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DESY Accelerators & News

* M-Director has changed:

02/2019
Reinhard Brinkmann | Wim-Leemans
* Plasma Accelerator Group: -
| dosemort

~kHz, ~ J
= o= P

FLASHForward»», PITZ ATHENA., LUX, REGAE KALDERA

PETRA IV Injector CDR FF»» X1/X2/X3 kHz LPA PLASMED X ANGUS

« Large conventional accelerator projects:

- FLASH2020+ 2020  (Und/Energy/Adv. FEL/Seeding/Synchr.)
- PETRAIV 2025 (CDR compl.; MBA, x100 brilliance)
- EuXFEL-CW >2030 (CW operation at EUXFEL)
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PETRAIII

. =
Parameter PETRA 111 NW \g Lo sraam
Energy / GeV && . ‘Zs%  section ’
Circumference /m Short mraigt;. \&?:- é . \yen Laue
Emittance (horz, / vert.) /nm 12 / _0.012 N\ \ "
Total current / mA - '“'.
Number of bunches 40 > S
BunCh population / 1010 12 Damping '§
: W i Do PETRA Il 5/ LLIE

Bunch separation / ns 192 ol O |
Damping Wigglers: B~1.5T,A=0.2m i
2x10x4m=80m PXE
g:5nNm > 1.2 nm Injection B

channel

Injection SE

Om 100 m FImﬂ'h S

DESY

Dispersion correction in the wiggler sections:
D,< 18 mm, D, < 5 mm
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01'2025: Start construction work

end 0f2020: submission of 0] Qor‘:g;kc’lg End PETRA lll operation
roadmap proposal 8 01'2027: Start up
F E I RA IV . - —
LEAPS, PETRA IV
HGF-FIS

operation

« CDRis ready for publishing —— |
- TDR preparation has started ;DRPh
« Work package structure defined COR Phase |
« x 100 improved emittance in x/ diff. limitat 1 A

e
M.‘ﬁ' Extensmn North

ditional experimental hall
(more space for existing
and new beamlines)

DESY.
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TESLA type superconducting accelerating

| 3 harmonic sc module 3.9 GHz | modules 1.3 GHz FLASH1 fixed gap undulators | | FLASH1 Albert Einstein Hall |

s
v

RF Stations Accelerating Structures

VvV VY \ 4 \ 4 \ 4 sFLASH Fixed Gap Undulators TH Photon
I% F FLASH1 z Diagnostic
N / O O (NN e
DEDENEY DI T I VIR B
RF Gun Bunch Compressors My FLASH?
Lasers ml]l]]]].]mulnmll
5 MeV 150 MeV 450 MeV 1250 MeV Variable Gap,

FEL Experiments

Normal conducting 1.3 GHz RF gun | Extraction to FLASH2

Ce,Te cathode / 3 injector lasers

| FLASH2 Kai Siegbahn Hall L

DESY. | FLASH2 variable gap undulators rage 8




FLASH Parameters 2017 / 2018

FEL Radiation Parameter FL1 / FL2

Average single pulse energy

Wavelength range (fundamental) 4.2-51nm / 4 -90 nm
1-500pd / 1-1000 pd

Pulse duration (FWHM) <30-200fs
Peak power (from av.) 1-5GW
Pulses per second 10 — 5000
Spectral width (FWHM) 0.7-2%/0.5-2%
Photons per pulse 10" - 10
Average Brilliance 1017 - 102" B*
Peak Brilliance 1028— 1031 B*

* photons/ s/ mrad?/ mm?/ 0.1%bw

Energy (pJ)

o 100 Z00 300 400
Bunch number

http://photon-science.desy.de/facilities/flash/publications/scientific_publications
DESY. Katja Honkavaara | MAC Meeting | May-9, 2018

S50C

nature

physics £

-
FLASH,
what a picture!

active imaging with a soft-X-ray

a larure Physics 2 (2006) 839

nature
photomcs

Entering the .
water window .

ey -
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FLASH1 user run operation statistics 2014 - 2018

