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XFEL Meetings 2009 4th October 2009: 236. Meeting
V. Paramonov: RF gun design with improved parameters

http://xfel.desy.de/project _group/meetings/xfel _project _meeting/xfel _meetings 2009/
KYU5IH

Development of RF Gun cavity
with improved parameters.

K. Floettmann*™, Yu. Kalinin**, M. Krasilnikov¥,
V. Paramonov**, A. Skasyrskaya**, F. Stephan*

Presented by Valentin Paramonov

*- Deutches Elektronen- Synchrotron, DESY, Hamburg, Zeuthen;
** _ Hinstitute for Nuclear Research of the RAS, Moscow.

FEL meeting, 04.11.09, DESY, Hamburg y 20, 2010)



Design requirements.

Electric RF at the cathode Ec =60 MV/m
pulse length T >1.0 ms
Average dissipated RF power Pa > 70 kW

RF probes in each cell

As possible, basing on proven concepts and solutions< taking into
account results of previous developments and investigations.

Design of existing RF Gun cavities doesn’t fits

with all requirements.

RF



Probes

RF probe. Field perturbation and pulsed RF
heating in the vicinity of probe hole. Temperature
rise Ts~ 76 C, internal stresses < 1.55 MPa.
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Opposite holes (for quadruple field perturbation)
are attractive for vacuum probes.

To minimize pulsed RF heating, hole should be
as small, as possible.

Vacuum probes are not reasonable.



Esmax, MV/m

RF power, MW
Field stability

RF probes

Pulsed RF heating
1) deformations
2) frequency shift
Cooling

number of I/O
Water flow (V=2m/s)
df/dPa, kHz/kW
Outer radius, mm

Parameters comparison

Gun 4

12
6.43

No

14
10.5
-3.52

114

Gun 5
>20% 60
> 4% 6.18
<40%

Yes

> and more uniform
=S G

9.0
-1.92
116

/\ BN N/



Cavity general view.

The main technical solutions are conserved.



Cavity design.

The caﬁWrts (copper) and segregated jacket (stainless steel)

Brazing technique for connections.

There are no brazed water-vacuum joints.



Conclusion

Physical cavity design is completed.

Particularity of this development is the careful consideration of
mutual influence of different processes in the cavity, operating in
the unique combination of long RF pulse, high pulse and average
RF power, in order to have optimized and well balanced design.

As the result, the cavity has a gain, some time not so big, in each
parameter separately. But in total, it provides significant cavity
advantage with respect existing cavities.

The cavity completely satisfies to X-FEL specification.

For X-FEL parameters the proposed cavity will provide at least
the relaxed operation.
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Injector beam control
studies winter 2006/07

talk from E. Vogel
on work performed by

N. Cichalewski, C. Gerth, W. Jalmuzna,W. Koprek, F. Léhl,
D. Noelle, P. Pucyk, H. Schlarb, T. Traber, E. Vogel, ..

FLASH Seminar at June 19™ 2007

" F22ERFEFHE A (July 20, 2010)
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Injector beam control studies winter 2006/07

FLASH Seminar, June 19™ 2007

Rf control by SimCon 3.1 and sophisticated algorithms

Implications of missing probe: U | e
e calculation of probe form
forward and reflected rf ADG
e calibration and linearization _/—L * 2 [
is an issue _ N rrg%gle
Aloors . sett Elomt proportional
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e Adaptive feed forward (AFF) . gain cIR AFF ©)
from rf pulse to rf pulse 1MHz e gajln track, Tl
= back | N N
|| AFF f = I
table gate — S
t
reset

F22ERFEFH =S (July 20, 2010)



Injector beam control studies winter 2006/07

FLASH Seminar, June 19" 2007

The gun rf phase slope feature

Potential sources of
emission phase slopes:

e uncertainties in probe
calibration

e gun laser pulse arrival
time changes

e drifts due to wave
guide heating
(distance between
directional coupler
and gun)

e and so on...

