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I - European XFEL

European
XFEL | XFEL Cavities Ready for Testing at DESY
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1 European XFEL

European

Vertical Test Cryostat at DESY
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European

XFEL avity Arrival from Zanon and Research Instr.
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1 European XFEL

European

XFEL | Superconducting Cavities
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1 European XFEL

european | 1€ European XFEL
XFEL | Built by Research Institutes from 12 European Nations

3.4km

Some specifications
Photon energy 0.3-24 keV
Pulse duration ~ 10-100 fs
Pulse energy few mJ
Superconducting linac. 17.5 GeV
10 Hz (27 000 b/s)
5 beamlines / 10 instruments
= Start version with 3 beamlines

Rl I \?7#:\&\\\3)\5\'3\—3\‘“ WOEROW AN NN S L

The European X-ray laser project XFEL  —
Planning status October, 2003 -

mee  XFEL site 50 m
===: Options for expansion

sz [y
and 6 instruments P = s —d_
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Several extensions possible: s /ﬁg}@ﬁm- E RS Sl
= More undulators "
= More instruments SASE?2 =
.- (= SASE1)  —u “E’
n 'q:J
' > <
. 17.5 GeV SASE1, A,= 40 mm \ ﬂe' L
: 0.2-0.05 nm SASE3, \,= 68 mm
First beam late 2015 17 — 0.4 nm
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1 European XFEL

curopean | ACCElErator Complex with Challenging
XFEL | Parameter Set

Electron beam energy 17.5 GeV
Bunch charge 0.02-1nC
Peak current 2-5KkA
Slice emittance 0.4 - 1.0 mm mrad
Slice energy spread 4 -2 MeV
Shortest SASE wavelength [0.05 nm
Pulse repetition rate 10 Hz
Bunches per pulse 2700
Pulse length 600 ps
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Beam dumps
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1 European XFEL

European

X-ray Beamlines for Different Wavelengths with
XFEL ] Different Time Structures

(7))
whd
SASE 2 q:,
tunable, planar e
3 — 24 keV — | &
: =
electrons ((b)
—— .
17.5/14/10.5 - g'
GeV SASE 1 -
tunable, planar SASE 3 i L
3-24 keV tunable, planar
0.26 — 3 keV
B 2 hard x-ray undulators
L > . SASE2 —— MID HED
||| ke | and beam transport with
100 ps "

"

A 4

L

4 instruments

1 soft x-ray undulators
and beam transport with
2 instruments

SASE 1

SASE 3

SPB  FXE

SQS SscCs

f
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1 European XFEL

European

XFEL| The Suite of Instruments

Femtosecond
X-ray
Experiments

SASE 2

High Energy
Density Science

Single Particle &
Biomolecules

Materials Imaging &
Dynamics

SASE 1

Small Quantum
Systems

SASE 3

Z

Spectroscopy &
Coherent Scattering
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European

XFEL | Overall Layout: Three Above Ground Sites

Schenefeld

= Wag s

;1 Osdorfer Born}

Schenefeld:

* Research with photons

* Center of the international
research facility
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1 European XFEL

European

XFEL | XFEL Facility Largely Underground

Schenefeld Osdorfer Born Bahrenfeld

Schenefeld

Hamburg-Osdorf 5 Hamburg-Bahrenfeld
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Three construction sites
5.8 km tunnels

12,000 m? surface are buildings
150,000 m?3 of underground building volume
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1 European XFEL

European

XFEL | DESY Bahrenfeld — Injector Complex
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1 European XFEL

European

XFEL ]| Osdorfer Born Site

Betriebsgelande
Osdorfer Born

\\.{)Nd ?-3‘03
(& <
i L o e, m  Distribution shaft from linac tunnel
to undulator tunnels
(5]
_____ Tr— | — L
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1 European XFEL

European

Schenefeld Site

-
2,
L]

Betriebsgelande )
Sehanciald N Distribution Shafts

Power, Water,
Cooling Supplies

Experimental Hall

/% . Office Building
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1 = European XFEL

European

XFEL | Schenefeld Site — Experiment Complex

= oW
’