User Run Statistics

SASE delivery (%) down (%) set-up (%)

FLASH1 accumulated charge

21 39 17,3% 15,8% 16,6% 14,7% 13,70%
y I /0
0 3,5% %
4,4% 3,5/0 3,2% ,D27/0
4,2%
74.49% 78,3% 80,7% 80,2% 81,8% 84,30%
,+ /0
2014 2015 2016 2017 2018 2019
2014 2015 2016 2017 2018 first half of 2019

DESY. DESY MAC | FLASH status | Juliane Rénsch-Schulenburg | 28-October-2019 Page 10



BACCA

Normal conducting, S-band
cavity “Bunch Arrival
Corrector CAvity”(BACCA).

Larger bandwidth to
improve the arrival time
stability below 5 fs

Commissioning result:
arrival time stability
improved from 25 fs (rms)
to 8.5 fs (rms)

The steady state value of
the arrival time stability is
reached within the first 10
bunches (10 ys for 1 MHz).

BACCA and Intra-train beam-based feedback atACC1

ACC1

LLRF
Controller

Intra-train beam-based feedback at ACC23

R56=180mm
ecz acc2 [ Accs

RS6=43mm

BC3

BAM3gBCM2

LLRF
Controller
|
BC2 mag:ret -
Courtesy: MSK,
S. Pfeiffer,
B. Lautenschlager et al.
100 :
|
50 |
=

50 ! Dataset
——Pulse 200
Pulse 450
— g (600 pulses)
_1 00 1 I I I 1 1

50 100 150 200 250 300 350

Bunch Number

Mean free arrival time of the second BAM (BAM?2).
DESY. DESY MAC | FLASH status | Juliane Rénsch-Schulenburg | 28-October-2019

)

B

FLASH 1
ACC4 ACCT
| l [ J FLASH 2
LLRF LLRF
Controller Controller

FLASH Forward

scomg

/
|‘ 1\;.. " I_ f‘ [ <‘—

;teerer l Toroid and BAM | Strlplme BPM | BACCA gf ~ Beam d:rectmn
sy

w AN,
3 &« =

= = BAMS3

r~agzs
- - sTaAnal s
LR LIV I S hel i r

150 200 250 300
Bunch Number
Standard deviation of the arrival time.
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FLASH2 Bunch Compressor

Improves emittance, stability, flexibility, and short bunch generatio

« Additional bunch compressor downstream extraction

» Installed in June 2019, now routinely operated
« Less compression at lower energies
» Better control of CSR and space charge effects

« Simulations show a significant improvement of beam properties

A A 4 A4 vV Vv

= / ?_/D (NN NN (NN (WIS
l' NN ORI AR I

g FLASHZ BC dipole current (D1FL2BC)

DESY.DESY MAC | FLASH status | Juliane Rénsch-Schulenburg | 28-October-2019
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PolariX-TDS

A\ A 4 v vV Vv

B o e

Goal: Develop a modular X-band TDS with variable
polarization for bunch and photon pulse duration
measurement

Collaboration between CERN, PSI & DESY

FLASH?2 2Xx PolariX TDS
) 5 OO
' 5 0 O O .

RF Switch Klystron more details
e in poster
FLASH Forward ompressor ke M. Reukauff
PolariX TDS
Tunnel wall

Modulator [SSHIll LLRF

DESY.DESY MAC | FLASH status | Juliane Rénsch-Schulenburg | 28-October-2019 Page 13



(=]

rel. energy deviation 4 / 107
[#]

