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Laser Spectroscopy on Actinides

Challenges Laser technique:
e Laser spectroscopy on products of fusion evaporation t‘”‘sffgl; :2;19|za ast-igi” 7\, !n-gastijet 7L
reactions at ~ MeV energy (excluding long-lived actinides) |1E+D3 v No ioNniZzation 1
F 1E-05 Em
1E-13 * *
* Low production rates 5
o
o b Bk
L
] Am
In-Gas-Cell Laser lonization and Spectroscopy = Pu
- RADRIS & In-Gas Cell methods Np
U <
Pa
Spectral resolution provides access to Isotope f\’élﬂéli’éli\%‘ : | Neutrons —
Shlft (6<r2>) partial hyperfine Spllttlng (“) M. Block, M. Laatiaoui, S. Raeder. Progress in Particle and Nuclear Physics, 116 (2021) 103834 RIBS
i | T } C @ =170ms)| [ 21, ® Reaction products
_ :g:zfeet" | | |Doublet 1125 ® Neutralized reaction products
——gasjet | { ! . 1 % Photoions
& 200 | s A ‘ o
n . i : \ re)
= A e {3 | Y = : : : - - -
In-Cell vs In-Jet SpECtrOSCOpy @ E%ETAR ] g 2 gas cell S-shape ion guide Pumping barrier & ion guides
§100- / \ , o : 3
; i HER -
» Reduced Doppler and collisional broadening effects | s t h b
gives access to complete hyperfine splitting: ; 3 E gas Jet chamber Detector chamber
magnetic & quadrupole moments, and nuclear spins 40 20 0 20 40 inlet

Detuning (GHz)

Results evolution Mach number P,=300 mbar

Gas Jet Formation : Nozzle characterization for best performance = .

—— CFD center
Transverse == ChD ereomten]
Precision machining / Flow mapping by Resonance lonization Spectroscopy 2 ‘r/r\T\_/
P <4 £
. . 5 2 Tal
Contour calculations at Von Karman Institute (VKI F 3 < &r#
(VKI) | P,<100 mbar e Wy 8 iﬁf% :
(M=8.5) _ | I
* Viscous corrections included 22% . 6 :
. . . . . /v\\. v
Computational Fluid Dynamics (CFD) simulations Y .
. | . . = 50 20 40 60 80 100
9 p 200 b 8% 'é Axial distance from the nozzle exit (mm)
X > mbar P e i
e 8 ' : 0 —_— g Motorized platforms » Good agreement between RIS and PLIFS methods
£ 7 A R T Ave 2 Viet 680 . (validation RIS flow mapping method)
D) e 6% ) = FWHM - Tjet jg s . L " $ 3 .
. £ Planar Laser-Induced Fluorescence I e © | AMP. > iy e T B O St it B > Good agreement exp. data with CFD results 70 mm (M,,= 8.2, T= 17 K)
53 660— ‘ - - :
A% % 0.12 mbar | © 5 _ IR .
S '8 Spectroscopy (PLIFS) 7 a— gos : yreteatertt 0 Results evolution Mach number P<100 mbar
2 3 Gas c £ 0al 1 e, | | | 105
§ 2 Longitudinal S Sl 1S E:: RETTTLEY 0
| ; PngPe=0.10 mbar . i . i “E g E : i{_{{l{!:i{t'l *-'}}{i 9.'0/~
0 ‘ - 4%, ' .8 o.:) = ‘ ' ' ' : e g \ N WY N
| o= e .r_c § o e i,_. ¥ ~ 8.0 \\ £
50 75 100 125 150 175 \_ase“ e —_ 5 <o g 40 L i § § o -
. : r_ . . : . = . o8 § 8 s 3 ] E
Distance from nozzle throat (mm) N ! o) ettt ot 70 50 : 80 g 0 \\\
; 10% ! Frequency (MHz) Axial distance from nozzle exit (mm) = 65
A . 60 ___ CFD center
g 4 o - N G e ot 3 - < $ . -~ Los 55 44— 100 mbar, 7.8 x 10~3 mbar
. ] | | 50 - —— 80 mbar;5.9 x 10~3 mbar
0 10 50 45 —— 60 mbar; 4.6 x 10~3 mbar

»
25 mm Axial distance from — 40 mbar; 3.4 x 103 mbar
nozzle exit (mm) 0 5 10 15 2 25 30 35 4 4 5 5 60 65

s Yy
Laser Laboratory :Nd:YAG pumped dye laser system \

e Pulsed dye amplifier pumped by Single Longitudinal Mode (SLM)

