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Research context

3 aimed to investigate nuclear

Laser spectroscopy of exotic nuclei
structure and nuclear force

The nuclear charge radius and the nuclear electromagnetic moments are important observables to study
the nucleon-nucleon interaction:

charge radius  dibole
& Magnetic dipole moment electric quadrupole moment Nuclear spin

(R) (W) Q) (1)

With laser spectroscopy, we can probe these observables in a nuclear model independent method.

01/12 Department of Physics and Astronomy (IKS) ~ KULEUVEN



l : !% I SI @ ISOLDE Non-res
4 Al Hyperfine Structure (HFS) :
—— - - IP

CRIS : Collinear Resonance lonization Spectroscopy Rydberg B ,
o —— E(F)=kA+k'B
a g' Proton beam DAQ
° ) o : = . H Be(O)
d ‘ f AND -
O O T i Mool : I.]
05050 e I B Y. B B 0
P LA T  B=eQsv0)
Frequency (MHz] - oo AL A 0 et F
& HRS g e 3
8 O Surface ionized atom or molecule Fa
®A e : : :
0 ° Rteosnc;nantly jonized ion e_/ Isotope shift : shift of HFS between two isotopes A and A’
@) ISCOOL @ Non-resonantly ionized ion Removable ﬂ ,
8 MagneToF AAr A - A
v = g Mit Fog

Measuring the HFS :

N <%
803?.0 F&to —':*... [ * Nuclear Spin |
$° IR * Magnetic dipole moment

Laser light CEC og DP
108 mbar 107" mbar '
* PBlectric quadrupole moment Qg

v High sensitivity : > few 10 ions/s v High resolution : > 20 MHz
v’ Versatility * Changes of charge radii §(r?)
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:(2) " ".\.m: : Efgiz? * In contrast, Pb (Z=82) isotopes remain spherical

I S S ‘ down to N = 101 [2]
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04/12 1.H. De. Witte et al., Phys. Rev. Lett., 98,112502 (2007)
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N =126

2 Physics motivation
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Proposed measurements
ioore Lot |7 it | @

4.65 (26)
1.90 (16)

-1.10 (10)

3.10 (6)

177 Augg 1.53 (s) 1/2* 1.15 (5)
ImpAY, 1(s) 11/2 6.348 (6)

178Aug, 3.4 (s) (2,3) ?
178mAu,q 2.7 (s) (7,8) ?
797U, 7.1 (s) 1/2* 1.01 (5)
180AY, ., 8.4 (s) 1+ -0.83 (9)
181AU,0, 13.7 (s) 3/2 ?
182Au, 0, 15.5 (s) 2¢ 1.66 (9)
187U, 42.8 (s) 5/2 1.972 (23)
BaAY, . 20.6 () 5+ 2.07 (2)
18amAYy 47.6 (s) 2 1.44 (2)
B5AU, 4.25 (m) 5/2- 2.193 (61)
86AY, . 10.7 (m) 3 -1.202 (60)
877U, 0, 8.2 (m) 1/2* 0.557 (41)
187MAY, o 2.3 (s) 9/2- 3.529 (53)
1887, 8.84 (m) 1 -0.07 (3)

Q, :mostly unknown around the
beginning of ‘island of deformation’

177-183Au: Spin assignment is tentative
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‘Shape coexistence’

‘Island of deformation’

‘Shape coexistence’

,Q +known u
- Probing the configuration of the
nuclear states

Q, 17718 Au + known <r?>

- Information on the nature of the
deformation and the degree to
which these nuclei are statically
deformed.

3

_SWZR%,GQ(I +0.36032).

Qintr. =

_3K2_I(I+1)
(21 +3)(I +1)

Qs Qint r.

Newly measured 1,Q

- Benchmark theoretical models:
Monte Carlo Shell Model, HFB &
DFT
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Experimental campaign

Scans and ISCOOL Voltage over time
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Preliminary analysis
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Beamtime summary

* 100 hours of scanning time (~ 4 days).

e 126 scans in total (14 isotopes and 2 isomers)

* Voltage scanning was mostly used throughout the beamtime. Therefore, due to the large splitting(~ 3 GHz) in the
hyperfine structure of gold, the scans of each hyperfine structure was recorded in two parts as left and right (branches).

* Issues encountered with production of gold isotopes.

* Most of the shifts available to (re)visit 178Au and 178™Au

e S T

9 189 7 5 2
1 7 4 3

10 189m 7 5 2
2 181 9 5 4

11 190 6 4 2
3 182 8 5 3

12 191 5 3 2
4 183 7 5 2

13 192 2 2
5 185 5 2 = 14 193 2 1 1
6 187 10 5 5 15 195 5 3 2
7 187m 9 6 3 16 197 (ref) 31 29 2

« : ” i
Island of deformation” & shape coexistence Benchmarking and quadrupole moments
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Hey CRIS!! What’s new??
FI U |
(Field lonization Unit) — g;dberg

[,

——

* Electric field ionization of Rydberg states in a collinear geometry. T
* Increased sensitivity for isotope separation and measurement of

atomic parameters over previous non-resonant laser ionization

methods
* Reduction of lonization volume.
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Pictures: Vernon, A.R. et al. Laser spectroscopy of indium Rydberg atom bunches by electric field ionization. Sci Depar tment o f p hysics and As tronomy ( 1KS ) KU LEUVEN

Rep 10, 12306 (2020).



Commissioning

* Commissioning was done in May, 2024. — | P

« 39 used to populate the Rydberg state 25d 34830.2969 cm” 7 25d 2Dy,
* Electric field gradient required to ionize a Rydberg state is calculated using saddle point model: &
(0))
Z EEe3 -
Eionisation = Erp — 2 Are \/E 3

0 12985.186 cm” - 4p 2P, ,

N
: : . . o
e ~450V/0.5 cm gradient required to ionize the e~ in 25d Rydberg state ©
3

0Ocm 4s%S,,

MagneToF
Acceleration a) Field-ionized ionsdemctor
' Ier\s\
Segmented electrostatic 4kV2kV / 2 N Backarourid lofs

deﬂectors 36“\";

B — /¥ ‘:a i i‘l\ i‘\ ! \| 27 Background ions
+1 0KV +20kv  *3 0kV A 1 1 % 26 i (before g{ids)
3eam axis a0 ~ = \

.~ 7 g W 5 -

N Lprie AE T\ e A\l N\ 8
AU 7 s5Ky  +35kv 1 !/ 23 e

+05kv *15kv ¥ 2
22 5 10

. : . : 21
)I‘ = lonization wire grids Field-ionization wires 0
0 5 10 15 20

at high pOtential Time of flight (ns)

X

Pictures: Vernon, A.R. et al. Laser spectroscopy of indium Rydberg atom bunches by electric field ionization. Sci De partment Of Ph ys ics and Astronom % (/ KS ) KU LEUVEN
Rep 10, 12306 (2020).



Summary

* Multiple ToF peaks in the MagneToF
* Rydbergs being ionized by collisions at different sites in the beamline. (CEC, IR, FIU & bender).

—— Counts per bunch 0001 —— Counts per bunch
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Field lonization Unit successfully installed.

More time needed to do a systematic study.

Populating low lying Rydberg states (e.g. n = 10) to lower the collisionals.
DAQ improved to record voltages as a function of counts on MagneToF.
OPO laser to be used to easily tune to various Rydberg states.
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Centroid drift of reference isotopes °’Au

. Drift in refrence centroid over time : +3.77104e8 197Au centroid simple diode correction
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