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I Self-Seeding implementation at European XFEL

European

XFEL

HXRSS at European EXFEL

G. Geloni, V. Kocharyan, E. Saldin (DESY 10-133)

XHEXP1 Weak chicane Weak chicane Self-seeded

HED - X-ay pulse

wo EEEEEEEE SN IEEEEEER TN NENNEEEE  EREEEER
r 4 7
‘l e .l T nmmmmEm "o T DENNNNEE EEREEEER
0 |

SASE undulator SASE undulator Output undulator  Output undulator
(uniform) (tapered)

SASEZ? line (3 keV -25 keV) will be first equipped with HXRSS

N clectron tunnel € electron switch

photon tunnel @ electron bend
T undulator J electron dump

XTD6

XS3 XTD9 ‘
FXE
LT () SPB

llll”
XTD4 | g —

wn N = High repetition-rate
LINAC  SASE2  SASEI SASES = Long undulators > HXRSS+tapering

Simulations: (1) HXRSS - 9 keV —taper, (2) HXRSS - 14.4 keV- 2"d harm. bunching - taper

Photon energy, | Integrated flux, | Photon pulse BW Photon Flux,
[keV] [Ph/ pulse] [Ph/s/meV]

w/o HXRSS 7ell ANMA~1.2e-3 or ~12eV 1.5e12
w/ HXRSS @ 9 7el2 AMA~1e-4 or ~940meV  2.1el4
w/o HXRSS 14.4 lell AMA~1.6e-3 or ~20eV lell
w/ HXRSS @ 14 .4 %ell AMA~Te-5 or ~1eV 4e13

(1) G. Geloni, V. Kocharyan and E. Saldin DESY 15-141; (2) O. Chubar, G. Geloni et al. J. Synchrotron Rad. 23 (2016).
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Self-Seeding implementation at European XFEL

HXRSS Simulations
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1 Self-Seeding implementation at European XFEL

European

XFEL

Challenges for HXRSS

HXRSS performance drops at high energies due to
Spatiotemporal coupling for low Miller indexes
Larger equivalent SASE shot noise to beat
Longer gain length 2increase # modules before HXRSS can improve the situation

100pC - 17.5 GeV - C004 - 12keV - 5th stage

510 410t
i, Cascade 5+5 £35 Cascade 6 + 6
= £3.0
&3 525
‘i £20
87 215
51 gm
! I l,k ) Heat load on crystals by
0.1015 0.1020 0.1025 0.1030 [J:\][’E‘H-x 0.1040 0.1045 0.1050 0.1055 Hlﬂ 115 0.1020 0.1025 0.1030 lll[l_j} 01040 0.1045 0.1050 0.1055 . .
610" 5 10" spontaneous radiation
’ Cascade5+5 - Cascade 6 + 6 also increases!
54 3
é" %1.0
' 05
A 0 g @ - o 0.4 % ) %0 7 30
s [um]
Courtesy of G. Geloni
Shan Liu 8th Hard X-ray FEL Collaboration Meeting, Pohang, Korea, 24-26 Oct. 2016 : f“‘iéé‘o"c?ﬂ&



1 Self-Seeding implementation at European XFEL

European

XFEL

Monochromator Design: pitch oscillator

High repetition rate: 27000 bunches/s Heat load is an issue!

Spontaneous emission radiation has a Courtesy of H. Sinn | Frequency | Angular
broad energy spectrum, it is considered (Hz) Range (PV)
as the main source of heat load. 1200 70 urad
Calculated total energy deposition from reflected ’
spontaneous emission: ~ 6 uJ. begm 300 280 urad
/ \ , 10 0.48°
OW  0.16W T I——r.
oo % | . .
g e T | |
s oot s wes . . . :
=P 0 | - 1 e-d Pitch oscillator will be treated as option
. Iy (space foreseen and some development
DEI: 1 -2 =1 D.'.'.:-l:l.'l. e a3 a4 e Experiment by Wlthln des'gn ContraCt)-
| L. Samoylova Oscillate bragg angle can be used to
\ O analvaercrystal seans / compensate temperature cycle during
pulse train.
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1 Self-Seeding implementation at European XFEL

