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* Developpement of ion traps at Orsay :
* HINA (Highly charged lons for Nuclear physics and Astrophysics)
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h Zajfman’s Trap

* What is it?
* Electrostatic ion trap

* Observation of the decay inside the trap «InTrap - Decay»

£ Zajfman’s
q? Electrostatic lon Beam Trap
Q

* Multicharged ions from Tancred or from EBIT/EBIS

Picture of the inside of the trap
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L

* How does it work ?
* Charged particle in electrostatic field = Light in medium (with n o VE)
« stability condition: 0 < (1 - Ri) (1 —Riz) <1

1

Zajfman’s Trap

* trapping conditions :

L
<> transverse: [ < f <o

= Longitudinal : V; > %
» Zajfman’s Trap =2 Optical resonator
* longitudinal trapping with mirrors = Electrodes (V1,v2,Vv3,V4,V0) _* & ® ® KR KRR

* radial trapping with Einzel lens =» Electodes (Vz + 2 VO) @% %j\*

L=407 mm

25/09/2024 Maroua BENHATCHI 4




Radial stability map 4500 V

% Simulations

* Tunning the trap:

b=0
* PyTrap:
* python program developped by Alexandre Vallette in 2011(LKB)

* analytical calculations for potentials inside trap and ions trajectories

* SIMION : |
* charged particles behaviour in electrostatic and magnetic fields oo w0 o 400 G £ £ B8
o for Al atE, = 4,5KeV: VI = 6750V, V2 = 5850V, V3 =4150V, V4 = 1650V, Vz = 3650V
E field lines = 57% trapped up to 0,6ms

il

v4 V.
Vz V3 v2

Electrode with lons trajectory
applied potential
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‘ 7 Simulations

* Tunning the trap:

* Energy spread =» enlargement of the ion bunch longitudinally

Higher energy
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¢
‘ Simulations

* Tunning the trap:

. . f : ions oscillation frequency in the trap
° SI I p fa CtO r n . E : energy of the ions
Af/f

"~ AE/E
e Condition to maintain bunch compactness : n < 0 & n~0

Higher energy
ions —»

7

MM M= e

|
|

, express the separation of the ions in the bunch
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—
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L

* Tunning the trap:
o for At at E}, = 4,3KeV: VI = 5800V, V2 = 4450V, V3 = 4450V, V4 = 1356V, Vz = 3796V
= 100% trapped for over 8§0ms

Simulations

: Af/f
Reminder : 1) = ——
Potential as a function of axial position Oscillation Frequecy as a function of lon Energy AE/E
5000 - _ 0.652 - -
T E=4300 /\ n= -1,46.10%
0.650 -
4000
0.648 |
3000 - 0.646 |
s i~
= z
£ = 0.644 -
2000
0.642 -
1000 - 0.640 -
0.638 -
04
0 50 100 150 200 4240 4260 4280 4300 4320 4340
X (mm) E (eV)
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M Applications

* Developement Set up:
e penning source to create ions (energy spread ~100eV)
 different optical devices to pulse and optimise ion beam

e Zajfman’s Trap Ly i3 | | T |
 diagnostic devices < 2% MU AN | ok

P . Deflectors plates Einzel Lens Zajfman’sTrap
i i mcP
Pennin i : == < =>_ S — —_———
wr |- - -0
L : T SI I o
Def1 used to pulse beam FC FC
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M Applications

* Prototype: made by Dina Attia in 2007 (LKB)
* MCP detector for TOF (destructive)
* Pick up electrode for TOF (non destructive)

électron incident
Direction du

D. Zajfman et al./ International Journal of Mass Spectrometry 229 (2003) 55-60 ! ¢ 7
faisceau d'ion

[ [ [/ES ) LU
T (f T

vava vy
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v
[
-
.
[
(o

- :: 10u|r; :
' | MCP RN

Mi
plate detector

V3Vl
vV, v4v2

Pickup electrode
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M Timing

* Beam gate (deflector plate) * Trap
* Potential applied to «cut» the beam * Potential applied to trap de ions
* If no switch : potential to OV * Two separate switches :
* |If no switch at entry : potentials to OV
* If no switch at exit : potentials to V1,v2V3,V4,Vz
T T I3
To e
lons ' . lons lons @ . lons lons
. E- I BN N || E E || ||
-:— ------ I
e ———— . T T Zajfman’sTrap T
1 i Deflectors plates
Penning ' : < >
Source i | —<>—I§-<>——> #'l'l"l' — — — > "'l"" —
A et ’ T Entry electrodes Exit electrodes
Def1 used to pulse beam
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M Measurements

With Hy :
e at E,=2KeV:
e VI=2826V, V2=2168V, V3 =2168V, V4 =661V, Vz= 1850V
* Trapping time up to 80us ~ 40 revolutions (very low signal)

Buncher switch

Trap switch \
noise

noise

2us -6. 0800ps

OBReady E3100% 2ns —6. 0800ps DReady

- S | T T T T N T . ~ §
*using trap - | : : *before cleaing source *using trap: 'l b o- clealng source
switch | i : _ | : switch | ................
E : ' Uik W, ' : 5 : ' \ M l : Signal on MCP for one revolution, ToF = 13,69us.
........... mm— L L : W) : ] B : il o
1 1 ; ; ' : | ‘ ‘i ‘ .||
SERSERENY || ARRRLEREE N5 EEEM B | RSN b ERRIERREY] | | RSN R @ Detection on PickUp
.......... : : : : : : . Detection on MCP
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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‘ Measurement

o 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

* Trapping for half a revolution (~ 4us) ® Detection on PickUp

. N . . . . . . . Curseurs - v " - ) - » ‘ Curseurs
*without tra : ; ; - *After cleaing source *without tra . . *After cleaing source

