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Principles of diffraction studies
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Modern electron diffractometer
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Ultrafast dynamics: Laser induced melting in Au

Movie of laser melting on Au
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Transverse coherence and beam quality
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Interference of waves from an extended source
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Example of spatial coherence of undulator radiation
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Courtesy of Chang Chang, UC Berkeley and LBNL.
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Transverse coherence and beam quality
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Requirements on the beam (tentative)

Some physics requirements:

* observation of processes on 100 fs scale -- stability
* imaging beyond crystalline samples -- coherence
* single-short imagining down to a single molecule — high e-flux

Beam at the sample:

* Beam energy 2-3 MeV

e Beam charge 0.1-10 pC

* RMS spot size 1-100 um

e HWFM duration 100-0.1 ps
 Coherence length 1-10 nm
* Energy spread < 1%
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UEDs around the world
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APPLIED PHYSICS LETTERS 89, 184109 (2006)

'Ultrafast time-resolved electron diffraction with megavolt electron beams

J. B. Hastings?
SLAC, Stanford University, Menlo Park, California 94025
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Eindhoven UED (2007): 100 kV, sub-100 fs, 200 fC
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Osaka UED (2010): 3 MeV, 150 fs, 1000 fC

Single shot
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proposed FREIA-UED
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FREIA UED
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Beam at the sample:

Beam energy 2 MeV

Beam charge 20-200 fC
RMS spot size 10-300 um
HWFM duration 100-0.05 ps
Beam emittance 10-20 nm
Energy spread 0.05%
Coherence length 1-5 nm
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Photo Gun 352.2 MHz Cavity

Mppsala THzPElL RYGTH GHORT Cell, 3%2.2 Hiz F = 1%2.153%% MHz PARAM ETERS VALUE

Quality, Q, 28310.7
Shunt Impedance, Z, 547 MQ/m
Average Gradient, (E,) 24.1 MV/m
Electric field at Cathode 40 MV/m
Rf Phase of Crest, v 18 °

Power Dissipation, P 12.4 kW
Energy Gain, V. 119.7 keV
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Single-Cavity Low Energy Scheme
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PARMELA
| Charge 100 fC
: Energy 0.27 eV
RMS Radius 15 pum
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100 fs 87 fC Bunch at Sample (z=132 mm)
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100 fs 87 fC Bunch at Sample (z=132 mm): cont'd

PHOTC-352 ., 2MHx-GUN, sigma_t=3.36 ps, ¢=100[C, ph0=18
.04 L4

‘s
(&)
N’
>
|
! ¥ vs, pghi-phis
Lk S —- 0055 i RILE 0130 --04775 —F T n- 0065 T130
| element 35 Zpos=s 13.200 1g00d=100000
2068 i | 2.03
| |
| |
| |
1441 : ' 1.04
|
|
|
1034 : 0.
|
|
| __-_____--
| %M\Nj '
n17 : , -1.04
| |
| 100 fs :
phase gpectrum W] €-es5 v§. phi-phis
- %1 1111 D- TOUBS U130 ALK kI 1 T30

as= 0.1797 pst 100.61 o= 1%

Vitaliy Goryashko



Booster Cavity
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Multi-cavity high-energy scheme
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2.1 MeV bunch at sample (z=868 mm)
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2.1 MeV bunch at sample (z=868 mm)
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Summary

INITIAL BEAM | VALUE FINAL BEAM VALUE

Charge 100 fC Distance to Sample 868 mm

RMS Duration 3.36 ps FWHM 40 fs

Energy 0.27 eV Charge 45 fC

RMS Radius 15 um Energy 2.108 MeV

Norm. emittance 12 nm rad RMS Radius 175 um

Coherent Length  0.48 nm Average Current 1.125A
Emittance Growth 9 nm rad
Norm. emittance 15.0 nm rad
Energy spread <0.05%
Coherent Length 4.5 nm
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