European

XFEL | Monochromator Design

View window for reflected signal detected by YAG screen: A
window angle at 90° £33.5° view covers all the reflections

Two crystals with different orientations on one holder

200

150 L Calculated by L. Samoylova
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« Chamber design: T. Wohlenberg (DESY)
« Diamond and holder design:
D. Shu (ANL), S. Terentiev (TISNUM)
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1 Self-Seeding implementation at European XFEL

European

XFEL | HXRSS Chicane design

< o M >
/ Minimum delay \ / Maximum delay \
(<40 fs preferred, constrained by min. e- beam offset) (> 400 fs preferred for 2-colour SASE)
i 2.0x1072 - : : ' —
5x107 4 18- ) |
Ay=0.5 mm (At=10 fs) Wide- | | Second colour rirst colour |
#1071 > factor 2 difference band 4 -
in power . powe 3 Delay range at LCLS*
310" . o g 127 and at SACLA**: 0~40fs | [
s SeIf-set;:\dlng , P g 107 (constrained by chicane | [
o 100 monochromatic | | § 08- magnets) -
| power P = 06 —
B e \s 0.4 - =
---------------------------------------- | _ 0.2 - -
P — N from G. Geloni AN

0 ¥ T T T T T Y — : T T T T 1 0.0 = [ [ | | —-
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s [um] Photon energy (keV)

*A. A. Lutman et al., PRL 110, 134801 (2013)  ** Toru Hara et al., Nature communications 4 (2013)
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Self-Seeding implementation at European XFEL

European

XFEL | Chicane Design: maximum delay

Chicane chamber center is shifted to insure 436 fs max. delay can be achieved
a maximum offset of 15 mm at European XFEL for <11.6 GeV beam

Diamond with
copper holde
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200F

Q.To/axoseo mm @Biiiiiiiiig

9 11 1 12 13 14 14 16 17 14
Center of undulator system Center of chicane Energy, [GeV]

(beam w/o seeding) (dipole magnets, BPM
and Monochromator)
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Self-Seeding implementation at European XFEL

European

XFEL ] Chicane Design: minimum delay

European XFEL HXRSS with LCLS HXRSS: diamond is 2.5 mm
450 times higher duty cycle than LCLS from beam center

Courtesy

minimum offset: ? mm

Center of undulator system
(beam w/o seeding)

. V
Seeding Power SALAR Undulator Damage

Shan Liu 8th Hard X-ray FEL Collaboration Meeting, Pohang, Korea, 24-26 Oct. 2016 :‘:; f’]iﬁ?;‘cﬂ%



I Self-Seeding implementation at European XFEL

European

Undulator damage: GEANT4 simulations
« HXRSS+7 undulators+tHXRSS+18 undulators

Magnet

Pole
Undulator

Diamond D d\)ial

Quadrupole

[ N— A
Dipoles and quadruples are simplified as %

boxes with elliptical apertures

Input beam: 10° e~ with 17.5 GeV energy

hitting the crystal with 90° angle

Shan Liu 8th Hard X-ray FEL Collaboration Meeting, Pohang, Korea, 24-26 Oct. 2016 ! AssociaTion



I Self-Seeding implementation at European XFEL

European

XFEL | Neutron fluence along undulator line

1800 = S~
» e o (e > - _
1600 ——«"— '?\0 =
- Typical distance of bremsstrahlung impactf: | =
1400 —
- L= R/tanB= 137 m £
1200 ‘ At )
1000 < .