Switch =~ fl T

Buncher switch : : i i : . .
noise-ﬁ—V REEE LR LR E LR PRT LR EEE

3

A+

entering

4t=3. 80ps l/At-263kHzl
3:5. 00mV 4> 1.00V 1: 2. 00V 2:2.00mV

T DC500 ¢
00509 ' M
0! pty - ‘ » ‘ fS 0. 00V,

| Courtesy of Michele

41=65. TkHz Edge
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‘ Measurements

« With Ar*
* at E,=3KeV:
* Trapentry : VI = 4756V, V2 =3570V, V3 = 3399V, V4 =925V, Vz=2663V
* Trapexit: VI =4730V, V2 = 3553V, V3 =3345V, V4 =928V, Vz = 2699V
© Trapping jor ~ &0us, . T — £21008 @ Detection on PickUp

Horizontal

*using trap :
switch -+

Buncher switch
noise

. v

A{ ion bunch
decaying over time !

Trap switch : _ | : _ . : : .
noise '

I 2.00V 2:2. 00mY

200k points

Courtesy of Michele
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("
Measurements

° Our’s ° Dina’S

: X I‘:- o0 Horizontal gm_ ‘ |

2,3 E-7 mbar g7 | |

\\ T BT | _

Lo < L l n

N oo clean signal -
and -0 | 1 1 1 1 1 1 1

higher vaccum Time (s)
needed !!! Trapping of A%t ions

e I o : IR ————
: : | : : : : ‘ ; Pwo@\f‘@55 ; ‘ e
1: 2.00V 2:2.00mY .

Amplitude {unité arbitraire)

Trapping of Af ions

2 4 6 8 10 12 14 16 18

Temp de vol (ms)

Trapping of A" ions
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Simulation for vacuum (Molflow)

Section 2

MP

500 I/s .
/ (Section 1)

Back pressure (pumps on): ’

1.3-107* mbar

25/09/2024

v
Max [5inf Moments+const. flow v ¥ Logathmic scale
|_Settogeom. || Apply min/may Swap [4627MB

Gradient

{m—n -

100e-10 100e-9

Physics [Pressure [mbar] =

lonic LIRS 100 1/s
(Section 2)

2501/s

1.3-107* mbar

T™MP
(Common forepump) BE

Maroua BENHATCHI

Pressure (mbar)

|

e ———————

Partial pressure of H,

1.00E-08

1.00E-09

1.00E-10

1.00E-11
0 20 40 60

Back pressure (pumps on):

diaphragms

80
Distance (cm)

100

N
o

140

160



‘ 7 Perspectives

e What next ?

Tests : (end 2024)

* Applying simulations results for Ar+ on prototype
Improvements : (2024-2025)

* General optimisations of the trapping parameters

* Solving noises issues on Pick-Up and MCP
e Attaining higher vaccum
* New electronic for switches
Multicharged ions : (Tancrede commissioning 2025)
e Simulations and tests
InTrap Decay : (2026)
* Developing and implementing decay detection devices
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Extra

* Energy spread from Penning ion source:

v
et
70 4 eee & E ® Données expérimentales
Py e t @ 0.8 { —— Courbe Gaussienne ajustée
60{ ® ° 8 AE =50V
= o
[= U
= =
v 504 = 0.6 1
+ -g
T kY
_n-i 40 4 E,
‘a % 0.4 4
| =
3% @
g :
2 20 '%
=3 S 0.2
£ ©
10 A ]
- s =
® Données expérimentales Y
04 —— Courbe sigmoide ajustée Z 00 &
T
T T T T T (m] T T T T T
0 500 1000 1500 2000 1900 2000 2100 2200 2300 2400
Tension sur la grille de la MCP, en V Tension sur la grille de la MCP en Vv
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Extra

 Noises induced from switches :
@ Detection on PickUp

Trap switch

Trap switch noise

noise
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M P hYSiC3| context @ R W ey

e Study of highly charged ions for nuclear astrophysics:
 Stelar medium full of highly charged / bare nuclei

Bound-State p-decay of 163Dy

s process: slow neutron capture and - decay near valley of 8 stability at

* Decay path of instable nuclei important for nucleosynthesis KT = 30 keV;  high atomic charge state — bounhstate @ decay
» Can change with charge state i
* Beta bound decay (predicted in 1947, observed in 1992)

» Explain abundunces of some elements

» s —process (slow neutron capture)

§ process

* * *
] - T, = 48 days r process
Bdecay: n—>p+e +v
branchings caused by bound-state § deca
Neutral atom Bare atom 2 . ¥
M. Jung et al., Phys. Rev. Lett. 69 (1992) 2164
e\ 21 Iz g y (1992)
—_——— I
M ] M :
L Vo r I
L} |
Continuous-state g-decay Bound-state B~ decay
(B . decay, (B, decay)
i = Occupancy !
\ o Vacancy

remaining in a
bound atomic state

9" Feb. 2004 / R. Koyama - Observation of Bound-state p- Decay of Fully lonized *7T] at the FRS-ESR P
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