactions in the rotational model.
PRC 101 044319 (2020)

Analysis of spectroscopic factors in
11Be and 12Be in the Nilsson

strong-coupling limit.
PRC 97 011302 (2018)

Spectroscopic factors in the N=20 island
of inversion: The Nilsson

strong-coupling limit.
PRC 96 054302 (2017)

and more...

B. P. Kay et al.
Consistency of nucleon-transfer sum

rules in well-deformed nuclei.
PRC 103 024319 (2021)

Historically used in normal kin. for stable nuclei
Not used in inverse kin. for radioactive nuclei

Recent reanalysis of data through this lens...
... but no strong experimental drive
High-res, low-b.g. is critical → 𝛾-ray coincidences?
Unfeasible without GRIT+AGATA+VAMOS
Push the limits: comprehensive, rather than exotic

Flagship reaction?

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 5



Context Method The case for 74Kr Technical details Summary

A. O. Macchiavelli et al.
Analysis of the 18Fg,m(d,p)19F

reactions in the rotational model.
PRC 101 044319 (2020)

Analysis of spectroscopic factors in
11Be and 12Be in the Nilsson

strong-coupling limit.
PRC 97 011302 (2018)

Spectroscopic factors in the N=20 island
of inversion: The Nilsson

strong-coupling limit.
PRC 96 054302 (2017)

and more...

B. P. Kay et al.
Consistency of nucleon-transfer sum

rules in well-deformed nuclei.
PRC 103 024319 (2021)

Historically used in normal kin. for stable nuclei
Not used in inverse kin. for radioactive nuclei
Recent reanalysis of data through this lens...

... but no strong experimental drive
High-res, low-b.g. is critical → 𝛾-ray coincidences?
Unfeasible without GRIT+AGATA+VAMOS
Push the limits: comprehensive, rather than exotic

Flagship reaction?

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 5



Context Method The case for 74Kr Technical details Summary

A. O. Macchiavelli et al.
Analysis of the 18Fg,m(d,p)19F

reactions in the rotational model.
PRC 101 044319 (2020)

Analysis of spectroscopic factors in
11Be and 12Be in the Nilsson

strong-coupling limit.
PRC 97 011302 (2018)

Spectroscopic factors in the N=20 island
of inversion: The Nilsson

strong-coupling limit.
PRC 96 054302 (2017)

and more...

B. P. Kay et al.
Consistency of nucleon-transfer sum

rules in well-deformed nuclei.
PRC 103 024319 (2021)

Historically used in normal kin. for stable nuclei
Not used in inverse kin. for radioactive nuclei
Recent reanalysis of data through this lens...
... but no strong experimental drive

High-res, low-b.g. is critical → 𝛾-ray coincidences?
Unfeasible without GRIT+AGATA+VAMOS
Push the limits: comprehensive, rather than exotic

Flagship reaction?

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 5



Context Method The case for 74Kr Technical details Summary

A. O. Macchiavelli et al.
Analysis of the 18Fg,m(d,p)19F

reactions in the rotational model.
PRC 101 044319 (2020)

Analysis of spectroscopic factors in
11Be and 12Be in the Nilsson

strong-coupling limit.
PRC 97 011302 (2018)

Spectroscopic factors in the N=20 island
of inversion: The Nilsson

strong-coupling limit.
PRC 96 054302 (2017)

and more...

B. P. Kay et al.
Consistency of nucleon-transfer sum

rules in well-deformed nuclei.
PRC 103 024319 (2021)

Historically used in normal kin. for stable nuclei
Not used in inverse kin. for radioactive nuclei
Recent reanalysis of data through this lens...
... but no strong experimental drive
High-res, low-b.g. is critical → 𝛾-ray coincidences?

Unfeasible without GRIT+AGATA+VAMOS
Push the limits: comprehensive, rather than exotic

Flagship reaction?

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 5



Context Method The case for 74Kr Technical details Summary

A. O. Macchiavelli et al.
Analysis of the 18Fg,m(d,p)19F

reactions in the rotational model.
PRC 101 044319 (2020)

Analysis of spectroscopic factors in
11Be and 12Be in the Nilsson

strong-coupling limit.
PRC 97 011302 (2018)

Spectroscopic factors in the N=20 island
of inversion: The Nilsson

strong-coupling limit.
PRC 96 054302 (2017)

and more...

