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XFEL (8GeV)

Complete: Acc. structures
Oct., 2010: Conditioning
Feb., 2011: Test accel.




C-band acc. structures
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Outline of short X-ray generation at SP8.
Conceptual design and problem (phase noise).
X-ray pulse width and intensity.
Phase noise source hunting at KEK.
Simulation of phase noise suppression by PLL
R&D of components

-300kW fast phase shifter.

 Current supply for the phase shifter.

-SP8-type tuner.



Design concept

Upgrade of the Storage Ring with minor exchange.

Experiments in the region from pico to sub-pico second.
(see Yuelin LI’ talk, on Wed. )

A stable and reasonably intense short X-ray with high
repetition rate. (complemental feature with XFEL)

Install in one of four long straight sections.
(inherent advantage of SP8)

No disturbance to the other users.

(coexistent w/o emittance degradation)

Minimize R&D items. <—KEK crab cavity

Settle down superconducting technology at SP8.




Generating a short light pulse from a bunch
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プレゼンター
プレゼンテーションのノート
SPring-8の蓄積リングにおける短パルス光発生原理

周回しているバンチ形状が上下方向に薄い性質を利用し、バンチをクラブ空洞(RFデフレクタ)で傾斜させる。

上下方向に広がって出てくる光をスリットで切り取れば短パルス光が得られる。

得られるパルス幅は8GeVで2σ=1.9psec, 4GeVで2σ=0.54psecとなる。

この図は8GeVの場合のバンチ形状を示している。
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Concept design of a short pulse generator
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プレゼンター
プレゼンテーションのノート
短パルス光生成系の概念図

4箇所ある長直線部にクラブ空洞4台とアンジュレータを挿入する。

青色はクラブ空洞本体、水色はクライオスタット。

ピンクはミニポールアンジュレータ(λu=10mm, Gap=5mm, Nu=101)、赤色はその本体。

黄色は電子軌道を外側に20mm移動させるための電磁石。

黄緑色は既存の四極電磁石群。

他のユーザの場所における電子のCODが1μm未満になるようにするには、

4台のクラブ空洞の位相安定性が14mdeg未満になるように制御する必要がある。

最も適した挿入場所はD長直線部。


Layout of short X-ray generation system
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Cross section of the storage ring
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Crab Cavity and Cryostat
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RF parameters

*Cavity Type
Number of Cavities
*Deflecting Frequency
*Deflecting Mode

*R/Q

Loaded Q (Q;)

RF power

*Length of Drift Space
*Deflecting Voltage
*Bunch Tilting tan 6,

*Phase control stability

Superconducting Crab Cav.
4 or 2

508.58 MHz

TM110

46.7 €

1X105

150 kW/Cavity

10 m

1.67 MV

0.044 at 4GeV

0.022 at 8GeV
14 mdeg (0.24mrad)
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Light spectrum for 100% efflc:lency
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Extraction Efficiency 7

Pulse width and extraction efficiency
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Pulse shaping by an asymmetric crystal

1)Bragg condition A=2d sin 4,

2)Short pulse condition

Strong Constraint !

max max o2
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X-ray Energy vs. pulse width
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Source Hunting of Phase Vibration at KEK
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Mechanical Vibration
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Vibration measurement of
KEK-B Superconducting
Cavity (1)
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Forced vibration experiments of a KEKB SC Cavity
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Vibration Modes of Crab Cavity
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Sensitivity of vibration mode to RF resonant frequency.
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PLL phase suppression function
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Simulation result of phase noise suppression by PLL
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Phase Noise [dBc¢/Hz]
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Inteurated Dhase n0|se and specification
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Improvement of phase shifter
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High power test of phase shifter

A
508MHz
300kW CW
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Test of SP8-type tuner
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Summary

Available X-ray: 2psec at 8GeV and 0.6psec at 4GeV using mini-pole
undulator. (2 0 p)

Double-slit method is more practical than asymmetric crystal.
Key technology: phase stability within =0.014deg.
Phase noise source hunting:
LHe pressure noise < 10 Hz. —can be suppressed with tuner
Mechanical vibration from 10 to 1kHz.
—can be suppressed with phase shifter
Electric noise (Klystron & SG) >1kHz.
—can 1gnore by employing one klystron scheme.

FEM Analysis of mechanical vibration agrees with measured phase
noise. —can estimate phase noise from mechanical vibration data.

PLL simulation using phase suppression function.
—can realize phase stability within =0.014deg

Complete: 300kW CW phase shifter.
Under test: power supply of phase shifter & SP8 type tuner.
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