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S3 — Super Separator Spectrometer
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Courtesy H. Savajols

S3 — Super Separator Spectrometer

Open RT magnet & beam dump & Movable fingers
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UN High selectivity > 10" - High efficiency 50% - In flight mass separation > 1/450
— = Versatility & unique instrumentation (S3SIRIUS — SSLEB)



Courtesy H. Savajols

S3 - Optics: basic properties and functionalities

High beam intensity
High power target: >>1puA (= 6.102p/s)

Achromatic point

» o \ Mass separator

Momentum  Target position
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Primary beam dump

Secondary beam dump

— High selectivity > 10 Nt ¥ Final focal plane
— High efficiency: 50% > Mo

- In-flight mass separation > 1/450

Versatile multistep separator
lon optics configuration: @3 DQQ*DQ*QEQ3QDQ3
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Courtesy H. Savajols

53 - Optics: basic properties and functionalities

A=100, Q=24+, 0, =3.7%, o, =18mrad

High beam intensity Convergent Mode (CM)

= No mass resolution

= ©6charge states

= 10051 transmissions 65%

Achromatic point (10x10cm)
Momentum  Target position <
achromat el D | o Mass separator
Primary beam dump Y

Secondary beam dump SLEB

I'4

- High selectivity > 1013
— High efficiency: 50%
- In-flight mass separation > 1/450

Final focal plane
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Versatile multistep separator

lon optics configuration: @3 DQQ*DQ*QEQ3QDQ3 High Resolutin Mode (HRM)
= m/q dispersion =8 mm/%
= High primary beam rejection and high acceptance = 3 charge states
spectrometer = M/AM =500
= Two basic optical modes of operation: High transmission vs = 1005 transmissions 40%

high mass resolution (10x10cm) T a0 35§ 7o 40 9
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S3 - Scientific commissioning

= Easy beam & target
= High and known cross section reactions

Courtesy H. Savajols

= |dentification of the reaction products (alpha, gamma tagging, M/Q in HRM)

= Various kinematics

= Measure and optimise the rejection (case by case)

= Estimate transmission

= Tools at focal plane
= Diagbox + SIRIUS / Diagbox LEB mode + LEB
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S3 - Scientific commissioning

= Easy beam & target
= High and known cross section reactions

Courtesy H. Savajols

= |dentification of the reaction products (alpha, gamma tagging, M/Q in HRM)

= Various kinematics

= Measure and optimise the rejection (case by case)

= Estimate transmission

= Tools at focal plane
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S3 - Commissioning plan

Commissioning plan:

= In 2024:
= LINAC beam delivery up to the S3 target end 2024
= Beam spot optimisation on the target (S3N-CF12) and beam synchronisation

= |In 2026: Spectrometer optical commissioning
= Beam at the achromatic point and at the final focal plane



S3 - Commissioning plan

Commissioning plan:

= In 2024:
= LINAC beam delivery up to the S®target end 2024
= Beam spot optimisation on the target (S3N-CF12) and beam synchronisation

= In 2026-2027: Spectrometer optical commissioning with S*LEB at the focal plane
= S3in converging mode!

= Reaction 1: asymmetric reaction to produce (N=82)
= Reaction 2: asymmetric reaction to produce (N=126)
= Reaction 3: symmmetric reaction to produce nuclei
= Reaction 4: very asymmetric reaction to produce
N 20 0 ) 0 T 0 7 O 0 0 3 BT

Scenario 3 (LEB/LEB & SIRIUS)

Spectro optical commissioning (& source)

Spectro optical commissioning (J6b)

Scpectro & LEB commissioning (16c)

LEB installation/dismounting
/(?\ \ SIRIUS installation/dismounting

Spectro & SIRIUS comm (J6c)
PC

CAEN To be shared with NFS

Spectro optical commissioning with beam

Spectro & LEB commissioning Converging mode Converging mode

Spectro & SIRIUS commissioning High resolution mode




S3 - Commissioning plan

Commissioning plan:

= In 2024:
= LINAC beam delivery up to the S target end 2024
= Beam spot optimisation on the target (S3N-CF12) and beam synchronisation

= In 2027: Spectrometer optical commissioning with S3*SIRUS at the focal plane
= S3in high resolution mode !

