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Single-particle aspects of mirror 
energy states across the sd-pf shells
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Mirror Energy Differences [MEDs]

2



Small (10’s of keV) shifts in excitation energy between mirror nuclei 

Sensitive to nucleon alignments, both single-particle & coherent evolutions, & INC

Mirror Energy Differences [MEDs]
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Radii (skin) relation to MEDS
Spin-Dependence of 

isovector breaking term
Spin-Isospin correlations 

of breaking effects



Working landscape 1s0d - 0f1p orbitals
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A = 35 & 39 T = 1/2 Mirror Pairs 
35Cl-35Ar, 39K-39Ca

T = 0 Core: π(0d3/2)1 ν(0d3/2)1 

Jπ = 0+ - 3+



Working landscape 1s0d - 0f1p orbitals
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π = - levels: (1s0d)X-1(0f1p)1 

JMax = (0d3/2)2J=3(0f7/2)1J=7/2 = 13/2- 

π & ν π || ν

π = + levels: (1s0d)X-1(0d3/2)1 
JMax = (0d3/2)3J=7/2= 7/2+ 

π & ν

A = 35 & 39 T = 1/2 Mirror Pairs 
35Cl-35Ar, 39K-39Ca



Extracted from detailed level schemes between T = 1/2 mirror pairs: 35Ar - 35Cl

Experimental MEDs: A = 31, 35 & 39
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Experimental MEDs: A = 31, 35 & 39

Extracted from detailed level schemes between T = 1/2 mirror pairs: 39Ca - 39K
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Experimental MEDs: A = 31, 35 & 39

Extracted from detailed level schemes between T = 1/2 mirror pairs: 31S - 31P



Signature: Search for a large single-nucleon component in the wave function
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Alignment at the 13/2- level

 

JMax = (0d3/2)2J=3(0f7/2)1J=7/2 = 13/2- 

π & ν π || ν



Theoretical decomposition of the MED
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Mirror Energy Differences [MEDs]
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Promotion of nucleon: 0d3/2 -> 0f7/2 

ΔEEMSO = Δpn(0f7/2) - Δpn(0d3/2) 
              = ~-100 keV - ~120 keV = ~220 keV 

‘Bare’ g-factor values, RC = 1.2 fm 

Demonstrative C2S values: [0.1, 1.0]



Mirror Energy Differences [MEDs]
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Impacts the proton orbital energies 

ΔEll = Δp(0f7/2 - 0d3/2) = ~45 keV 
              N = 2 -> N = 3 

Demonstrative C2S values: [0.1, 1.0]



Measure the single-neutron overlaps 
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Leverage the Solenoid Spectrometer technique, isomeric in-flight rare-isotope beams & 
prolific ISOL beams

Emphasis on C2S  of the yrast 11/2- to 13/2-



34mCl(d,p)35Cl @ the ATLAS Facility
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~150 μg/cm2 deuterated polyethylene  
0.4 - 2.0 x 105 pps/sec on target

34mCl in-flight beam production:  
       33S(d,n) & 34S(p,n) @ 10 MeV/u 
       50/50 ground state to isomer ratio



38K(d,p)39K measurement @ HIE-ISOLDE
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ISOLDE Solenoid Spectometer (ISS)

https://isolde-solenoidal-spectrometer.web.cern.ch/

https://ep-news.web.cern.ch/isoldes-solenoidal-spectrometer-iss-new-tool-studying-exotic-nuclei

38K13+ beam: 
- >99 % purity [T=0, 3+ ground state] 
- 7.5 MeV/u & > 3x106 pps 

ISS Setup: 
- ISS Array & Luminosity detector [no recoil 
det.] 
- 2 CD2 targets [137, 93 ug/cm2], 2.5 T field 
- ~4.5 Days, CD2 + C data collection



Experimental excitation energy spectra

0f7/2 orbital angular momentum transfer confirmed for 13/2- through angular distributions
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38K(d,p)39K @ 7.5 MeV/u

Preliminary 

34mCl(d,p)35Cl @ 10 MeV/u

Preliminary 



Single-neutron overlap results

C2S values extracted from observed (d,p) cross sections via a DWBA analysis

17

ℓ = 3

38K(d,p)39K @ 7.5 MeV/u34mCl(d,p)35Cl @ 10 MeV/u

ℓ = 3



Relationship to the MEDs
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Substitution of the empirical C2S
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Substitution of the empirical C2S
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Remaining 13/2- MED energy

Of order 100 keV still remains: 

Coulomb Multipole: ECM 
        Probable source of bulk of remaining energy 
        Calculable with many-body wave function 
        [100 - 200 keV from previous calculations] 

 
Radial monopole: ECr 

         May play a role on the 10’s of keV level 



The single-neutron nature of the 13/2- level partners of the A = 35 & 39 mirror pairs was 
empirically established 

A simple application of the Ell and EEMSO theoretical components accounts for a majority 
of the MED for the 13/2- 

The measurements leveraged the solenoid spectrometer technique (HELIOS & ISS), rare-
isotope beams at the appropriate beam energies for single-neutron transfer (ATLAS & 
HIE-ISOLDE), and included the production of a composite ground state + isomeric state 
in-flight beam 

Future focus: Error quantification, including ‘absolute’ spectroscopic factors 

Future focus: Computation of MEDs and spectroscopic factors within a consistent 
interaction

Summary & Outlook
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