Countermeasures:

e slope at gun laser arrival time changing 1.3 GHz
MO EOM phase

e phase slope at gun rf:
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presented at FLASH seminar by E. Vogel, June 19 2007

HLcl=IN BT WLZS A \JUly £V, £V 1IV)



TESLA-FEL 2007-01

Field Estimation and Signal Calibration
of RF Guns without Field Probe

Alexander Brandt.,* Piotr Pucyk, and Stefan Simrock
Deutsches FElektronen Synchrotron
Notkestraffe 85, 22607 Hamburg

(Dated: January 26, 2007)

The field inside a resonator is proportional to the vector sum of the forward and the reflected
wave in front of the power coupler. The cavity field derived from the measured amplitudes and
phases of these waves can be used for low level RF (LLRF) control. This approach is required for
cavities without field probe but offers also additional diagnostics and possibilities for cross-checks
in case a probe is present. A precise field estimate requires a relative calibration of the forward and
reflected waves in amplitude and phase. This article introduces a simple online calibration method
which is applicable to any resonator that is operated close to steady state.

15 F22ERFEFH =S (July 20, 2010)
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example, the measured forward vector coincides with the real forward vector, while the measured reflected vector has an error
in amplitude compared to the real reflected vector.
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Injector beam control studies winter 2006/07

FLASH Seminar, June 19™ 2007

Virtual probe signal calibration (method established at FLASH by A. Brandt)

circle fitting after frequency variation

(v Figure 1

File Edit ¥iew Insert Tools Window Help
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Plots taken at PITZ - the plots and panels look similar at FLASH!

presented at FLASH seminar by E. Vegel, June 19™ 2007
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Free-Electron Laser
in Hamburg

Workshop report: Linac Operations with Long
Bunch-trains (Held at DESY: 22-24 February 2010)

1st lasing at TTF
22nd Feb 2000

JOHN CARWARDINE
ON BEHALF OF MANY COLLEAGUES

28 APRIL, 2010

https:/indico.desy.de/conferencedisplay.py?confid=2576
JohnCarwardine| XFEL Project Meeting, 28" April, 2010




FLASH.

Long bunCh'train StUdies at TTFIFLASH Free_-Ell_?ctrgn Laser
In Hamburg
2009 | FLASH (typical for users) 1-30 bunches | <1nC | lasing
2002 | TTF 3MHz 750 bunches | 2.8nC
2006 | TTF2/FLASH 1TMHz 800 bunches | 0.8nC | (400 lasing)
2007 | TTF2/FLASH 1MHz 800 bunches | 0.6nC | lasing
2008 | TTF2/FLASH 1MHz 550 bunches | 2.7nC | 9mA exp.
2009 | TTF2/FLASH 1MHz 800 bunches | 3nC 9MmA exp
3MHz 2400 bunches | 2nC

*Fundamental to the advantage of the TESLA SCRF technology

*Proof of principle has been long established

*Long bunch-train operation always characterised by difficult set-up

*‘'OmA’ studies are focused on operational limits (pushed by ILC requirements)

JohnCarwardine| XFEL Project Meeting, 28" April, 2010




: FLASH.
InjeCtor Setu p Free-Electron Laser

in Hamburg

> ltis evident from the simulations that we were running close to full
compression at the end of the bunch train

= Tuning In practice
= Phase slopes in the gun and laser during the pulse make tuning particularly difficult

* Phase and amplitude slopes on the gun and modules are necessary in order to
achieve a relatively flat energy profile... but stable time of arrival and bunch
compression must also be maintained

= Accurate information about on-crest phases is essential

= Many factors consire against simple tuning & setup of the laser, gun, and LLRF
(especially with heavy beam loading)

= Significant improvements in stabilization and repeatability are anticipated from beam-
based feedback on time of arrival and bunch compression (being implemented)

> Should explore the impact of running with 3nC bunch charge

JohnCarwardine| XFEL Project Meeting, 28" April, 2010



: : FLASH.
InjeCtor setup = CompreSSIOH Free-Electron Laser

in Hamburg
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. . FLASH.
ReqUIrements for user experlments Free-Electron Laser

in Hamburg

~50% of experiments need pulse trains
~50/50 need 100 kHz / 0.5-4.5 MHz Many users want longer
most 100 kHz want 80 pulses per train (=800us) | bunch trains ...but not if

they lose reliability or

~25% need multi-bunch and narrow bandwidth ,
single-bunch performance

~13% request max. no. pulses at 21MHz
>50% request <13.5 nm wavelength

FLASH operation May-Aug 2009 Operation Aug 2010 — Sep 2011

100 kHz single bunch 100 kHz
46% 22%

200/250 kHz 2500 kHz

single bunch

1 MHz

JohnCarwardine| XFEL Project Meeting, 28™ April, 2010
Josef Feldhaus
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