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The /\i_1 T research platform of lJCLab

Accélérateur Linéaire et Tandem a Orsay

Courtesy to Enrique Minaya Ramirez
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50 MeV

Kicker-Bender

Target-ion
source vault

Observation ™= Production

(magnet dipole)

Courtesy to Enrique Minaya Ramirez
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ALTO - LEB / 4 Electron Linac

50 MeV

Target-ion
source vault

Observation TS Production

(magnet dipole)
Courtesy to Enrique Minaya Ramirez
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ALTO - LEB

D Accessible elements

" Observed elements

W Laser scheme tested with radioactive beams

N Laser scheme in preparation

RIALTO
Kicker-Bender

(35°)

Target-ion
source vault

Observation e Production
Courtesy to Enrique Minaya Ramirez
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pempea i MLLTRAP [ = 5;% DE s IR

Framework : "adaptation of experimental devices for their use with DESIR"

2016 - 2026 : Commissioning and upgrade of MLLTRAP + mass measurement
campaign @ ALTO (silver beams commissioned end of 2023 at ALTO).

The goal of the MLLTRAP @ ALTO isto :

o Characterize the preparation and manipulation sections with radioactive
ions

o Test the resolving power of Penning traps with low production rates

o Continue the In-trap project R&D =S

RIB ~ 0.1 keV

. . . RIB ~ 3 keV
Courtesy to Enrique Minaya Ramirez RIB ~ 30 keV
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- Optimization of stable beam in the transport in section
(M3).

- New campaign of emittance measurements to compare April 2024
beam dynamics calculations from the ECS to the RFQCB
entrance. The new simulated values of the voltages to be L
applied will be tested this autumn.

- A new high voltage source is under commissioning.

F. Osswald,
o e Int. Beam. Instrum. Conf (2019) tupp007 293
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- Penning traps installed and aligned. Preparation section
installed and aligned. All the sections are connected.

- All the electronics for the preparation section is being
installed and tested.

- All the diagnostic have been installed.
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- Temperature stabilization system inside the magnet validated

- Installation of a helium recovery line

- Control system based on CS++ (GSI): integration of all new
equipment, Grafana interface for some devices.

- Magnetic probe to track the strength of the magnetic field
evolution in real time is also integrated in the CS++

10/28/2024 j ~ Sarah Naimi -- LEES2024 Sendai Oct.28--Nov. 1
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Mass measurement principle

electrode

@ université Université
PARIS-SACLAY X Paris Cité

Cyclotron frequency: =
Penning Trap

1
1
1
i
excitation of the !
radial ion motion :
i
1
1
1

strong uniform
magnetic field of a few T

I S

————

Position-sensitive ji  Image of the ions’ radial motions
MCP detector :: on a position-sensitive MCP detector
]
image of the li A Y-axis

radial ion motion
—

trap-center
image

= final-phase
image

number of detected ions

weak magﬁetic field .
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Mass spectrometry and isomers

Continuum

Heating (ergs/s/gram)

1010 , .
---- without isomers

—— with isomers

109 L

108 8

107}

106 L

100 107 102 10°
Time (days)
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Misch et al., ApJS 252 2 (2021)
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Mass excess (keV) Mass excess (keV)
Species = (1%/v,) this Letter evaluated
1286pb+  0.962407089(17) —84608.8 2.1 —84630 £ 19°
128mgh+  (0.962407444(20) —84564.8 +2.5 —84620 + 18°
Excitation energy ~ 43.9 +3.3 10 +6°

Hoff et al, PRL131 (2023)

during r-process '?3b is populated in 10min (1keV)
Conclusion: '®™Sb is an astromer and accelerant
(t42 10min vs. gs 9h)
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Andreyev et al., Rep. Prog. Phys. 81 (2018)
Open question in fission: What is the origin of angular momentum?

Macroscopic Energy only Microscopic effects added
(like a Liquid Drop) (nuclear shells and pairing)
ground state  saddle point ground state  saddle point
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In-trap decay spectroscopy for MLLTRAP

* Decay experiments with carrier-free particles stored in a Penning
trap enable studies on ideal ion samples.

* The improved energy resolution can be exploited for high-
resolution a- and electron-decay spectroscopy.