- Normalized
800 — maximum neutron
Enn: fluence :

- ~1x107
400~ n/cm?/e-
200 NM M

u y Mhhh || | | | | | | | | | L ] L ] | L ){103

-40 -20 0 20 40 60 80 100

* A. Fasso, Dose Absorbed in LCLS Undulator Magnets, |. Effect of a 100 um Diamond Profile Monitor, RP-05-05, May 2005.
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I Self-Seeding implementation at European XFEL

European

XFEL| Critical number of electrons

Maximum neutron flux allowed for 0.01 % demagnetization of Nd-Fe-B
magnets: 1x10't n/cm? *,

Assuming 0.01% demagnetization in 20 years with 10 shifts (8 hours
each) /month for HXRSS operation, the maximum allowed number of e
/bunch (with 27000 bunches/s):

N = 1x101/20x12x10x8x60x60x27000x10-" = 5x10° e/bunch
Maximum charge per bunch: 1nC = 6.25x10° e/bunch
Maximum horizontal beam size in undulator section: o, = 50 ym

If there is no halo, the crystal can enter as close as ~40,= 200 pm to a
gaussian beam core with above mentioned conditions!

What if there is 100 o, of halo?

*M. Santana Leitner, et al, Radiation Protection Studies for LCLS Tune Up Dump, SLAC-PUB-14020, 2010.
*J. Alderman, P.K. Job, R.C. Matrtin, C.M. Simmons, G.D. Owen, and 0 J. Puhl, Radiation-Induced Demagnetization of Nd-
Fe-B Permanent Magnets, Advanced Photon Source Report LS-290 (2000).
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Self-Seeding implementation at European XFEL

European ) ) i
XFEL | Collimation System Design
ENTRANCE 180m
MATCHING MAIN COLLIMATOR LOCATIONS
SECTION
FIRST ’
ARC 2.4m
FPHASE EXIT
SHIFTER p MATCHING
MW SECTION
SUPPLEMENTING COLLIMATOR LOCATIONS HH‘H‘I—I—..-H-H
: : : SECOND
4 main primary collimators, R=2, 3, 4, 10 mm ARC

+Copper)

\ Supplementary collimator
aperture: R=10 mm (Aluminum)

vz
Aluminum
N
e )
| & |
we— “6}

—— ~— Titanium Alloy

m? 7D Y

*V.Balandin, R.Brinkmann, W.Decking, N.Golubeva, TESLA-FEL 2007-05
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1 Self-Seeding implementation at European XFEL

European

XFEL | Beam Delivery Simulation (BDSIM) and Optics Comparison

BDSIM*: GEANT4 simulation with accelerator Iatticgoo Wins2 version 85115100816 155259
§ 450:! b by D"Mad8 10:10 §
]‘ 400. 0.08
T SRR
/) 250, 1T | i L 0.0
200. L -0.02
150. - L -0.05
100. L -0.08
50. %% L -0.10
0.0 N WINZA NV N L 012

0.0 50. 100. 150. 200. 250.
s (m)

First simulations are performed with 10° e- with
+500 uniform distribution in (x,x’,y, y’) phase

450 —

400+

350+

300+

200+

150+

100

50+

G000 1000 80000 0 S000- 7000- SI000:
ARRARENRREENRERRRRRRE: T

o
T

o

- Effects from sextuples are not considered for the first simulations.
- X'and Y coordinate are exchanged in the simulations. *. Agapov, et al, NIMA:606.3 (2009): 708-712.
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Self-Seeding implementation at European XFEL

Energy loss along the collimation line
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-> can be compared with the BLM measured results in the upcoming commissioning.

Shan Liu
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1 Self-Seeding implementation at European XFEL

European

XFEL

Secondary e- @ main collimators
Horizontal distribution
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X, [m

Secondary particles and residual primary
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COLM#2 and COLM#4 (the asymmetric 'h

distributions in x indicate the bending direction)j | M‘ i IHMNIH i “hmh I\Ilﬂl il
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Shan Liu 8th Hard X-ray FEL Collaboration Meeting, Pohang, Korea, 24-26 Oct. 2016 (350 7 ssocianon
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1 Self-Seeding implementation at European XFEL

