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¢ Optical Spectroscopy for nuclear physics

A useful tool to extract fundamental
nuclear ground-state properties
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Nuclear model-independent measurement

1X. F. Yang, et al. PPNP (2022): 104005.
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¢ Optical Spectroscopy for nuclear physics

A useful tool to extract fundamental
nuclear ground-state properties
General lack of optical data

_ ® Lack of Stable isotopes
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° Challengmg Production
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1X. F. Yang, et al. PPNP (2022): 104005.
2M. Block et al., PPNP, 116 (2021), 103834
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% 235m|J isomeric state

Second lowest isomeric state
in the nuclide landscape

® 76eV3

® ~26 minutes half life

b
0 4398 sf
007 | e 186

3F. Ponce, et. al. PRC, 97.5 (2018): 054310.
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% 235m|J isomeric state

Pu 239

244105 a Se.cond Iowes.t isomeric state
in the nuclide landscape

o 5.157;5.144..

sf;y;e5m ® 76 ¢V 3

® ~26 minutes half life

(99.8 %) ® Populated from the alpha decay of 23°Pu

3F. Ponce, et. al. PRC, 97.5 (2018): 054310.
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% 235m|J isomeric state

Pu 239

244105 a Se-cond Iowes-t isomeric state
in the nuclide landscape

0 5.157:5.144.,

sf;y;e5m ° 76 ¢V 3

(99.8 %) | i

® ~26 minutes half life

® Populated from the alpha decay of 23°Pu

Extraction Measurement
= a
=
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Gas-cell development

S AXY
1 source 2 sources
Mk. | - Actinide gas-cell
® up to 2 sources (with axial mount)
e tested with 23°Pu and 24°Pu
235UOH + 236U0H20 ZJSUolo M -
P = OV Sl TR ® Recoils in the 3+ and 2+ charge states
e O e 2V ® Presence of molecular compound
® ~50 cps of 23°U?*at switchyard MCP detector
(1 source)
75 80 85 120 130 240 250
mass [amul
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¢ Gas-cell development

1 source 2 sources 4 sources

Mk. Il - Mara LEB gas-cell

500
® up to 4 sources

400 e tested with 23°Pu
w i . .
& 300 ® Small bias voltage applied at the source mount
4] 235 P | 23502+ 2351 . .

s i — — [ ]

£ 200 [T o R VTR i Recoils in the 34+ and 2+ charge states
© ‘ ® Molecular compunds and impurities dominates

100

. . ® ~800 cps of 23°U2Tat switchyard MCP detector
© 75 80 >85 120 130 240 250
mass [amul
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¢ Gas-cell development
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1 source 2 sources 4 sources 12 sources

Mk. Il - Large recoil gas-cell
e tested with 12 239Pu sources
® 2.5 mm nozzle and 55 mbar He

® Bias applied at the modular source structure

— |
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% Gas-cell development

1 source 2 sources

4 sources

12 sources
Mk. Il - Large recoil gas-cell
3000 e § e tested with 12 23°Pu sources
2500 7 ® 2.5 mm nozzle and 55 mbar He
72000 / recoil Z5u7+ ® Bias applied at the modular source structure
= - sput‘tezrzesd iﬂpu“
e R ® ~3000 cps for both 3+ and 2+ charge states
U1000
500 4
0
0 2000 4000 6000 8000 10000 12000
Floating Voltage [mV]
PLATAN June 2024 15

JYU SINCE 1863.



¢ Gas-cell development

1 source 2 sources 4 sources

12 sources
Mk. Il - Large recoil gas-cell
I 1.5 mm nozzle e tested with 12 23°Pu sources
6000 " 2.5 mm nozzle

® 2.5 mm nozzle and 55 mbar He

5000 . .