Laboratory and office building

experimental hall
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1 European XFEL

European

XFEL | Schenefeld Site — Computer Simulation
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1 European XFEL

European

XFEL]LINAC Tunnel February 2013
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European

XFEL | Experimental Hall European XFEL
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1 European XFEL

European

XFEL ] An Accelerator Complex for 17.5 GeV

100 accelerator modules

800 accelerating cavities
1.3 GHz / 23.6 MV/m

25 RF stations
5.2 MW each
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I - European XFEL

European

XFEL

100 accelerator modules
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Contributors to the XFEL Accelerator

Ceniro de Invesligaciones
Energabcas, Medoambentalas
¥ Tacnologicas

PAUL SCHERRER INSTITUT

=

UPPSALA
UNIVERSITET

A\
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European

XFEL | Well Established SRF Technology
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Accelerator Components for the

European

Superconducting Linac - a non-exhaustive tour

Supply of Nb/NbTi semi-finished products to E. Zanon
130%
120%
110%
[0)
100%
100%
90%
B0%
W Delivery § [Oct 2012)
70% W Delivery 5 [Jul 2012)
@ Delivery 4 [Mar 2012)
60%  Delivery 3 [Jan 2012)
0% W Delivery 2 [Nov 2011)
@ Delivery 1 [Jul 2011)
40%
30%
20%
10%
0%
Nb-sheet NbTiring Mb-sheet Nb-sheet Nb-rod D20 Nb-tube Nb-tube  Nb-tube Nb-tube  Nb-ring  Coupler NbTi-rod
2.8mm 2mm amm B4x3x22 84x3x105 B4x3x140 45x2.5x45 Housing D142
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1 European XFEL

European

XFEL | Superconducting Cavities
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1 European XFEL

European

XFEL ] A Total of 800 s.c. Cavities Ordered in Industry

Based on DESY’s long time experience the two companies Research
Instruments and E. Zanon were contracted to produce each

4+4 pre-series cavities

280 XFEL type series cavities

12 HiGrade cavities, first used for quality assurance, later available for further
investigations & treatments (high gradient R&D towards ILC)

Additional 120 cavities each were ordered as an option to be placed after the
evaluation of the successful start of the series production

No performance guaranty given by the two vendors, i.e. the risk of
unexpected low gradient or field emission is with DESY

Production precisely following the specifications which also include
the exact definition of infrastructure to be used

Nb / NbTi to be supplied by DESY

Academia-Industry Matching Event, CIEMAT, May 2013 (a8 # weLmnorz
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I - European XFEL

—— Cavity Surface Treatment — Based on DESY
XFEL | Experience

Two schemes for the final surface treatment (Final EP and BCP Flash) were studied
with cavities from two different vendors.

The preparation strategy to go for a final treatment with the cavity already welded
into the He-vessel was investigated.

Results were;

[evom | | [Fmme=l| [ v | - yield curves for the different schemes
- yield curves for the different vendors
Final EP - a preparation strategy allowing two
different final treatments

L 2
| EP 40um ]1 | Cavity tuning |

Some tooling provided by DESY

v
Assembly of
| Flange assembly ] >| Aeaseotes |< Hellumtank
welding

| | Ip,gz:;e:s:a;;r‘:?:se| [ sor o | DESY procedures and experience
[ | | [ i ) described very much in detail in the CFT

(not for all cavities)

A 4
Helium tank Homr::is:‘;pler
welding
¥
Assembly cavity
to test insert

Specification was made available to the
SRF community after contract placing.
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1 European XFEL

RF Measurement and Field Flatness Tuning

European

XFEL | using DESY-provided Tools

Both machines in operation at the cavity vendors (CE certified).
Machines can be operated by Non-RF-Experts.

Considerably shorter measurement / tuning time.

Automation and documentation supported.

Academia-Industry Matching Event, CIEMAT, May 2013 IE?SV‘ ﬁ HELMHOLTZ
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1 European XFEL

European

XFEL Cavities Travel through Europe

research
instruments

DESY Germany

DESY takes care of installation / dismounting of cavities into / from test insert
Transport to IRFU / CEA
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I - European XFEL

European

Niobi

um / Cavities

e 94% of Nb / NbTi material (24,420 pieces) arrived at DESY

well established quality control at DESY for the almost
15,000 niobium sheets as well as for all other parts

Last material delivery to vendors in fall 2013.

