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2 Outline 

o  Introduction 
•  Two-color (XUV-FEL + Optical Laser) photoionization 
•  Circular Dichroism (CD) in the photoionization 

o  Two-color two-photon Photoionization 
•  CD for FEL beam diagnostics 

SLAC 

o  Two-color multi-photon Photoionization 
•  CD for studying photoionization dynamics 

o  Two-color resonant multi-photon Photoionization 
•  CD for characterizing intermediate states 

o  Summary 
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3 Atomic Photoionization dynamics 
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FERMI@Elettra 
FEL1 parameters: 
Photon energy   19 - 62 eV 
Tunability   continuous 
Pulse length (FWHM)  30 - 100 fs 
Bandwidths (rms)  5 x 10-4 

Polarization   linear, circular 
Repetition rate   10 Hz 
Pulse energy   30 – 100 µJ 
 
 

DiProl:	
  Diffraction	
  and	
  Projection	
  Imaging	
  
EIS:	
  Elastic	
  and	
  Inelastic	
  Scattering	
  (TIMEX,	
  TIMER)	
  
LDM:	
  Low	
  Density	
  Matter	
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The LDM endstation 

V. Lyamayev et al. A modular end-station for atomic, 
molecular, and cluster science at the Low Density Matter 
beamline of FERMI@Elettra 
J. Phys. B (Special issue Aug 2013) 

FEL 

Sample injection 

VMI: e-,ions 
E:1-100 eV 
ΔE: 4% 
 
TOF: ions 
Δm/m=350 (w/ VMI) 
Δm/m=14000 (alone) 
 
To be installed: 
B-TOF 
Scattering detector 

Courtesy of Carlo Callegari, FERMI 

Dichroism in two-color photoionization 

Parameters February 2013 

λ (hν) 784 nm (1.58 eV) 

Energy/pulse 0.75 mJ 

          stability <1% rms 

Δt 165 – 175 fs 

Jitter <25 fs (conservative) 

Long-term position 
stability 
@breadboard 

<2% of spot size rms 
Feedback controlled 
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I(θ) = 1 + β P2(cos θ) I(θ) = 1 – β/2 P2(cos θ) 
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Circular dichroism in two-color photoionization 12 

A. Kazansky, N. Kabachnik et al. 
PRL107, 253002 (2011) 
PRA 85, 053409 (2012) PES CD 

Low intensity 
7 x 1010 W/cm2 

Single sideband 
Two-photon process 
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T. Mazza et al.  
Nat. Commun.  
5:3648 (2014) 

Τheory: SFA 
Strong Field Approximation 

1010 – 1013 W/cm2 
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Τheory: SFA 
Strong Field Approximation 
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A. Kazansky, N. Kabachnik et al. 
PRL107, 253002 (2011) 
PRA 85, 053409 (2012) 
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15 Circular dichroism in two-color ionization of Helium 
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Angular distribution in two-color ionization of Helium 16 

A. Grum-Grzhimailo,  
E. Gryzlova 
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nγ = 2 nγ = 3 nγ = 4 
β2  -1.43 -1.67 - 1.82 

β4 0.43 0.82 1.13 

β6 0 -0.15 0.36 

β8 0 0 -0.05 

Theory 

Experiment 

N=2:   β2 =  -1.44,   β4 =  0.45    

N=3:   β2 =  -1.55,   β4 =  0.76, β6 =  -0.18     

FEL (48.4eV) 

IR (2x1012W/cm2) Wn(Θ) = Wn,0 βn Pn(cosΘ)  
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hv = 38 eV hv = 48.36 eV hv = 48.36 eV 
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Theory: 
A. Kazansky, N. Kabachnik) 
 
TDSE solution in SAE 
approximation accounting for 
-  CIPO EM field 
-  Ionic field 

Present state: 
-  2D model 
-  No PAD yet 

Co-rotating XUV and IR 
Counter-rotating XUV and IR 

Electron energy (eV) 
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FERMI 
Circular dichroism in two-color two-photon Ionization 

§  Characterization of FEL pulses 

 

Ne 
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CD in two-color multi-photon ATI 
§  Characterization of multi-photon processes 

§  Partial electron waves 

 
CD in two-color resonant multi-photon Ionization 

§  Resonant multi-photon processes 

§  Spectroscopy of ionic species 
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