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Mirror Energy Differences [MEDs]
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Mirror Energy Differences [MEDs]

o Small (10s of keV) shifts in excitation energy between mirror nuclel

o Sensitive to nucleon alignments, both single-particle & coherent evolutions, & INC
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Working landscape 1sOd - Of1p orbitals

A=35& 39T =1/2 Mirror Pairs
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Working landscape 1sOd - Of1p orbitals

A=35& 39T =1/2 Mirror Pairs
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Experimental MEDs: A =31, 35 & 39

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

® A =35 (°°Ar-2(l)

Positive Parity

100 35Ar 35C|

0 O e R R Gt S S S et e Sagett el e e e 12571 23/2"
D= 12276 23/2°
o — 0 = m3
S 21/2% 11458,
o 100 2371 2391
E; 19/2% 10859
w 17/2- 10222 =
s —200 2614 [ 101808 19/2

-300
1/2* 3/2* 5/2* 7/2*
Negative Parity
100
@
. \.\
o
% -100
= 7/2*
0
% -200
/0\ 2603
.~
-300 % —@
0 Gyl [r] SRS INES S SR e
7/2= 9/27 11/27 13/2~ 15/2° 19/2~ 23/2




Experimental MEDs: A =31, 35 & 39

o Extracted from detailed level schemes between T =1/2 mirror pairs: 38Ca - 39K
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Experimental MEDs: A =31, 35 & 39
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Alignment at the 13/2- level

o Signature: Search for a large single-nucleon component in the wave function
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Theoretical decomposition of the MED

MED = Ecm + Ecm + EIne
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* Ecm (Coulomb Multipole): Multipole Coulomb pair-breaking and angular

momentum alignment; cancels for single valence nucleons outside
identical cores.

* EEmso (Electromagnetlc Spm Orblt) Relativistic Foldy-Wouthuysen

| iteractln dlrctl scales with smgle particle strength C2S.

* Ec, (Monopole Radius Effect): Core dilation / radial expansion shift from

occupying the larger Ofy/, orbit.

* Epg (Orbit-Orbit Coupling): Relativistic kinetic shift across oscillator

shells.

* Ernc (Isospin Non-Conserving) & TES: Nuclear CSB/CIB forces and

near-threshold Thomas-Ehrman shifts.
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Mirror Energy Differences [MEDs]
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e Alignment Maximizes EMSO: The maximally alignhed 13/2" state locks
the valence 0f7/, nucleon into maximum angular momentum,

maximizing the spin-orbit interaction. »




Mirror Energy Differences [MEDs]
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Impacts the proton orbital energies
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Measure the single-neutron overlaps “mphasis on C2S of the yrast 11/2- to 13/2-

Reaching J™* = 13/2 via single-step (d,p) transfer requires high-
spin beam states.

ANGULAR MOMENTUM SELECTION RULES

Single-neutron transfer carries AJ < £ + % =3 + % = 3.5 (£ = 3 for 0fy/,).

e From 0* ground states: Jpq < 0 + 3.5 =7/2" max. (13/27 is completely

BEAM IMPLEMENTATIONS
iInaccessible!)

A = 35 at HELIOS / ATLAS: Produced an isomeric beam of 3*MC| (J™ = 3*,

T1/2 = 32.0 min) via in-flight transfer. e From 3" initial states: Jfnq < 3 + 3.5 =13/2" accessible in single-step

. transfer!
A =39 at ISS / ISOLDE: **K ground state is already J™ = 3* (T, = 7.6

min), enabling clean direct transfer into *°K.

. . . . 38
Ground and isomeric state information for e K

. : . . 34
Ground and isomeric state information for 17CI
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Leverage the Solenoid Spectrometer technique, isomeric in-flight rare-isotope beams &
orolific ISOL beams ;




34mCl(d,p)35CI| @ the ATLAS Facility FSU173
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detect ] . .
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34mC| in-fli lon:
Clin-flight beam production: ~150 pg/cm?2 deuterated polyethylene
335(d,n) &345(p,n) @ 10 MeV/u 0.4 - 2.0 x 105 pps/sec on target

50/50 ground state to isomer ratio .




38K(d,p)3%K measurement @ HIE-ISOLDE ISOLDE Solenoid Spectometer (ISS)

Beam

, and
magnetic
axis

o 38KI3+ heam:

- >999% purity [ T=0, 3+ ground state]

- 75 MeV/u & > 3x106 pps

o |SS Setup: \
- ISS Array & Luminosity detector [no recoil
det.]

-2 CDo targets [137, 93 ug/cm?], 2.5 T fiela
- ~4.5 Days, CD2 + C data collection

https://isolde-solenoidal-spectrometerweb.cern.ch/

https://ep-news.web.cern.ch/isoldes-solenoidal-spectrometer-iss-new-tool-studying-exotic-nuclei 15




FExperimental excitation energy spectra
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Of72 orbital angular momentum transfer confirmed for 13/2- through angular distributions
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Single-neutron overlap results

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

34mCl(d,p)3sCl @ 10 MeV/u 38K(d,p)*°K @ 7.5 MeV/u
1.2- f _ 3
10 DR
. II m] II - m B
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Relationship to the MEDs

A =35 (3°Ar —3°Cl) A =39 (°°Ca - 3°K)
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Supstitution of the empirical C2S
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Supstitution of the empirical C2S
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Remaining 13/2- MED energy

MED = Eopm + Eom + EIne
A =35 (3°Ar — 35C)) = Eom + Ervso + Eu + Ecor + Ene

U1
ot

*

o

Of order 100 keV still remains:

|
U
O

~100; Coulomb Multipole: Ecm

Probable source of bulk of remaining energy
Calculable with many-body wave function
[100 - 200 keV from previous calculations]
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—350-
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Radial monopole: Ec;
May play a role on the 10°s of keV level
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Summary & Outlook

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

o A simple application of the Ey and Eemso theoretical components accounts for a majority
of the MED for the 13/2-

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

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

Ds and spectroscopic factors within a consistent

L1l

o Future focus: Computation of M.
INnteraction

22
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