= Reaction 1: asymmetric reaction to produce known actinides
= Reaction 2: asymmetric reaction to produce thorium (N=126)
= Reaction 3: very asymmetric reaction to produce thorium
= Reaction 4: repeat asymmetric reaction to produce B-152Er
= Reaction 5: repeat asymmetric reaction
= Reaction 6: to populate mendelevium isotopes 244-247Md
2025 2026 2027
o N o | JJrImJalm[asTsTalsToe]lnwnlo s JrImJalm[siJTi1iJTals]o]lnN]obo

Scenario 3 (LEB/LEB & SIRIUS)

Spectro optical commissioning (& source)

Spectro optical commissioning (J6b)

Scpectro & LEB commissioning (16c)

LEB installation/dismounting
/t\ N\ [RIUS instalation/dismounting
L Spectro & SIRIUS commissioning (J6c)

CAEN To be shared with NFS
Spectro optical commissioning with beam
Spectro & LEB commissioning Converging mode Converging mode

Spectro & SIRIUS commissioning High resolution mode




Scientific commissioning with S3LEB
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S3 Low Energy Branch (S3LEB)

=  Laser spectroscopy on S3 products in a supersonic jet at intermediate
resolution (200 MHz)
Mass and decay spectroscopy measurements

Low (or no)-background laser spectroscopy
due to mass/decay-tagged counting

2 Ge
) detectors

SEASON
decay station

Low (or no)-background mass spectrometry and
decay spectroscopy due to (very) selective ionisation

Laser system

n it :
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RFQs

Ar: 200 - 500 mbar
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Resonant laser ionization spectroscopy
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Resonant Laser lonization method:
+  Hyperfine splitting — Give access to deformation, spins and magnetic moments
* Scan the laser frequency of the transition to measure isotope shifts — Information on charge radii
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S3LEB at GANIL

2024: S3LEB moved to the focal plane of S3

= New laser room and laser transport being set up

= 90° bender installed and tested to connect to PILGRIM
and SEASON, DESIR,... in the future

= Transmission re-optimised with 133Cs surface ion
source

See presentation from Skyy Pineda!




Online commissioning

2026: Start physics commissioning of S3 with
reaction "eSn(%CAr, 4n)>'Er:

= Typical reaction for spectrometer
commissioning

=  Well-known cross section

= Clear a emitters 191

=  Opportunity to study the single-particle states 68 Er 83
and high-spin isomers around the N = 82 shell
closure

= >2026:

Production of actinium by asymmetric (courtesy S. Geldhof)
reactions

(“OAr + 17Lu and 2°Ne + ¥7Au)

=  Production of N = Z nuclei (°°Cr + 58Ni)
+ study of direct ion extraction from gas cell —

376000
3.625%

'21'17“: =
L/ s

1.35042 1.390+2

3.824% 3.993%

z

s
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Perspective for online commissioning

After online commissioning, start of scientific programme:

= 11 pre-proposals/Letters of Intent prepared for workshop back in 2018, re-discussed in 2022
= Additional abstracts on neutron-deficient (heavy-)medium mass nuclei (Z =50 to Z = 82) in 2022

Main focus: [/ . SIS W et

Shape-coexistence
High-spin isomers
N = 82 shell closure
Exotic decay modes

» Single-particle vs deformation
» Octupole deformation
» SHE structure (Fm, No, Lr)

YV VY

> N=Z/Symmetries
“ns0 ~  Shell evolution
» Nucleosynthesis



S3 — Super Separator Spectrometer

Proton dripline & N = Z nuclei

= Nuclear structure

= Study the role of T — v correlations
= Deformation — shape coexistence

= Exotic decay

==_ 40 A r+209Bj->244-247Md+Xxn
= Astrophysics rp-process

I = 1puA - 4evt/day (244Md)

= Fundamental interaction

20Ne+¥7Au - 2°Ac + 7n
I = 1puA - > 200/s

Heavy and Superheavy Elements
= Limit of the nuclear existence

= Nuclear structure

= Reaction mechanisms

= Atomic properties

i
58Nj+50Cr — 1°0Sn + o + 4n
I =1pud - 1/s

Courtesy H. Savajols


http://u.ganil-spiral2.eu/chartbeams/

N = Z region

M. Reponen et al, Nat. Comm. 12 (2021)
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= Evolution of deformation
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Comparison with tin data

‘Comparison with theory
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(courtesy S. Geldhof)

N = Z region

= Evolution of deformation and shape coexistence around 8%Zr (N=Z=40)

= (Odd-odd vs even-even staggering effect

Mean square charge radii

Two neutron separation energy

bSO\ T T

Rb
8r

By PNAMP =0

Zr
Nb

T.R. Rodriguez et al., Phys. Lett. B 705 (2011)
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N = Z region
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(Super) heavy region

Uranium
7=92

a0

“ipg

= Search for octupole deformation in U region

= Deviation in electric quadrupole
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moments?

