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Cornerstones
CW Proposal

NIM A 768 20-25 (2014) The European XFEL will operate nominally at 17.5 GeV in SP (short pulse)
mode with 0.65 ms long bunch train and 10 Hz repetition rate. A possible
upgrade of the linac to CW (continuous wave) or LP (long pulse) modes with a
Nuclear Instruments and Methods in PhY5iC5 : =5 corresponding reduction of electron beam energy is under discussion for

. Ji. Research Section A: Accelerators, Spectrometers, | = many years. Recent successes in the dedicated R&D program allow to forecast
it Detectors and Associated Equipment a technical feasibility of such an upgrade in the foreseeable future. One of the
Volume 768, 21 December 2014, Pages 20-25 challenges is to provide sub—ﬁngstrﬁm FEL operation in CW and LP modes. In

this paper we perform a preliminary analysis Df'iPussible DPEIa.i'_iDI!. of the
European XFEL in the hard X-ray regime in CW and LP modes with electron

5 . energies of 7 GeV and 10 GeV, respectively. We consider lasing in the baseline
EUI’OPEHH XFEL m hﬂI'd X-I'&Y regllne XFEL undulator as well as in a new undulator with a reduced Period. We show

that, with reasonable requirements on electron beam tluaht}v, lasiﬂﬁ on the
fundamental will be possible in the sub-Angstrém regime. As an option for
generating brilliant photon beams at short wavelengths we also consider

Prospects for CW and LP operation of the

R. Brinkmann, E.A. Schneidmiller & &, |, Sekutowicz, M.V, Yurkov

harmonic lasing that has recently attracted a sigmficant attention.
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Cornerstones (cont’d)

DESY Injector Strategy Meeting 2020

Choice of the gun for CW operation of the
European XFEL

Igor Zagorodnov and Martin Dohlus
DESY, Hamburg
March 10, 2020
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European

XFEL

first studies w/o full optimization
' Before SASE1

Pulsed mode | CW mode (100 pC)

250 pC 100 pC SCgun NC gun Cold gun

Projected x-emittance, pm 0.63 0.29 0.67 0.33 037
Projected y-emittance, um 1.08 0.74 1.45 1.10 1.02
Slice x-emittance, pm 0.50 0.23 0.75 0.35 0.23
Slice y-emittance, pm 0.55 0.28 0.80 0.50 0.35 ; /{_.;\.
E— — e Eurspean XFEL n,\%zs;_/.u
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Recent Work

XFEL R&D Report 2020

Summary and Outlook

tor

pulsed operation and two 10Ts in CW operation

+ RF control is under development, MIMO comes next

+ resent CW module test: beam energy after linac 111

Elmar Vogel for all colleagues working on a future CW operation mode of the European XFEL B R BN

H t
@ all virtual XFEL R&D Report Days 2020, December 1%t 2020 tinaciand linacl

+ require CW optimized modules, couplers and cavities,
combining high Q (for CW RF) and high gradients (for
pulsed RF)

+«  Cavities treated by Nitrogen Infusion and Large Grain
Cavities are being studied

HELMHOLTZ &5, wAERmD

ion of the supercc accelerator
CW upgrade of the European XFEL Injector
« pperation with pulsed rf or with cw rf at lower energy but + CW L-band SRF photo injector is the first choice, looks
with flexible time structure promising but requires still some development
+  CW operation study of 3@ harmonic system started
Main Linac / Linac llI
= maoving present linac | and linac Il modules to the end Putting it all together — beam dynamics
« the RF for four modules is provided by one klystron in + injector beam dynamics optimization studies just

started, more to come

injector-to-undulator (s2e) beam dynamics studies just
started, first promising results, more to come

DESY. | Recent developments towards CW afion of the sup ing XFEL
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| Elmar Vogel @ all virtual XFEL R&D Report Days 2020, December 1st 2020

S2E beam dynamics

[MIERE| Pagest
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Stage Goals till Dec.2020

* SRF-gun based CW injector optimization
ASTRA + Optimizer from LBNL

 Start-to-End beam dynamics till undulator entrance
OCELOT

—> Justifying bunch qualities obtained from injector optimization
—> Preparing for full S2E optimization downstream injector

* Dedicated numerical studies with high resolution
IMPACT-Z

-> Considering e.g. micro bunching effects

ASTRA

https://www.desy.de/~mpyflo/

QCELOT collaboration

[ Repositories 3 ) Packages . People  [I]] Projects

https://github.com/ocelot-collab

5

IMPACT: Integrated Map and Particle ACcelerator Tracking Code
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https://amac.lbl.gov/~jigiang/
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The XFEL
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Experiments

Nature Photonics 14, 391-397(2020) * For simplicity, downstream CW injector,
overall machine layout stays similar for

nature > nature photonics » articles * article now

Article | Published: 18 May 2020 * WOrking pOintS (Wrt rf pal‘ameters) &

A MHz-repetition-rate hard X-ray free-electron laser BD parameters varied for first S2E case

driven by a superconducting linear accelerator studies in CW regime

W. Decking &5 S. Abeghyan, [...] D. Zybin

Nature Photonics 14, 391-397(2020) | Cite this article
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Energy Gain Budget in CW Regime

16 MV/cavity for 1.3 GHz * Preliminary energy profile for S2E simulations

4 MV/cavity for 3.9 GHz >110/500 / 2000 / 8000 MeV for

. . BC0 / BC1/BC2 / final energy
* Beam energy at CW injector exit: 90 to 110 MeV

