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XFEL Motivations for self-seeding

SASE pulses, baseline mode of operation: poor longitudinal coherence
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Figure 5.2.4  Temporal (top) and spectral (bottom) structure for 12.4 keV XFEL
radiation from SASE 1. Smooth lines indicate averaged profiles. Right side plots show
enlarged view of the left plots. The magnetic undulator length is 130 m.

Source: The European XFEL TDR — DESY 2006-097 (2006)

w spike

Hundreds of longitudinal modes
A lot of room for improvement

Self-seeding schemes [Method
historically introduced for soft x-
rays in: J. Feldhaus et al.,
Optics Comm. 140, 341 (1997)]
answer the call for increasing
longitudinal coherence, but
needed major baseline changes

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012
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First part: usual SASE FEL process

Working principle for HXRSS

Self-seeded
X-ray pulse

electrons

Weak chicane acts as a tunable delay line, washes out

microbunching, creates transverse offset

The photon pulse from SASE goes through the monochromator

Photon and electron pulses are recombined

G. Geloni, V. Kocharyan and E. Saldin, J. of Modern Optics 58, 1391 (2011).
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The single-crystal monochromator principle: frequency domain
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The single-crystal monochromator principle: frequency domain
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XFEL

The single-crystal monochromator principle: frequency domain
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XFEL

The single-crystal monochromator principle: what happens in the
time domain?
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The single-crystal monochromator principle: time domain
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The single-crystal monochromator principle: time domain
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The single-crystal monochromator principle: time domain
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The single-crystal monochromator principle: time domain
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Experimental verification at the LCLS (Jan 2012)
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Single-shot X-ray SASE
spectrum compared with single-
shot seeded spectrum at 0.15 nm
for a 40pC electron bunch

SASE spectrum is with all 28
undulators in

The seeding increases the
spectral density of the FEL
pulse.

J. Amann et al., Demonstration of self-seeding in a hard-X-ray free-electron laser, NATURE
PHOTONICS DOI: 10.1038/NPHOTON.2012.180 (2012)
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I c|cctron tunnel € electron switch

photon tunnel ® electron bend
unnmnm  undulator B electron dump
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linear accelerator SASE 2 SASE 1 SASE 3
for electrons (10.5, 14.0, 17.5 GeV) j 0.05 nm - 0.4 nm 0.05 nm - 0.4 nm 0.4 nm -4.7 nm )

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



su(rEErL Plans for HXRSS at the European XFEL

I c|cctron tunnel € electron switch

photon tunnel ® electron bend
unnmnm  undulator B electron dump

-
. =.‘..

\\\\\\\\\\\91.
@\

L (3 -

Mgy,

.&I

linear accelerator SASE 2 SASE 1 SASE 3
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European XFEL pulse repetition rate ~ 27000 Hz >
compromise in the first undulator length (heat loading!)

100 ms 100 ms
600 us
— “~ 994ms
N\ //
/ \ X-ray photons
o7 § O\ 100 fs
1” .—-‘ ( ﬂ /| ) "' ‘t
l\\ \ /
= . FEL
process
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XFEL P

14.0 GeV — 30 pC Working point for HXRSS @ SASE1/2
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First magnetic chicane (5 cells)
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Second magnetic chicane (6 cells)

5x10° 2,5x10™
4x10° 2,0x10™
3x10° —  1,5x10"
= 2
2. <
o =
2x10° o 1,0x10™+
1x10° 5,0x10" o
0 /\,”“\[ , 0,0 ; , ,A. e —————
-4 - 0 2 4 0,15000 015010  0,15015  0,15020  0,15025  0,15030
s[um] A[nm]
1,5x10™
1,5x10"
_ S 1.0x10*
S 1,0x10' <
o =
o
13
5,0x10° - 5,010
| | A
|
o.oﬁ\% =t i e e e e EEE———
-25 -20 -15 -10 5 0 015008 015010  0,15012  0,15014  0,15016 015018  0,15020
s[um] Anm)]

