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• 208Pb is a cornerstone to our understanding of the 
single-particle structure of heavy nuclei.

• Evolution of shell-structure along N=127

• Toward r-process for heavy elements
• S-orbital energy level 

• Few/no theoretical and NO experimental study
• No single particle structure is known

N = 127

Data from ENSDF, XUNDL, and AME12

1st step!
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Weak binding and nuclear structure

C. R. Hoffman et al.,  PRC89(2014)061305 207Hg is a more weak bound system then 209Pb_

𝐴~7 − 15 𝐴~90 𝐴~200
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Using the (d,p) neutron transfer reaction in inverse kinematics  

Features of inverse kinematics:
• Detection of the residual nucleus
• Smaller KE for the light particle
• Larger spread of 𝜃𝐿𝑎𝑏 for 𝜃𝑐𝑚 ∈ (0°, ~30°)

Only way to probe exotic nuclei



• ISOLDE uses CERN proton beam to create various isotopes

• Boost energy to 10 MeV/u from light to heavy nuclei

• Intensity to 106-7 pps, high purity for radioactive beam

• ISS is developed by UK group, base on the HELIOS concept
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1. Q-value resolution ~ 100 keV FWHM for (d,p)
2. Large acceptance
3. Good angular resolution
4. Identification of residual nuclei 
5. Background free spectrum for (d,p)
6. Simple analysis

• hard to make mistake, and consistency of analysis

ISS is an excellent spectrometer for (d,p) reaction. 
It can be extended to (d,t) (d,3He)



11/26/20 ISODLE Workshop and Users meeting 2020 7

The birth of the ISOLDE Solenoidal Spectrometer Magnet in Wesley Hospital, 
Brisbane, September 2015

OR66 4T ex-MRI 
magnet

CERN, April 2016

Brisbane, February 2016

lead by R. Page from the 
University of Liverpool
• Vacuum testing
• Cooling
• Field-up test
• Stray-Field shielding
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Commissioning of the ISS @ Sept, 2018

Array and the DAQ system are From ANL.

28Mg(d,p) – Next talk by Patrick MacGregor
206Hg(d,p) – This talk!

Berkeley designed 
Digitizer
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The Experimental Setup

165 μg/cm2 CD2

recoil 
residue

206Hg
7.4 MeV/u

~99% purity

Array

Si-detector

(d,d)
(12C,12C)

Faraday Cup

heavy beam is used,
radiation damage is large
→ target degradation, 
→ A dedicated 8 × 8 type-writer target 

ladder is used.

Target ladder Mechanical: Russell A. Knaack
Targets: Matthew D. Gott
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Resol. = 55 keV (σ) = 130 keV (FWHM)Fusion evaporation background 
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Spin-parity assignment and Spectroscopic factors
* Normalized to 3s1/2 state.

Measured Angular Distributions

DWBA calculation: Ptolemy



211Po, 8.5 MeV/u [NPA314(1979)101-114]

209Pb, 7.5 MeV/u [Phys. Rev. 159(1967)1039]

207Hg, 7.39 MeV/u

Shell Model (207Hg) [Alex Brown, priv. comm.]

orbital Sum(SF) Centroid [MeV]

1g9/2 0.82(5) 0.000

2d5/2 1.02(7) 1.501

3s1/2 1.00(13) 1.960

2d3/2 1.00(7) 2.335

1g7/2 0.62(6) 2.530
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Woods-Saxon calculations fitted to experimental binding energies of the 

neutron orbitals at N = 127 (207Hg, 209Pb, and 211Po).

Start of the n–γ r-process for 

creation of heavy elements

AZ
n

γ

Those isotope could be produced in HIE-ISODLE and  FRIB. 

Connection to r-process
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Outlook

Transfer reaction is feasible on heavy nuclei.
→Medium mass nuclei should be OK too.
→We will propose the 133Sb(d,p) reaction

Next logical step is going down to lower Z nuclei 
→ Like Pt, Os, etc… That would be challenging in beam production.
→Within few years, FRIB may able to product
→ SOLARIS is an other solenoidal spectrometer at FRIB. 

134Sb = π0g7/2 + ν(1f7/2) 

133Sb 
7/2+

134Sb 
(1-)

(d,p)(d,t)
131Sb 

(7/2+)
(d,p)

132Sb = π0g7/2 + ν(1d3/2)-1

~105 pps~107 pps

132Sb 
(4+)



Back up

11/26/20 ISODLE Workshop and Users meeting 2020 16



11/26/20 ISODLE Workshop and Users meeting 2020 17

Outlook
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Compare with Woods-Saxon

1) Fit 209Pb centroid with all 6 Woods-Saxon 
parameters
• RMS of the fit is 98 keV

2) Fixed the r0, a0, Vso, rso, aso, fit 207Hg and 
211Po centroids with V0
• RMS for 207Hg is 137 keV
• RMS for 211Po is 246 keV
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Woods-Saxon calculations fitted to experimental binding energies of the 

neutron orbitals at N = 127 (207Hg, 209Pb, and 211Po).

Start of the n–γ r-process for 

creation of heavy elements

AZ
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γ
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Those isotope could be produced in FRIB era. 

Connection to r-process