Supply of Nb/NbTi semi-finished products to Research Instruments
110%
(o)
100%
o i i
90%
Supply of Nb/NbTi semi-finished products to E. Zanon
80%
70%
50% o)
100%
50%
40%
s0% W Delivery 6 [Oct 2013)
W Delivery 5 [Jul 2012)
@ Delivery 4 [Mar 2012)
20%
W Delivery 3 (Jan 2012}
@ Delivery 2 [Nov 2011)
10% ® Delivery 1 [Jul 2011)
0%
Nb-sheet  NbTi-ring
2.8mm 2mm
20%
10%
0%
Nb-sheet NbTi-ring Nb-sheet Nb-sheet Nb-rod D20 Nb-tube Nb-tube Nb-tube Nb-tube Nb-ring Coupler  NbTi-rod
2.8mm 2mm amm B4x3x22 84x3x105 B4x3x140 45x2.5x45 Housin, g D142
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I - European XFEL
Example for Foreign Material Inclusion
Tantalum Detected in a Niobium Sheet

European

3D Messung

Messung
Hohe[A-B]

7.4 um
Breite[C-D] 2950 um

1000. 0

Profitlinie I -|
L |

1525.0

eddy current scan 1 |

3D -microscope image i

nondestructive element analysis B I 5 0
Academia-Industry Matching Event, CIEMAT, May 2013 (L # weLmnorz
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European

XFEL | Cavity Delivery until 5/2013

Cavity tracing
week 21
year 2013
month March April May
calendar week| week 11 week 12 week 13 week 14 week 15 week 16 week 17 week 18 week18f19| week 20 week 21 week 22 we
5438
549
EZ cvs nr./ date 556
560
012 / 28.05. | 016
010/ 28.05.|018
RI cvs nr./ date 017/ 28.05.|022
023
delivered to DESY 7 O
total delivered to DESY 48
tested at DESY o
total tested at DESY 27 27
delivery to IRFU
total delivery to IRFU 9 ]
approx.50 cavities expected until end May 2013
approx. 3 cavities per week per company
final ramp-up to 4 cavities per week required
Some additional infrastructure at cavity vendors to be commissioned
number of non-conformities still to be decreased
Academia-Industry Matching Event, CIEMAT, May 2013 ) ﬁ%\.‘ @H:Lnuouz
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European

XFEL

European XFEL

Several Cavity Tests per Week

Short Report on

CAVITY ID

RF test date

test#

#of runs

max Eace

Limitation

Q0 @ Eacc = 23.5 MY/m

x-rays @ Eacc= 23.5 Mv/m [m Gy,

Acceptance criteria met

Comment 1: Activation of radiation in

Comment 2 Stronger radistion at bot

Short Report on vertical test

CAVITY ID

RF test date

test #

#of runs

max Eacc

Limitation

00 @ Eacc = 23,5 MY/m

x-rays @ Eacc= 23,5 Mv/m [m Gy/min]

Acceptance criteria met

Camment 1: Vertical test without problems ; little d

Short Report on vertical test of CAV_FEMO00526, test 1

CAVITY ID CAV00526
RF test date 27.03.13
test # 1

# of runs 2

max Eacc 27 MV/m
Limitation Quench (bd)
Q0 @ Eacc =23.5 MV/m 1,4 x10™
x-rays @ Eacc = 23.5 MV/m [mGy/min] none
Acceptance criteria met Yes

Comment 1: Vertical test without problems

Comment 2: Filling line bend => thd, if cavity is usable

tical test of CAV_FEMD0517, test 1

CAVDDS17

27.03.13

1

2
28 Mv/m

Quench (hd)

1,6 x 107

nl nane

Yes

Cavity: C4
1.0E+11
5
1.0E+10-
1.0E+9- .
0 50

QE 2 ETOMme |f[2 C

QofEmin= | 1.02E¥10 Ema)
Qo{Emax)= | B.30E+3
Qofmax)= [EITEAD

8.03.2013

[ Cavity: CAVODS21 Te:

