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Å Far from stability, shell closures have been shown to
evolve for systems with imbalances of protons and
neutrons

ÅStudies of light neutron-rich system have led to the
discovery of new shell closures

Single-particle evolutionin nuclei

T.Otsuka and D. Abe, Prog. In Particle and Nuclear Physics 59 425 (2007) D. Steppenbeck et al, Nature 502 207 (2013)



Single-particle evolution ςheavy nuclei
Å In heavier stable nuclei trends have also been

observed, particularly in high-j states as other high-j
states fill with nucleons

Å Studying chains of isotopes/isotones near closed
shells have pointed to the inclusion of a tensor
interaction to explain systematics

Otsuka et al. Phys. Rev. Lett. 95, 232502 (2005) D.K. Sharp et al, Phys.Rev.C 87 014312 (2013)
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Single-particle evolution along N=126
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D. K. Sharp et al. INTC-P-594 (2020)

Å Radioactive beams at HIE-ISOLDE
allow new closed-shell systems to be
studied

Å Studies can be extended to N=126
isotones

Å Currently, spectroscopic information
on states up to Z=84 (211Po) is known

Å The location of nuclei with one
neutron outside the N=126 closed
shell makes them ideal testing
grounds for modern shell-model
calculations

Å Aim is to probe the strength of 
neutron orbitals in this region which 
will be interacting with protons in the 

ɸh9/2 orbital



Direct transfer reactions ςinverse kinematics
Å Information:
Å Yields - cross sections

Åȅ- angular momentum

Å Proton energy - excitation energy of nucleus.

Å d(212Rn, p)213Rn:
Å Need to consider lab to CMtransformations

Å Problems:
Å Kinematic compressionïreduces energy difference

between states

Å Kinematic shift ïbroadens peaks

P. T. MacGregor, Ph.D. Thesis (2021)B P Kay et al 2012 J. Phys.: Conf. Ser. 381 012095



ISOLDE Solenoidal Spectrometer (ISS)

Å Potential solution using a solenoid (2.5 T) .

Å Particles from target follow helical orbits
and return to the axis after one cyclotron
period

ÅMeasureprotons in position-sensitive array

Å Position, ElabᶿEcm.

Å No compression in the solenoidïbetter 
resolution