= e pump laser (60 W @ 15 kHz and 532 nm)
Q. e | - , [9 single-mode (Fourier limited) spectroscopy with S/N >200]
| f) ~"— ) : L‘ - :
‘ 1] ] 1 ITV'] ‘ sl P s, ‘ x ’ ‘ [ -g — . *E
YAl . | e L Mt - gos i Sos
SLM pump ! el mi: . Q F Q
= = ] | 0.6 5 0.6
E M 327.49nm‘ N g
Y 304 =t Tl S 04 Power Qutput 532 nm, 15 kHz
Iaser PUISed ‘,\:?’-","_“‘" E,‘“"'_:“ 8 i i § ..................................................................................
Dye | 202 Hl % = %02 Dye
pls 3 i:ihi:"s :f i i g LT 150 W
Amplifier AN BN i A ol e - JLi |
0.0 0.0 Rhodamine 6G (570 nm) 45W (30 %)
-8000 -6000 -4000 -2000 0 2000 4000 6000 ~6000 ~4000 ~2000 0 5000 2000 6000
Laser Frequency - ¢/654.98 nm (MHz) Laser Frequency - ¢/654.98 nm (MHz) DCM (630 nm) 37.5 W (25 o/o)
Styryl 8 (745 nm) 18.8W  (12.5 %)
» High power pump laser (165 W @ 15 kHz and 532 nm)
(75 W @ 15 kHz and 355 nm ) PowerOutput = @ oo e
Dye
> 2 x High repetition rate dye lasers 70W
, Coumarin3o7 (500 nm) 10.5 W (15 %)
v 2. R Coumarin 2 (450 nm) 10.5 W (15 %)
IGLIS Laser Laboratory at KU Leuven 3-step ionization scheme Th+ L T
v’ lonization via continuum of No isotopes 3881395 953 105W M5'%

Towards IGLIS on 22°MTh* A BN () S| S* Low Energy Branch

' 253,254m @ SPIRAL2 (GANIL
- Fast gas cell: extraction time ~ 1ms 800 " —— Vienna source In gas Jet Iaser SpeCtrOSCOpy on No
- 229mTh produced from 233U recoil LN Combination of high-efficiency RADRIS with high resolution in-jet methods
sources (BR 2% L Results beam time 2022
( ) 200 Th?* Th [Argon Laser beam - - ; - 3 N
| 4 A ADRIS » Laser spectroscopy on actinides from S thermalized in
0 - S e | —-— ]
i el S. Raeder et al., NIM B 463 (2020)(2019) 272 Ic:IDetector e eiRIS 1100 *>*No the gas cell and ionized in the gas jet
— Mai - p=612 :
800 Ar,’ . Mainz source DC cage DC Funnel . .. ) (T s)
600 = e il : .
2 Thes | ]! £ » Mass measurements and decay spectroscopy with
£ 400 o + i . 121 = :
, U Filament 1 T dedicated setups
200 U2+ P | o
*JK e vt AAM a g a:al AL 1 ---" . ' -E
075 100 125 150 175 200 225 250 ® * . . . . .
m/q [u/e] . Laser » Ongoing offline commissioning at LP
Search for autoionizing states in 23°Th* RFQ beam -
229 - ggzl;ﬁgal- MR-TOF MsRIM : Decay station
Th II )
e Entrance| ™ ° i s Detuning [GHz]
A 100 g 2297 |+ window Gas cell Jet chamber o .
oY TETETr Y - The goal is to perform IGLIS on “*Th _—— Proof of principle: First narrowband of 2%No
95980.0- 8 c . . . : .
99206.2 cm* e and check existence of 22°MTht Expected HFS of 254mNo (K=8") for different nucleon configurations (7-fold improved resolution) xLasersystemx
w0 . T —(9/2[734], @ 7/2*[613],) Expected HFS of 2°3No Ao B i /
L : 0.4 -
- — o] B ¥ : —(9/27[624]» ®7/2" [514];) 80| — [RADRIS .
A £63558.002 72 ¢mt J,64151.0%% cm ~ - Tn-jet (expected)
3 1 A " Wavenumber - 38 6837 cm- [em™] Expected HFS (FWHM ~ 160 MHz) —_— — (972" [734),©7/2* [624],) in-jet 1o (expected) S3 beam ‘. % ol __yj} Jra
A, = A, = 120 10 ﬂ ; —— e s : A _ 251g\g __ 60} E 5 ]j |:> . g L A Buncher
258.507 nm | 254.604 nm o %08 :I‘ —— *2°MThHFS §02 : S-shape RFQ @ iniRFQ QM:QFQS He: 102- 103 mbar
g g :: % % 40 ELIMm)LTZ
24874.3%% ¢cm? § . ;06 :Il 5-, Helmholtz-Institut Mainz :
E: 60 %04 i "\ :: 0.1 ; 2] Gas inFet
A = G 5 il i i | 20}
402.022 nm g, 0 Aol h N \ |
£ §02 Ill i ‘ , : j l 0 A NI p) 4 /N ﬁ)c
o em? » ¢ AN SRR WE 0 20 0 20 40 oL B qipn 4P Sanii- #sm ¢ ' e
-4 -2 0 4 frequency [GHz] -10 -5 0 10 (omabsramen) Gl war iy, e ] ,
-1.0waven-l:3;ber- 220874.0 c,%5-1 [cm—lljo Frequency detuning (GHZ) . . franniancy [HZ1 RFQsdetectors) pre-studies at MARA) (decay station)
M. Laatiaoui et al., Nature (London) 538, 495 (2016), S. Raeder et al., P.R.L. 120, 232503 (2018)

Rafael.Ferrer@KULeuven.be