—
o

PolariX-TDS

FLASHForward

* Prototype has been installed
in June 2019 in
FLASHForward

 First measurements
performed more details

In poster & klystron tank
M. RQUkGUff g T Ll V
single image 8FLFDUMP i 2019-09-09T051350 5 220 fs, 1st zero crossing i Ly
'N’ ms: 2.29 - 10°% N  ms:210.28fs g ‘ Ei
| FWHM: 2.79 - 10 Time res: 9.9 fs | 4
3"-015 J.ﬂ. =15 , |||| It
Z /\ g e
¢ [\ s AT
o ™ 5] “.'I' f ‘J'.Im-“'
" | 2 o1 \ g WL L
m! \ 3 I'III_-J l»
o ,
| g ” \‘- 3 M I|
= 0.05 - A VT So5i.. / -
prelimingry fesults /\unplblished-data |
/ X A V' I'.' v |
0 _# N s \ 2
-1000 -800 -600 -400 -200 0 5 10 B " opa 00 <8 200 500 L &
time t (fs) rel. energy deviation § / 107 — time t (fs) .

| cooler units
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XTDS (FLF/FL2) station

DESY.DESY MAC | FLASH status | Juliane Rénsch-Schulenburg | 28-October-2019


https://ttfinfo.desy.de/TTFelog/data/2019/31/30.07_M/2019-07-30T16:42:09-00.jpg

FLASHFORWARD» »

A next-generation experiment for plasma wakefield accelerator science BEAMS

FROM FLASH

>  Unique features
- 39 harmonic RF cavity — shaping of current profile

- X-band deflector post-plasma with ~1 fs resolution
(in collaboration with CERN, PSI), installation 2019

- windowless steady-state-flow plasma target
stmsupporting H,, N,, and noble gases

up to 800 bunches (~MHz spacing) at 10Hz

> High-brightness beam generation in plasma (“plasma cathode”):
> 1 GeV energy gain in ~10 cm distance, trans. norm.
emittance ~100 nm, peak current =z 1 kA, ~fs bunch duration

> Plasma booster module for FLASH: > 1 GeV energy gain in ~10 cm,
conservation of beam energy spread and transverse emittance,
depletion of drive beam energy, 10% conversion efficiency

Main scientific goals

> demonstration of FEL gain from plasma-accelerated beams (2020+)

— A. Aschikhin et al., NIM A 806, 175 (2016) Page 15



sFLASH - The Seeding Test Facility at FLASH

sFLASH as R&D experiment integrated into the FLASH user facility

RF Stations Accelerating Structures Fixed Gap Undulators D.Photon.
lagnostics
V VY v vV Vv
e e
RF Gun Bunch Compressors
Lasers
5 MeV 150 MeV 450 MeV 1250 MeV
Kai Siegbahn
FEL Experiments
< 315 m >
HGHG / EEHG Experiments + seed controls
M1 Cl M2 C2 radiator C3 TDS electron
spectrometer

photon diagnostics
laboratory

DESY. | XUV Seeding at sFLASH | Christoph Lechner | Hamburg Alliance New Beams and Accelerators, 07 September 2018 Page 16



CDR: Proposed Layout FLASH2020+

Soft X-ray

Seed laser Undulators

Photon

Accelerating Structures Diagnostics

V VY v vV Vv

TS
aj8

RFGun  Bunch Compressors

Lasers
5MeV 150 MeV 550 MeV 1350 MeV  Hier. 000 N T
= 315 m —
FEL Experiments
R olep £ olep s olep 4
Energy upgrade Variable gap undulators (FLASH1) High rep.rate seeding (FLASH1) New variable gap undulators +
3 BC (FLASH2) Pump-Probe laser (FLASH1) Photon diagnostics (FLASH1) chicanes
TDS (FLASH2) o for new lasing concepts (FLASHZ2)
Injector Laser Laser hdeater in 1stBC
Afterburner FLASH2 New 2" bunch compressor (BC)

DESY. DESY MAC | FLASH 2020+ | Siegfried Schreiber | 28-Oct-2019 Page 17



European XFEL



The European XFEL between Hamburg Bahrenfeld and
Schenefeld

Super conducting accelerator with up to 17.5 GeV
electron beam energy.

Three undulator beamlines in two branches (north
and south).

In total 6 experiments, 4 for hard X-rays and 2 for
soft X-rays, potential for 2 more FELs

. S0 Startonthe BN
S| DESY campus  [ES

Experimental hall
2 in Schenefeld

' Accelerator
1.9 17.5 Ge |

e BN i o s BB £ o

DESY.