B. P. Kay et al.
Consistency of nucleon-transfer sum

rules in well-deformed nuclei.
PRC 103 024319 (2021)

Historically used in normal kin. for stable nuclei
Not used in inverse kin. for radioactive nuclei
Recent reanalysis of data through this lens...
... but no strong experimental drive
High-res, low-b.g. is critical → 𝛾-ray coincidences?
Unfeasible without GRIT+AGATA+VAMOS

Push the limits: comprehensive, rather than exotic

Flagship reaction?

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 5



Context Method The case for 74Kr Technical details Summary

A. O. Macchiavelli et al.
Analysis of the 18Fg,m(d,p)19F

reactions in the rotational model.
PRC 101 044319 (2020)

Analysis of spectroscopic factors in
11Be and 12Be in the Nilsson

strong-coupling limit.
PRC 97 011302 (2018)

Spectroscopic factors in the N=20 island
of inversion: The Nilsson

strong-coupling limit.
PRC 96 054302 (2017)

and more...

B. P. Kay et al.
Consistency of nucleon-transfer sum

rules in well-deformed nuclei.
PRC 103 024319 (2021)

Historically used in normal kin. for stable nuclei
Not used in inverse kin. for radioactive nuclei
Recent reanalysis of data through this lens...
... but no strong experimental drive
High-res, low-b.g. is critical → 𝛾-ray coincidences?
Unfeasible without GRIT+AGATA+VAMOS
Push the limits: comprehensive, rather than exotic

Flagship reaction?

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 5



Context Method The case for 74Kr Technical details Summary

A. O. Macchiavelli et al.
Analysis of the 18Fg,m(d,p)19F

reactions in the rotational model.
PRC 101 044319 (2020)

Analysis of spectroscopic factors in
11Be and 12Be in the Nilsson

strong-coupling limit.
PRC 97 011302 (2018)

Spectroscopic factors in the N=20 island
of inversion: The Nilsson

strong-coupling limit.
PRC 96 054302 (2017)

and more...

B. P. Kay et al.
Consistency of nucleon-transfer sum

rules in well-deformed nuclei.
PRC 103 024319 (2021)

Historically used in normal kin. for stable nuclei
Not used in inverse kin. for radioactive nuclei
Recent reanalysis of data through this lens...
... but no strong experimental drive
High-res, low-b.g. is critical → 𝛾-ray coincidences?
Unfeasible without GRIT+AGATA+VAMOS
Push the limits: comprehensive, rather than exotic

Flagship reaction?

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 5



Context Method The case for 74Kr Technical details Summary

N∼Z∼40 region

Well-established shape coexistence
74Kr(d,p) reaction (Z=36, N=38 + 1)
Strong basis of other spectroscopic data
Apex of shape coexistence in chain
Shapes are strongly mixed (0.4 & −0.2)
Positive feedback from beam team!
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From existing spectroscopy of 75Kr, can guess at some low-lying Nilsson bands:
5/2+[422] 0.000, 5/2+ 0.187, (7/2)+ 0.377, (9/2)+ 0.770, (11/2)+

3/2−[312] 0.179, (3/2)− 0.358, (5/2)− 0.611, (7/2)−

Use 𝛾-gating to isolate bands, get relative strength for fingerprint ID
Fit isolated spectrum to get diff. cross sections? At cost of hefty cut in statistics...
But, peak of AGATA efficiency! 2𝜋 AGATA@LNL, 𝜖 (0.2 MeV) ≈ 26% ?
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Beam energy & intensity

Beam dev. request for 1e5 pps, response was confident → working assumption

Considerations: stats, shape of DCS, punchthrough, and possibility of (d,t)

4 MeV/u very low stats no (d,t) no p-thru f/g differentiable
6 MeV/u +9% on 4 MeV/u no (d,t) no p-thru f/g differentiable
8 MeV/u +31% on 6 MeV/u (d,t) possible no p-thru maybe diff w/ high stats

