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The European XFEL

entering routine user operation






Magnets 103 dipoles, 495 quads, 59 multipoles, 403 correctors, 103 quad-movers, 2 solenoids

Modules 101 x 1.3 GHz, 1 x 3.9 GHz, 27 RF stations

Diagnostics 457 BPMs, 64 imaging stations,
36 toroids, 9 dark-current monitors, 7 beam arrival monitors, 4 beam halo monitors, 4
bunch compression monitors, 4 elector optical monitors, 3 coherent radiation detectors,

3 Faraday cups

Fast devices 34 kicker magnets, 3 transverse deflecting structure
_;’-,»v Undulators 1 laser heater undulator, 91 SASE undulator segments
G

/ Vacuum About 4200 m of cold & warm beam vacuum, collimators, beam stops, ...

And many more

The longest superconducting
accelerator in the world




European XFEL

Schematic overview: nhoton eneraies from 0.25 - 25 keV
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European XFEL

Commissioning timeline

First user runs started in September 2017

FXE

Femtosecond X-Ray Experiments l

| sSPB/ISEX TSa o

; Single Particles, Clusters,and loe'voe
Serial Femtosecond Crystallograp N

\ - s A24
o
1 \

Feb 2, 2017 @ 600 MeV

Feb 22, 2017 @ 2.5 GeV

Jan 15, 2017 @ 130 MeV Feb 25, 2017@ 2.5 GeV
Jan 19, 2017 @ 600 MeV March 19, 2017 @ 6 GeV

April 8, 2017 @ 12 GeV
Oct 23, 2017 @ 14.9 GeV
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First lasing SASE1

@9 A

May 2-3, 2017

= April 27, 2017

First lasing SASE3
@ 1.3 nm

February 8, 2018
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European XFEL

Beamtime Allocation Period 201701 (Sep.-Dec. 2017) 201801 (Aug.-Oct. 2018)

Proposals submitted 63 61
Total proposers 505 440
User shifts requested 275 341
Proposals for FXE 37 42
Beamtime allocated 7 6
Proposals for SPB/SFX 26 19
Beamtime allocated 7 6
UsersinsepDec. |
Users visits Schenefeld 463
Remote access users 41
Individual users 341
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FLASHForward

Plasma Wakefield Acceleration Experiment at FLASH



FLASH Drives Free-electron Laser and Accelerator Research

5MeV 150 MeV 450 MeV 1250 MeV

Acct BC2  acc2z BC3  accas  Acce?

o | — jo—p— |
4
ACC — SCRF modules p)
Photo
cathode BC — Bunch compressors

25 TW laser

FLASH is an FEL user facility

FLASHForward-- is a beam line/experiment for plasma wakefield accelerator research

Both share the same superconducting accelerator based on ILC/XFEL technology.

Typical electron beam parameters:

« < 1.25 GeV energy with a few 100 pC at ~100 fs rms bunch duration

« ~2 um trans. norm. emittance

 up to 800 bunches (< MHz spacing) at 10 Hz macro-pulse repetition rate, up to 30 kW average beam power
« parallel FLASH 1, FLASH 2, FLASHForward-- operation
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FLASHFORWARD** - . .
FUTURE-ORIENTED WAKEFIELD ACCELERATOR RESEARCH & DEVELOPMENT AT FL@SH R

A next-generation beam-driven plasma wakefield accelerator experiment N Y
- high-brightness beam generation (“plasma cathode”):
with ~10 nm trans. norm. emittance, KA currents at GeV

- booster module: 2 GeV energy gain in 20 cm plasma
preserving beam energy spread & transverse emittance

- high-average power plasma acceleration:
ILC technology as driver

- applicability: show FEL gain from PWFA

% 1.2 GEV BEAMS
FROM FLASH - .