= Change in the charge radii odd-even

staggering?

= Density functional theory predictions:
Octupole deformation in ground state not
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only in Ra (Z = 88) but also in heavier isotopes
like U (Z =92, N =134 -140)

Neutron number (N)

E. Verstraelen et al., Phys. Rev. C 100 (2019)

(courtesy S. Geldhof)

Neutron number (N)



(courtesy S. Geldhof)

(Super) heavy region

= Complete ground state information of SHE
=  Measure Odd-Z and Odd-N magnetic moments and compare to spin assignments
= Transition search and spectroscopy in Md, Lr

Normalized count rate (s™)

S. Raeder et al, Phys. Rev. Lett. 120 (2018)

0,45

0,30

0,15

0,15 F

0,10

0,05

0,06 -

0,04

0,02 -

0,00
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How do relativistic effects affect the architecture of the periodic table?
= Measure IPin Rfand Db ?
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M. Block, M. Laatiaoui, S. Raeder, PPNP 116 (2021)



Theregion betweenZ = 50and Z

8(r?) (fm?)

0.0 :
1
024
-0.4 4
-064 .
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-0.8+ ! —m—Au (Z=79)
: —a— Hg (2=80)
1.0 ! —e—Pb (2=82)
, ! —v—Bi (2=83)
12 i -

Shape staggering in Hg region:

= General return to sphericity towards the proton dripline?

= Evolution of deformation towards the proton midshell

High-spin multi quasiparticle isomers
= QF* > Qg but (r?),< (r?),

N=82 shell closure

164 166 168 11]0 1{2 11I4 11]6
Neutron number
J. Cubiss et al., Phys. Rev. Lett. 131 (2023)
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Ongoing projects
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View of SEASON in GEANT4 | CAD of SEASON

2DSSSD

Ongoing projects: SEASON e

~90 nm thickness

s

2 HPGe detectors

Offline commissioning at GANIL: o Wheel Galie
= Detectors under vacuum (expected < 1e~> mbar) .
= Red + blue pipes = Cryocooling (glycol @ -20°C) ¢ a5y
= 4 radioactive sources (3-a (3kBq) + e~ (37 kBQq) per station) mounted R .
on calibration arms v::lég%
Planning:
= Was tested @ GANIL up to spring 2025 Developed at CEA Saclay

=« Windmill » of implementation foils
=  Silicon box detector (DSSSD) for a and e~
= Germanium detectors

= moved to JYFL for online commissioning
= Few months of experimental campaign at JYFL

Courtesy D. Thisse




O n g O i n g p r Oj e Ct S : F R I E N D S 3 (Fast Radioactive lon Extraction and Neutralization Device for S°)

lonization by laser

ANR JC project FRIENDS? aimed at improving the gas cell: Reionization by laser
2 A
= Reduce extraction time } — Ideally both at :> injetthe foni = I-L_rl
= Improve neutralisation efficiency the same time ‘l ‘ . _— g
| o - VAAVRS rm = A
= Fast gas-cell designed, extraction efficiency objectives Acoelerate extraction Neutralize before extraction

by electrical field

reached with simulations

= Ongoing neutralization tests, promising results with W
filament e-production

= Test bench ready, operational transport line

Gas cell

Basic version without
E - electrical field to study
— neutralization

Testsetup
Adapter flange

lon detector
B (FC + MCP)

|

Courtesy V. Maneaq, E. Morin




Ongoing pI’OjECtS: IDEAS3 (1dentification and DEcay Assisted by S?)

Current mechanical design:

HPGe (Exogam)

CeBr;
&---- LEPS

Tape transport system

CeBr'
T R

Tape coming from below (not present)

Multidetection:
= Gamma-rays:
» 2 face-to-face HPGe
» 1CeBryscintillator
= (HE y-rays)
» 1planar Germanium
— (LE y-rays & X-ray tagging)
= Charged particles (protons & *)
» 4 Silicon telescopes

Simulations and analysis with @

nptool

Preliminary room layout:
= |Inroom 51 (after PILGRIM)
0° after 4th-way bender




Ongoing pI’OjECtS: IDEAS3 (1dentification and DEcay Assisted by S?)