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



su(rEErL Plans for HXRSS at the European XFEL

Output after tapering

2,144 _——
15 2,124 =
soxe] 400 GW T
0x10 2,104
] XE 2,08 M
3x10"° ]
11 D
g 4,0x10" 2 204
- = 10" 4 2,02
1 o
4 2'00 T T T T T
| 0 20 4 60 80 120 140
2,0x10 - z[m]
X107
0.0 T ' T T 1 0= T ' | T 1 ' 1
-2 0 2 0,15005 0,15010 0,15015 0,15020
s[um] Anm]
1,2 1,2 0,003
1,0 1,0
0,8 0,8 0,002+
>
Ly - w
2 064 2 06
< <
o o
0,4 0.4 0,001 4
0,2 0,2
’ 0,000
0,0 : : T 0,0 . . ' o 50 100 150
-0,1 0,0 0,1 -0,002 0,000 0,002
z[m]
X,y[mm] 6[mrad]

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



European
XFpEL Plans for HXRSS at the European XFEL

17.5 GeV — 100 pC -Working point for HXRSS @ SASE1/2

1 Chicane
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17.5 GeV - 100 pC -Working point for HXRSS @ SASE1/2
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XFEL
17.5 GeV - 100 pC -Working point for HXRSS @ SASE1/2
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17.5 GeV - 100 pC -Working point for HXRSS @ SASE1/2

2 Chicanes
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17.5 GeV - 100 pC -Working point for HXRSS @ SASE1/2
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17.5 GeV - 100 pC -Working point for HXRSS @ SASE1/2

1 Chicane 2 Chicanes _

12
2,00E+012 - 2,0x10 “

275
| 1TW | 1TW
2744 X
12
1,50E+012 | 1,5x10 “ 4 265
J : LY 100 150 4 2,
2m) 0 100
z|m,

50
o0 g m]
% 1,00E+012 o 1,0x10"*
5,00E+011 - 5,0x10""
0,00E+000 0,0 | T T
-4 -6 4 2 0 2 4 6
X divergence 1,24
1,04
0,84
3 o i 0,6
. £
044
o2 02
s 20025 0000 oou2s 0050 o 02 00; 0, 04
mmmmmmm ojmrad] vy{ } [ d]
L ] L]
Final power Final power

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



European
XFpEL Plans for HXRSS at the European XFEL

17.5 GeV - 100 pC -Working point for HXRSS @ SASE1/2
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Present status:

31

Supported by MB
Supported by SAC, MAC
Supported by Council

Need to start detailed design

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012
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Ideas beyond the baseline

Present status:

An idea by V.K,, E.S., G.G.
Discussions taking place

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012
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Motivation: imaging of interesting biological structures

NON-VARIABLE VARIABLE
PERIODIC Nanocrystals DNA, microtubules, viral capsides
NON-PERIODIC Viruses, molecular machines Small cells, organelles

Interesting biostructure size vary: 10nm — 1000nm
Resolution required ~ 0.3 nm

N. Biostructures < 10nm ~ 1e5

N. Biostructures 10nm-600nm ~ 1e9

- Focal spot requirements varies with size

Source Requirements - Nanocrystallography (LCLS-Il New Instruments Workshop rep.):
TW-level peak power (focused down to 0.3-3 micron diameter)
Variable energy range between 2keV and 14 keV

Source Requirements - Non-periodic samples (LCLS-ll New Instruments Workshop rep.):
1e13 — 1e14 ph/pulse (focused down to 1-3 micron spot)
Variable energy range between 3keV and 5keV; 0.5keV — 2keV for largest objects

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



European A recipe for a dedicated bio-imaging undulator system

XFEL

Proposed scheme:

Magnetic Magnetic Magnetic Magnetic
Chicane 1 Chicane 2 Chicane 3 Chicane 4
SNNERNEE - — - BNNNNNER _—[. . HEEENEDR _o-—0. . HNEEEEER _r—i. . HEEEEEEE
ORNEOEDE ORNEOmOE ORNEOREE ORNECHOE ORNRONOE
4 cells 3 cells 4 cells 6 cells 23 cells
(uniform) [ (uniform) B (uniform) [ (uniform) (uniform
€ and
tapered)

Retractable Insertions

Pulse Characteristics:

Extremely high pulse peak power:
Photon pulse duration tunability:
Very large energy range:

Sketch is not in scale: (40+4) cells x 6.1 m ~ 270 m (SASE1-2 - 35 cells)
Scheme makes use of SASE3 type undulators (energy tunability)

Great flexibility €<-> elaborated design: combination of self-seeding,
fresh-bunch, undulator-tapering techniques