/

Scientific goals

‘ | . yboost beam with 10 GeV/m |
. — “";';. P ‘ '

For more info, get in touch with Jens Osterhoff (jens.osterhoff@desy.de) or subscribe through Twitter @FForwardDESY Page 11
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FLASHFORWARD"*
FUTURE-ORIENTED WAKEFIELD ACCELERATOR RESEARCH & DEVELOPMENTAT FLASH R

A next-generation beam-driven plasma wakefield accelerator experiment

Scientific goals

high-brightness beam generation (“plasma cathode”):
with ~10 nm trans. norm. emittance, kA currents at GeV

boostar mndiila: 2 (2a\/ anarmvy nain in 20 rm nlaema

pres 1 _ 1 |
_ > first beam-plasma interaction
high on June 19, 2018

ILC U > excitation of strong wakefield shown lﬂ‘
> next step: add bunch to be accelerated

appl

plasma off

position z (arb. units)
[
el

. plasma on

)

'0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05
energy E (GeV)

> 12.7% total energy loss to plasma wakefield

1.10 1.15

> (12.3 = 1.7) GV/m wakefield generated in 30 mm plasma cell

— complete beam-energy depletion in 23.5 cm plasma expected

P~

For more info, get in touch with Jens Osterhoff (jens.osterhoff@desy.de) or subscribe through Twitter @FForwardDESY

. .

1.2 GEV BEAMS
FROM FLASH - .

B boost beam with 10 GeV/m ¥
. — i
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Particle Physics Activities
at DESY

— LHC and upgrades

— Belle

— ALPS I

— Other on-site experiments

— Test beam facility at DESY-II



Detector Assembly Facility (DAF) - |

Building 25c

DESY: 10 MEUR investment in infrastructure for LHC upgrades
« Buildings 25c and hall 1

Building 25c infrastructure & cleanroom (ISO-6) ready

« Commissioning has started

«  Will be fully operational by July 2018

View of CMS cleanroom area with microscope (left) and wire bonder (right). Used for module R&D, pre-production, production.
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Belle Il First Collisions Recorded
25 April 2018; SuperKEKB ramping up towards design lumi
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x103%
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&

2018 2019 2020 2021 2022 2023 2024 2025
Calendar Year
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Belle II: PXD Commlssmnlng at DESY

P; 1 A8
“ {’,/
g

”:-"'

~ Tight PXD Schedule
» Several technical issues caused additional delay
« PXD on critical path for Belle Il completion
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ALPS |l Progress at DESY

Here: bending of HERA dipole magnets

Horizontal aperture
mm
Production Cavity (PC) Regeneration Cavity (RC)
O000000P000 = 0000000000
Laser e I
~P
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a2 Minimum aperture diameters 2*rap required
to allow for a power buildup of 40000 [ALPS TDR]

Detector l'-_l"_'l'__
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Magnet String —=-m---N---N---

) 36 d .

10+10 dipole magnets from the HERA proton accelerator. I I I e e
oo M___R___
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Figure 6.2: Horizontal aperture of HERA dipoles after stralghtening

to allow for a power buildup of 5000 [ALPS TDR]

Magnet bending progressing well:

* 10+10 dipoles from HERA, each 5.3 T on 8.8 m.
* To be straightened to achieve ~ 50 mm aperture.
* Aperture and quench current goals achieved.

« 11 magnets modified successfully (out of 11).

« HERAtunnel is being cleared.

» Start experiment in 2020.
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On-Site Experiments — Future

MADMAX — search for dark matter axions

1/\20 )\ 2x Magnet
VRN
How it could look like

g cable: 35.000 m

jire: > 700.000 m NbTi

MADMAX (dark matter) MADMAX collaboration

« Conversion of axion to microwave in 10 T field,; « Collaboration founded at DESY in 2017; selected
80 di-eletric discs made of LaAlO3 with € = 25 DESY site: north hall (H1) area

« QOct. 18th founding at DESY: Aachen, DESY, « Site now being prepared
Hamburg, MPI, Saclay, Tubingen, Zaragoza « Magnet studies by Bilfinger-Noell and CEA Saclay,

aim for magnet decision in late 2018
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On-Site Experiments — Future

IAXO - search for solar axions

IAXO:

« CAST principle with larger aperture, use of ATLAS-like
toriods, satellite-like X-ray optics: aims to detect axions
emitted by sun

« Magnet studies for babylAXO ongoing at CERN.
« Aim for magnet decision in summer 2018
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IAXO location at DESY:

4 July 2017: founding of IAXO collaboration at
DESY: 16 institutions from 9 countries + CERN
Strong support from German and Europ. community
to host IAXO at DESY.