0BT
5
1 0E+10-]
1.0E+9-} i i L
[l £ 100 150

WE 3 2 EEdmvinp |/[3 Cuve 1IF ]
I 2]
QofEmin)= | 1.98E+10 Emax({@n=583)- [ 39
QofEmax=| 9.79E+3 Emax= [ 34
Qofmax)= [ Z47E+10 T
| THO10 fiia EA

[ Cavity: CAVD0526 Test: 1 Datum: 27.03.2013 [ace]
T0E+1~
o
0 [ ST
| LA g PO, S
10E+10-, ' ' 1 ] !
00 50 100 150 200 %0

300
oF 3 EEaMine ([T Cuve ) BIF| 07,7,
- I 2jrs| ) el

Qo(Emin)= | 1.82E+10 Emax(@0-5e9)= [ 27.25  MV/m fo(Emin)= [ 129964  MHz

Qo(Emaxy=| 1.27E+10 Emax=| 27.25 MV/m  Temp(avg)= 1259 K
Qofmax)=| 2.07E+10 pi mode limitation: ED
[ T™MO10 Max Eacc = 27,3 MV/m, no radiation

00517 Test: 1 Datum: 27.03.2013 o]

I i '
o 15.0 200 250

LT P | P
I tvir| o] Qﬁ
0=5ed)= [ 2836 Mv/m fo(Emin)= [ 123852 MHz

Emax=[2886. MV/m  Temp(avg)-| 188 K
Rl mode limitation: ED

Max Eacc = 28,4 MVim, no radiation

Final Q(E) of CAY00521, test 1

28.03.2013

Final Q(E) of CAVO0526, test 1

28.03.2013 Page lof 1

Pagelofl
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1 European XFEL

European FirSt ReSUItS Of XFEL CaVitieS:
XFEL ] Vertical Acceptance Tests of EZ cavities (mid 5/2013)

Vertical acceptance test done on 25 cavities equipped with He-tank and
HOM feedthroughs + 1 HiGrade Cavity w/o He-tank, but with HOM feedthroughs
- 17 cavities meet specification w/o re-treatment

Re-treatment by High Pressure Ultra-Pure Water (HPR) rinsing =>
- 3 cavities successful done at DESY

- 1 cavity in preparation; 3 cavities under discussion C R | S P )
2 cavities with quench at 19 MV/m and 22 MV/m, resp.
100 Tre—e—a—s \_ -#-As received: First pass of treatment 100 oo \ -#As received: First pass of treatment
20 —':':':':'\'\E -+First re-treatment: 1. + 2. pass of treatment 90 - .—.—.—.—.\K ™ o+ first re-treatment: 1. + 2 pass oftreatment_
80 80 S H
70 R 70 s
; \ ; Y
g 50 £ 50 X
S 40 \ T 40 \_\
> 30 > 30
20 \ 20
10 10
0 . T T T \.\I—I—y—li 0 : , ‘ :
10 15 20 Max Gzr5adient (I\i’li\(}lm) 35 40 45 10 15 20 Usablg%radiengﬂ\ﬂWm) 40 45

Yield of max. and usable gradient based on
26 cav. for first pass of treatment; 22 cav. for 1.+2. pass of treatment

Preliminary data; results are not published

Academia-Industry Matching Event, CIEMAT, May 2013 m:; .’a!;c‘« # weLmwoLtz
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European XFEL

Quality Assurance of Cavity Fabrication and

European

XFEL | Surface Treatment

QA done at companies

Transfer of key documents related to

a) PED => traceability of components and material

b) RF properties (dimensions, eccentricity, frequencies)
c) surface treatment

to DESY EDM System and “Cavity Data Base”

Inspection {Sheet V_Mo1

Inspection Sheet W_MO03
Mechanical, geometry

Inspection Sheet X_HCP

* Before equator o avie —
cavty length must be determned accordng [P 179 T7ee
0 XFELD14