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



I
European A recipe for a dedicated bio-imaging undulator system =

XFEL

Full enerqy range can be covered with two electron beam energies
(10.5 GeV - 17.5 GeV : 100 pC):

A) e-beam in the 10.5 GeV operation mode:
Water window (C K-edge @ 0.28 keV — O K-edge @ 0.54 keV)

B) e-beam in the 17.5 GeV operation mode:
2 keV — 3 keV (Sulfur K-edge @ 2.472 keV)

3 keV - 5 keV
5 keV -7 keV
7 keV - 9 keV

9 keV - 13 keV (Selenium K-edge @ 12.66 keV)

Little or no interference with other European XFEL beamlines
Dedicated operation for >4000 hours/year

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



European A recipe for a dedicated bio-imaging undulator system

XFEL

Operation in the water window and beyond (< 1keV)

ON OFF OFF OFF
EECETET =~ NNNRDNDE _—".  HENDENDR _-—0. . HEEDDEEE _o—0. . HONEEEEE
ORIRCONEE ORIECmEe ORIECREE dRIRORCE OJRIECOREE
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(uniform) (uniform) (uniform) (uniform
and
tapered)
250 m 0.8 ps optical delay
< > 0.3 keV -1 keV
5000 resolving power
first ¥ ‘_ scond  |Y. Feng et al., ”System design
undulator ' 8 om T undultor | for self-seeding the LCLS at
o |V — & - >0 soft X-ray energies”, to appear
source o plane eenrat | 1N the Proceedings of the 24th
point v nirror point International FEL Conference,
A * Nara, Japan (2012).
toroidal grating 167 m exit slit spherical
fixed incidence angle < » collimation
89° mirror
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A recipe for a dedicated bio-imaging undulator system

European

XFEL

Operation in the water window and beyond (< 1keV)
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(uniform) (uniform) (uniform) (uniform) (uniform
and
tapered)
5x10"° -
1,5x10" 1 TW |
] 4x10" - 1 .
,154 M
1|OX1012- ; 3X10‘6- £ 4,10
2 < | < o
o § 2x10"- 4051
5,0x10"" ]
03 20 b s &
1x10"° 1 2im]
010 T T T T T 1 0 T M T T T LE— |
6 -4 -2 0 2 4 6 1,495 1,500 1,505 1,510 1,515 1,520
S[um] A[nm]

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



European A recipe for a dedicated bio-imaging undulator system

XFEL

Operation around the Sulfur K-edge: 2 keV — 3 keV

ON ON ON OFF
NNt NONANNNN b NONANNNN - NNANANNN, 7. WANNNNEN
ORIRCONEE ORIECmEe ORIECREE dRIRORCE OJRIECOREE
4 cells 4 cells 6 cells 23 cells
(uniform) (uniform) (uniform) (uniform
and
tapered)
250 m 0.8 ps optical delay
< > 0.3 keV -1 keV
5000 resolving power
first ¥ ‘_ scond  |Y. Feng et al., ”System design
undulator ' 8 om T undultor | for self-seeding the LCLS at
o |V — & - >0 soft X-ray energies”, to appear
source o plane eenrat | 1N the Proceedings of the 24th
point v nirror point International FEL Conference,
A * Nara, Japan (2012).
toroidal grating 167 m exit slit spherical
fixed incidence angle < » collimation
89° mirror

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



A recipe for a dedicated bio-imaging undulator system

European

XFEL
Operation around the Sulfur K-edge: 2 keV — 3 keV

ON ON ON OFF

i s

4 cells 3 cells 4 cells 6 cells 23 cells
(uniform) (uniform) (uniform) (uniform) (uniform and tapered)
at the exit of 2nd undulator delay in the second chicane at the entrance of 3rd undulator
6fs
X . L e electron bunch
: ~ray mirror 155 (FWHM)
beam size if10r i ' . 5
0l mm gmr ror size deflection angle e
' Ch 6 mrad , . .
100 MW s\ N\
> > /’/ \\A*\ S / \\\
pulse from the second (third) undulator X : to the third (fourth) undulator entrance 07 ke - 1 ke t t
at the exit of 3rd undulator delay in the third chicane at the entrance of 4th (output } undulator
{ tunable within 2fs- 5 s ) tuned to the third harmonic frequency
tunable delay spoiled part of S unspoiled part of
O - 100 fS electron bunch ‘ i electron bunch
T electron bunch T OO pgperet
radiation ; 5 fs(FWHM) ‘[ 5fs
= power | -
The second chicane now hosts a tunable X-ray P
- - 1GW /e N\ in saturat /N
mirror delay line /L 65 ) Isuaton
2keV -3keV t t