Location under discussion — several possible
locations under discussion
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LUXE

QED thoroughly tested in perturbative regime
» But little known about strong-field QED in non-pert. regime
LUXE:

» Testing QED in the strong-field (so-called Schwinger) regime
E ~ 1.3:1018 V/m (calculated 80 years ago!)

* Install laser to collide photons w with XFEL electron beam
« Two reactions of interest: e+ nw =2 ey and e +nw - eee".

« Detect photons, electrons and positrons

Electron-laser

interaction point PCAL

Mirror et

]

\»

17.5 GeV e~ >

E@‘

Mirror

System of
dipole magnets

ECAL

DESY. ECFA Plenary Meeting | DESY Report | 19 July 2018 | Joachim Mnich

Features

Photons

DESY unique: high-intensity high-energy electron beam
Parasitic to XFEL operation

Laser requirements: 500 nm with 102 W/cm?
Dimensions: 50 m long, 1.2 m wide

LUXE will exceed previous measurements (E144 at
SLAC) by one order of magnitude

Feasibility/design study just started

Pair spectrometer

Dipole
magnet CAL yCAL

17.5GeV e- Silicon
pixel
detectors
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LUXE

Tentative Location and schedule

XTDS5 Tunnel, 205 m long ™ HED BAS

\\’ .
!
et SPB ylomacin:
SFX
ke IIIIIIIIIIIIIIII_.P =
"’"ﬂu,,. I FXE eay Exporimonts
Srall Quantum
mm SQS sysers
— T
SCs em-nsu&m
linear accelerator SASE 2 SASE1 SASE 3
for electrons (105, 14.0, 17.5GeV)  0.05am - 0.4 nm 0.05 nm - 0.4 nm 0.4 nm - 4.7 nm

Installation of first phase of LUXE
experiment in the XFEL tunnel
planned for 2021.
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Test Beam Facility at DESY ||

Interlock
Area

Linear Collider
10% generic R&D
19%

BEAMLINE FOR SCHOOLS
ARE YOU A HIGH SCHOOL STUDENT AND
DREAM OF BECOMING A SCIENTIST?

THEN THIS IS FOR YOU:

Other exp.
17%

Ve

Pitch a creative physics experiment for the chance to win a 10-day trip to
work with CERN scientists and carry out your experiment on one of CERN's
own accelerators.

Additional prizes will be given to shortlisted teams.
This science competition is open to teams of students from around the world

WANT TO KNOW MORE?
Visit cern.ch/bl4s

LHC Educa;tion =
50% 4%

Distribution of beam time
2018 over projects

a - o

« 2019/20: CERN LS2 - DESY will host
Beamline4Schools

» Teams of pupils compete with their
experiments (so far 10000 participants
at CERN)

« Complement to other outreach activities

» 2018 so far : 75 weeks of beam
time allocated

» Beamline usage between 25-100%

* Requiested infrastructures: 75% of
all groups want telescope
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* Idea for a ,direct extraction” beamline
with electrons with high rate or other
particles

 Currently proof-of-principle work —
different options (“R-Weg", hall 2, ...)

« Attraktive and very visible
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Strategy Developments
at DESY



Strategy DESY-2030

For particle physics

Explore the LHC and beyond . | _ Selle i
» Upgrade ATLAS and CMS for HL-LHC \ TP - ‘

» Prepare leading participation in future global
collider project

Harvest at Belle Il
« Data taking and analysis until ~2027

On-site experiments
* Prepare a future on-site experiment after ALPS-II
» Detector R&D & testbeam operation

Theory:

* Maintain broad spectrum of research topics and
world-leading expertise

DESY as a “hub”:
» Support projects with large German participation
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Backup



Outline

European XFEL

* Entering phase of routine user operation

Particle Physics strategy

« German contribution to European strategy update
« DESY strategy (“DESY-20307)