Current mechanical design: Multidetection:
= Gamma-rays:
» 2 face-to-face HPGe
» 1CeBryscintillator
= (HE y-rays)
» 1planar Germanium
— (LE y-rays & X-ray tagging)
= Charged particles (protons & *)
» 4 Silicon telescopes

See poster from Léo Plagnol plysis with @

nptool

HPGe (Exogam)

CeBr;
&---=LEPS

Preliminary room layout:
= |Inroom 51 (after PILGRIM)

Tape transport system 0° after 4th-way bender

CeBr'
T R

Tape coming from below (not present) Courtesy L. Plagnol




Ongoing projects: S3ABU

S3ABU: Design of the new S3 laser room Atomic Beam Unit

=  Will include the possibility to implement the new RF
spectroscopy method

=  First phase before studying implementation of

technique in gas jet

Double resonance spectroscopy at S’LEB
= Project submitted to ANR this year (JCJC)




Ongoing projects: LRC (Laser Resonance Chromatography)
Transition metal ion \(b )f Drift-time \

(e.g., Lr*) finger print

European Research Council

Established by the Europear: Carmission

Courtesy M. Laatiaoui (a)

2>

/\ a) Optical pumping
@ b) Drift time monitoring for

CAE
- resonance identification Laatiaoui et al, PRL 125 (2020) 023002
Laatiaoui et al, PRA 102 (2020) 013106
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Ongoing projects:

Courtesy M. Laatiaoui
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*+  Measured overall-efficiency for ion transport: 0.6%
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Power broadening beneficial for faster level search

European Research Council
Established by the Europear. Commission
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Hyperfine structure studies possible at low laser power
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E. Kahl et al., PRA 100 (2019) 062505

Laatiaoui et al., PRL 125 (2020) 023002
Laatiaoui et al., PRA 102 (2020) 013106
Ramanantoanina et al., PRA 104 (2021) 022813
Ramanantoanina et al., Atoms 10 (2022) 48
Romero-Romero et al., Atoms 10 (2022) 87
Ramanantoanina et al., PRA 108 (2023) 012802
Visentin et al., PRA 110 (2024) 012805

Kim et al., NIMB 555 (2024) 165461




Ongoing projects: LRC (Laser Resonance Chromatography)

Evaporation residues:
197Au (2°Ne, 7n) 21°Ac
(2750 pps @ 10ppA)

197Au (2°Ne , 8n) 299A¢
(30 pps @ 10ppA)

Evaporation residues:
208pb (48Ti , pn’ 254Lr
(3.2 pps @ 3puA)

209Bj (48Ca , 2n) 255Lr
(0.4 pps @ 3ppA)

cAFN  Ramanantoanina et al, Atoms 10 (2022) 48

RN
@P\C E. Kahl et al., PRA 100 (2019) 062505
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Laatiaoui et al., PRL 125 (2020) 023002
Ramanantoanina et al., PRA 108 (2023) 012802

Courtesy M. Laatiaoui
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Ongoing projects: LRC (Laser Resonance Chromatography)

European Research Council

Evaporation residues: | Ac* moblllty in He Ac* @ 342 nm
197Ay (20Ne, 7n) 219Ac¢ < 1
(2750 pps @ 10ppA) '\(\?’ 1 Plg
b I— e | @451 nm
= (] 3
(30 pps @ 10puA) 301 Eég - P,
3D1 (av.) 3 in
Effect D, | D,
102 107! 10° 1cl>' 1:32 10° 150 SD
See poster from Tudor Stefan
+
Evaporation residues: # Lr* mobility in H ; Lr
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I &
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cAFN  Ramanantoanina et al, Atoms 10 (2022) 48 Ramanantoanina et al., PRA 108 (2023) 012802

Courtesy M. Laatiaoui



Ongoing project: P-box — the search for new p-emitting nuclei

Laser system

A
A i
Investigation of the dripline:
= High precision Q-values measurements at the dripline Gas cell v Mo ¥
= Finer identification of new proton emitting nuclei ot )
= Observation of the emitted proton S*® beam |

= Clear definition of the dripline il & Neuvaiized EVRs '
Photoions S-shape RFQ
P-box:
=  TPC-like detector after the S-shape RFQ

