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Required pulse energy, 6  = 800 nm, =  = 100 fs, w0=6*2

Phase shaping  of the free-electrons wavefunction with fs-laser pulses in an RF-cavity-based UTEM
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Phase Shift on an electron crossing the laser spot w(z) at 1̅ = (z, y) at time t0

RF-cavity-based ultrafast 
transmission electron microscope

Electron wavefunction’s phase shaping with Light

Phase Plate based on ponderomotive interaction between a tightly

focused pulsed laser and the pulsed zero-order electron

(unscattered) beam transmitted by a sample.

Theoretical Framework

Interaction between laser and electron pulses modeled usign the relativistic ponderomotive potential
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Phase shift depends on the synchronization between laser and electron pulses, on the 

laser parameters (pulse energy W, duration =, waist w0) and electron pulse length

Maximum Phase Shift for perfect space-time synchronization between laser and electron pulses (t0 = y = z = 0)

4
& −phase shift between  scattered and scattered electrons

Phase Shift  ∆"!"# = − 4
&

Laser waist

Long pulse limit
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= = 100 fsLaser pulse duration

Ek = 200 keV

Realistic Field Model 
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Axial polarization, w0=6*1.25
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Agreement between 

ponderomotive approximation 

and real field model

Phase shift at high electron 

energies depends on:

• field phase

• field polarization

• field model chosen
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<latexit sha1_base64="0Zd4X83WPJqPwlqo+0PubejgSdY=">AAAB9XicbVBNS8NAEJ34WeNX1aOXYCt4KkkR9Vj04rGC/YA2ls120y7dbMLuRCmh/8OLB0W8+l+8+W/ctjlo64OBx3szzMwLEsE1uu63tbK6tr6xWdiyt3d29/aLB4dNHaeKsgaNRazaAdFMcMkayFGwdqIYiQLBWsHoZuq3HpnSPJb3OE6YH5GB5CGnBI300A1FqoeChWiXdblXLLkVdwZnmXg5KUGOeq/41e3HNI2YRCqI1h3PTdDPiEJOBZvY3VSzhNARGbCOoZJETPvZ7OqJc2qUvhPGypREZ6b+nshIpPU4CkxnRHCoF72p+J/XSTG88jMukxSZpPNFYSocjJ1pBE6fK0ZRjA0hVHFzq0OHRBGKJijbhOAtvrxMmtWKd1E5v6uWatd5HAU4hhM4Aw8uoQa3UIcGUFDwDK/wZj1ZL9a79TFvXbHymSP4A+vzB7AEkfs=</latexit>s

<latexit sha1_base64="aElOK1nyf5jYPM/yZiPovVZ0+MY=">AAACAnicbVDLSsNAFJ34rPEVdSVuBlvBVUmKqMuiG5cV7AOaUCbTm3bo5MHMpFBCceOvuHGhiFu/wp1/46TNQlsPXDiccy/33uMnnEll29/Gyura+sZmacvc3tnd27cODlsyTgWFJo15LDo+kcBZBE3FFIdOIoCEPoe2P7rN/fYYhGRx9KAmCXghGUQsYJQoLfWsYzfgqRxyCJRZGffckKihCDOYVnpW2a7aM+Bl4hSkjAo0etaX249pGkKkKCdSdh07UV5GhGKUw9R0UwkJoSMygK6mEQlBetnshSk+00ofB7HQFSk8U39PZCSUchL6ujM/US56ufif101VcO1lLEpSBRGdLwpSjlWM8zxwnwmgik80IVQwfSumQyIIVTo1U4fgLL68TFq1qnNZvbivles3RRwldIJO0Tly0BWqozvUQE1E0SN6Rq/ozXgyXox342PeumIUM0foD4zPHxkLlz4=</latexit>ve <latexit sha1_base64="JSBJMY0OcKT3OsFeEjJuxT1aZ2g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBhPBU9gNoh6DgniMYB6QrGF20psMmX0w06uEJf/hxYMiXv0Xb/6Nk2QPmljQUFR1093lxVJotO1vK7eyura+kd8sbG3v7O4V9w+aOkoUhwaPZKTaHtMgRQgNFCihHStggSeh5Y2up37rEZQWUXiP4xjcgA1C4QvO0EgPXV8meijBx0L5ptwrluyKPQNdJk5GSiRDvVf86vYjngQQIpdM645jx+imTKHgEiaFbqIhZnzEBtAxNGQBaDedXT2hJ0bpUz9SpkKkM/X3RMoCrceBZzoDhkO96E3F/7xOgv6lm4owThBCPl/kJ5JiRKcR0L5QwFGODWFcCXMr5UOmGEcTVMGE4Cy+vEya1YpzXjm7q5ZqV1kceXJEjskpccgFqZFbUicNwokiz+SVvFlP1ov1bn3MW3NWNnNI/sD6/AFro5HO</latexit>

F
<latexit sha1_base64="IIuNPfAdHyHvuCdOqejn3lvsTCU=">AAAB9XicbVDLTgJBEOzFF64v1KOXiWDiiewSox4JXjxiIo8EVjI79MKE2UdmZjWE8B9ePGiMV//Fm3/jAHtQsJJOKlXd6e7yE8GVdpxvK7e2vrG5ld+2d3b39g8Kh0dNFaeSYYPFIpZtnyoUPMKG5lpgO5FIQ19gyx/dzPzWI0rF4+hejxP0QjqIeMAZ1UZ66AYiVUOBgbZLtVKvUHTKzhxklbgZKUKGeq/w1e3HLA0x0kxQpTquk2hvQqXmTODU7qYKE8pGdIAdQyMaovIm86un5MwofRLE0lSkyVz9PTGhoVLj0DedIdVDtezNxP+8TqqDa2/CoyTVGLHFoiAVRMdkFgHpc4lMi7EhlElubiVsSCVl2gRlmxDc5ZdXSbNSdi/LF3eVYrWWxZGHEziFc3DhCqpwC3VoAAMJz/AKb9aT9WK9Wx+L1pyVzRzDH1ifP2WPkco=</latexit>

B

Horizontal normalized emittance $!,# (pm rad) 
Vertical normalized emittance $!,$ (nm rad)

(2.1 ± 0.2)
(1.3 ± 0.2)

Energy spread (eV) (0.9 ± 0.05)

Normalized peak brightness ( A/m2 sr V) (7 ± 1) x 106

(0.630 ± 0.01)  at P = (3.7 ± 0.1 ) W

~ 0.100 at P = (14 ± 0.1) W

Electron Pulse Length (ps)
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