Particle physics activities at DESY

» LHC detector upgrades

« Belle ll

« ALPSII

* Future on-site experiments at DESY (IAXO, MADMAX, LUXE)
» Testbeam facility

Conclusions
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European XFEL

About 3.5 months initial commissioning time with up to three teams in parallel
« With and without electron beam in parallel to other beam commissioining
« 23 out of 25 RF stations initially commissioned

» Operation automated: energy goal for 2017/18 reached with 1-2 stations in reserve

0 Design energy 17.5 GeV |
? [ 1 AMTF prediction (19.3 GeV)
= 0. [ Now (16.0 GeV) |
L?C)J 0] May 2017 (14.2 GeV) Maximum electron

beam energy so far:
5 14.9 GeV
O )
I L2 153
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European XFEL

Materials Imaging
MID

and Dynamics

I clcctron tunnel € electron switch High-energy Density
matier cxperiments
HED matter Exp t
= photon tunnel @® electron bend
Optional space for
I undulator | electron dump e e

XS2

-

%) l xspbu1
/ .

=

L]
aa

XS1 XS3 SPB Single Particles,

lust & Bi | |
-.c I . clusters iomolecules
F
hlllllll”,. FXE xay Experiments
-

‘ ll xspu2 p——
mall Quantum
\ SQS Systems
Spectroscopy &
SCS Coherent Scattering

linear accelerator SASE 2 SASE 1 SASE 3 XHEXP1

for electrons (10.5, 14.0, 17.5 GeV) 0.05 nm - 0.4 nm 0.05 nm - 0.4 nm 0.4 nm -4.7 nm
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Parallel operation of three beamlines

75 bunches per pulse

l—'—\
U

750 bunches per second accelerated in the linac

75@101 % 75@101 %

Z~= 13685 MeV
-y, .
A17 A18 A19 A20 A21° A22 A23 'A24 A25I

' - -
14492 MeVZ—>

Main linac
20 @100 %
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SASE2 /,/’//’ ¢

o =.213981 MeV
’ % 2214002 MeV
L
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* 30@101 %
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14022 MeV== @ N0
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SASE1 \“\\\\
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European XFEL

Legende: Weekend .Banl-c holiday Scheduled down ST .AD XD .UPIXD XC
User operation schedule 2018 2018 1 2 3 4 |5 6 7 8 [@ [0 11 [12 |13 14 15 16 [17 |18 {9 [20 [21 |22 [23 |24 [25 [26 |27 [28 |29 |30 P31
Jan Mo [Tu (We [Th  Fr |Sa [Su Mo |Tu [We [Th |[Fr |Sa |Su Mo [Tu We [Th |Fr [Sa [Bu Mo [Tu |We [Th [Fr |Sa (Su Mo [Tu  [We
2 3 4 5
Program
Feb Th |Fr [Sa
SD Scheduled Down 1896  oogam
ST Access, Setup, Tuning 1320 [Mrz ™ TSR
- Accelerator development ~ 1800  Frogram L
Apr u o [Tu
XD X-ray development 984
XC Experiment commissioning 1176 ::?“m ——nl
- User Program 1584
Pragram
Jun Fr |Sa |Su
. P
#W About 6800 hours of operation & o 1w
27
Program
Aug We [Th |[Fr
Pragram -
Sep Sa |Su Mo
36
Program
Okt Mo [Tu We [Th [Fr [Sa |Su Mo [Tu [We [Th |Fr Sa Su Mo [Tu MWe [Th Fr ISa u Mo [Tu |[We [Th Fr ISa [Su Mo [Tu e
40 41 42 43 44
MNov Th |Fr {Sa [Su Mo |[Tu [We [Th Fr 1S3a |Su Mo (Tu [WeTh [Fr |Sa [Su Mo [Tu  [We [Th Fr Sa [Su Mo [Tu We [Th Fr
45 46 47 48
Pragram - -
Dez Sa [Su Mo [Tu [We [Th [Fr Sa [Su Mo [Tu [We [Th |Fr [Sa [Su Mo [Tu [We [Th [Fr [Sa [Su  [Mo mw Fr [Sa [Su Mo
49 50 59 52
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European XFEL

Regular operation

XFEL Status: Facility Development

13991 MeV
0.25nC

2 bunches
FXI
SFEISFX

9301 eV

Program: Simultaneous Lasing in SASE1 and SASE3 2018-02-08 19:12
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DESY LHC Highlights

Hardware achievements for HL-LHC upgrades

Stub Efficiency

o 000000
SN WA e N DO

T IIHIIIIIIIIII'IIH}IlIIITTllllIIIIIIIIIHlI[[Hlll

At

ATLAS petal insertion tool

ATLAS group moving from fundamental R&D towards
assembly and installation concepts for tracker endcap.