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



European A recipe for a dedicated bio-imaging undulator system

XFEL
Operation around the Sulfur K-edge: 2 keV — 3 keV

ON ON ON OFF
lIIIIIII <z - ~ IIIIIIII o— ~y HINNNNNER _;—0. . HNEAEEED _+—0. . HENEEEEE
IIIIIIII IIIIIIII RIECRCE ROECRCE URNECRCE
4 cells 3 cells 4 cells 6 cells 23 cells
(uniform) (uniform) (uniform) (uniform) (uniform and tapered)
410"y + oxto”] 6,0x10° 3x10°+
3x10°4 8,0x10™
- 4,0x10° 2x10"4
% o' %eomo"— = ::(:
1x10°4 o 2,0x10° El 1x10"
-+ 2,0x10" A
0-——!&\ 0,0 T ” T 1 / \ J/ \
N 4 2 0 2 4 1,490 1495 1,500 1,505 " 2 0 2 4 8,496 0,497 0,4'93% 0,500
s[um] Mnm] sfum] Alnm]
| harmonic after the second chicane Il harmonic after the third chicane

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



A recipe for a dedicated bio-imaging undulator system

European

XFEL
Operation around the Sulfur K-edge: 2 keV — 3 keV

ON ON ON OFF
lIIIIIII <z - ~ IIIIIIII o— ~y HINNNNNER _;—0. . HNEAEEED _+—0. . HENEEEEE
IIIIIIII IIIIIIII RIECRCE ROECRCE URNECRCE
4 cells 3 cells 4 cells 6 cells 23 cells
(uniform) (uniform) (uniform) (uniform) (uniform and tapered)
5x10"* 3x10"° 4,05
4 4,00
4x10" 1 1 TW 1 ros.
1 = 2x10"A 2 3,904
3x10"*4 ) g3
% ] % 3,85
2x10"2 a 380
| 1x10" - 375
x10"- /,M\ "o 50 100 150
J z[m]
0 T T I T T T T \ 1 0 T T T IA‘I T T
0 1 2 3 4 5 0,492 0,494 0,496 0,498 0,500 0,502
s[um] A[nm]

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



European A recipe for a dedicated bio-imaging undulator system

XFEL

Operation in the energy range: 3 keV - 5 keV

OFF ON

ON ON

AENNEEER . —'~. OONEDEDE _—'.  HENDGEDD _ o —0. . ONEEDEEE_o—0. . HONEEEEE

4 cells 4 cells 6 cells 23 cells
(uniform) (unifor (uniform) (uniform) (uniform and tapered)
Bragg geometry
C{111) reflection
of 35 keV X-rays 041 - 30
Xray beam (S - polarization ) . "‘*\\
bandwidth 031 | B
037 o forward-diffracted X-rays ' B
N X = =
/ - g
Bragg angle / Darwin curve F'WHM ) 304
reflectivity curve FWHM
0006 z o0 0.3.’;425 0.35‘430 0,35;435 0.35;425 0.35‘430 0.35;435
detector for monitoring the angular position . % [nm] % [nm]
of the monochromator crystal iﬁgﬁiﬁfﬂg &
the reflction renge Hard X-ray self-seeding scheme with single-crystal
monochromator can be used in the low energy

range

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



A recipe for a dedicated bio-imaging undulator system

European

XFEL

Operation in the energy range: 3 keV - 5 keV

OFF ON ON ON
BIRCEE = ~p HNNENENR __— . HENEEEER — NNNEENER _—.  HENEEEEED
N 1 0 [ A E 1 0 [ JRMEOREE ORIROREE OROECREIE
4 cells 3 cells 4 cells 6 cells 23 cells
(uniform) (uniform) (uniform) (uniform) (uniform and tapered)
) X-ray mirror
bearn size irror size deflection angle
0.l mm 5em 6 mrad
oulse from the second (hird) undulator : : to the third (fourth) undulator entrance
tunable delay
0-1001s

