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The S3 LEB concept

* Production of the heavy elements (or neutron deficient isotopes):
heavy-ion fusion evaporation reactions
» Separation of the primary and secondary beam: S3
* Thermalization in the gas cell
* Repelling unwanted ions
* Formation of a cooled atomic beam through e.g. a ‘de Laval’ nozzle (gas jet)
* Resonant laser ionization: high-repetition rate laser system (>10 kHz)
* lon capture and transport in the RF lon Guide followed by mass separation
* Detection of the ions: radioactivity / ion counting

micro RFQ
Gas Cell (diff. pumping)
(500 mbar argon) RF lon Guide
Target OO0 et ¥V O
#I 8 *

Primary

S N oocoes oo

Beam In-flight Separator: S3 . Quadrupole Mass Filter

‘de Laval’ Nozzle  Supersonic MR-TOF mass separator

Gas Jet

Y. Kudryavtsev et al., NIM B297 (2013) 7, R. Ferrer et al, NIM B 291 (2012) 29

K. Blaum et al., NIM B 204 (2003) 331, I. Moore et al., AIP Conf. Proc. 831 (2006) 51



Laser Spectroscopy

Measured: Isotope shifts Isomer shifts Hyperfine splitting

Deduced observables:
(model independent) Sizes

Quadrupole Mom.  Dipole Mom.

) ‘ )
Inferred information:

(model dependent) \ | \

L Shapes/deform. parameters Single/few particle configurations)

KU LEUVEN
courtesy M. Huyse




Laser lonization Spectroscopy: basics

Sensitivity Hyperfine Splitting
" F=5/2 —
SF By A= 5.0)/ ()
. B= eQS VZZ (O)
higher excited J=1 I 3 !B
. states 1=3/2 oA ‘
2 = I%B
&
£ | excied E, Isotope Shift
state
, My — My 2w /e 9 AA’
— Ky 2
51/13 MS ]\[AA[A' 3 A |\II(O)| 5 <T >
A,A'
Ot g 3 5(r)

KU LEUVEN
courtesy |. Moore



Nuclear Moments of Ac?*"{

MARk FrRED AND FRANK S. TowMmxins, Chemistry Division,
Argonne National Laboratory, Lemont, Illinois

AND

Wirriam F. MEGGERS, National Bureau of Standards,
Washington, D. C.

(Received April 11, 1955) Phys. Rev. 98, 1514

The values derived for the moments from the con-
ventional treatment of hfs iIn intermediate coupling
are +1.1 nm and —1.7X1072 c¢cm?. The experimental
error is believed to be less than 10 percent, but it is
difficult to estimate the total error because of the con-
figuration interaction and the large relativity correc-
tions. No correction for closed shell distortion was made.

It is hoped that improved values can be obtained,
but meanwhile it appears useful to offer the present
results. We should like to acknowledge helpful dis-
cussions with Dieter Kurath and R. E. Trees.
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Multi-Monfiguration Dirac Fock atomi

c physics calculations: 22’Ac

—T T T T T T T T T T T T T LI L L L B
i . 1400 - .
B Experiment 00_ I Experiment
3000 - MCDEF calc J 1200 - Il MCDF calc
1000 -
N 2000+ N 800
= §od = 600
G 1000+ T T YH 5
2 g 223 5 400
B S g 8 ° ©
< 0- & & & & ST 200
& S q A& @ 0
lg & - °0 SO + & & d A&
-10004{& 3 8 o & o 3 © & -200 S M M N
K 5 X = PR & = 5 ® @ © 0 @ o
1« oo d B 4004 & 8 5 @ 8 8 I 8 3
o & 8 & & & & & 8 &
@0 1( 3 @Xe 7 8 (X101 012345@7 811
Levelnr. Levelnr

Fred,- Phys. Rev. 98 (1955) MCDF calculations +

227 ¢ experimental data on 22’Ac

Flie = 1.2(2) py
Q.= 1.7(2) eb
LAR]SSA,

«s GUTENBERG
UNIVERSITAT ¥

l”lcalc.= 1'07(18) Hn
Q.= 1.74(10) eb

KU LEUVEN

R. Beerwerth and S. Fritzsche (2016), R. Ferrer,- Nature Communications (2017)
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KU LEUVEN

R. Ferrer et al., NIM B 317 (2013) 570
Y. Kudryavtsev et al., NIM B297 (2013) 7




Table 1 | Actual and expected performance of IGLIS on

215A
C.
R. Ferrer,- Nat. Comm. (2017)

Gas cell Gas jet Gas jet
(this work)* (projected)’