European

XFEL | Primary e- distributions @ main collimators
Horizontal distribution

— COLM#1

“g $ — COLM#1
Il oo | 3ok ooz Primary particles within
z § X —— COLM#4 3 X I o ~ + ~ +
: : P com#4 + 200, ,, & _:.350y,yp
I 10 can pass the collimators
10°E r

with 2 mm apertures

"’2? M \% freely:
Mg,

WP W MI | “ ﬂ, 'HWMWW

1

~0.05-0.04-0.03-0.02-0.01 0 001 0.02 0.03 0.04 0.05 0.02 0015 0.01-0005 0 0005 001 O%Sra%]oz Vertical distribution
Almost no primary halo : o |E o
particles left beyond the 2 Ly —comm__|3 ¢ yp oL
mm aperture after the 4th :
collimator-> in this case, e :
the crystal can be inserted i i3 Mw
up to a distance of ~2 mm ' Iy

to the beam core (~13 fs of
minimum delay) !

l Mk jif | P
JALMI}JLM M‘W s HHMHMHMH Wﬂlh
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I Self-Seeding implementation at European XFEL

European

XFEL| Summary and discussions

HXRSS + tapering enable specific high-brightness applications ->
simulations are on-going to finalize the location of the 2 HXRSS stages;

Energy shift due to heat load on diamond -> can be compensated by pitch
oscillator

Issue of beam halo and radiation damage-> can be studied by simulations
with different beam halo distributions and compared with beam loss/halo
monitors measured results in the future -> important for HXRSS, corrugated
structure with very small gaps (~1.4 mm planed at European XFEL) similar for
LCLS-II.

HXRSS project Schedule:

» Present status: chicane (magnets, vacuum chamber, girder) and
monochromator chamber design completed, components ordered

» End 2016: final design of monochromator
» End 2017: Two HXRSS mono ready for installation
» 2018- Installation

Shan Liu 8th Hard X-ray FEL Collaboration Meeting, Pohang, Korea, 24-26 Oct. 2016 : ﬂ“‘iéé‘o"c?ﬂ&
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European -l
XFEL 2

Thank You!

Thanks to I. Agapov, V. Balandin, W. Decking, G. Feng,
L. Froehlich, G. Geloni, N.Golubeva et al. for helpful
iInformation and discussions!

Thanks to colleagues from LCLS for sharing the HXRSS
design and operation experiences!

Thanks to S. Boogert and L. Nevay (RHUL) for the
support on BDSIM!

Shan Liu 8th Hard X-ray FEL Collaboration Meeting, Pohang, Korea, 24-26 Oct. 2016 ' ﬁ“iéé‘o"c?ﬂ&
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European

XFEL

Back Up...
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Ultra-High Resolution Inelastic X-ray Scattering

European

at 9 keV

XFEL

—'E?Cr ? 6r0 -60 0 60 34270 -60 0 60
p 0,65 2
4500- (a) (b) & 24250, (c)
&
0,52 ¥
3000 - o
< g e L 34250
~ 1500- R
w 34240
0. 0,26
T4 6 1 RV e S
S [um] S [um] S [um]
Start-to-end t [fs] t [fs]
simulations by 20,0 0 60 °0 ¢ 60
the DESY/MPY () " (e)
Group '] _
£ o
. 10 S
o) X
(Standard mode o e8]
of operation of e
European XFEL o0 I A S
-14 0 14 -14 0 14
at ZSOpC) s [um] S [um]
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European

XFEL | Energy Range and Reflections

We can cover the range from 3keV up to >12keV using only a

hkl ~ Min. Energy (keV)

several reflections out of many: 111 3.01034
ElkeV] 311 5.76401
[1,1.1] 400 6.95161
333 9.03035
444 12.0404
roll yaw
1! :
Pitch
angle [0,0,-1]

1,3]

Min and Max Pitch

P Pitch

angle

E 30deg-120deg —

In 2 murad steps

Courtesy of G. Geloni

We should cover
the FEL BW with

+/- 3

degrees in

yaw (and roll) with
angular steps of
20murad

Shan Liu 8th Hard X-ray FEL Collaboration Meeting, Pohang, Korea, 24-26 Oct. 2016
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1 Self-Seeding implementation at European XFEL

European

XFEL

Crystal Thickness

Thickness optimization relates to Courtesy of G. Geloni

1) Crystal impulse response
2) Minimal delay achievable
3) Heat loading issues (due to absorption)

