Simultaneous Measurement of Electron and

Photon Pulse Duration at FLASH
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Why measure FEL pulse durations ?
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Goals for the short pulse studies

1. Can we setup the FEL to a defined pulse duration
2. Calibrate “indirect” methods against “direct” ones

3. Measure the scaling factor between photon pulse length and electron
bunch length

4. Find out advantages / disadvantages of different methods
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Outline

> Electron beam diagnostics

= Transverse Deflecting Structure (TDS)
= THz spectroscopy (CRISP)
= Bunch Compression Monitor (BCM)

> Indirect photon based methods

= Spectral characteristics
= Pulse energy fluctuations - statistics

= Mapping SASE to visible light: “afterburner
> Direct photon based methods

= Autocorrelation
= Optical Cross-correlation
= THz streaking

> Experimental results
> Start to end simulations
= Summary
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Electron Diagnostics: Transverse deflecting cavity (TDS)
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Electron Diagnostics: CRISP

Beamline overview
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Electron Diagnostics: Bunch Compression Monitor (BCM)

Setup
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Outline

> Electron beam diagnostics

= Transverse Deflecting Structure (TDS)
» THz spectroscopy (CRISP)
=  Bunch Compression Monitor (BCM)

> Indirect photon based methods

= Spectral characteristics
= Pulse energy fluctuations - statistics

= Mapping SASE to visible light: “afterburner
> Direct photon based methods

= Autocorrelation
= QOptical Cross-correlation
= THz streaking

> Experimental results
> Start to end simulations
> Summary

Stefan Diisterer | FEL 2014 — THBO1 | 28.8.2014 | Page 9



Indirect PHOTON methods: spectral correlations
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Indirect PHOTON methods: Statistical fluctuations
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Indirect PHOTON methods: “afterburner”
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Outline

>

Electron beam diagnostics

= Transverse Deflecting Structure (TDS)
» THz spectroscopy (CRISP)
=  Bunch Compression Monitor (BCM)

Indirect photon based methods

= Spectral characteristics
= Pulse energy fluctuations - statistics
= Mapping SASE to visible light: “afterburner”

Direct photon based methods

= Autocorrelation
= Optical Cross-correlation
= THz streaking

Experimental results
Start to end simulations
Summary
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Direct PHOTON methods: auto correlation
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FEL split and delay

Delay: (-5<0
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Direct PHOTON methods: auto correlation

Pathways to He2* at 24 nm
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Direct PHOTON methods: XUV reflectivity

X-Ray Reflectivity of SizN4

Soft X-Rays

Fast XUV Photodiode
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Direct PHOTON methods: Undulator based THz streaking

THz streak camera for femtosecond XUV pulse length measurement

Experimental setup

TOF-spectrometer

Multilayer mirmor

= m TOF-spectrometer
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Bandpassfilter
TOF-spectrometer
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Direct PHOTON methods: Undulator based THz streaking
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What was measured 7?7?77

Machine parameters:

e 13.5nm, 150 pC, ~ 50 uJ, 30 bunches, 250 kHz
-> goal ~ 50 fs

e 24.0 nm, 130 pC, ~50 uJ, 30 bunches, 250 kHz
-> goal ~ 50 fs with gradient
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Direct photon methods (13.5nm)
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Machine parameters:

e 13.5nm, 150 pC, ~ 50 uJ, 30 bunches, 250 kHz ->goal ~ 50 fs
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Direct and indirect photon methods (13.5nm)

13.5 nm last bunches (20-30)

13.5 nm first bunches (1-10)
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Machine parameters:

shift number during campaign

e 13.5nm, 150 pC, ~ 50 uJ, 30 bunches, 250 kHz ->goal ~ 50 fs
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Photon and electron methods (13.5 nm)
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Machine parameters:

e 13.5nm, 150 pC, ~ 50 uJ, 30 bunches, 250 kHz ->goal ~ 50 fs
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Simulation with Gaussian model (FAST)
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Start-to-end simulation (Astra, CSRtrack & Genesis)

Simulation by M. Rehders | Poster / paper MOPO059 .
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Start-to-end simulation (Astra, CSRtrack & Genesis)

Simulation by M. Rehders | Poster / paper MOPO59 .
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Start-to-end simulation (Astra, CSRtrack & Genesis)

Spatial electron distribution

One example for a non-

. . Gaussian particle distribution.
-=current
1000r —sigma x 20
--sigmay| —
e =
—_— 750_ —'155
< 3
c P ‘0
2 500F .- 105
3 | 2
0
250 5 E
-0.04 -0.02 0 0.02 0.04
Z (mm)
0 1" 1 1 1 1
0 002 004 006 0.08 of op2 014
z (mm)
1000
2000 0.8 800
1500 063 <
:5: ¥el 400
= ]
£ 1000 P 045
3 P ) 2 200
. -
= - - % o002 o004 006 008 04 012 014
] z (mm) ——
B — : . . Stefan Diisterer | FEL 2014 —THBO1 | 28.8.2014 | Page 27 DE
004 =002 Domy %% %% Simulation by M. Rehders

Y
)



Summary 13.5 nm run

> Goal parameters reached (50 fs, 50 pJ)

> Very good agreement between direct and indirect photon based
methods

> scaling factor (photons/electrons) 0.3-0.4 - can be explained with
simulations.
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24 nm case

Machine parameters:

e 24 nm, 150 pC, ~50 uJ, 30 bunches, 250 kHz
-> goal ~ 50 fs With gradient

Bunch length (BCM) Pulse energy (GMD)
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Direct and indirect photon methods (24 nm )
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Machine parameters:

e 24.0nm, 130 pC, ~ 50 uJ, 30 bunches, 250 kHz
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Photon and electron methods (24 nm)
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Machine parameters:

24.0 nm, 130 pC, ~ 50 uJ, 30 bunches, 250 kHz
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24 nm run - pulse duration gradient ?
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24 nm run - pulse duration gradient ?
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Summary 24 nm run

> Goal parameters reached: 50 fs +-30fs, 50 uJ
> Large scatter of measurements

> scaling factor (photons/electrons) ~ 0.6

> Limits due to assumptions used by different techniques (Gaussian
photon pulses, sensitivity to chirp ...)

> Not enough information available to reconstruct cause for
discrepancies

> New test measurements needed
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> No pulse length diagnostic for ALL needs

> Electron bunch length diagnostics:

= Good monitor for changes (drifts)

= Estimate for XUV pulse duration (upper limit for short wavelength)

= Photon pulse length diagnostics

= Direct methods are demanding — indirect methods still challengir
i
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Better knowledge about XUV pulse duration / shape @ FLASH:

> focus on pulse length photon diagnostics:

= Direct: Laser based THz streaking (own setup designed / collaboration PSI, XFEL ...)

= Direct: XUV-optical reflectivity changes (ongoing measurements, e.g. Nat Comm. 4 1731
(2013) )

= Indirect: Afterburner (THAO04)

= Indirect: Spectral analysis (evaluation of “online” pulse duration tool)

> Single mode operation (TUBO04)

> Seeding options ...
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