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How to do it ?

• Photoionization of a gas
• 1974 

• Photoionization of a laser cooled gas
• 2005

• Excitation of Rydberg atoms + field ionization
• Our work
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Review of Scientific Instruments 45, 662 (1974)
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How to do it ?

• Photoionization of a gas
Low energy 10eV, 1nA, <1meV resolution

• Require lots of laser power (cavity)
• problem with ionic space charge DV (meV) ~ 10 I(nA)

• Doppler spreading

• Photoionization of a laser cooled gas
• 2005: ultra cold source ?

• Excitation of Rydberg atoms + field ionization
• Our work



From cold atoms !

Microsc. Microanal. 15, 282–289, 2009

cold atoms
Photoionization Acceleration

Idea: Phys. Rev. Lett. 95, 164801 (2005)
Exp:   Phys. Plasmas 14 093101 (2007)



DU < 0.02 eV 

Ion Beam Energy as low as 1 eV

E

Coulomb explosion

differential voltage 

problem: 

~30µm

In 3D MOT (ions): low energy dispersion

Rb 3D MOT: ion pulses

PRL 105, 034802 (2010)

10 µK, 108 atomes in 1 mm3

DV ~ e E Dz

Dz ~ 30µm

High E (> 1keV) to avoid coulomb explosion
Low E (< 1keV) to avoid differential voltage problem

1keV on 10µm  DV ~ 10meV



~10keV <1ps  500 e-

5 ns   5 105 e- (80 fC),
reflection high energy
electron diffraction 
(RHEED)





For accelerators ?





Pulsed Electron Beam by Photoionization of Cold Cs-Atoms    
in a Magneto-Optical Trap

Olena Fedchenko, Sergii Chernov, Gerd Schönhense Mainz, Germany
Andrew McCulloch, Melbourne, Australia
Mélissa Vielle-Grosjean, Daniel Comparat  Orsay, France

Energy ~100eV  width of a few meV, 
pulses in the 100ps range are more 
demanding (in progress, B field off)



How to do it ?
• Photoionization of a gas

Low energy 10eV, 1nA, <1meV resolution
• Require lots of laser power (cavity)
• problem with ionic space charge DV (meV) ~ 10 I(nA)

• Doppler spreading

• Photoionization of a laser cooled gas
1ps  10keV    105e- ~100meV

• Not so ultra cold (>10 K) « Yes for ions » (1 mK)
• Differential voltage problem: DV ~ e E Dz

• Excitation of Rydberg atoms + field ionization
• Our work at Orsay

E



No differential voltage problem
 pulsed

0 V(t)

q V =  ½  m v2  =   ½  m (q E T/m)2

T

E=V/d

All electrons have the same velocities !



Other solution: Rydberg field ionization
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Phys. Rev. A 88, 033424 (2013)

Ions or

électrons



Recycling oven Tube

Study of cesium oven

Cs
Cs

= 2 mm

852nm
Cesium absorption
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Basic idea

Atomic beam

Cold or not
Compressed or not

2D Cs MOT

Dz~100 nm

less laser power required

512nm

Dz ~ small



Forced field ionization of Rydberg states for the 
production of monochromatic beams      PRA accepted

* R. Scholten + A. McCulloch (on Rb) 

* Francis Robicheaux (theory)
Fixed E field

Scan laser

Electron detected



Ex: Possible useful state

Exp.

Th.

v ~ 100m/s
E ~ 1000 V/cm
G ~ 1010 s -1

DV ~ e E Dz ~ e E v/G

DV ~ 1 meV

G~1010 s -1



Toward measure of energy dispersion

In 2015: Rydberg seems better than photoionization

Cs OVEN



Nanofunctionalisation of molecules on 
surfaces.
- Current source: 5 µA on (1 mm²) (1 A/m²)
- New source: 10 pA on (10 nm)²  (105 A/m²)

goal

Better spatial 
resolution and 
energy spread

Futur application at ISMO: ANR/DFG

focus limit : 

(10µm)x(∆E/E)



Univ. of Mainz:
Gerd SchönhenseLAC

Yan Picard, Daniel Comparat

ISMO:
Lionel Amiaud, Anne Lafosse 

SPCSI:
Nicholas BARRETT, Claire MATHIEU

Futur

HREELM :High resolution electron energy loss microscopy



Conclusion
• Photoionization of a gas

Low energy 10eV, 1nA, <1meV resolution
• problem with ionic space charge DV (meV) ~ 10 I(nA)

• Photoionization of a laser cooled gas
1ps  10keV    105e- ~100meV

• Not so ultra cold (>10 K) !!
• Differential voltage problem: DV ~ e E Dz

• Excitation of Rydberg atoms + field ionization
~1-10 meV, 1 nA (new oven ?)

• Require less laser power (10mW no cavity)



Our cold 
source 

Cs+

State of the art 

Focused ion 
beam Ga+

Ultramicroscopy164(2016)70–77 Current 130 pA.
Energy 1-5 keV
resolution around 40 nm, 
energy spread ~1 eV,

Focused beam industrial product ?

Next step: Industrial lasers (Muquans, AzurLight
Systems, LP2N)