The longest superconducting linac in the world is in operation

96 superconducting modules in a single cryostat in the main tunnel
plus 2 injector modules
RF components and electronics rack are located below the accelerator.




OperathnaI Fi rst Las i --,ln : March 13, |l First Lasing SASE
Achievements RSNt ~ - WMo @9A

May 2-3, 2017

Dec 12, 2015: 130 MeV Feb 2, 2017: 600 MeV
Mar 19 ,2016: Feb 22, 2017: 2.5 GeV
2700 bunches/RF pulse

Jan 15, 2017: 130 MeV July 12, 2018: 17.6 GeV
Jan 19, 2017: 600 MeV Nov 2, 2018:

2699 bunches/RF pulse

Feb 25, 2017: 2.5 GeV

-Lasing in all 3 FELs”

u“w\'\ﬁw\- i e n
May 2, 2018

DESY Page 21



New since
Spring 2019

Laser2 -> Laser1 ->
Laser2

Sep 9, 2019

DESY

SASE2 HXRSS @ 8 keV

4.5 MHz
User Operation

:::::

\\\\\

Cavity detuning

control with piezo

—
Detuning and piezo control overview

PZ16M : M1.A2.L1

Cavity 8

rentss l—l—l—l—l—l—l—l—w

e
mmmmmm -+ I N - -

49 51 41 1 a3 -

tned  tuned  tuned  funed  funed  ftuned  fumed  funed

V|
£
V|
’
7 7
S
v/
A
v
250 o
Tgeba " aha | sobs | ssbo | b0 | e | wbo | teho | a0

May-Sept, 2019

SASE1 lasing @ 20 keV |SASE3 5t harmonic

Controls H @
Wavelength: ..2-0620 nm . Beam Energy 14000 MeV Ias n g 4 . 5 kev
ik oow i urked ) pre——— rr——
20000.00 o N LLRF Energy 14117 MeV (
»| Enable phase shifter coupling e 1
Phase shifter periods: 1 4 | ] |
Status: Ready Sarver Messages | = l

June 10, 2019 1obod | | M L
Aug 3, 2019
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Accelerator Operation

DESY.

Standard working point 14 GeV
Maximum demonstrated energy 17.5 GeV

Maximum energy ‘out of the box’ 16.5 GeV (without
reserve station in L3)

Bunch repetition 1.1 MHz, 2.25 MHz and 4.5 MHz
Standard repetition rate changed to 2.25 MHz

RF Flat-Top 550 — 600 ys, about 10% needed for
feedbacks and SASE2/SASE1 transition

Very flexible bunch patterns realized with
distribution system

XFEL: X-Ray Program

14113 MeV
0.25 nC
575 bunches

15 bunches
outof 115 bunches

100 bunches
outof 115 bunches

0 GeV, 2.25 MHz, approx. 1000 bunches, SASE delivery

European @
XFEL .

FXE
SPBISFX

SASE1. FXE
SASE2. HED
SASE3. sSQS

Page 23



“Fresh bunch” lasing in SASE3

Pulse Energy Intra Train

e

a.u.j Pulse Energy Intra Train
1600

1200
1000
800

| SA3 bun s
; 200 <>
0.0 5.0 150 250 350 450 55.0 [bf:é%] 0.0 5.0 15.0 25.0 35.0 450 55.0 55.0
‘ bunch # bunch #
distribution kicker ,’Q/q,
/ /’ @)
_ - \ P s

-0 OO

fast kicker correcta

(4.5 MHz horizontal kick)

Peak performance of
SmJ@E, =2keV
10mJ @E, =700eV

DESY



Self-Seeding Installation at SASE2

Self-seeded
X-ray pulse

19 cells

o> _ __ NEEEEEEE EENEEEEE
| [ E
TTTTT T Rl sigecyssr | \UNNENEEE NENEEEEE

undulator Qutput undulator
(uniform) (tapered)