The third chicane now hosts a tunable X-ray mirror
delay line

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



A recipe for a dedicated bio-imaging undulator system

European

XFEL

Operation in the energy range: 3 keV - 5 keV

OFF ON ON ON
[/l Sy ||| [[[ [y ||| [y ||| o —, INNRREND
URNEORCE [ 1 ] RIECRCE URNECRCE URNECRCE
4 cells 3 cells 4 cells 6 cells 23 cells
(uniform) (uniform) (uniform) (uniform) (uniform and tapered)
8,0x10'
3X1012’ 2 TW ] 3,40 4
3,35 g
6,0x10'® 17
3,30+
2)(1012_ Ly g 3,254
-] x
g $ 4,0x10" - 3,20
Q g 3,154
1x10" 3,10 ! | ! ! AL |
210x1016_ 0 20 40 60 80 100 120 140
z[m]
O T x T r T N T X T 1 0:0 T T v T T T 1
-1 0 1 2 3 4 0,3540 0,3545 0,3550 0,3555 0,3560 0,3565 0,3570
s[um] A[nm]

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



A recipe for a dedicated bio-imaging undulator system

European

XFEL
Operation in the energy range: 5 keV — 7 keV

OFF ON ON ON

W T g

4 cells 3 cells 4 cells 6 cells 23 cells
(uniform) (unifor (uniform) (uniform) (uniform and tapered)
Bragg geometry 1
C(220) reflection Rl IR——
of 5 keV X-rays \ =
Xray beam (S - polarization ) ' T 0]
bandwidth - £
03% forward-diffracted X-rays oo ?
B]‘agg ang]e Darwm curve FWHM 1
802 degrees 4‘;}‘ 01 13 mrad %,024798 0,2&799 0,24‘800 0,24‘801 0,24‘802 0,24798 0,24‘799 0,24‘800 0,24‘801 0,2&802
V. 4 reflectivity curve FWHM A [nm] A [nm]
0.0027
detector for monitoring the angular position 35 % of radiation Hard X'ray self-seedi ng SChem? with sin g Ie-crystal
of the monochromator crystal is absorbed outside monochromator can be used in the 5keV — 7keV
the reflection range energy range

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



European A recipe for a dedicated bio-imaging undulator system

XFEL
Operation in the energy range: 5 keV — 7 keV

OFF ON ON ON

T T s s

4 cells 3 cells 4 cells 6 celis 23 cells
(uniform) (uniform) (uniform) (uniform) (uniform and tapered)

3x10" - ‘ n ' .
2 T 8,0x10" 2,80
2,754
2x10" 1 6,0x10"
S‘ :cE 2,70
S <
o = 4.0x10" 2651
o
12
1x10 “ 1 2,60 !
2 0 1016_ 0 50 100
,OX z[m]
0 Y : . . - : . 0,0 ' . e . . . ,
2 0 2 4 0,2475  0,2480  0,2485  0,2490  0,2495
s[um] A[nm]

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



A recipe for a dedicated bio-imaging undulator system

European

XFEL
Operation in the energy range: 7 keV — 9 keV

OFF OFF ON OFF
LTI Sy | | [ [ [ [ [ [ N | | [ [ [ ]] - ANNEEENR _—0. . HEEEEEEE

N 1 0 [ JRNECmEE OROECREIE JR0ECmAIE OROECREIE
4 cells 3 cells 6 cells 23 cells
(uniform) (uniform) (uniform) (uniform) (uniform and tapered)
Bragg geometry
C(400) reflection
X-tay beam of 0.15 nm X-rays 104 il ]
bandwidth forward-diffracted X-rays §
02% R % = o8
’ . 2o
Darwin curve FWHM
/ (.012 mrad 021
\ reflectivity curve FWHM 056117 0150118 0150119 0150120 0150121 R e ® B
4 00008 % 2o
detector f itoring th | iti . . .
0?f}::e(;lrlog:)cr;l?grlrlzg)?gcryz;?gu e Hard X-ray self-seeding scheme with single-crystal
monochromator can be used

