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SASE 2 beam parameters

Ee- = 14 GeV →  Eγ ≥ 5.4 keV   (max. 19.7 keV)

Ee- = 17.5 GeV → Eγ ≥ 8.4 keV   (max. 30.8 keV)

Ee- = 12.5 GeV →  Eγ ≥ 4.0 keV   (max. 14.5 keV)

(also Ee- = 8 GeV) 

initial operation probably at 500 pC

electron beam operates at different energies and different bunch charges:

qe- = 250 pC →  Eγ ≥ 5.4 keV   (max. 19.7 keV)

qe- =   20 pC → Eγ ≥ 8.4 keV   (max. 30.8 keV)

qe- = 500 pC

qe- =     1 nC

e-

e-
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SASE 2 beam parameters
35 undulators of 5m magnetic length

Ee- = 14 GeV

Ee- = 17.5 GeV

10 mm minimum gap (up to >20 mm)

Ee- = 12.5 GeV undulator period λu= 40 mm

always using 1st undulator harmonic

(3rd harmonic is 3 orders of magnitude less, unless seeding on 3rd)
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Ee- = 12.5 GeV →  Eγ =  4.0 .. 14.5 keV

SASE 2 beam parameters, at saturation length
35 undulators of 5m magnetic length

Ee- = 14 GeV →  Eγ =  5.4 .. 19.7 keV

Ee- = 17.5 GeV → Eγ =  8.4 .. 30.8 keV

Schneidmiller & Yurkov: „Photon beam properties at the Europ. XFEL“ 2011/2013



MID Beam Parameters and Optics

6

26th of January 2015, MID workshop, Hamburg
Thomas Roth

SASE 2 beam parameters, at saturation length
35 undulators of 5m magnetic length

Schneidmiller & Yurkov: „Photon beam properties at the Europ. XFEL“ 2011/2013
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SASE 2 beam parameters, tapered
35 undulators of 5m magnetic length
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SASE 2 / ESRF
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9 keV pulse at 0.25 nC bunch charge, tapered

SASE radiation

spectra courtesy of V. Kocharyan, I. Agapov et al.

-25     -15      -5
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9 keV pulse at 0.25 nC bunch charge, tapered

SASE radiation, filtered by Si(111), filtered by Si(220)

spectra courtesy of V. Kocharyan, I. Agapov et al.

(calculations
W. Lu & 
I. Agapov)

-25     -15      -5 -22     -12      -2
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SASE 2 beam parameters, seeding
self seeding using 2 C* seeding crystals & chicanes for e-

seeding crystal
C*(004)

e- e-

magnetic chicane
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transmittance of X-ray diffraction

V. Kocharyan, I. Agapov, G. Geloni et al.

energy dependent tranmission Fourier transform respecting causality

time

„wake“
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SASE 2 beam parameters, seeding
self seeding using 2 C* seeding crystals & chicanes for e-

spectra courtesy of V. Kocharyan, I. Agapov, G. Geloni et al.

-25    -15     -5
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MID/HED photon tunnel

mirrors and crystal optics

e-

MID photon (x-ray) tunnel experiments site and XFEL building
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MID beamline overview

mirrors and crystal optics
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Focusing with CRLs
CRL-1 CRL-2
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Focusing with CRLs

CRL 1

CRL 2

lens casette

B4C

absorber

JJ X-ray & L. Batchelor



MID Beam Parameters and Optics

19

26th of January 2015, MID workshop, Hamburg
Thomas Roth

Focusing with CRLs
CRL-1 CRL-2
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Focusing with CRLs
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• Focusing with CRLs and beamsizes
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Monochromators
CRL-1 CRL-2
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Monochromators
CRL-1 CRL-2
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Monochromators
CRL-1 CRL-2
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Si(111)

25 keV

5 keV

7σ FWHM

θB= 23.29°

θB= 4.54°

Si (111)

center of rotation

offset  o(E)

artificial channel cut → variable offset
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Si(220)