=  Benefit from the laser selection - pure beam

= TPCis not sensitive to * - no contaminated spectra
= Gas ionization to see the proton

=  No need for the full trace - detector walls made of Si detectors —» proton energy measurement

Ar: 200 - 500 mbar
J. Giovinazzo - ENSAR GDS
1) workshop, Jan. 2019

(tpo

CAE

z



Conclusion and outlook

Offline commissioning completed at LPC

= First in-gas-jet spectroscopy and mass measurements demonstrated

=  Characterisation of many aspects of setup performed
Installation at focal plane of S* ongoing, gradual restart to prepare for online commissioning
S3 laser room ready, installation of Ti:sapphire cavities and transport optics ongoing

GISELE continues as testing/development/training lab for S*LEB

Several ongoing projects for improvement of the setup
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Courtesy D. Ackermann (GANIL)

and beyond

S3 - Science program “day 1

beyond

with NEWGAIN
2028

+ SC source

> 2030

2018/2022 Lols Study of heavy nuclei

"day1” - preproposals

S’LEB

[T
)
]
i

relativistic effects and the architecture of
the periodic table

EE

il
=
™
]

g 2
808

110

rutherfordium/dubnium isotopes

E
ENEEE

Atomic spectroscopy |

(isomers, shapes and moments)

fermium isotopes

~ Octupole deformation

uranium region

- ~ o
- - I . ' ” - ' ' - 50 ' ) . ) . ‘
LPC day 17 N =126 shell closure
~ CAEN with injectorl )
RESANET 2025: $3LEB commissionin Ac - Th region 38

04/11/2025 e tivac
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Perspective for online commissioning

1o'Er R
208044 4

- =
_.— 2fm 10|
2026: Start physics commissioning of S3 with reaction 82 82
1165n(4OAr 4n).|5'|Er~ 1hy, 1hy,
, . 354, L 384,
= Opportunity to study the single-particle states and ﬁ;ﬂ evetee 2=
high-spin isomers around the N = 82 shell closure protons . neutrons
> 2026: . L. . . 2al —4— Angeli2013
=  Production of actinium by asymmetric reactions - Er
525
(“OAr +175Lu and 2°Ne + 197Au) 2] 68
= Production of N = Z nuclei (°°Cr + 58Ni) _ s20
E 204 E
_; 5151:
& 181 -
300 . : . . : 161 o
—— Gas cell Ji¢ + 21570
14 5.05
—— AME2020
80 82 84 86 88 90 92 94 96 98 100
n Neutron number
g 200
£
g ZOGAc ZOGAG 210AC n Ac 212Ac ZISAG
8 3.76e+0 ¢ 1.35a+2 E 1.3%e+2 ¢ 3.2Ba+1 . 3.38e+1 ¢
3 100 + 7 3.625% 3.824% 3.903% 4.149% 4.204%
207 Rg 208Rg ZOORa.- 210Ra-. 211Ra “ 2‘2R9. 213Rg 214 Rg
1.33e+2 i 1.32e+2 . 4.85e+1 . 4.96e+1
0 2.767% 2.658% 2.539% 2.418%
40 -20 0 20 40 206 £ 207 208 £ 209 Fr 210 21 Fp 22 23 F,
v -683,618.211 (GHz) ssse2 | asterz || 1922 || 1g7er2
R. Ferrer, Nature Comm. 8 14520 (2017) I e 49



Courtesy H. Savajols

S3 - Commissioning plan

= Milestone J6a : LINAC beam delivery up to the S target end 2024
= Beam spot optimisation on the target (S3N-CF12) and beam synchronisation