~ ® Bias applied at the modular source structure
84000
o ® ~3000 cps for both 3+ and 2+ charge states
3 3000 a0 _Q .
8 ity T ® Minimized molecular formation

2000

10 fv
1000 il J \‘ i
1 0 Ml (19 \‘ | \\‘\
o | | 1oell ’zao : zs‘omzl )
100 1! 00 250

50 21
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¢ Gas-cell development

1 source 2 sources 4 sources 12 sources
Mk. Il - Large recoil gas-cell
T =TT ® tested with 12 23°Pu sources
T [ 2.5 mm nozzle

® 2.5 mm nozzle and 55 mbar He

5000

~ ® Bias applied at the modular source structure
gwoo ® ~3000 cps for both 3+ and 2+ charge states
g ® Minimized molecular formation
j::: 10! f‘f, | ® 1+ too little for laser spectroscopy
I /A e,

50 21
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¢ Collinear Laser Spectroscopy

>
&

8, ® 30 kV bunched beam overlapped with CW single mode laser light
< S ® Laser fixed at set point, LCR voltage scan in +5kV range
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¢ Collinear Laser Spectroscopy

>
&

/ ® 30 kV bunched beam overlapped with CW single mode laser light
\‘<\‘ S ® Laser fixed at set point, LCR voltage scan in +5kV range

Preparatory experiment needed to find the optimal transition
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% Groundwork: CLS of "3ty

| ™ | 28851 mm e 2341 0.0054%, 235U 0.7204%,%38U 99.2742%
l i | 305220m e Offline study of ionic transition in the UV range
I\ ' | 200.37 nm 288-314 nm
= ]\ Iy A 286.65 nm
5 | i | 31222 nm
g l J“AL 1 303.90 nm
S l M l 286.13 nm
1 I 1 sblas 20151 nm
l LU Ll 29134 0m : Z:E
Lo Lt 28905 nm oy
0 10 20 30 40

Frequency w.r.t. 38U [GHz]
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% Groundwork: CLS of "3ty

|

| e Lomerem | @ 2*U 0.0054%, *°U 0.7204%,%38U 99.2742%

| i | 305220m e Offline study of ionic transition in the UV range

l e | 20037 nm 288-314 nm
2 f ﬂm‘ | ilzsiﬁs " ® HFS parameters for 23°U and isotopic shift for
5 2| 303_9'0n:1m each studied level
S| | Mo | 28613 nm ® Optimum transition had a spectroscopy efficiency

1 [ 1 uila 20151 nm of ~ 1/3000 photons/ion

P 234U
'L b4 s 29138 — =u | @ Performed with the original LCR
- - 269,05 nm - - — 0 (single segmented PMT)

Frequency w.r.t. 38U [GHz]
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LCR upgrades

® 4 PMT tubes arranged in a two rows
configuration

4A. Koszor(s et al.,SR, 13.1 (2023), p.4783.

PLATAN June 2024 9 JYU SINCE 1863.




¢ LCR upgrades

® 4 PMT tubes arranged in a two rows
configuration

® Inner light blocker tube coated with light
absorbing material

PLATAN June 2024 9 JYU SINCE 1863.




¢ LCR upgrades

® 4 PMT tubes arranged in a two rows
configuration

® Inner light blocker tube coated with light
absorbing material

e custom 3D printed PMT support to ensure light
tightness and focal point tunability
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LCR upgrades

4 PMT tubes arranged in a two rows
configuration

Inner light blocker tube coated with light
absorbing material

custom 3D printed PMT support to ensure light
tightness and focal point tunability

Grounding mesh with >90% transparency in
front of the PMT tube to reduce electric field
induced dark counts
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2000

LCR upgrades

4 PMT tubes arranged in a two rows
configuration

Inner light blocker tube coated with light
absorbing material

custom 3D printed PMT support to ensure light
tightness and focal point tunability

Grounding mesh with >90% transparency in
front of the PMT tube to reduce electric field
induced dark counts
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% New RFQ mini buncher section

|
TOF
1.0 —— 56Fe endplate bunching . ; . .
® Typical bunch width with endplate bunching

08 ~ 5us
- e ~ 10* background reduction with respect to
206 . . 4
= continous beam (for typical 100 ms cycle)
304
[}

0.2

Yo A ——

|

34 36 40 42

38
Time [us]

4A. Nieminen, et al. PRL 88.9 (2002): 094801. *Ville Talk
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4A. Nieminen, et al. PRL 88.9 (2002): 094801.
5V. Virtanen PhD thesis
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% New RFQ mini buncher section

Typical bunch width with endplate bunching
~ 5us

~ 10* background reduction with respect to
continous beam (for typical 100 ms cycle) #