8 cells

SASE undulator

—
1,44x10' 4 1,44x10'% 4 300%
)
‘& 228x10
3
— 1,08x10" — 1,08x10' 4 £ 150107 2T
£ B S
£ = = -
S g E? S0x10
£ 1 ] o | 00
& T.20x10 5 720110 $3%01a0 01s0raz 0 soras
- = B
< = *[nm]
o a
360x10"" 3,60x10"" 4
0.00 + 0,00 + . = r ]
01496 01498 01500 01502 0,1504 01506 0,1508 0,1496 01498 0,1500 0,1502 01504 0,1506 0.1508
2nm) #[nm] s{um]
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Self-seeding commissioning

Reflection search: EENEEEE e

Reflection (004), 100um, seen Nf’”" Sy

from 90deg camera ;- - | \
Pitch about 59deg '

When reflection is observed, a \ | /J |
notch is automatically formed in -~

the spectrum ,

13.55:1

Self-seeded pulses:
First observation of self-seeding at 8 keV
in the linear regime
microjoule-level pulses for now!
An important milestone, but need lots of
further development before SASE2 can
be used in HXRSS mode

500 & ) r
op—+ T 1 : 1 T

DESY
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Electron beam stability — longitudinal

e 12.9 fs RMS arrival time jitter across macro-pulse W < 20 fs peak-to-peak arrival time jitter after
1 12 fs RMS arrival time jitter macro-pulse to removing drifts

macro-pulse I timing tool campaigns —~25 fs RMS X-
B 450 fs peak-to-peak arrival time drift over 2 days ray/optical timing jitter at SPB/SFX

48-hour Measurement without Any Longitudinal Feedback "
Injector LINAC Experimental Hall
GUN— Al — AHL——BCO— L1 —BC1— 12 —{BC2— L3
? ?
lj f L
_/ _J _/
RF Clock Optical Clock 1 Sub Distribution
Drft BAN1852 MLO - BAM1932 SLO; bunch # 11, avg (100 shots) Drift BAM1932 MLO - BAM1932 SLO; bunch # 11, avg (100 shots) more de‘l‘m lS

0.3 T
without arrival time feedback

©1932M
© 19323
0.27 |

;::Viﬂg-a\’g('l h) AT=68 fSEPD}‘ *al k
' J. Miiller

o
difference [fs]

BAM 1932X [ps]
[=]

e
S

peak-to!

0.2-

2 days : > BAM noninearity

2 days

-0.3 = . : * 20 T T
Apr12, 12:00 Apr 13, 00:00 Apr13,12:00 Apr 14, 00:00 Apr14,12:00 Apr12,12:00 Apr 13, 00:00 Apr 13, 12:00 Apr 14, 00:00 Apr 14, 12:00
plots courtesy of J. Muller 2019 2019

gl
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Performance Rise and Future Expectations

Drilling Tests at SASE3 (08/2018)
(SCS, 700 eV, 300 x4 mdx 10 Hz =12 W)

Up to 2019 (today)

<4000 pulses/s/branch
SASE1/2: 0.8 -8 W

Early 2018 SASE3: 30 W

~300 pulses/s/branch

DESY.

..., 2020, ...

Full performance:
27000 pulses/s

4.5 MHz
SASE1/2: 10..100W
SASE3: 300 W

Page 28



(Accelerator) Parameter Space (as of Today)

electron energy GeV —-17.5 —-17.5

bunch repetition within pulse MHz Upto 4.5 Up to 4.5 L1 = 4'5’ plus
subharmonics

bunch charge pC 20 - 1000 100 — 500 250

max. beam power kW 500 kW 80 kW 40 kW

undulators in operation (lasing) SASE1-3 SASE1-3 SASE1-3

photon pulses / s / undulator 27000 5000 <3000

photon energy keV 0.25-25 0.4-4.5; 5.8-20 0.6-2.2: 6 —14

photon pulse intensity (SASE1)

@ 14 GeV, 250 pC, 9.3 keV ik — 2

photon pulse intensity (SASE3)