10 MeV/u +23% on 8 MeV/u (d,t) possible g.s. p-thru f/g undifferentiable

Assuming 8 MeV/u for rest of these calculations as middle-ground trade-off
Alternatively, run two energies (e.g. 10 MeV/u for stats, 4 MeV/u to differentiate)

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 8



Context Method The case for 74Kr Technical details Summary

Beam energy & intensity

Beam dev. request for 1e5 pps, response was confident → working assumption
Considerations: stats, shape of DCS, punchthrough, and possibility of (d,t)

4 MeV/u very low stats no (d,t) no p-thru f/g differentiable
6 MeV/u +9% on 4 MeV/u no (d,t) no p-thru f/g differentiable
8 MeV/u +31% on 6 MeV/u (d,t) possible no p-thru maybe diff w/ high stats

10 MeV/u +23% on 8 MeV/u (d,t) possible g.s. p-thru f/g undifferentiable

Assuming 8 MeV/u for rest of these calculations as middle-ground trade-off
Alternatively, run two energies (e.g. 10 MeV/u for stats, 4 MeV/u to differentiate)

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 8



Context Method The case for 74Kr Technical details Summary

Beam energy & intensity

Beam dev. request for 1e5 pps, response was confident → working assumption
Considerations: stats, shape of DCS, punchthrough, and possibility of (d,t)

4 MeV/u very low stats no (d,t) no p-thru f/g differentiable
6 MeV/u +9% on 4 MeV/u no (d,t) no p-thru f/g differentiable
8 MeV/u +31% on 6 MeV/u (d,t) possible no p-thru maybe diff w/ high stats

10 MeV/u +23% on 8 MeV/u (d,t) possible g.s. p-thru f/g undifferentiable

Assuming 8 MeV/u for rest of these calculations as middle-ground trade-off
Alternatively, run two energies (e.g. 10 MeV/u for stats, 4 MeV/u to differentiate)

GRIT+AGATA+VAMOS, 2025 Charlie J. Paxman Direct transfer for shape coexistence 8



Context Method The case for 74Kr Technical details Summary

Beam energy & intensity

Beam dev. request for 1e5 pps, response was confident → working assumption
Considerations: stats, shape of DCS, punchthrough, and possibility of (d,t)

4 MeV/u very low stats no (d,t) no p-thru f/g differentiable
6 MeV/u +9% on 4 MeV/u no (d,t) no p-thru f/g differentiable
8 MeV/u +31% on 6 MeV/u (d,t) possible no p-thru maybe diff w/ high stats

10 MeV/u +23% on 8 MeV/u (d,t) possible g.s. p-thru f/g undifferentiable

Assuming 8 MeV/u for rest of these calculations as middle-ground trade-off
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Required UT’s
19O & 47K: high-stats, peaks range from 1,000 to 13,000 proton counts per state

Aim: 1,500 𝜸-gated counts in low-energy g9/2 rotational band

Distributed over many states, but distributed unevenly, so expect 2-5 large states
𝛾 efficiency approx. halved by 2.0 MeV, so high-E bands will have far less

Given significant resolution requirements, assuming 4 𝜇m CD2
Over realistic angular coverage, 𝜎(g9/2) = 1.5 mb → 410 counts/day if S = 1
Observable

∑S from literature usually 0.8 per band → 328 counts/day/band
AGATA 𝜖 (0.2 MeV ) = 26%→ 85 𝛾-gated counts/day/band
Therefore, to approach 1500 counts/band, require something like 17 days of beam

To be refined, but rough estimation indicates at least 2 weeks is necessary
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Summary

Microscopic probe of collective wavefunction → origins of shape coex.
Direct transfer samples Ψ via relative energy and strength of Nilsson states
Historically, technique used for stable isotopes, not exploited for radioactive isotopes
Recent work reanalysing existing data in this framework (see Macchiavelli and Kay)
Currently exploring ideal “flagship” experiment in N=Z=40 region

Prolate-oblate shape coex., dirth of spectroscopic data, and beam availability
74Kr(d,p) is an interesting option, but would like community input
Open to suggestions and criticism!
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