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Short Pulse X-rays
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8GeV, 100mA, g, :3.4nmrad

30m long straight sections

> 60 beamlines

> 5000 hours/year operation @ FY2009
RF frequency : 508.58MHz

natural bunch length : 26ps (20)

37ps (26)@ 1.5mA/bunch



Design concept

* High repetition and stable X-ray
* No disturbance to other users

o 30m Long Straight Sections of SPring—8
e Minimum R&D

o= KEKB crab cavity

m=) Almost same frequency : SPring—8 & KEKB

mm) Quick construction



Conceptual design of short pulse generator —
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Pulse width and extraction efficiency
N = Sliced X—ray flux / Total X-ray flux
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RF parameters of the crab cavity

Cavity type Superconducting crab cavity

Number of cavities 4
Deflecting frequency 908.58 MHz
Deflecting mode TM110
R/Q 46.7Q)
Loaded Q 105 to suppress
phase fluctuation
RF power 150kW / cavity
Length of drift space 10 m
Deflecting voltage 1.67 MV

Tilt angle 0.022 rad @ 8 GeV



Cryogenics Parameters

Loss / Unit | Number of tems

Cavity loss 60 W / cavity X 4 cavities 240 W
Cryostat loss 20 W / cavity X 4 cryostats 80 W
Transfer line loss TW/ m 50 m 50 W
Joint loss 2 W / joint X 4 joints 8W
Required refrigeration power 378 W

( @V, =1.67MV, Q,= 10°, 4.2 K)

Operate crab cavities at 4.2K, at 1atm.



Layout of the Short Pulse X—-ray Generator
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————
Requirement

» For coexistence with short pulse user and other users.
» Vertical deflection must be canceled downstream the generator.

excited by phase error.

* Required Specification
Vertical oscillation < Tpm, [ "' 206,~13um @ LSS ]

= relative phase noise among 4 cavities < 14mdeg (1o)
0 =eV, sin(wAt)/ E

‘ y= bl HCOS(”V_‘Wl _Wz‘)

2sinzv

» Measure phase noise of the KEKB crab cavity and its source.

Source Hunting!




Source Hunting of Phase Vibration at KEK
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* Measure
o phase noise
= Mechanical vibration
o _LHe pressure variation

* Analyze coherence among data

 Identify vibration source of cavity phase oscillation
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Requirement

vertical oscillation

Vertical oscillation < 1um,
= relative phase noise among 4 cavities < 14mdeg (1c)

¥

¢/Measure phase noise of the KEKB crab cavity and its source

hd

« Fast phase noise : Common phase noise is not problem
— one klystron drives 4 cavities

- Individual phase noise : High-power phase shifter and frequency tuner
were developed for phase noise of individual cavities.



One klystron scheme

Phase Shifter
Klystron

508MHz from | (@) ’
master oscillator
& I

low level PLL

Phase Shifter Power Supply ‘

With this scheme, phase fluctuation due to klystron become ignorable.



Requirement

vertical oscillation

Vertical oscillation < 1um,
= relative phase noise among 4 cavities < 14mdeg (1c)

¥

¢/Measure phase noise of the KEKB crab cavity and its source

hd

¢/Fast phase noise : Common phase noise is not problem
— one klystron drives 4 cavities
- Phase noise of individual cavity is independently suppressed by
= High-Power Phase Shifter
Frequency Tuner



High—Power Phase Shifter
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Current .
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Power Supply of the Phase Shifter (Preliminary)

“0 N Jﬁ DC power supplies | Inverter Boards
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Frequency response is almost good. (50pH, 40mQ)

Behavior at high current output is unstable.
— need improvement of the circuit




Extraction of Lower—order mode ( LOM )

« LOM( TM010)
= Q, < 10,000-
o Input coupler (for TM110)
= —extract LOM
e Can simplify tuner structure T™110 TMO10

Deflecting mode LOM (unwanted)
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Test of SP8-type tuner
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Requirement

vertical oscillation

Vertical oscillation < 1um,
= relative phase noise among 4 cavities < 14mdeg (1c)

¥

¢/Measure phase noise of the KEKB crab cavity and its source

hd

¢/Fast phase noise : Common phase noise is not problem
— one klystron drives 4 cavities

¢/Phase noise of individual cavity is independently suppressed by
¢//High-Power Phase Shifter
¢/ Frequency Tuner



Phase fluctuation of 14mdeg is possible?
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» Preparation for PLL simulation
= Vibration data ( floor, beam pipe )

= Mechanical vibration mode of cavity (FEM analysis)
= Sensitivity of RF fz.nant tO Cavity shape deformation

Freq. fluc. due to vib.@SP8

PLL simulation




Simulation result of phase noise suppression by PLL
Phase response
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Summary
« 2.2ps(2c) is available (0.8ps at 4GeV)

using mini—pole undulator.
o Four crab cavities, Slits, Bump orbit

Key subject : suppress phase fluctuation < 14mdeg

Phase noise and Countermeasures

o LHe pressure vib. < 10Hz : SP8 type cavity tuner
o= Mechanical vib. 10Hz—100Hz : 300kW phase shifter, power supply
o Electric noise > 100Hz : One klystron drives 4 crab cavities

Feature

o Coupling out LOM with input coupler
o High reliability by simplified cavity tuner

PLL simulation : 14mdeg phase stability is possible!

R&D phase for the short pulse generation complete!