@ 14 GeV, 250 pC, 600 — 900 eV ik 10 =2

photon pulse intensity SASE2 mdJ 29 10

(@ 14 GeV, 250 pC, 9 keV

DESY. Page 29
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Photo Injector Test facility at DESY in Zeuthen (PITZ)

Research areas:
basic photo injector R&D
specific R&D for FLASH & European XFEL (for current facilities and future upgrades
- e.g. CW upgrade of European XFEL)
application of high brightness electron beams + general accelerator R&D for novel acceleration technique
- applications like THz, plasma acceleration, UED, ... B

PITZ highlights for ST3: ps and fs electron and photon beams
» THz SASE FEL for pump-probe experiments at European XFEL - poster
= Cathodes studies (Cs,Te): various Te thickness, QE and thermal emittance - talk
» Frequency-detuning dependent RF coupler kick (simulations and experiment)
= Developments on CW injector: PITZ characterization at CW SRF gun gradients = poster
= Further improvements in the gun5 design (cathode area surface shape)
» Slice emittance measurements with TDS - poster
= Virtual Pepper-Pot Technique - poster

» Space-Charge Dominated Photoemission: slice emittance budget decomposition
DESY Page 31



THz SASE FEL for pump-probe experiments at European XFEL

E.A. Schneidmiller, M.V. Yurkov, (DESY, Hamburg), M. Krasilnikov, F. Stephan, (DESY, Zeuthen), probe
“Tunable IR/THz source for pump probe experiments at the European XFEL, Contribution to FEL 2012, Nara, Japan, August 2012

| | —— AL J T ! ! . .
: Al [ : | ——
PITZ tunnel § 2 e
6.6 MeVic 17-22 £ g g - w1 2
s % LCLSd % Rl £
. w o o » . o ndulator )
1 -1:':' y ' STt T _ ol Wil 60 - 100 5 3
.:_. = - L5 A + e HoL . i’ ¥ S0 I. i b, ) Wy m QO o
Vertical LUSIA \ E‘lﬂ'l r
< ~32m > 2107k *3
. g ® 2
7 :\\ ‘ Quadrupoley YAG Screen + T BPM ﬁ 102} Laserbased
II.';‘ E 10_1;” 10 10¢ 10% 10 100 10% 107
(" “Experiment with Gaussian photocathode laser ) pulses /s

Pulse energy vs. rep.rate for
modern THz sources

* Bunch charge 2.5 nC; peak current 153 A
* Best emittance: 4 mm mrad

F : ; . 3 L e L B o o N 4T Ty _
g i ] ‘B7F ——Xrms, Astra = - Xrms, meas. 3£ Xrms = 1.54 mnsb)—f 1,3,5,6: Optical ljectlflcatlon[1]
Y ] g [~ Yrms, Astra  —4- Yrms, meas. =Y - ] 2: photoconductive antenna [1]
g °F - ] E6F 2F rms =0.32 mm 3 A _
~ .k ) ] o_[ t quadrupole ; ] 4: Two-color laser filamentation [2]
i ; NoF e g f _ . 7: CTR (LCLS/FACET) [3]
L Amm T s PN s 8: UR (FLASH) [4]
S ' i : o3 >N-1F 3 9: UR (TELBE) [5]
E F . Q o ] [1]B. Green, et al, Sci.Rep.V. 6, Article number: 22256 (2016)
g or @ mz H -2F E [2]M. Gensch, Proceedings of FEL 2013, 474 (2013)
g - o ] 1= —3E E [3] T 1 Oh et al 2013 New J. Phys. 15 075002
>~k J o o [4]https:/flash.desy.de/
P TR TR S E PRI N T T S ST L L PRI B PRI Y PN BRI B B [5]https://www.hzdr.de/db/Cms?pOid=34100&pNid=2609&plLang=en
- -2 0 2 4 %0 2.5 5.0 75 10.0 125 15.0 . i E— 0 2 4 \ /

y (mm)