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



A recipe for a dedicated bio-imaging undulator system

European

XFEL
Operation in the energy range: 7 keV — 9 keV

OFF OFF ON OFF
ERCECEN —'~ NNNRDNDR _.—". . HENRDNDR _ - —0O. . HNEDDEEE _—0. . HONEEEEE
T S ——— ——— —#
ORECREE URMECRCE ORIECREE ORIECRCE 11 [
4 cells 3 cells 4 cells 6 cells 23 cells
(uniform) (uniform) (uniform) {aniform) (uniform and tapered)
2,0x10"
1 2,04
1,5x10" - 1 TW 1.5x10"
E,2.Cl2-
'5! ) X
% 1,0x10" 1 :S.-, 1,0x10" - ool WWHHH
<
x | | I
5 0x1011 | 5 0x1 016_ 0 50 100 150
4 ’ z[m]
0’0 1 T T 1 0’0 T T J‘I T 1
-4 -2 0 2 4 0,500 0,4502 0,504 0,506 0,1508  0,1510
s[um] A[nm]

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



European A recipe for a dedicated bio-imaging undulator system

XFEL
Operation in the energy range: 9 keV — 13 keV

OFF ON

ON ON

NENNEEER - —'~., ONNONEDE _—. . HENDDEED _ o —0. . ANEEEEEE_i—0. . HEEEEEER

4 cells 4 cells 6 cells 23 cells — 37 harmonic
(uniform) (unifor (uniform) (uniform) (uniform and tapered)
Bragg geometry
C{ 111 ) reflection
of 35 keV X-rays 041 - %01
X'ray beam (S - polarization ) o %\
bandwidth 03 ‘ B
037 ~. forward-diffracted X-rays ' B
N X = o 5
/ | g
Bragg angle / Darwin curve FWHM ) 304
reflectivity curve FWHM
0006 z 00 0.35;425 0.35‘430 0,35;435 0.35;425 0.35‘430 0,35;435
detector for monitoring the angular position . » [nm] . [nm]
of the monochromator crystal isaisﬁgzgﬁz: &
the reflection range Hard X-ray self-seeding scheme with single-crystal
monochromator can be used

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



A recipe for a dedicated bio-imaging undulator system

European

XFEL
Operation in the energy range: 9 keV — 13 keV

OFF ON ON ON
BIRCEE = ~p HNNENENR __— . HENEEEER — NNNEENER _—.  HENEEEEED
JRORCmEE ORIRCmEE JRMEOREE ORIROREE RIROREE
4 cells 3 cells 4 cells 6 cells 23 cells — 37 harmonic

(uniform) (uniform) (uniform) (uniform) (uniform and tapered)
beam size irfor si Aeray micror
0] mm {irror size deflection angle
' Sem 6 mrad

oulse from the second (hird) undulator 1 : to the third (fourth) undulator entrance

tunable delay
0-1001s

The third chicane now hosts a tunable X-ray mirror
delay line

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



A recipe for a dedicated bio-imaging undulator system

European

XFEL
Operation in the energy range: 9 keV — 13 keV

OFF ON ON ON
AENNENER . —'~., ONNNNEER _—{. . HNEDDEEE _o—0. . OONEDEER_0—0 !!!-llll
ORIRCONEE ORNECmEE ORIECREE dRIRORCE culEJECE
4 cells 3 cells 4 cells 6.ceiis 23 cells — 379 harmonic
(uniform) (uniform) (uniform) (uniform) (uniform and tapered)

1,62+

400 GW . T
16 1,60
] 3x10°7° 1
6,0x10"" & 158
;: 2x10"°
% 4,0x10" % 1561
1 o ® 0 0 11‘)5 777777 150
1x107 4
2,0x10" 1 2[m]
010 T T v T T T M 1 0 T v T T T o 1
-1 0 1 2 3 0,1036 0,1037 0,1038 0,1039
A[nm]

s[um]

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



[ |
European CO"CIUSionS
XFEL

-After experimental confirmation of HXRSS
principle efforts are underway to enable HXRSS at
the European XFEL

Two-chicane setup bears advantage in case of
high rep-rate

Different operation points are under study

Implementation would yield ~ 1TW with the
baseline setup

-ldeas beyond the baseline are under discussion

Dreaming big: a recipe for a dedicated bio-imaging
source at European XFEL

G. Geloni, V. Kocharyan, E. Saldin, SSSFEL Workshop, Trieste, 10.12.2012