( a) Gas inlet

lonization volume

Flow straightener Pressure (mbar) 350 (15) 0.7-1 ~0.05
Temperature (K) 350 (25) 25-30 ~9
S Jet divergence (deg.) — 10-11 <1
A | | Linewidth (FWHM)
Sputering Total (MHz) 5,800 (300) 394 (18) ~100
Lorentzt (MHz) 4,000 (400) 42 (6) <10
Gauss® (MHz) 1,400 (100) 280 (30) ~100
Selectivity!l 8.3 (17) 121 (27) >3,000
Efficiency” (%) 0.42 (13) 0.40 (13) >10
o 1 7
2 F * Delay losses due to evacuation of the gas cell
% I
go . I / Average evacuation time:

* converging mode 279 ms (d=1.5 mm)
* one charge state 79 ms (d=1.5 mm)

KU LEUVEN

Y. Kudryavtsev,- NIM B376 (2016)




‘de Laval’ nozzle — gas jet characterization
Stagnation pressure 290 mbar, P~ 1 mbar, Mach 5.5

de Laval
nozzle

ol
Py
k0
[ o=
()
©
3
o ! 5 COMSOL
©
£
(@)
Z
0.6 —
Experient_PLIF
0.4 +———"1— . . —— . —— —

0 5 10 15 20 25 30 35 40 45 50
X, mm

* de Laval nozzle characterization: density,
temperature (laser spectroscopy)

600 700

Pixel number KU LEUVEN

S. Zadvornaya
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* Main Work Packages and Status |
* Gas cell and front-end/pumping system T ™ ECETE
RFQ system N :
Laser system (Wednesday):
* TiSa (Giselle), dye laser (KU Leuven)
* narrow band system
MR-TOF (P. Delahaye next talk)
Detection system
* tape system (alpha, beta and gamma)
* multi-purpose room / connection to DESIR (Wednesday)

CEE gipn dpS Soni- w3

(Gas cell, laser system) INSTIIUI DE PHYSIQUE NUCLEAIRE (mr-TOF-ms, laser system UNIVERSITY OF JYVASKYLA
(RFQs) infractructure, safety, .
(Gas ceII) RFQsdetectors) (narrow band-width laser

pre-studies at MARA)




S3-LEB deliverables:
e Optical spectra

* 3<r?>, nuclear magnetic dipole and electric quadrupole moments, spins
* Masses (MR-TOF) 249

i cf *°Fm
» Pure (isomer) beams at low-energy: 3 — 50 keV for further studies 240_244A::Bk \H .4'25455
~

S3-LEB physics opportunities (LOI’s)

* N=Zregion: shell evolution, nucleosynthesis, symmetries (Wednesday)

* Heavy neutron-deficient refractory elements: shapes/shape coexistence, exotic decay modes

* Heavy and Super Heavy Element region: single-particle versus deformation, atomic physics (Tuesday)

e I = e iove 187-208
138-159Eu 153-176Yb Tl
138-1548m :
135,137,138 - arnsam 153172
c 108-132g La M Stable isotopes mRg—
(] N [ Radioactive isotopes/isomers studied by optical spectroscopy
'g 10"'127|n [l Reach of the In Gas Laser lonization and Spectroscopy technique 109Mt—
5 102'12°Cd [ Isotopes that will be studied within the EOS project 107Bh—
=z 90-108 : . .
c oo Mo_ (o] Heavy lon Beam intensity = 10 ppA 10sDb—]
@] 7 101~ .. —
= resogp w2 Efficiency = 10% oalr— -
— . . Z0oINO
a 298, o M%) Secondary intensity = 0.1 pps oiMd— 1°F2
R ezZr . . ~ooFm
57-59,71,73,75 92-102 (J. Piot, B. Blank — SPIRAL2 yI@J 100
Cu Y —5Cf
(28} H
32-44,46 Ar 44,451.i 53
~Np—
1728 39500, 93NP
o 36-47 91Pa—
: K
‘(2_8] 21272931339 56AC—
5 2041N a Lo
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28 ey
1-2H
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* Time plan (depending on S3 time line — see H. Savajols)
* Commissioning with 116Sn(%°Ar,4n)1>2Er
* Possible “first dayS“ experiments: e.g. N=Z (Ag, Sn), Ac and Th (physics around the
N=126 shell closure)
* “Day two” experiment: e.g. 2222°>°No (including the study of the K-isomer)

* Goals of the workshop are :
* Creation of new collaboration, re-enforcing the already existing
e enlarge the S3-LEB collaboration: interested groups welcome to join —
physics/detection system/... — connection to DESIR
* Development of future proposals, definition of needs to accomplish the
experiments, theoretically and technically wise.
 moving from LOI’s to full proposals and proposing new proposals
 develop an efficient operational mode for S3 with the different
instrumentation




Conclusion and outlook

« S3 Low Energy Branch is very well advanced

« Opens new route for precision laser spectroscopy measurements of neutron-
deficient isotopes and study of pure isomeric beams produced in heavy-ion
fusion evaporation reactions

« N=Z line around and below 190Sn
» neutron-deficient deformed region A~150
* very heavy element region

« S3-LEB is an open collaboration and welcomes new research groups

« extending the physics cases
* new instrumentation

B ) rovsnme
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