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Electrostatic lon Beam Trap

Mirror 1 Mirror 2

!

VP Vl """ V4 V VZ
1 <f<» 0 500 1000 1500 2000 2500 3000 3500 4000
Axis [mm]

>
!l
=
I—

On-Axis Potential [V]

Stability condition for symmetric
resonator

Voltage [V]

D Zajfman et al Phys. Rev. A. 55, R1577, 1997

3 1 % WEIZMANN
CoO0L23 Deepak Sharma 5 | OFscinGE



Electrostatic lon Beam Trap
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Electrostatic lon Beam Trap

EIBT is a unique and versatile device.

Thermometry of stored molecular ion beams (Scientific Reports. 12, 22518 2022)

Autoresonance Cooling of lons in an Electrostatic lon Beam Trap (Phys. Rev. Lett. 119, 10, 103202, 2017)

lon motion synchronization in an ion-trap resonator (Phys. Rev. Lett. 87, 055001, 2001)

Beta decay measurements from °He using an electrostatic ion beam trap (J. Phys.: Conf. Ser. 337 012020, 2012)

A novel method for fundamental interaction studies with an electrostatic ion beam trap (J. Phys.: Conf. Ser. 267 012013, 2011)

Fourier transform time-of flight mass spectrometry in an electrostatic ion beam trap (Anal. Chem., 72, 17, 4041-4046, 2000)

Focus for today’s talk: Beam Dynamics in EIBT
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QOutline

Two modes of EIBT Dynamics of ions under external time dependent perturbation
1. Dispersion of ions 1. RF bunching of ions
2. Self Bunching of ions - Repulsive ion-ion interaction provide

[Negative mass instability] necessary coupling to keep the ions localized

in phase space

2. Auto-resonance Cooling of ions
- ions from phase space is accelerated out
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Two modes of EIBT
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H Pedersen et al Phys. Rev. Lett. 87, 055001, 2001
D Strasser et al Phys. Rev. Lett. 89, 283204, 2002
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Self Bunching in EIBT (Negative Mass Instability)

Potential profile in EIBT
0, if | X|]=L/2

Propagation Matrix

ViX) = . _krr T
0=\ Faxi - 12, it vl > L2 M=M= - A )
—kT 1
V(X)
where m* = —m/n
@ Bound trajectory in phase space can will be obtained if
2 4 2
L2 0 L/2 X 0< kT 4, p = _?}Enng}
m* mqRj
Total system: test charge (black dot) and charged sphere For repulsive interaction (k<0), to satisfy inequality,

effective mass must be negative or 5 > 0,
Hamiltonian for the system:

pi . P> "= TR
+ + QV(x)) + gV(x,) + qU(x; — x),

2Nm  2m

D Strasser et al Phys. Rev. Lett. 89, 283204, 2002
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Two modes of EIBT (PIC simulation)

Self bunching
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D Gupta et al Phys. Rev. E 104, 065202, 2021
R. Ringle, Int. J. Mass Spectrom. 303, 42 (2011)
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QOutline

Dynamics of ions under external time dependent perturbation

1. RF bunching of ions
—> Repulsive ion-ion interaction provide
necessary coupling to keep the ions localized
in phase space

2. Auto-resonance Cooling of ions
- ions from phase space is accelerated out
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RF Bunching of ions in EIBT

Electrostatic lon Beam Trap (EIBT)

RF bunching: External field is applied with the same frequency as the natural
oscillation frequency of ions in the trap _ _Ion bunch o
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RF Bunching of ions in EIBT

%107

0.02 ] — lEXperiment
= | @ '

0.01 £l

-
0.00

e — 0 I 1 il 1 I .
. i . 186500 187000 187500 188000 188500 189000

(=]

[Sw]

Amplitude (V)
Amplitude (V)

.

velocity

\ N\ Frequency (Hz)

15.00 15.02 15.04 15.06 15.08 15.10 Ve /«" /’_

%x10~1 Time (ms) o * P x10-19
N _/ s - : R L :
100 T I —=7" e : -=-- Simulation (without ion-ion interaction)
_ " , e e
SRR i _ ) —— Simulation (with ion-ion interaction)
5 syne Time, Y15 . _ _ _ i
- 0.75 g | i
= £1.0] ) i
= 0.50 A E | E
g 0.5 ; ; |
= 0.25 |
Qg 1 — ;
0.00 U 186500 187000 187500 188000 188500 189000
. : . Frequency (Hz
15.00 02 15.04 15.06 15.08 15.10 (Hz)
Time (ms) Side peaks carry information about longitudinal

oscillation in RF bucket (synchrotron frequency).

But what does the height of side peak represent? D Gupta et al Phys. Rev. E, 107, 045202, 2023
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Filamentation in RF bucket
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RF Bunching [effect of ion-ion interaction]
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RF Bunching [effect of ion-ion interaction]
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Motion of ions in RF Bucket

For low ion density: phase space filamentation

High ion density: inhibit phase space filamentation

\\‘\ _/ ,”’:.5*
This effect bear similarity with self bunching effect in EIBT. %%&
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Motion of ions in RF Bucket
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Emittance Growth for different ion densities

low ion density [no ion-ion interaction]
5 low ion density
High ion density or strong space charge inhibit the { [ high ion density
emittance growth in RF bunching of ions 4 -

Enhanced diffusion in the trap (high energy particle is moved even
further with ion-ion interaction) acts opposite to synchrotron
oscillation in the RF bucket.
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QOutline

Dynamics of ions under external time dependent perturbation

2. Auto-resonance Cooling of ions
- ions from phase space is accelerated out

WEIZMANN

CoO0L23 Deepak Sharma P



Auto-resonance Cooling of ions in EIBT

A schematic of Auto-resonance process in EIBT
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Auto-resonance Cooling of ions in EIBT
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Summary

1. EIBTis a unique and versatile device to store low energy beams. [ion density oscillates and strongly influence the beam
dynamics]

2. It can be operated in dispersive mode and synchronization mode.
3. lon-ion interaction inhibit the filamentation in RF bucket and keeps the ions localized.
4. A novel technique for cooling of ions has been demonstrated in EIBT.

5. Asimulation technique based on particle-in-cell helps to under the beam dynamics with details.
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Summary

1. EIBTis a unique and versatile device to store low energy beams. [ion density oscillates and strongly influence the beam
dynamics]

2. It can be operated in dispersive mode and synchronization mode.
3. lon-ion interaction inhibit the filamentation in RF bucket and keeps the ions localized.
4. A novel technique for cooling of ions has been demonstrated in EIBT.

5. Asimulation technique based on particle-in-cell helps to under the beam dynamics with details.

Team: Dr. Ryan Ringle (MSU), Dr. Oded Heber, Prof. Daniel Zajfman
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