DARING (Decay And Recoil imagING) technique to measure lifetimes of first excited nuclear states populated by a decay.

Potential/V

SIMION® | i !J
. Cylindrical :mix .-

Trapped short-lived isotope
emits a-particle and electrons

&_.'.-I -
v
. Detector trap 1.5 mm

+

li_i-l 50 um N

Detector-trap of : : Position-sensitive
Si-strip sensors Drift section electron detector

e

7T

o — — — — — —
e S—

~7mT
Magnetic field strength along the trap axis

P. Chauveau et al., NIMB 982 (2020) 164508
P. Chauveau et al., NIMB 463 (2020) 371

Z/mm
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In-trap decay spectroscopy for MLLTRAP

* Penning trap as high-resolution mass separator to prepare

state-selected pure sample

€ clean spectra
€ detailed nuclear structure information in one experiment

a Design fixed, all mechanical parts and insulators received in 2020.
a Gold plating of all the electrodes performed in October 2022.

a The next step is to finalize the mechanical assembly in 2024.
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A large variety of elements and energies ava

50 eV

lEBﬂlﬂ

More than 70 elements available,
from protons to Au, % nanoparticles
s Energy : from 50 eV to 32 MeV
m Temperature : from -170°C to 1000°C
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HINA Project
(Highly charged lons for Nuclear physics and Astrophysics)
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Slow neutron capture process (s-process)

There is a number of free neutrons available, so the time to
capture a neutron is much longer than the B-decay time.

100 - 100,000 years
\ stable nucleus unstable nucleus
\‘ decays in
1-100 years -
[ TR« Sy~
e e e

potentially B-decay creates
radioactive nucleus new element

neutron capture

Occurs in stars at a late
evolutionary stage
over millions of years

0,000 100 - 100,000

years

100 - 100,000 years

stable nucleus /
unstable nucleus l /
decays in

1- 100 years

QIR @

‘-.v

B-decay creates potentially

neutron capture
new element radioactive nucleus

Rapid neutron capture process (r-process)

There is a huge number of free neutrons available, so the time to
capture a neutron is much shorter than the B-decay time.

0 'M;; ’

S Yy e .

e B R
‘-".v E——  —>

many neutron cap- extremely B-decay creates
tures in a short time radioactive nucleus new element

Occurs in the ejecta
immediately of neutron star mergers immediately
within about 1 second

o ®
[
decays in o ¥ +

0.01 seconds L \}
-

=
B-decay creates extremely many neutron cap-
new element radioactive nucleus tures in a short time
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Bdecay:n—->p+e +v~

Neutral atom Bare atom
ex Au Iy
I
M\ \ ] P M I
\"” ! ’...7/ L —eooo—-f—cooo—
-} |
Continuous-state B-decay Bound-state - decay
(B . decay (B decay)
§ « Occupancy :
! o Vacancy o
K | |
" AL
remaining in a
‘ bound atomic state ‘

Qs (K,L,...) = Qp- — |ABe-| + B

163Dy0 stable '%3Dy®%* instable 49keV -2,8keV 13keV 65keV
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SUR LA POSSIBILITE D’EXISTENCE D'UN TYPE PARTICULIER DE RADIOACTIVITE
PHENOMENE DE CREATION ¢

Par RaymondD DAUDEL, MAavricE JEAN el MarceL LECOIN.
Institut du Radium, Laboratoire Curie, Paris.

Sommaire. — Dans cet article, on montre la possibilité théorique d’existence d’un type nouveau
de désintégration B. On étudie, en se plagant toujours d’un point de vue entiérement théorique, les parti-
cularités qui caractériseraient le phénomene.