D. Shu (APS) & X. Dong
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Timing experiments at X-FEL:
standard time structure:

filled buckets
empty buckets

220 ns

769 ps
1.3 GHz
accelerator RF
frequency

10 fs
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Split and Delay Line (SDL)

upper

upper branch

lower branch

(2 channel cuts)

beam

splitter

beam

merger
(via mirror)

sample

X-ray pump X-ray prope experiments, XPCS and other fast scattering experiments

with ∆t < 800 ps require an X-ray split and delay line (SDL)

2nd pattern
1st patterninclined mode: spatial separation

collinear mode: 
contrast/visibility changes
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Upper branch
Needed detour to achieve 800 ps delay in the upper branch:

depends on energy and reflection 

(Bragg angle)

s1

s2

∆� = ∆�/�
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Upper branch, Si(220)

lower branch: 2 channel cuts

possible positions of crystals in the upper branch

5keV

10keV

beam splitter crystal

beam merger crystal

800ps delay boundary
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SDL mechanics tolerances

possible beamsize at sample:

8 µm at 8 m distance

20 % deviation tolerated

→ 0.2 µrad angular stability

1 µm  takes 3.3 fs

→ 0.5 - 1 µm translational stability

BMBF funding

TU Berlin (S. Eisebitt, T. Noll, W. Lu) and MID work on it

5keV

10keV
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SDL model

© Tino Noll
TU Berlin
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SDL model

© Tino Noll
TU Berlin
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Intensity splitting of an X-ray beam
Bartels, J. Vac. Sci. Technol. B, 1 (1983) p. 338

t

PTrans

PRefl

PAbs

1

on Bragg condition

t,

Bartels et al., Acta Cryst. A, 42 (1986) p. 539

different beams at a

Bragg beam splitter

Si(220) at 8 keV
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Beam splitter fabrication

Optics Express 21 (2013) p.2823

thickness down 
to 4.4µm
Si(110)
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• SASE 2 beam parameters
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(4 orders at 25 keV by one system)

L. Batchelor &
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Imagers

pop-in monitors for 

SASE radiation

sensitive

pop-in monitor for SR 

and SASE radiation,

high resolution

pop-in monitor for SR 

and SASE radiation,

„transmissive“ for 

pointing info with 2D-

imager
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spectrometer,

BPM,

intensity and

beamstop

XGMD: gas based

monitors for position

and intensity

shot to shot

4-bounce 

Si(111)

mono to 

tune all 

undulators

high-resolution

shot to shot

crystal spectrometer (grating + bend crystal

J. Grünert et al. (X-ray diagnostic group)
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• SASE 2 beam parameters

• Focusing with CRLs and beamsizes

• Monochromators

• Split and Delay Line

• more X-ray optics

• MID Hutches Overview

Outline
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MID optics hutch OH and experimental hutch EH
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CRLs
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monochr. 
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EH mirror
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EH mirror

� 1 chamber, 1 m long

� 2 mirrors:
1 facing up, 1 facing down

� 500 mm substrate length

� B4C  and one higher-Z coating ( Ni ? )

(B4C coating is already sufficient to reach
the critical angle of mercury at sample)

� 0.25 µrad slope error

� cooling option at a later stage

Hg

B4C

θcrit B4C 2θcrit B4C

~ θcrit Hg

muy

mdy

mupitch

mdpitch mdroll

muroll

mirrorx

indium foil

copper braids

to cold finger

Pt100
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MID optics hutch OH and experimental hutch EH
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V. Lyamayev
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Summary

� 5-25 keV

� pink, Si(111), Si(220) 

� 220 ns spacing,  or 0-800 ps (SDL)

� 2-1000 µm spot size at sample 

� straight and down-deflected (liquids) beams

� up to ~ 1· 1013 photons/pulse

� bandwidth ∆�

�
~ 1· 10-4  in self-seeding (expected)

� ~ 2 - 107 fs pulses

� attenuators, slits, diagnostic

∆E
E
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End

Thank you.
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