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FLASH = Free-electron LASer in Hamburg .

LINAC driven SASE free electron laser

300 m
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FLASH Undulators .

• 6 undulator modules (4.5 m each)
• Gap height: g = 12 mm (fixed)
• Period:       λu = 27 mm
• Peak magnetic field:  B0 = 0.47 T

Wavelength tuning by changing 
electron beam energy

Source

KLinear 
accelerator

Undulator
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FEL

Start of the photon beam transport

FLASH Beam Dump .
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Experimental hall
Accelerator 
tunnel

~ 20 m to undulator 
section

ultra-high vacuum and windowless

PETRA storage ring e- Dump

PETRA transfer tunnel

First mirror chamber 

Photons

Photon Beam Transport .
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Optical laser systems

PG2BL1
BL3

BL2

PG1

THz beamline

FLASH Experimental Hall .
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• Wavelength tunability! (< 5 nm – 60 nm)

• FEL harmonics down to X-ray

(at 5 nm � 3rd = 1.7 nm, 5th = 1 nm)

• Narrow bandwidth (0.5 – 1%)

• Coherence

• Femtosecond pulses (10 – 100 fs)

���� Study of time dependent processes 
(realized as pump and probe - experiments )

FLASH Properties .

100 fs (femtoseconds) 
correspond to a distance
of 30 µm at the speed of
light ( ≃≃≃≃ 300.000 km/s), i.e. the 
width of a hair!!
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• Wavelength tunability! (< 5 nm – 60 nm)

• FEL harmonics down to X-ray

(at 5 nm � 3rd = 1.7 nm, 5th = 1 nm)

• Narrow bandwidth (0.5 – 1%)

• Coherence

• Femtosecond pulses (10 – 100 fs)

• High intensity (GW peak power)

peak brilliance

Focused to 1 µµµµm²  
���� extreme power density of 10 16 W/cm²
can be achieved to study nonlinear 
effects, plasma physics, etc.

FLASH Properties .
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What kind of diagnostic tools do user need to make efficient 
use of FELs? 

� Intensity

� Beam position 

� Intensity profile on the sample / Focus size 

� Spectral distribution

Due to the SASE specific shot-to-shot fluctuation the users need most this 
information for every single pulse => online, non-destructive

Gas-Monitor Detectors (GMD)

GMD Split Electrodes

Wave Front Sensor

Photoelectron spectra

The Atomic Photoionization Process is a perfect candidate for non-destructive, pulse-
resolved photon metrology tools.

Diagnostic Tools .
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� Cover full dynamic range: ~ 7 orders of magnitude
from spontaneous emission to SASE in saturation

� On-line detectors (non-destructive) for single-pulse 
measurements (response < 100 ns) 

� Low degradation under radiant exposure

� Ultra-high vacuum compatibility

No commercial, calibrated detectors available!

Requirements for Intensity Detectors .
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10-5 hPa10-5 hPa

PBI

I

Single photoionisation:

N = Nph x n x σσσσ x l

N = Number of electrons or ions 
Nph = Number of photons
n = Target density
σ = Photoionisation cross section
l = Length of interaction volume

Low particle density 
���� Transparent, indestructible

Reference number at the German Patent Office: 102 44 303 

K. Tiedtke et al, Gas-detectors for X-ray lasers, 

J. Appl. Phys. 103, 094511 (2008)

Gas-Monitor Detectors for Online Intensity and
Beam Position Monitoring .
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Quantum Efficiency of the GMD .
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To determine the pulse energy on a shot-to-shot bas is 
we need… .

> Pressure and temperature � gas density

> Kind of gas and wavelength � cross section

> Calibrated ion current (electrometer)

> Integrated electron peaks (fast integrator � fast ADC)

> Bunch pattern (rep. rate, number of bunches in the train) 

> Information about bunch loses 

> Evaluated data must be correlated with “machine time stamp” and saved 
to the DAQ system 

> In addition, machine operators need status information about gas 
attenuator, apertures, and beam shutter  

All these things have to be remotely controlled, ea sy to handle, and reliable over years!
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Gas-filled attenuator

Gas Monitor Detector (GMD)

THz beamline
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beamlines
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FLASH GMD.

Two gas monitor detector sets: before 
and behind the gas attenuator
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Beam Position Monitor (Split Electrodes) .
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Calibration Measurements of the BPMs .

calculated

measured

beam position / mm

• Accuracy for on-line measurements 
of relative beam positions: ~ 20 µm 

• Two gas-monitor detector sets, 
which are 20 m apart, allow on-line 
monitoring of the angle:  ~ 1 µrad 

PBI

I
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Wave Front Sensor Principle .

Reference spot pattern

� The actual beam is compared to 
a perfect spherical wave.

Hartmann plate

Capabilities
• Accuracy approx. λ/15 PV for EUV
• Wave front reconstruction
• Zernike coefficients

Collaboration with Laser Lab Göttingen
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Rotation: 0 Yaw: 0 PV: 110 nm  RMS: 22 nm @ 27 nm ���� λ/1

Before adjusting ellipsoidal mirror of BL2

radius 87.8 µm 
@ 50 mm defocus

radius 42.3 µm @ focus

Wave Front Measurements for Optics Adjustment .

Rot: 45000 Yaw: -0.01 PV: 18 nm  RMS: 3 nm @ 27 nm ���� λ/9

After adjustment of BL2

radius 24.1 µm @ focus

radius 84.1 µm 
@ 50 mm defocus

Collaboration with Laser Lab Göttingen
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VLS online Spectrometer – Spectral Distribution .

Collaboration with: BESSY, R. Reininger (SAS), F. Quinn (CLRC) et al.

Variable Line Spacing grating spectrometer
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VLS Spectrometer at FLASH – Pulse Duration .

Pulse length ττττrad:
ττττrad ≅≅≅≅ 2ππππ1/2 /(∆ω∆ω∆ω∆ω)FWHM
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The essential techniques for FEL beam diagnostics at FLASH are 

available:

• GMD detector for intensity measurements

• GMD splits electrodes for beam position determination 

• Technique to determine the lateral distribution in the focus with the 

Hartmann wave front sensor

• VLS spectrometer to figure out the spectral distribution

Conclusions .
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Outook .

> Development of a new generation of GMDs for higher photon energies 
(hard X-ray FELs like XFEL)

� High photon energy 

� Low quantum efficiency

� Low ionization ratio

� Low intensity signal

�Ideas:

� Increasing of the length of the detector 

� Higher pressure

� Different gases

> Round Robin Tests of the X-GMD at SACLA (Japan) and LCLS (USA)

> Implementation of GMDs in other FELs 
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Thanks for your attention! 