600~ | 100pm ‘
————120um
1,00+ 140pum
—— 180um
\
0,75- T 400 220um |
] ——— 60um |
——100pm| 3 :
= 050 ——120im| @ Thickness around
=0 140um| @ 100 um is alright
< | " om B t 8 keV
0,25 - ——— 60um =
0,00 . — . . — L
1,50093x10%  1,50100x107°  1,50107x10™ ' =— ‘ \
T I T I T I T I T I T I T I
A [m] -1,8x10”° -1,5x10° -1,2x10° -9,0x10° -6,0x10° -3,0x10° 0,0

Position [m]

C400 at 8.26keV
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European

Chicane Design: Functions

/” Functions of chicane: N\
» Create an offset between the electron bunch and the monochromator
» Wash out the SASE micro-bunching produced by the upstream undulators
« Produce an adjustable delay for the electron bunch to match the seed x-ray
» Correcting the phase error introduced by removing one undulator segment
» Scan the FEL photon pulse to obtain the length of the pulse
\- Produce two color SASE pulses /

Shan Liu 8t Hard X-ray FEL Collaboration Meeting, Pohang, Korea, 24-26 Oct. 2016 (%) # veuwmour:



1 Self-Seeding implementation at European XFEL

European

XFEL

Chicane Layout and Radiation Issues

002 ........... FRTTR P, ........... e [ e e S Radiation Power
: 1 ‘ . : : : ‘ |
0.015 e
op T —_— |
CSR
001~ 9r —e— ISR .
A e ol —#— CSR+ISR |
0.005 2e| E = 7
0 E| = g
" ao0n 2| E < o . .
£ usl AR % | 3 ¢ .. Maximum power: ~10 W/dipole
== E 'r% 14 Al |
001 E E Al
Q
0015 18 g Al
N = 110 1‘1 1I2 1I3 1I4 1I5 16 1‘7 18
002F Energy, [GeV]
o5} Max. Temperature: 107 degree

0.03
0

107,4 Max
10241
97416
92425
87435

Worst case scenario with 27000 bunches with
1nCatl/7.5 GeV

Planned operation far below the dump power

threshold (300 kW) : max. 13500 bunches

withl nC at 17.5 GeV. | _—
Water cooling may be added T
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I Self-Seeding implementation at European XFEL

European

XFEL|] Chicane Main Parameters

Symbol

At 48.4 100 0 192.2 fs
Ay 5-7.2 0 10 mm
w, 20 10 - mm
9 31-44 0 6.2 mrad
Rss 29 - 60 0 115.3 pm
B, 0.60 — 0.87 0 1.2 T
/Bd 0.18 - 0.26 0 0.36 T-m
) 03 - - m
9 16 : .
w 27 : - mm
and inner magnets

magnets

| 175 - - A

*Parameters for 17.5 GeV beam

Shan Liu 8th Hard X-ray FEL Collaboration Meeting, Pohang, Korea, 24-26 Oct. 2016 : ﬁ'}i;?&?ﬂ&
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XFEL

Provided by B. Krause

Self-Seeding implementation at European XFEL

Chicane Design: Dipoles and Girder

Winding parameters

I —Q——-ﬁﬁ&a

« 8 H-type dipole magnets will
be delivered in March 2017
« Girder design completed ->