CAV00501

SartaiAo,

Cavity for XFEL

aaaaaaaaaa
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1 = European XFEL

Hamburg Harbour

Unpacking éf DES.‘w(.“

earopean | COld Mass and Vacuum Vessel
XFEL | First out of 58 Delivery from IHEP Beijing

Institute of High Energy Physics

12 units already delivered to DESY

some smaller non-conformities require
corrections

some first modules suffered from transport
within China; re-work required

delivery at an average rate of 2/month
date for last delivery uncritical

Academia-Industry Matching Event, CIEMAT, May 2013
Hans Weise, DESY
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European XFEL
curopean | COld Mass and Vacuum Vessel (@N]EINDN
XFEL | First out of 45 Delivery from Zanon

Peie— ) 16 already delivered to DESY or CEA-
N S Saclay; one used for the first pre-series
module

only minor non-conformities
average rate of 2/month achieved
overall schedule uncritical.

Academia-Industry Matching Event, CIEMAT, May 2013 lN:l? I‘/Eg;\-‘ ﬁ HELMHOLTZ
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1 European XFEL

European

XFEL | Many Cryostats and Cold Masses Available
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European

XFEL] Even More...
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European

XFEL ] Cold Magnets and Current Leads

25 magnets (CIEMAT IKC)
measured at DESY (IFJ-PAN IKC)

current leads (DESY IKC) for first
modules available

assembly of quad packages stopped after 8
units due to buffer overflow

Academia-Industry Matching Event, CIEMAT, May 2013 por— I‘/Egg\-‘ ﬁ HELMHOLTZ
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1 European XFEL

European

XFEL | Cold Coupler Assembly

Academia-Industry Matching Event, CIEMAT, May 2013
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g HELMHOLTZ

‘ ASSOCIATION

ra @
| DESY |



European

XFEL ]1SO4 Clean Room Assembly of a Cavity String
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European XFEL

European

XFEL

The XFEL Village at IRFU / CEA Saclay

.- . --.1.-—-—-—:-4 s - ] - :‘ T - . P .-I'
. | | o N— A AL A7 15 sp====f= 7= .| Roll-out
! =g M Alignment Area AL-WS1 & 2 s b Area
gl o Warehouse i — | i[Rowstaz
¥ [:l - MONTE-GARGE 5T /'_ : zome e £ 1 '.I
!]DD L D:. E ¥ I E -*\ g;-; L u.' (_LJI eh ﬂ g !:
: | R 5 - L-‘_, e A - T Ommmmes d
' e : ! - BTl ST
Coupler Afea CO-WS1 & 5 f Mol
._n_-_-_-_-_rlEE--r-\]li EEEEN ; —HL e
! gﬁ:ﬂ Reception Li}s “%:
i = Area IR
| [ —- | } L RECWs1 | ihE
L ; . b L T LR
"""""""""""""""""" e ] Ll Clean room
Cantilever Area CA-WS1 Qi Y B i 1 Area
L 1 = E | co-ws1&2
/ g = : | SA-WS1&2
/ | =1 — i
the XFEL Vil Lo J sl s Ik
e Hage jpar== o)
- o -
,h Shipment aLf 3
" Area ol O
_ :"': SHWS182 [Luwwsm
irfu s : ;
|l'| ||:‘",1\j=‘ 0
I.J 1l |
cen ; e
| 1l - = I
'_] 1l L | g i 1
'J_ 1l = ] | ol
_I .J 4 o Jd [l
sacla C | :
y N . X
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European

XFEL ]| Each Module Gets a Tailored Waveguide System
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I - European XFEL

European

Academia-Industry Matching Event, CIEMAT, May 2013
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1 European XFEL

European
XFEL | Risks and Challenges

WARNING

do we get the RF power couplers in time?

timely production of beam dumps unclear CHALLENGES

part of the production of cryogenic components
' AHEAD

N

—

Sophisticated interplay between work
packages requires careful steering in order to
minimize cost impact

Academia-Industry Matching Event, CIEMAT, May 2013 (a8 # weLmnorz
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1 European XFEL

European

http://www.xfel.eu

10l =l
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