New cooler 3-stage bunching section produce
~ 80 ns bunches °

~ 108 background reduction with respect to
continous beam

*Ville Talk
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¢ Summary and Outlook

® Mark Il version has produced sufficient yields for
a laser spectroscopy run but...
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¢ Summary and Outlook

® Mark Il version has produced sufficient yields for

a laser spectroscopy run but... | A ) asssiom
® Charge state still remains a problem, possibilities f Jﬁ‘: 1“"5-““
are under investigation 41 ) Lo
® Gas flow and ion transport simulations are = i & [‘ 31222 0m
. g A s0nm
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¢ Summary and Outlook

® Mark Il version has produced sufficient yields for
a laser spectroscopy run but...

® Charge state still remains a problem, possibilities
are under investigation

® Gas flow and ion transport simulations are
underway to further characterize the effect of
source bias

® New HFS parameters and isotopes shifts
measured for 10 transition in the UV range for
natural U

® General upgrade for the CLS light collection
region with improvements on background
reduction and sensitivity
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Thank you

LASER IONISATION AND SPECTROSCOPY OF ACTINIDES

This project has received funding from the EU Horizon 2020 research and innovation
programme under grant agreement no. 861198-LISA-H2020-MSCA-ITN-2019 as well as
from the Academy of Finland under project number 339245




Voltage: ~ 100 V (Constant current)
Deposition time: 75 mins

10 pL Pu(NOs)s Pt Anode
in 10 mL DMF
Kel-F® cell
Substrate:
Sior Ti
Cathode
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Energy of ejected recoils [keV]

6A. Vascon et al., NIMA 721 (2013): 35
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3 JG|U Alpha-recoil sources

008 B0

29p, ) 29p, 239p,,
Substrate: Si Substrate: 2x Si, 1x Ti Substrate: 2x Si, 1x Ti
Thickness: 16 ug/cm? Thickness: 7 ug/cm? Thickness: 23 ug/cm?
Activity: ~135 kBq Activity: ~57 kBq Activity: ~200 kBq

239pu 239pu 240Pu

Substrate: Si Substrate: 3x Si, 1x Ti Substrate: 2x Si, 1x Ti
Thickness: 16-26 ug/cm? Thickness: 9-23 ug/cm? Thickness: 6-12 ug/cm?
Activity: 3x ~75 kBg, 2x ~12 kBq Activity: 75-200 kBq Activity: 200-400 kBq

Oven dried at 200C 1.5h
15 molecular plated 3°Pu sources created in collaboration
with Mainz radiochemistry department
Characterization tests:

® SEM and radiographic imaging
® Alpha/gamma spectrometry

® Rutherford back-scattering
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Charge state manipulation

Use of trace gasses
® He gas is purified through a two step system

Cold Getter To Gas Cell — Pure He
Trap 2500
2000
J
o
S,
5 1500
f=
3
§ 1000
500

077 78 79 80 116 118 230 235 240 245
7 X mass [A/q]
J. Sansonetti et. al. J. PCR Data, Vol. 34, No. 4, 2005
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L

0 5

Cold Getter To Gas Cell

Trap

$ Charge state manipulation

Use of trace gasses
® He gas is purified through a two step system
® Use of a 0.1% He/Xe mixture

® Release of ppm level of trace gasses

2500 —— Pure He
2000

1500

Counts [cps]

1000

500

077 78 79 80 116 118 230 235 240 245

[A/q]
7J. Sansonetti et. al. J. PCR Data, Vol. 34, No. 4, 2005 mass 1A/

PLATAN June 2024

13 JYU SINCE 1863.




¢

0 5

Cold Getter To Gas Cell

Trap

~30% conversion of 3+ to 2+
no 1+ production

Ut IP 10.6 eV 7

Xe IP 12.13 eV

Charge state manipulation

Use of trace gasses
® He gas is purified through a two step system
® Use of a 0.1% He/Xe mixture

® Release of ppm level of trace gasses

25004 | . | Pure He
— Xe trace
2000
w
o
A
9 1500
c
3
§ 1000
500

077“ 78 79 80 116 118 230 235 240 245

[A/q]
7J. Sansonetti et. al. J. PCR Data, Vol. 34, No. 4, 2005 mass 1A/
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