ordered for fabrication

TECHNICAL PARAMETERS VAL UE
FPARAMETERS Wain winding Correcting
i winding
Basic DQV‘QMQJC@V‘S 1. Number of coils per magnet Z 2
PARAMETERS VALUE 2. Number of turns per coil 45 i
— J. Number of turns per magnet 96 42
1. Magnetic field, T 1,2 4. Average turn length, m 092 0,97
2. Air gap height, mm 16 5. Conductor dimensions, mm bx6—03,5 |1 8¢5.55/1.9¢3,6
3 6. Conducltor cross—section area, mm? 25,8 6,03
I Yoke leng .fh, i 07 7. Static inductance at nominal current, H 0,021
i 4. Integral field strength, Tm 0,36 8. Flectrical strength of coil system, k 20
I'F _I 5. Field quality ﬁB/EO (GFR— /‘fg)(WfU) <Hx10 -3 COOU}’WQ pr‘Qm@‘t@y\g
; o = Excitation parameters PARAMETERS VALUE
e . o | VALUE 1. Water overheating, 'C 6,5
PARAMETERS Woin winding Correcling 2. Cooling water pressure drop, MPa (bar) 0,4(4)
e i winding J. Cooling water requirements, /min 41
- I. Nominal current, A 175 10 4. Number of cooling circuits 1
W 2. Nomindl voltage , V/ 10,3 11
:1._!_ 3 3. Resistance (t=293 KJ, Ohm 0,059 011 Weight iE
/ \ 4. Operation mode — continuous PARAMETERS YR 7
ain winding g
1. Yoke steel weight, kg 116
2. Winding copper weight, kg 204 27
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1 Self-Seeding implementation at European XFEL

European

XFEL

Input electron beam distribution

2000
000
s1080

TTC 0-
‘HIOO
0o
—(50000

0- 2000 €000- #00Q-
T

. * The Courant-Snyder invariant
can be expressed as:

7000 €000 2000 7000 0 7000~ 2000- €000~ 00
[TTTT [T ITTTTT

7000 €000 2000 7T000 0

%24 %% = yx® 4 200x 4+ Bx2 = =
s s 5 s s = = o (s
R R R R R R R betx=93.554,
] bety=50.482; with the normalized variables:
3 alfx=4.857;
alfy=-2.389;

il

¥ — ¥ — dX _ /3yt _a
X = andx-dé—ﬂx—i—xﬁ,

<

ex=2*Nsig*5.31e-11;
ey=2*Nsig*1.89e-11;
deltaE/E=1.5%.

G1000 7000 S0000 0 S0000- 7000- S7000-
I

S T4 SR o4,
(X,X ) and (Y,Y ) are enlarged by N times with uniform distributions.
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Self-Seeding implementation at European XFEL

European

XFEL

Phase space @ end of collimation section

. . . xp,[rad]
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= O
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* Keep in mind that horizontal and vertical planes are exchanged in the simulation
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1 Self-Seeding implementation at European XFEL

European

XFEL

100pC —17.5 GeV - C004 — 12keV — 15t stage

DR RN AN DRRDRRN P e 1 10 .
DEEEDEE ‘ DEREDEE ‘ MOEOOMOONOOMECONONOED
Cascade5+5 Cascade 6 + 6
207107 g x 10
£15 £6
£1.0 £4
5.5 22
04075 01020 0.1025 01050 0,035 0.1010 01075 01050 0.1055 0.40T5 01020 0:1025 0.1030 0,035 0.1010 0.1005 0.1050 0.1055
2.5p10° L g x10°
1.6
2.0 14
s $1.2
gl 21.0
§10 £03
2 20.6 }
0.5 0.4
| 0.2 | |
0.0 5 0 15 70 25 30 0.0 5 0 5 20 %5 30
s [um] s [um]
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1 Self-Seeding implementation at European XFEL

European

XFEL

100pC - 17.5 GeV - C004 - 12keV - 3rd stage

(LT = '—’ ~. [IODEREE & 7 ~ (0 T D R
OEOROE0 R EAE (0 T Y O
Cascade 5 + 5 Cascade 6 + 6

|4 x101 1,610
£1. 14
210 12
z £1.0
208 3
3 50.8
H £0.6
504 20.4
£0.2 £0.2

#:4015 0.1020 0.1025 0.1030 0.103570.1070 0.1015 0.1050° 0.1055 %3015 0.1020 0.1025 0.1030 0.1035"0.1010 0.1045 0.1050 0.1055

2.510° 1.6p10°

1.4

2.0 9
315 21.0
g g
& =(.8
£1.0 £0.6

0.5 | 0.4

0.2
04 5 10 T 20 % 30 0.9 5 ; 20 % 30
s [um] s [um]
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