* Beam energy at BC1: 500 MeV

* Beam energy at BC2: 2 GeV
[1] LCLS-II Final Design Report DRAFT, December 21, 2014

* Beam energy at exit of L3: 8 to 9 GeV _ _
[2] Kickoff BD meeting for CW Project, 10.2020

(25 + 3 RF stations with 32 cavities each)
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Start-to-End Simulation Capability

* Multi-parametric optimization considering rf
tolerance & collective effects
—> Searching for an optimal choice of parameters e.g.
E1/E2/E3->C32>C3'>r1>C1/C2/r2/r3->C3"

—> Final bunch length & peak current sensitive to energy chirp,
thus to rf parameters

—> Mapping rf parameters to longitudinal beam dynamics
parameters!!-2l

* Collective effects
- 3D SPACE CHARGE / 3D WAKE / 1D CSR (arb.
trajectories)
- Tools used
—> Injector34l: ASTRA or KRACK3
—> Injector to Undulator: OCELOT, IMPACT-Z
= Undulator: GENESIS / OCELOT-ADAPTER

Gun

LH
T s
DL Bo BOy
B energy in BC: =110 MeV = 500 Me
B deflecting radius: =2 =7

B compression factor: =2

Alx) =F,
[=(8.5.B8.2,,%5,2,.5.7), - BD parameters
X= (X]]. Y”,X]:;. Ylg. Xz, Yl‘ Xj, Y3) - RF paral]lefers
xo=A;'(f) - analytical .
tracking
xn :Aal(gn)* gn :gn—l +’”.f_‘4(xu-l)]* n >0
go=f. x=A7'(f) - iterative algorithm

-> implementation in ocelot
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B the first and the second
derivatives of the global
compression

= 2000 MeV
= 2

= Ifinal/Igun

Mapping rf to LBD parameters with
ocelot:

[1] I. Zagorodnov et al., Phys. Rev. Accel.
Beams 22 024401 (2019)

[2] S. Tomin et al., IPAC2017, WEPABO31

Detailed injector BD:

[3]Y. Chen et al., Phys. Rev. Accel.
Beams 23, 044201 (2020)

[4] I. Zagorodnov et al., arXiv:2010.10204
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Study I:

Particle tracking with high numerical resolution for
micro bunching studies



Bunch Quality Studies vs. Laser Heater Set-Points

62,000,000 macro-particles used for 100 pC => 1 simulation particle ~ 10 electrons

Laser Heater Set-Points: (0 ¢V/3300 eV/ /5000 eV
i Simuldted longitudinal phase spaces _ l
i | after BC2 | ] L

%10
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Bunch Quality Studies vs. Laser Heater Set-Points

62,000,000 macro-particles used for 100 pC => 1 simulation particle ~ 10 electrons
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Laser Heater Set-Points: ) eV/3300 eV/
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slice energz spread
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emittance (hor/vert = solid/dashed) «10°
T T

%10

%107

Page 11



Bunch Quality Studies vs. Laser Heater Set-Points

LH SP: 5keV /6keV /

5 «10° slice energz spread 3500 cun‘ent
| Simulated slice energy spread 000 - 1
Simulated ¢urrent profile
3*—————————————————————————————————;————————————‘/-/k;—‘\—\-r\':- —————————————— — F‘Y |
25 ‘ W ( WW'\“ / i - i ! J“‘h
J"Ow‘ ol ‘ |
Py ; MM'W | \
i
i \
15 \\ 7 f \ ;
I Extremely high resolution simulations enabling "‘q
detailed studies of energy spread w.r.t. laser heater " |
aiming for kKAs’ peak current of the bunch |
- L with reasonable slice emittances |
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Study ll:

Particle tracking in Ocelot for injector-case-studies
(cases A/B/C obtained from CW injector optimization)



Tracking the Bunch till Undulator Entrance

“Injector Case A"
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Case Study A
=  Current peak ~ 3.4 kA

Slice emittance ~ 0.33 um

Slice energy spread ~ 3 MeV
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Tracking the Bunch till Undulator Entrance

“Injector Case B”

Current Longitudinal phase space
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= | = Current peak ~ 3.25 kA
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T | | | | | - | | = Slice energy spread ~ 3.4 MeV
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Tracking the Bunch till Undulator Entrance

Current
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Longitudinal phase space

Top view

Case Study C
= Current peak ~ 3.33 kA
= Slice emittance ~ 0.40 um

= Slice energy spread ~ 2.7 MeV

Side view

T T T T T T
=10 -5 o 5 10 15

T
20

Injector emittance optimization not
final yet

Results must be strictly checked with
higher numerical resolution (to be
done)

First 3 case studies in ocelot indicating
these compressed bunches could be
transported to undulator entrance
without significant degradation

Page 16




Study III:

with presumably such bunch qualities, lasing possible?



Quick Glance at Lasing
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Summary

* Start-to-End beam dynamics studies in the CW regime started

* First S2E simulations carried out using optimized electron bunches from the optimization of a SRF-gun
based CW injector

—> Capability studies with Impact-Z & Ocelot

- Case studies showing promising results of the bunch qualities obtained in front of the undulators (to be checked)

* Very challenging task with high-resolution simulations when using huge number of macro-particles
(numerical issues to be tackled)
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