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What is our XFEL ¢

8GeV, 0.3 nc, 20-30 fs width, 60 pps, 0.1 nm light
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Requirements

= Beams withl kA peak current and a several tens fs pulse

width for generating SASE is necessary.
= Required beam energy variation of less than 104 in the whole

accelerator system to generate stable X ray SASE.

There are two parts of a LLRF & timing system for XFEL.

A. The crest acceleration part which correspond to the regular
section using the 5712 MHz accelerator guides, and for

B. Velocity bunching and magnetic bunching which corresponds
to off-crest acceleration part.

To realize 5712 MHz amplitude stability and resolution of less
than 104, the 5712 MHz phase stability and resolution of less
than +/-0.5 deg. (less than 500 fs) are necessary.

Several tens fs time stability should be necessary for bunch
compressing by the magnetic chicane.
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The Crest acceleration Part Off-crest acceleration Part



Tolerance of the phase stability of each

Beam Pulse Width
10 ps FWHM 20 = 30 fs FWHM Electrons 0.1 nm Laser Light
1 ns FWHM
/ \ —»JK — A 8 GeV, 0.3 nc, 3kA peak
1428 MHz 2856 MHz 5712 MHz Bunch 5712 MHz
476 MHz fy— .
500 KeV 1 nc  Boostor APS Cavities Accelerator ccelerator Compressor Accelerator n—-vaccum
Electron x2 BC-1 Guides 3m x 8 Guides 2m x 24 BC-3 Guides 2m x 104 Undulators 18

Gun
BC-2

1428 MHz 5712 MHz rf Beam /0
238 MHz
SIB Correction Correction B A
Cavity Cavity Off—Crest Acceleraton Part Crest Acceleraton Part
- = < b Rf Source

Master Oscillator Part 4 Klystrons 4 Klystrons

Optical Fiber Line

Cavity AV/IV (%rms) A¢ (deg. rms) At (ps rms)
238 MHz SHB +0.01 + 0.01 + 0.12
476 MHz Booster + 0.01 + 0.02 +0.12
L-band Cor. Cavity + 0.03 + 0.06 +0.12
L-band APS Cavity +0.01 + 0.06 +0.12
C-band Cor. Cavity + 0.1 + 0.06 + 0.049
S-band Accelerator + 0.01 + 0.1 + 0.097
24 C-band Accelerator (up-stream) + 0.01 + 0.2 + 0.097
104 C-band Accelerator (Down-stream) + 0.01 + 05 + 0.24




LLRF & Timing System of the crest
acceleration part

Master Oscillator Part

Optical Signals L
/ P 'd \ [ ] O/E & RF distributor
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Trigger Pulses 12 bit VME Modul VME | —
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Carvier St 238 M —1 o Acceleration Structure
VME Master
Trigger. E/O & WDM System 5712 MHz —{ ]
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This part mainly consist of the electrical instruments.



[Q-—Demodulator

Detection Error
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Trigger Delay

* Optical 238 MHz Transmission

Optical Coupler Reference RF signal
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Optical LLRF & Timing System

Optical comb generator or
Mach Zehnder interferometer

Off-crest acceleration Part
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~

N

rf

5712 Master Oscillator Part
MHz rf and Trigger Signal are- —
merged by the WDM system.| Pump Laser
DFB or ECLD 95 way [—>| Optical
v L Optical I Length :
R ﬁw Optical Comb | | pe [ | Divider| Feedback| +
Oscillator nerator Control
[ >~WDM —)
25 Optical Lines
_________________________________________________________________________ )
G ° -

& Optical Length

Faraday Rotator
Control

16 Optical Lines

-

K
<D
l 16 way WDM 8 way
Opt%cal : Pin Photo RF
EDFA Divider v YD) Diode Dividen
\_ _J :

' e

S—Band (1), C—-Band(4), Sector Optical System 4 ‘(:

Wavelength Division Multiplex (WDM)

Beam

E—

()

Optical System

—_—

C )

RF System
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(No Optical divider)
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This part mainly consist of the optical instruments.



Frequency Stabilized Laser & Optical Comb

In the optical comb generator, an electro-optic
(E/O, LN) crystal is inserted into an optical
Fabriot-Periot cavity.

The output rf signal of the master oscillator is
added into the E/O crystal to generate the
comb pulse having a period of the rf signal.
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Signal Generator
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-
The laser source (1538 nm) using DFB  iror \ —Cijg o —
laser diode in which the light is locked : — plical Amplituce
to acetylene absorption spectrum. = L _ >
The frequency stability is almost Optical Cavity
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Output characteristic of Optical

L Comb Generator

/

E/O driven by the 5712 MHz generated with the master oscillato

r.

Spectrum envelope of the comb generator.

Dull rise time of the pulse by the
bund width of the oscilloscope.
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Fiber Optical Length Control

(Michelson Interferometer)
N y,

Phase-stabilized optical fiber has a thermal optical length coefficient of 2 ppm/K.
The optical length of the fiber moves 1.6 um/K for 800m.

This values corresponds to a phase shift of 1 deg./K and 500 fs/K at 5712 MHz,
and is not acceptable to employ this method for the X-FEL.

Fiber Optical Length Measurement by Phase  delay-line fiber (25-km)
Detection using Michelson Interferometer

or DFB Fiber Stretcher

optical
circulator

O
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ECLD

10dB r

Light Source

Frequency Stability ov/v <1011 Feedback Circuit A
Spectrum Width < 1kHz
4 N
The fiber stretcher is ssMHz  MIXer synth.

controlled by the phase
detection signal

EI >®< @55MH2
Low-Noise Phase _
within 3 um for 25 km. | Detection phase signal Y




Experiment of Fiber Optical Length
Control

Tib tretch 5 . .
e Satisfy the original system performance

Sl o] RS D developed for ALMA. (Controlled it optical

length within 3 um for 25 km.)

" Error Length Spectrum of Control

Experimental
Apparatus

Use the 1 km phase
stabilized optical fiber
cable settled along the
circumference of the
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- Method of Beam Arrival Time Jitter
- Measurement

Synchronized with
acceleration RF

\‘(: ) 4760MHz
%AD_
This cavity is B%\-SZEWMHZ Q;)i@

placed just (: :>7

before the IDs. |Q mixer
CavityBPM  47/6MHz e |
N a___ . ( ; 0° K
| D). i '90°

Reference ca:hvity L
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R : ' 9Q°

. Position detectjon cavity e Q

~ This frequency to prevent the dark current generated by the 5712 MHz accelerator guides.

Use the 4760 MHz BPM intensity detection cavity



a N
Results of Beam Arrival Time Jitter
Measurement
A /
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Summary

The basic design of the LLRF & timing system for the 8 GeV XFEL
machine was finished.

We achieved non—linear amplification of a 50 nm VUV laser with
10 % fluctuation (saturation) in the SCSS prototype accelerator.

This fact shows great possibility to realize XFEL.

The master oscillator has a sufficient SSB noise level to realize
the beam energy stability of 1074

The trigger jitter of the delay module is less than 700 fs. It is
enough for the requirement of the crest acceleration part.

The phase resolutions of the IQ—-demodulator and the modulator were
within +/— 1 deg. It is satisfy our requirement to realize the 10~
Yenergy stability.

The optical comb generator were successfully developed with the
pulse train having lps width and 175 ps time interval. The output
of this instrument almost dose not increase the SSB noise of the
master oscillator.

The laser source using the DFB laser diode, with which light is
locked to acetylene absorption spectrum, has the frequency
stability of 10711

The 2 km fiber optical length control worked well within the
several micro—meter length error.
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