) z (m) x(mm)
\_pedyansverse phase space Matching before undulator Matched beam distribution Y. Page 32



https://flash.desy.de/
https://flash.desy.de/
https://www.hzdr.de/db/Cms?pOid=34100&pNid=2609&pLang=en
https://www.hzdr.de/db/Cms?pOid=34100&pNid=2609&pLang=en

Frequency-detuning dependent RF coupler kick
Kick impacts on e- bunch train quality - FEL performance Y. Chen, THPOO7, FEL'19

_ kW
; 180 Macro-pulse length
2 140 . .
Z 100 Bunch train operation Measured Intra-Train Size Change
@ ithi 1000 - 150 :
E 60 within |Ong RF pUIse (a) overfocusing, 355A (b) overfocusing 3 )
T 20 T 90 5-FE 100 j’ - —  Single bunch scan
o T TR TS 2 o : P i & Lt within RF pulse
: E i E s N —  Low charge ~ 20
g ]
f e S 800 of RF 5.7
; ! — power ~5.
! 1 0 100 200 353 354 355 356 357
overcooled i overheated Temperature Pulse index # Solenoid current |A] MW
' s temperature, “:"T:]?'Tai ci 1350 150 — Gun operated at
H i . (¢) underfocusing, 310A - (d)underfocusing MMMG
H‘—’/iﬂf}n f-detuning SN T |
a frequency, Af=f-f, [kHz] R T é o = . } = %: — Booster OFF
E %“n E sor S i -~ Momentum
. . & 1250 'm& & i u
Measured Intra-Train Orbit Change § < " gy flatness along
: ; . 1300 ! train10-4
0 100 200 308 309 310 311 312
| } e -4‘ | Pulse index # Solenoid current |A]
b o For a 240 ps bunch train,
| . ] - measured P2P kick difference ~0.13 mrad
P2P~650 um@5.27m - measured rms bunch size change in solenoid current: 2.7A (over
0d | | | focusing) and 2.3A (under focusing)
0 50 100 150 200 250

Pulse index #



Gunb5 and CW gun

In development

« Gun 5 (pulsed) for FLASH & EuXFEL
» Extends the RF pulse from 650 us to 1 ms

* Production is in progress

* Normal conducting CW RF gun for Eu-XFEL

» A backup option for XFEL CW injector
« Abaseline physics design is almost done

* 100 pC beam simulations show improvements over
LCLS-Il injector, 0.2 mm.mrad @ 10 A peak current

« Adding a linearizer to capture cavity improves
longitudinal beam distribution

Longitudinal Distribution Longitudinal Distribution

Ecath ~28 MV/m, Vgun ~830 kV, ~100 kW RF

| without THC

- with THC

current A
10
T

PR S S S
-5 0 H] -10 -5 0 5 10

A¢ ps Af ps
VIS Capture cavity XFEL type module
coppet un L Solenoid | ing lineari typ
rear plata steel g Buncher including linearizer
tuning rod X ® I
copper X &

anode plate

copper nose £t ~2() meter, ~140 MeV

v
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ARES@SINBAD



ARES is one of the Experiments located at '}}} SINBAD more details

It is a conventional RF Photo-Injector for the Production of high Brightness fs electron F. Burkart

Bunches with Energy > 100MeV _ .
Dedicated acc. R&D facility for

(1) ultra-fast science R&D

(2) high gradient accelerator development

——

S

ARES Linac at SINBAD
 Energy: 100 MeV
SINBAD = Short Innovative Bunches and Accelerators at DESY . Charge: 0.5 — 200 pC
Courtesy: B. Marchetti * Bunch length: few fs - subfs

DESY. Page 36



RF-Gun Conditioning

Encountered issues related to the waveguides system during commissioning...

To the klystron
Black spots in bends... purely fabricated

- Dkecﬁonal 7_“‘ | '
= Couplesr [

Y < 3 Vacuum Window SR Black spots in bends... purely fabricated

: New vacuum window
RF-Layout in the RF-gun Area (coated on both sides),
: * forgotten coating on one side of the

Vacuum events durmg window by the company. We use

same windows for the linac cavities.

commissioning....