Y
<7 bound atomic statel w

Qs (K, L,...) = Q4 — |[ABe-| + B

163Dy0 stable '%3Dy%%* instable 49keV -2,8keV 13keV 65keV

10/28/2024 Sarah Naimi -- LEES2024 Sendai Oct.28--Nov. 1



@ R o
” C VOLUME 69, NUMBER 15 PHYSICAL REVIEW LETTERS 12 OCTOBER 1992 @ yniversits RA] Yohesins
J Lab

irdice Jollot-Curle First Observation of Bound-State 8~ Decay

Laboratoire de Physique M. Jung, F. Bosch, K. Beckert, H. Eickhoff, H. Folger, B. Franzke, A. Gruber, P. Kienle, O. Klepper, W.
des 2 Infinis Koenig, C. Kozhuharov, R. Mann, R. Moshamnier, F. Nolden, U. Schaaf, G. Soff, P. Spidtke, M. Steck,
Th. Stohlker, and K. Stimmerer
Gesellschaft fir Schwerior{renforschung (GS1), D-6100 Darmstadt, Germany
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Bound-State p-decay of 163Dy

s process: slow neutron capture and B- decay near valley of B stability at
kT = 30 keV; — high atomic charge state — bound-state  decay

P process

A
s process N
T, =48 days r process

branchings caused by bound-state g decay

M. Jung et al., Phys. Rev. Lett. 69 (1992) 2164
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(a) 3.39 min (b) 405s
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o e
e Qgc=3388 keV BroTo7% | Qeemas70kev
stable stable
0+ 0 994 % 0+ 0 964 %
140 142
5sC soNd
Measured @GSI
AEC
Ion Agr (s71) Aec 57D

()\ﬁ+ -+ )"EC)

HOprs%+  0.00161(10) 0.00219(6) (57.6 £2.3)%
HOpS7+ 0.00154(11) 0.00147(7) (48.8 £3.1)%
HOp*  0.00174(5) 0.00165(5) (48.7+1.8)%

42PmS%*  0.012 6(3) 0.0051(1) (29.0*£1.3)%
“2pm™*  0.0139(6) 0.0036(1) (20.2+£1.0)%
2pm™  0.0132(5) 0.0039(5) ((22.9+£2.7)%

EC rate depends on the occupied electron shells

Z. Patyk et al. PRC77, 2008
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New way to explore proprties of atomic nucle
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Base : NUBASE
Version: &b T 2021

Parity (Z,N) : all

.YEAR OF DISCOVERY

v <1940

[ 1941 = y = 1948
M 1949 = y <1988
[ 1950=< y <1968
[ 1969< y <1078
[ 1979< y < 1988
[ 1989s y <1904
Q95 < y

ot yet observed
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q: charge atomique
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Zajfman's Electrostatic Ion Beam Trap (EIBT)

Electrostatic mirmor Eau_cl.-be_m Emnllm Elecw-nu:mmt
- \> {_ 11:-% ERE m—m

Il . e MII
" Imir“ T|||i||"""

rupole
oublet ESR
N circumference 108 m

Fast kicker

o Advantages: Issues:
Eco / cost confinement in small
Confinement is small space

space —> gpace charge effects

—> radiation detection
around the trap
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spectrometer
(X-ray, UV, EUV, visible light)

radial electron
space charge

magnet coils . potential
cathode I —
|
. __________m |
electron electron
beam collector
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Trapping
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Buncher Device for lon Injection to SCRIT

Zajfman's Electrostatic Ion Beam Trap (EIBT)
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M Offline test setup

* Developement Set up:
* penning source to create ions (energy spread ~100eV)

» different optical devices to pulse and optimise ion beam
e Zajfman’s Trap
e diagnostic devices

D. Zajfman et al./ ional Journal of Mass y 229(2003) 55-60
. il N[ Lo
oo R
ENTRANCE 5
Viv3 -|- .|- -|- .|- V3Vl \
vava Y, V., vava —
plate detector
________ Deflectors plates Einzel Lens Zajfman’sTrap
Penning <> Q_ > _—
Source
________ I -
Def1 used to pulse beam
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© )
M First test of trapping with Zajfman t

* With H;: ) s —
: y > - “before-cleaing

° atEk = 2KeV: _ o

« VI=2826V, V2=2168V, V3=2168V, V4=0661V, Vz=1850V | | S

» Trapping time up to 80us ~ 40 revolutions (very low signal)

Trap switch Bunche_r switch
noise ] noise

I LI - IO NS ok R .
*using trap- ’ ‘ : : *before cleaing source *using trap: : : | R R : : TP
SWItCh X ._”'”H SW]tCh i : L 3 N H;_’-reﬂectedoneXIt

\lenteringtrap:  : ;. mirror

dze
3:5.00nV BW 4: 1.00V

_ : U e WL 1 : : ' _ i , LA : Signal on MCP for one revolution, ToF = 13,69us.