Insertion tool for modules into petal structures as
important milestone. .
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high transverse
momentum

programmable
search window

top sensor

BE®

bottom sensor

16-40mm

low transverse
momentum

‘

-
. -

Measured Data

Simulation

Illiilllllllllllllll1IJIIIHIIIIIIIIIIIIIHIIlllH

=]
-
L
L
-

-
.
M=

pT [GeV]

HL-LHC triggering important, also using tracker

First results from CMS for triggering capabilities of new
tracker using ,stubs®.

Results from testbeam campaigns at DESY & CERN
p-Triggering capabilities demonstrated.
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The Belle Il Experiment

Utmost precision for discovery in the flavour sector

.\\ e+ 4 GeV 3.6 A

. Belle Il

P

i
j New beam pipe SuperKEKB

. &bellows

1

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ” —
——icil

=9/

Low emittance gun

C

Positron source
—

New positron target /
capture section

Low emittance electrons
to inject

SuperKEKB e+e- collider: Belle Il experiment:
« Complete refurbishment

» Background issues (PXD in DEPFET etc.)
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“F  Goal of Belle I1/SuperKEKB

- L. { [ | [ i [
2%17 2018 2019 2020 2021 2022 2023 2024 2025

Calendar Year

High physics expectations:

« Successor of former Belle experiment « Lumi increased by factor 50
« First collisions earlier this year < Upgrades to important components,
« Currently ramping up luminosity ~ hotably the vertex / tracking system

compared to Belle (1)

 Precision physics, e.g, Bs decays,
LFU violation, LFYV, ...

» Dark sector: dark photons etc.
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Belle Il

Risks and challenges

Layer 1 Backward PXD Module

[~}

DOM_PXD_1_1_1

Entries 9801755
Mean 62.62
Std Dev 58.11

X
—
o

400

SR dominates in Layer 1

300

Gauss distribution from photons
~10 keV

200

Landau distribution from MIPs
(22 keV)

100

|

o 50 100 150 200 250
charge of clusters [ADU]

Tight PXD Schedule First measurements of background in Belle Il

» Several technical issues caused additional delay « Background larger than expected (synchr. rad?)

« PXD on critical path for Belle Il completion Needs to be understood.

« Center of activity has to shift to KEK in August « Very early days — still orders of magnitutde below

design luminosity!
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Belle II: Commissioning

Luminosity Contour

L
-

x10

Ramping up beam currents
and peak luminosity

Goal of phase 2:
L = 10%¢cm? s'1 (KEKB design)

In parallel:

Comprehensive background studies
using BEAST Il detector (commissioned
at DESY in 2017)

Specific Luminosity [cm-2s-1/mA?]

0
510 A x 252 mAE} 100 200 300 400 500 600
B, = 6 mm 340 mA X 285 mA m, = 789 b [mA7]
540 mA X 285 mA oy < 789 B<* = 200 mm (LER) / 100 mm (HER)
m, = 789 B.* = 200 mm (LER) / 100 mm (HER) B, = 3mm
y" = 6 mm B,* = 4mm
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AXION and WIMPs

Axions — Goldstone boson of Peccei-Quinn

symmetry that explains strong CP problem:
« Name ,axion® introduced by F. Wilzcek 1978.

 Hot candidates for cold dark matter.
* Not observed so far, but ...