2025 2026 2027 Weeks
o N b | s JTeImJa]lm][s 1 Ja]lsJolnw]b ]l s JTeIm]a]lm[s]r]Ja]ls[][o]n~N]o
Scenario 3 (LEB/LEB & SIRIUS)
Spectro optical commissioning (o source) a|lala|a 8
Spectro optical commissioning (J6b) 1 1|1 3
Scpectro & LEB commissioning (J6c) 2|2|2]|2 4|lalala|a|ala 22
LEB installation/dismounting
SIRIUS installation/dismounting
Spectro & SIRIUS commissioning (J6c) 3(3(3(3|3|3 5|5(5|5|5]|5 24
Spectro optical commissioning @ with source 8 weeks
To be shared with NFS
Spectro optical commissioning with beam & weeks
Spectro & LEB commissioning 22 weeks Converging mode Converging mode
Spectro & SIRIUS commissioning 24 weeks High resolution mode
» Block 1: Spectrometer optical commissioning ¢ Block 4 (Converging mode): LEB
Reaction 4: asymmetric reaction 4°Ar + 175Lu to produce actinium (N=126)
- Block 2 (Converging Mode) : LEB React?on 5 symmetric reagtion 50(;r +2z8Ni t01;9)7roduce N=Z nucle_i _ B
Reaction 1: asymmaetric reaction “0Ar + T6Sn to produce erbium (N=82) Reaction 6: very asymmetric reaction 2°Ne + 1°7Au to produce actinium  (N=126)
. Block 3 (Converging mode) : SIRIUS * Block 5 (Converging / High Resolution modes): SIRIUS

Reaction 7: very asymmetric reaction 22Ne + 2%6Pb to produce thorium
Reaction 8: repeat asymmetric reaction “°Ar + 116Sn to produce 151-152Er
Reaction 9: repeat asymmetric reaction “°Ar + 174Yb

Reaction 10: 4°Ar + 209Bj to populate mendelevium isotopes 244-247"Md

Reaction 2: asymmetric reaction 49Ar + 74Yb to produce known actinides
Reaction 3: asymmetric reaction 49Ar + 18Hf to produce thorium (N=126)



S3LEB - Offline commissioning at LPC Caen

 fit .0 4
A.l 170F —/\ L GISELE ABU
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c + IBEEr
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A. Ajayakumar et al, NIMB 539 (2023)

First in-gas-jet spectroscopy, resolution of 280 MHz obtained
= apparent Mach number 4.5, nozzle made for Mach 8

Good agreement with literature data on determined IS and HFS coefficients
Systematic work to improve resolution by studying influence of:

= Laser power and alignment

= Background pressure

= Gas cell position and temperature

Reached Mach 6-6.5 (~200 MHz FWHM), to be continued



S3LEB - Offline commissioning at LPC Caen
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S3LEB - Offline commissioning at LPC Caen

MagneTOF mini
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= Resolving power > 100 000 coolet
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PhD thesis P. Chauveau, GANIL
PhD thesis B.-M. Retailleau, GANIL
Master'thesis Y. Balasmeh, LPC
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Offline commissioning of S3-LEB was done at LPC Caen
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Resonant laser ionization spectroscopy

Lase}]uck £ .. > % (NB)

swe,ig iMoo BWgccd taser
PM, < A
\ 2 oM To |
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5 PM; M .
See
2 HR
=22 g ERF SWP, M Laser
°S® “f_”_’/ﬁ \
By L i A, . 3,(BB)
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E = L SWB, DM g¢ Double etalon
E] PM,
HR E, BRF gwp, M
=
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\ PBS N L ¢ M oc BWihick ctaton
PM.

Requirements:
*  Pulsed high repetition laser sources
+  Laser line width to match the atomic transition line width
/\ N «  Ti:sa/dye laser used complementarily
LPC + Tiisa lasers were commissioned and set up for in-gas laser
AN spectroscopy.



S3LEB laser room: Altisa

= New laser lab taking shape:
= 3 pump lasersinstalled (1 old, 1 new dual-head)
= 1new cw Ti:ssapphire laser installed
= |nstallation of pulsed Ti:sapphire cavities starting soon

3}




GISELE laser lab

M—a_&// SHG/THG/FHG
%B‘ AN /,/S B 41‘1“““’ 1 o To ABU
_]% d li\ M e i
= Ti:Sa BRF #2.3 M \

= ﬁ)ﬁ Ti:Sa grating
[==] 2 =
:: Jvﬂ} &\;\ %;Z@%
(= =]
S Ti:Sa BRE #2.2
a7 Iﬂfam N\ %L%g'ﬂ'
Ll Vi 1) p ic-SHG
s Ti:Sa BRF #2.1
= Complete overhaul of lase table to accommodate a Millenia laser (on loan from 13Clab)
and optimize layout
= Ongoing developments and tests:
=  Finish construction and characterization of the cw cavity
/\ = Test intra-cavity tripling, temperature-controlled ic doubling,...
N

LPC = Dy/Ho/Gd...scheme testing/development started for ‘Day 0’ experiment