Signal on MCP for a shoot throught, ToF = 10,85us. Signal on MCP for one revolution, ToF = 13,69us.

Buncher switch
noise Courtesy of Maxime
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C
t Measurements with picku

« With Ar™:
* at E; = 3KeV:

e Trapentry : VI =4760V, V2 =3528V, V3 =3535V, V4 =959V, Vz= 2908V
o Trapexit: VI =4754V, V2 =3543V, V3 =3510V, V4 =930V, Vz= 2916V

@ Detection on PickU,
» Trapping for half a revolution (~ 4us) P

11
¥

withouttrap " *After cleaing source ‘without rap - | . *After cleaing source
s G L o NI UL | | W N R R D S -
SRR 1 IS T
Buncher swjtch J : : : : : i
noise™ Pl s
: | S o : : T |
3
A+ enteringjtrap =
r
A‘t—3 80ps 1)§t'263kHz

At 15. 2us Uﬁt 65. TkHz Edge
2. 00¥ 2:2. 00m¥ 3 5. 00n¥ 4: 1. 00V

0050!! DC50Q D(}509
ufs 0. O0VEmpty EIIID'tY

2. 00V 2:2. 00nm¥ 3 9. 00nY

DCSOQ DC500Q
o fs 0. 00VEmp ty

Courtesy of Michele
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®

Measurements with pickup

« With Ar™:

* at E; = 3KeV:
e Trap entry : VI =4756V, V2 =3570V, V3 =3399V, V4 =925V, Vz= 2663V
e Trapexit: VI =4730V, V2 =3553V, V3 =3345V, V4 =928V, Vz= 2699V

10/28/2024

* Trapping for ~ 80us, 10 revolutions

Buncher switch

-

$ing tr;ap

noise

Trap switch
noise

Courtesy of Michele
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@ Detection on PickUp

Hor izontal

A ion bunch
decaying over time !



t Measurements with pickup el

’ H V4
Horizontal 2 o T
o 02 i
< 021 -
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and 0 1 1 1 1 1 1 1 1
higher vaccum 1 2 3 Time (s) E ' e
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needed !!! pping r
Work
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Trapping of A; ions

>
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P=29E-7mbar___
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Trapping of A'* ions
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Iréne Joliot-Curie
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t

Michele

Sguazzin
(postdoc
in2p3)

500 I/s

Y
(Section 1)

Back pressure (pumps on): /
1.3 - 10~* mbar

10/28/2024

lonic LW 100 1/s
(Section 2)

2501/s

Back pressure (pumps on):
1.3-10~* mbar

TMP
(Common forepump) EY I/s
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Simulation for vacuum (Molflow) @Tancred:
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t Measurements @DESIR: masses, laser & decay eress W v

HINA project (Highly charged lons for Nuclear physics and Astrophysics)

s

High precision mass measurements & Laser
spectroscopy

rap electro -
—|: ectron bea /7 " : v
Electron i N— -
un ~ Electron
collector
::o' ::.'::: Radial potential
WS (Space charge)

Axial Potential

Under devélgpient
@IJCLab
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‘” CL b TMI: Study ion trapping techniques for nuc
3 |

Iréne Joliot-Curie
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™[ @

e Electron
pm———— Techniques de Manipulation d'lons = ===
@ Neutron / \
@ Proton \
I
s I
Electronscattering off

neutron-rich exotic nucleus D EST' N @ :
I
I
trapped Rlgjectron I
I
I
e-beam I
/
electrode _’

electrode

manipulating injection,trapping and ejection

DESTIN@PERLE is an ideal place for R&D
—> trap techniques could be developed @ TMI
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Princi p le of ERL _ @ S W

photons undulator recirculation loop
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‘i C. PERLE project @ORSAY (energy recovery LINAC) | @ s wi
o
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.”JCLab PERLE project @ORSAY -