Numerous ways to search for them

» Primakoff-like axion conversion in B field
« ,Light-shining-through-a-wall®

= LSW, helioscopes, haloscopes

And many new experiments on the way ...
« See next slide!
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B

Purely laboratory experiments
“light-shining-through-walls”,
optical photons

Helioscopes
ALPs emitted by the sun,
X-rays,

Haloscopes
looking for dark matter constituents,
microwaves.

tr




ALPS Il + Other On-site Axion Experiments)

Reminder: Axion hotspots followed up at DESY

A

Two-photon-coupling

Axion coupling g,, [GeV ']

10"

-

=
et
o

=

c.
-
=

10°

10 10 10 10° 10° 10" 107

Axion mass m, [eV]

10
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Three main regions of interest:

Axion-like particles:

TeV transparency, stellar evolution,
m, <107eV, g,, = O(10"GeV"),
ALPS IlI.

QCD axions:

CP, stellar evolution, (dark matter),
m, = O(10°%eV), g,, = O(10"GeV),
IAXO.

QCD axions:

CP, dark matter,

m, = O(10-°eV), g,, = O(10"*GeV"),
MADMAX
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ALPS Il Progress at DESY

Optics status

| | ]
102} ;
. 20m Cavity (September 2015 E
—_ ® * 1
g . 20m Cavity (February 2015) P l
~
= Lo |
= 10 F ]
s ; ! f
E-’ ® Ueda96 ALPS lla PC (September 2016) |
_-aé | ® Sato99 ] @ALPS lla RC (February 2017) |
5 0 ® Sato99 Q ALPS llaRC (.Septeml:-pér-:ZOﬂ)
M 10 4 @® Battesti08 = 9 ALPS lla design sensitivity & -
i* | ® Isogail3 . \ ]
0 | ® Isogail3 squeezgd Ilghtl.vacuum ]
— | ® Isogail3 magnetic l:)_lrefrlngence .
1 © Isogail3 experiments \\
1 0-1 @0 PVLAS 14 . ALPS llc design sensitivity |
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107 10! 10" 10! 10°

plot from LIGO T-1400226-v6

Equivalent Confocal Length (7w?/)) [m]

DESY. ECFA Plenary Meeting | DESY Report | 19 July 2018 | Joachim Mnich

Research Article Vol. 24, No. 25 | 12 Dec 2016 | OPTICS EXPRESS 29237

Optics EXPRESS

Characterization of optical systems for the
ALPS Il experiment

AARON D. SPECTOR,"" JAN H. POLD,%2 ROBIN BAHRE,3* AXEL
LINDNER,2 AND BENNO WILLKE 34

! nstitue fiir Experimentalphysik, Universitit Hamburg, Luruper Chaussee 149, D-22761 Hamburg,
Germany

2Deutsches Elektronen-Synchrotron (DESY), Notkestrafie 85, D-22607 Hamburg, Germany

3Max Planck Institute for Gravitational Physics (Albert Einstein Institute), Callinstrafie 38 D-30167
Hannover, Germany

AInstitute for Gravitational Physics of the Leibniz Universitiit Hannover, Callinstrafe 38, D-30167
Hannover Germany

aaron.snector @ desy.de

Demonstration of the length stability
requirements for ALPS II with a high
finesse 10 m cavity

Jan H. Pold," and Aaron D. Spector!

'Deutsches Elektronen-Synchrotron (DESY). Notkestrafe 85, D-22607 Hamburg, Ger-
many

Jan.pold@desy.de
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Strategy DESY-2030

Particle Physics in the next
funding period (2021 -2027)

Science drivers: Strategy:

Structure of the vacuum
Nature of the Higgs boson
Theory beyond SM

Dark matter

(Anti)Matter asymmetry
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Conclusions

XFEL regular user operation started
DESY strategy process DESY-2030 finalised

« well aligned with outcome of German particle
physics strategy process

« Eagerly waiting for European strategy process
and for signal from Japan on the ILC

In detail:

 LHC upgrades and DAF proceeding as planned
 ALPS Il well on the way for data taking in 2020
 DESY Il testbeam:

* New ideas for high-rate particle beams

« ldeas for future experiments getting more
concrete, particularly on axions & QED tests
* |AXO, MADMAX, LUXE
 |LC, DUNE
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Test Beam Facility

Booked

0/
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Beam line usage per beam line Allocated weeks in 2018
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