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298Pp is a cornerstone to our understanding of the
single-particle structure of heavy nuclei.
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Weak binding and nuclear structure
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207Hg is a more weak bound system then 2°°Pb
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Using the (d,p) neutron transfer reaction in inverse kinematics

' 40 -H\ Proton energy for
» normal and invert kinematics 28 . 29
150} d(*"Si,”"Si)p
—
. \
> >"100¢t
O [
%- % 2g; energy for
Luﬁ Luﬁ normal and invert kinematics
. . 50+
Only way to probe exotic nuclei
283i(d,p)?°Si

Features of inverse kinematics: 0%

* Detection of the residual nucleus % 30 60 90 120 150 180 60 -30 0 30 60
. . e eLab de

* Smaller KE for the light particle v L2 oed

* Larger spread of 8;,;, for 6,,, € (0°,~30°)
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The HELIOS concept

Uniform Magnetic field =2.5T
G =

1. Q-value resolution ~ 100 keV FWHM for (d,p)

2. Large acceptance Re oton

3. Good angular resolution

4. ldentification of residual nuclei

5. Background free spectrum for (d,p)

6. Simple analysis Feslen
sensitive

* hard to make mistake, and consistency of analysis _
Si array

1 cOB
Ep — ;Ecm(Ex) + Fﬁz

ISS is an excellent spectrometer for (d,p) reaction.
It can be extended to (d,t) (d,3He)
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The birth of the ISOLDE Solenoidal Spectrometer Magnet in Wesley Hospital,
Brisbane, September 2015

CERN, April 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  serkeley designed ')

Digitizer ][ WSS mam

’8Mg(d,p) — Next talk by Patrick MacGregor
208Hg(d,p) — This talk!

Al tube

B -

Si detector

. 4isolated slits
5x5 mm

~ [removable)
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The Experimental Setup

heavy beam is used,

radiation damage is large

—> target degradation,

- A dedicated 8 x 8 type-writer target
ladder is used.

&
206 recoil Si-detector
H g residue : I
7.4 MeV/u
/ Faraday Cup

~99% purity 165 pg/cm?CD,

! Target ladder Mechanical: Russell A. Knaack
. Targets: Matthew D. Gott
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Z = = (YBEcm(Ey) + vBp cos O.p)
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DWBA calculation: Ptolemy

Measured Angular Distributions
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Spin-parity assignment and Spectroscopic factors

* Normalized to 3s, , state.

E (keV) ¢ " nfs s v* /dof
0 4 /2" g2 0.82(5) 1.3(8)

1197(5) 2 5/2% 2ds 5 0.47(6) 2.9(1.1)
1600(45) 1 (il Lo
2 5/2% 2d5 /2 0.13(1) 1.4(3)

1810(20) | gl L erra 003012y 1101}
2 5/2F 2ds 1 0.42(3) 1.3(3)

1960(30) 0 1/2% 381 /2 1.00(13) 4.4(2.7)
2335(6) 2 3/2+ 2dy 1.00(7) 1.1(9)
2530(20) 4 7/2% 1972 0.62(6) 1.4(2)
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o osf S | 211po, 8.5 MeV/u [NPA314(1979)101-114]

| | 209ph, 7.5 MeV/u [Phys. Rev. 159(1967)1039)

1o . mm

el . , j 1g9/2  0.82(5) 0.000
Edarz 0.8 _ 1 i é 207Hg, 7'39 MeV/u 2d5/2 1.02(7) 1.501
1072 "o E 3s1/2 1.00(13) 1.960

0i i |
" e ‘ | ‘ : 2d3/2  1.00(7) 2.335
: 5 = g 1g7/2  0.62(6) 2.530
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Shell Model (?°’Hg) [Alex Brown, priv. comm.]
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Connection to r-process
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Woods-Saxon calculations fitted to experimental binding energies of the
neutron orbitals at N = 127 (?°’Hg, 2%°Pb, and 2!!Po).

Start of the n—y r-process for
creation of heavy elements

21 models

UNEDFO

FRDM?2012

WS fits

¢ Vv3sy;(exp.)
v2ds),

v V2d5/2

v0g7/2

® Vv0gyp»

VOiy)

P I |

m V0sp

60 62 64 66 68 70) 72
Nd Sm Gd Dy Er Yb] Hf

74 S
W Os

78
Pt

Z/Element (N =127)

80 82 84
Hg Pb Po

Those isotope could be produced in HIE-ISODLE and FRIB.
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PHYSICAL REVIEW LETTERS 124, 062502 (2020)

First Exploration of Neutron Shell Structure below Lead and beyond N =126
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Outlook

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.