Courtesy: B. Marchetti
DESY.




Conditioning of the two linac structures started +
+ installation of remaining beamline

4t of July received the safety approval for TWS

Travelling-Wave Structure 1 (TWS1):
* Achieved nominal peak power (45MW) with
1.9 us RF-pulse length and 25Hz rep. rate

(sufficient for beam operation but limited by the vacuum
window - same problem as for the RF-gun).

Power [kKW]

uuuuuu

000000

nnnnnn

IIJ[I

Travelling Wave Structure 2 (TWS2):
« Achieved nominal peak power (45MW) with
1.0 ys RF-pulse length and 25Hz rep. rate.

105
n

Courtesy: B. Marchetti
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New Installations:

Diagnostics between the two travelling wave cavities,
waveguides, beampipe up to end matching region,
quadrupoles, steerers, high energy spectrometer...

October 2019
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Update on the Simulations for ATHENAe

RF photo-injector provides a well-know, well-characterized and well tunable electron
External injection of short electron bunches promises excellent beam quality
(1 GeV, 0.2% energy spread, < 0.2 um emittance).

LPWA simulation

Bx [m] np
b [10Yem™3]
I8 o -

Unique possibilities for beam manipulation and synchronization

Stepping stone to a staged multi-GeV high performance plasma accelerator.

Experimental Area 2 E 0.625 ' ' ' ' ' i
Elatate = o )
_________ — = 0.600 ]
Experimental Area 1 () . ) AN TTmmmmo-- S 0.575 | |
0L - - - -~ 1GeV
5.6 m % 1000 [ " ' ' '
o N | EDED 5 EDEE 5 500 - /
FTTTTTTn _ | ONER * ONEm L%J . . .
Gun TWS1 ™ws2 Bunch External Undulators Dump _L5E ' ' '
; A compressor Injection 10l
] ; ] | T | | | | ) 1
6 051
0 25 _;"12 23.5 31 34.3 37.2 39.7 ~46 ~50 0 5 1'0 1'5 2'0
z[cm]
Ly I :
[ } Available Laser Parameters
TWS3 (1) . .
within the KALDERA frame:
100 TW, 3J, 30 fs
o Accelerating structure D Solenoid é Electrons ! !
Ao I Dipole / Quadrupole / Matching > Laser Photons o
more details
DESY. | PolariX TDS and ARES Linac | Barbara Marchetti, MAC Meeting October 2019 Courtesy: B. Marchetti F. Burkart
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Thanks to

Siggi Schreiber, Rainer Wanzenberg, Barbara
Marchetti, Jens Osterhoff, Frank Stephan, Winni
Decking, Juliane Ronsch, and many more ....

for material
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REGAE — Relativistic Electron Gun for Atomic Exploration

Incoupling
Angus: -
200 TW laser
e Bl Bl Bl Bl B p - LUX - LPWA + Undulator
|
= | High power laser
= |
,.,;'ad"’*ﬁk' Ultra-fast electron diffraction
o A Average Energy 5.6 MeV (UED) pattern

Energy Spread |10 keV
Bunch Charge 100 fC
Bunch Length <10 fs (rms)
Beam Size 600 pm (rms)

Transv. 0.03 T mm
Emittance

etk b 1n]

3 GHz RF gun & Buncher
pulsed, 12.5 Hz, Sus
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REGAE — Upgrade for external injection to probe LPWA

Latest developments: laser transport beam line ANGUS - REGAE ready

CR3

CR5-7

W" mﬂ:
| _,-__1__:1-_
_'_ﬂ-'-'-
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CLE: switch vard Ht"-‘-::-_-:--
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REGAE — Upgrade for external injection to probe LPWA

synchronization® > ANG US ES[:IEC

At B0fs

TP B ' - Accommodates:

beam

> UED &

LWPA probing

-

+ 2nd RF station four buncher
(decoupling from gun)

+ transverse deflecting cavity
(5 kW ampl. only)

DESY