Iréne Joliot-Curie
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'” J CLab PERLE project @ORSAY st W o

irene Joliot-Curie
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JAN|
T

HV-supply
(<450kv)

Photo cathode
(sb/K/Cs)

Buncher
5 Solenoids

Ceramic

\

Beam Test Facility

RI develops and manufactures high-performance components and
systems, and provides solutions for scientific and industrial applications
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’% ) C PERLE project @ORSAY : @ s’ Wi

ene Jolnot-Lurie
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We ensured :
dismantling, packaging and shipping
in 3 weeks
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0” CL b PERLE project @ORSAY Time-line aersts WAl et
a )

Iréne Joliot-Curie
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2027 - 2028 2028 - 2031
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.%JCLab DESTIN@PERLE _ @ giversite WA yovers

Iréne Joliot-Curie
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U‘ @ uverste WAL pove

Iréne Joliot-Curie
S i e PR PERLE 250 MeV : interaction points

\Y P
,__)au\““"@'-rme pev T Em

250 MeV Injection @ Z_M_ei\_,r__i__i__)_i__7__7_7;7_{__,_,_{ = :

e - —— T8z MeV

c g - 1
b e - /
i BB
289 MeV

v’

These quads allows beam tuning at IPs
. Control of beam size
. Control of beam angles

X emittance Y emittance Bunch size | Energy spread Charge/Current Energies
(norm) (norm) (RMS) (RMS)

5,6 mm.mrad 5,7 mm.mrad 3m 0,136% 500pC/20mA 7/89/171/253 MeV
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Charges in 500mm
SCRIT (200mA,13mm)

N 0 N T (= etrap eoverlap N O) 512
(A) b‘\ RESs o Wi > DESTIN (20mA,3mm)

(
% Estimation of trapped ions
/ Achievable luminosity
b

Ie
g (cm?) 5.2e11
L ~ e/ec NT /(cst) P 107 -------- _e
é E - - -ﬁ.ﬁ‘:“‘g‘uﬁ
Current performance (typical) %1 ol """"O---‘I?H “‘\
I, ~175mA g | (a) 7R
at 0 ~36mm = L ~ 1.4x%x1027 /(cm?2s) 5
N, ~23x108 EWS;‘ ~Q =t ‘?
£ [ -Lr-nm
Number of target ions NT ~4.6X%X107 Z [ =D--timA |
. 100 L,
Total efficiency etrap eoverlap = NT/NO ~ 20 % 0.1 Trqil:)ping tlme1(?n 9
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Trapping & Overlap efficiencies
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Short trapping time 45ms, 108 3?Xe & 4x108 133Cs
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Beam envelop @ universté WAL e
”J CLab - 2

Iréne Joliot-Curie
Laboratoire de Physique ;
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Bunch length and energy spread are normally fixed along the lattice in nominal operation
However, possibility to tune the lattice to minimize either one or the other -> under investigation
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.” CL b Choice of the trap: important for high luminos @ oo Wi
3 _

Iréne Joliot-Curie
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Alternative: EBIT

spectrometer
(X-ray, UV, EUV, visible light)
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Study is ongoing

New PhD position will open soon at Paris-Saclay...
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Detector

Analyzing Magnet

28/10/2024

EBIT as an alternative for the trap

&£\ o
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2.7 : RECB JR¥EZF ~dDOEY—L5 4 vEHE,

Testing New EBIT Technique .

Virap(2,t) = (a + bsin(wt))z?

Ion trapping region

Potential : :
GND|-—-Fotential oscillation N\ _______
. . Channeltron
et : s
' T T T Position
i IE ‘_L ] ! ! Double
E i E : i movable slit Movable
- H s —li—*:_= 1 | Analyzing | slit
20 ¢lectrodes :?u‘ '[| Magnet
Electron /7 Electron ™.
gun I E— I' 7 beam Electron
Solenoid coil

Supprésser collector  beam reflector

R. Ogawara et al., Riken Accel. Prog. Rep. 54 (2021)

DESTIN Meeting

@ université t& Université
PARIS-SACLAY X Paris Cité
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Fig. 2. Spetrum of extracted ?*C** ions.
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Fig. 3. Enhancement factors of extracted of "2C** ions.
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