;‘L‘ ‘Wi I K il

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

1315b 1325b 133Sb 134Sb
(7/2+) (4+) @ 7/2+ (1-)

~107 pps ~10° pps

1325b = n0g,,, + v(1d;,)* 134Sb = n0g,, + v(1f;,)
11/26/20 ISODLE Workshop and Users meeting 2020 15



Argonne &

NATIONAL LABORATORY

Back up
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mm108- 1010 pps =Wm10° - 102 pps
106-108 pps =102 -100 pps
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N 0 F Ne
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P S Cl || Ar

4 19 20 21 22 23 24 25 26 27 28 29 30 31 3z 33 34 || 35 36

K Ca Sc Ti v Cr || Mn || Fe Co Ni Cu In || Ga | Ge || As || Se Br || Kr

3 37 ] 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb || Sr ¥ Ir | Nb |[Mo || Tc | Bu | Rh || Pd | Ag || Cd || In | S5n || 5b || Te 1 Xe

6 55 56 + 71 Tz 73 T4 75 76 77 78 79 80 21 a8z a3 84 a5 86

Cs || Ba Lu | Hf | Ta | W | Re || Os || Ir Pt ||Au || Hg || Tl || Pb || Bi | Po | At | En
7 87 82 % 103 104 105 10e 107 o2 109 110 111
Fr | Ra Lr Rf | Db || Sg || Bh | Hs | Mt | Ds || Rg

=L h id & 57 58 59 &0 61 62 63 (23 65 13 &7 68 3] 70
anthanides La | Ce | Pr | Nd ||Pm | Sm | Eu | Gd || Tb || Dy || Ho || Er | Tm || Yb

**A . d % 89 20 91 9z 93 94 95 6 97 98 99 100 101 10z
ctinides Ac || Th || Pa || U || Np | Pu | Am |[Cm || Bk || Cf | Es || Fm | Md || No
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CO m pa re Wlth WOOd S-SaXO n Single-Neutron Centroids at N=127

DATA on Single-Neutron Centroid WS cale. with expt’l. g.s. bindi
1) Fit 2°°Pb centroid with all 6 Woods-Saxon ittt B
parameters 3000 A3 ]
* RMS of the fit is 98 keV B R ]
i R ¥
P2 1d 200 710 “Cap
H=o—+V({) +{L-S)=—Vs(r) L% il ,
2m rdr . k12t 1L =0 12* i
2000 4 ke a0 o ]
|4 i 1L o ’
Vi) = —R S 1t ]
0 X B 1T h
1+ exp < ) = 1500+ */*\* 52t 4 - O/O/O 52+
P 0 utor 1T ]
SO - 4L |
Vso(r) = — L 1 [ i
1+ exp (r RSO) 10001~ 10 )
S0 i 1L ]
500 - 4t
2) Fixed the r0, a0, Vso, rso, aso, fit 2’Hg and - 1T ]
211pg centroids with VO o- % * *x97 1o o o 092"
* RMS for 207Hg is 137 keV 207Hg 209py, 211pg 207Hg 209pp 211pg

e RMS for 211Po is 246 keV
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Connection to r-process

S N < Woods-Saxon calculations fitted to experimental binding energies of the
IS & Q\ neutron orbitals at N = 127 (?°’Hg, 2%°Pb, and 2!!Po).
— T T 1 o N N §| ' — 0.0 BN ! ! ! N ! ! ! !
i ! ' N - 5 o | 7 _ Neo™ 21 models
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o (Vo] v el =
E 100 — [i] ’ Fi :: :.' l| ‘ ‘: — gﬁ | V2d3/2
% | | | i I;“; l :lL _ % 73 0 __ v V2d5/2
Q L ‘ i | [ ’ ]fl i & [ () v0g7»
@) [ ’ ‘ o l i = [
i J J l'] 21"*1] o | ] 1 = 40| Start of the n—y r-process for Ve
| Y, - Start ol -
0 ﬁﬁﬁML_ ML '&1 LA Ll [ creation of heavy elements v0iz
Tl T A B T R TR AN TR NN NN NN NN N N N - R B V0jjsp
0 1 2 3 sol 1 N 1
E (MeV) 60 62 64 66 6§ 70 72 74 76 78 |80 82 84
Nd Sm Gd Dy Yb Hf W Os Pt JHg Pb Po

Z/Element (N=127)

Those isotope could be produced in FRIB era.
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