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Accelerator Issues in the SLAC Design

Issues Design solutions

¥ LLow emittance injector ¥ RF photoinjector
m Cold beam, low s, » 0.05 % P Laser heater

I Bunch compression F Two magnetic chicanes
m Coherent Synchrotron F RF linearization with

Radiation higher harmonic X-band

m L ongitudinal space charge cavity

I Beam stability ¥ Diagnostics

I Fast feedback
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unch Compression Dynamic
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Diagnostic challenges

Measurement Devices
I \Measurement of ultra- F RF transverse deflecting
short bunch profiles cavity "LOLA"
¥ Shot-hy-shot F Terahertz coherent
measurement of bunch Spectral Powef
P measurement
- J . I Coherent radiation
I [Bunch timing autocorrelation
IESUTEIENT I Electro-optic bunch
profiling
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Bunch Length Measurements with the RF Transverse Deflecting Cavity
Bunch length reconstruction
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‘rator Issues In the SLAC D_

Issues Design sol
3 ittance injector | ® RF photoinjecte

m Cold beam, low s » 0.05 % I Laser heater
I Bur JL'(J ompression B Two magnetic «.
m Coherent Synchrotron P RF linearizatio |}
ad]ﬂ jon higher harmonic
| ongitudinal space charge cavity
ability ¥ Diagnostics
B Fast feedback
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.tlon from Coherent Synchrotron Rad-

- > s, radiation coherent
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and further
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Two-stage bunch compression approach — P. Emma

Issues Design solutions

I ‘At low energiesif bunch | ¥ Compressin two stages
Iscompressed too much | g Limit low energy

space charge spoils compression so space
emittance charge not alimit

I [At high energiesif bunch | » Second compression te
'S compressed too hard final bunch length at
synchrotron radiation higher energy, but with

adds large energy spread | \veaker bends to limit
synchrotron radiation.
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Alignment Laser
1 ym Titanium Foil

12.5 ym Mylar/ B Reference Pyro Detector
Vacuum Window

(3/4” dia) / \
12.5 ym Mylar

e-

Variable
Beam Splitters 7-1“’\ Position
RxT=0.17 Mirror

HE Interferometer Pyro Detector

Transition radiation is coherent at
wavelengths longer than the bunch length,

| >(2p)1/2 SZ
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Diagnosing Coherent Radiation
1. autocorrelation

Stanford Synchrotron Radiation Laboratory

Limited by long wavelength cutoff
and absorption resonances

SLAC SPPS measurement:
P. Muggli, M. Hogan
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Diagnosing Coherent Radiation

2. spectral power
Smooth Gaussian bunch

) Fixed BW detector Bunch length signal
spectrum from BC1 Signal prop. 1/s, )

for RF feedback
4. CBR Spectrum- ]J. “Wi
0.4l 4 s, »190 nm |
P r\ - Measure
593 bunch length
’ ’i With 5%
SEAE i I'n microbuhching
Tl e / » Detect
2 | ' \ . |
/ | /N microbunching
O :, o -m:'h_z:_g.. . | —
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Frequency (THz)
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‘Laser Heater’ for Landau Damping | Laser heater
suggested by

Saldin et al.

T1:Sa800 nm 1.2 MW
A
\

Injector e- 135 Me

>

chicane|s
energy mixing

IFEL
energy modulation

A (keV)

Final energy

distribution:
Z. Huang
et al.
PR ST AB,
June 2004
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Electro-Optical Sampling at SPPS - A. Cavalieri et al.
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Energy and Bunch Length Feedback Loops

E E E
Vrf(l—li—<]l F rf(Lz)l_Ql F rf(L3) l‘<} J\

O
F rf(l—l) 7 F rf(LZ) ~|Sz
Spectr
BC1 BC2 BSY
: DL2
LO L1 L2 L3 S0B1

F 4 energy feedback loops B Feedback model (J. Wu)
B 2 bunch length feedback loops E PID controller (proportional, integral,

¥ 120 Hz nominal operation, <1 pulse derivative) |
delay B Cascade control for sequential

loops (off-diagonal matrix elements)
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ergy feedback loop response -  J.wu
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@ 3 different settings of the
PID controller

@integral term dominant
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Bunch length feedback loop response -  J.wu
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Summary
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Design optimized for emittance preservation
Minimize disruption from strong self-fields of the

bunch

Two-stage compression

| aser heater reduces instabilities
Dlagnostics and feedback integral

part of design

~uture expansion to multiple sase beamlines

New possibilities include enhancec
short bunches!
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