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(Non-invasive) diagnostics on FEL photon beams:
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FEL Radiation Features
Common characteristics: high peak powers, pulsed structure, high 

coherence...

FERMI@Elettra
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Users requests

...OF EACH PULSE & DURING THE EXPERIMENT !!!

Perfect knowledge of:

Intensity

Photon energy                                 

Spectral distribution

Beam (angular) position

Pulse length

Focus size

Wavefront/Coherence

…

photons/pulse

eV                                 

meV-resolution

µrad

fs

µm-resolution
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Photon Beam Transport Layout

Where can we put some diagnostics?

FEL 2

FEL 1

Spectrometer

Shutters Plane mirrors

2.5°

2.5°

5°

2.5°

TIMEX
EIS Switching

KB System

Delay Lines Switching

TIMEX-LDM
LDM

Diproi

Monochromator

TIMER

KB System

Transverse Coherence

Diagnostics

BPM

BPM

BDA I0 I0

BeamlinesFront end
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PADReS

Undulator hall Safety hutch Experimental hall

Target: collect both FEL paths, diagnose, and redirect to the 

beamlines
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Intensity monitor

The I0 monitor:

• Works online and shot-to-

shot

• Is transparent

• Measures the number of 

photons of each pulse (~3% 

precision, 1% reproducibility)

Ref. E. Braidotti (CAENELS-Elettra) ✓
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FLASH Gas Monitor Detector

Nparticle = number of detected particles

Nphoton = number of photons

σ = photoionization cross section

z = detector acceptance length

η = ion detection efficiency

n = atomic gas density (p and T required)

K. Tiedtke, et al., J. Appl. Phys. 103 (2008) 094511

p ~ 10-5 mbar

non invasive

Photon pulse energy

Photon beam position

Uncertainties

20 µm

1 µrad

Mean

Individual

pulse 

trains

Nparticle = Nphoton⋅σ(hν)⋅z⋅η⋅n

Uncertainty

<7%

GMD measurements to be done at FERMI@Elettra

within the IRUVX-PP European Project (FP7) - WP3 ✓
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Beam (angular) position

C. Fava

FEL beam

The BPM:

• Works online and shot-to-shot

• Intercepts 1% of FEL radiation

• Measures the relative position of 

each pulse (<2 µm rms)

• Determines the angular 

movement of the beam (<1 µrad)

✓
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Energy spectrometer

0th-order

C. Fava

The ES:

• Works online and shot-to-shot

• Uses~3% of FEL radiation

• Measures the photon energy 

(ΔE: sub-meV to few meV)

FEL 2

FEL 1

Spectrometer

Shutters Plane mirrors

2.5°

2.5°

5°

2.5°

TIMEX
EIS Switching

KB System

Delay Lines Switching

TIMEX-LDM LDM

Diproi
Monochromator

TIMER

KB System

Transverse Coherence

Diagnostics

BPM

BPM

BDA I0 I0
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VLS gratings

α = 2.5º

Groove density expanded in Taylor series:

D(y) = D0 + D1y + D2y2 + ...

0th-order to the

beamlines

Full beam 

from

source

D< ; β>

D> ; β<

1st and 2nd

internal orders 

to the detector

(~0.1-3%)

Focal curve

r’(E), β(E)
Movable detector

YAG + CCD

I. Cudin

✓
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Gratings parameters

C. Svetina
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Grating inspection & performances

G1 G2

36 eV 120 eV
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i-TOF

P.N.  Juranić, et al., J. Inst. 4 (2009) 

09011
BL2 @  FLASH

90 eV

Use of noble gases

Detect the partial cross sections

Low flux to work in single-photon photoionization 

Upgradable to higher energies

BW3 @  DORIS III

Ne @ 10-7 mbar

Unique values for each 

different ionizing energy

≤ 1%

✓
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Focus size

Approach using a TOF- setup 

(FLASH)A.A.  Sorokin, et al., Appl. Phys. Lett. 89 (2006) 

221114
Use of noble gases

Used pulse: 38 eV, 25 fs (BL2)

Not dependent on beam position

Determination of beam waist and focus size

Based on saturation effect upon photoionization of rare gases

Extendable to higher (HXR) energies

µm-resolution

Sublinear increase

Ne - hν = 38 eV

✓
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Focus size /2
J.  Chalupský, et al., Opt. Expr. 15 (2007) 

6036
Craters investigated with Nomarski (DIC) optical microscopy and AFM

PMMA sample used (material removal governed by non-thermal processes)

Used pulse: 32 and 21.7 nm, 25 fs, 10 µJ (BL2)

Beam diameter and shape determined (µm-resolution)

No features of thermal 

damage

AFM

AFM

✗



M. Zangrando - FEL2010 - 2010, August 27th 17

Wavefront

B.  Flöter, et al., New J. of Phys. 12 (2010) 

083015
Operates from 6 to 30 nm, pulse-to-pulse (BL2)

Useful also for beamline alignment and monitoring behind endstations

Used pulse: 13.8 and 25.9 nm, either attenuated or higher harmonics (BL2)

Wavefront, beam profile, divergence, waist diameter and position, etc. can be obtained

Wavefront PV deformation: wPV ~ 14 nm (wrms = 2 nm)

Hartmann sensor (Laser-Lab 

Göttingen & DESY)

Intensity profiles and corresponding wavefronts for 3 single 

pulses

Wavefront measurements to be done at 

FERMI@Elettra

within the IRUVX-PP European Project (FP7) - WP3
✓
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Beam splitting and delay

Delay line

-2.5 ps < Δt < 35 ps without multilayers

Δt up to 1 ns with ML

Required movement travel and step: ~1m and few µm

Wavefront splitting

Grazing incidence mirrors
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Coherence

R. Mitzner, et al., Opt. Expr. 24 (2008) 19909

Wavefront splitting

Grazing incidence mirrors

Measurements taken at 23.9 nm

Visibility, temporal and spatial coherence, 

and presence of multiple pulse structure determined 

✗
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Pulse length

R. Mitzner, et al., Phys. Rev.  A 80 (2009) 

025402

51.8 eV photon energy

Peak intensities ~ 1.8 1014 W/cm2

5 µm-spots
pHe = 5 10-5 mbar

✗

Beam splitting and delay introduced.

The two half-beams are focused in an 

ionizing region seen by a TOF spectrometer 

and the He2+ is detected.
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Conclusions

• Photon beam diagnostics already tested on some 

FELs

• Existing and developing expertise worldwide

• Photon beam parameters shot-to-shot and online:

intensity, photon energy, spectral distribution, position, 

focus size

• Photon beam parameters NOT shot-to-shot and 

online:

pulse length, coherence, …

• FERMI@Elettra will benefit from collaborations within 

the EuroFEL-IRUVX-PP project
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