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|. Accelerator and beam parameters



Layout

135 MeV injector

A X-band rf system

Two bunch compressors in 0.4 GeV and 2.8 GeV
10 GeV S-band linac
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Design parameters for 0.2 nC case

ff =19.8°

Injector BC1
s,=1.67 ps s,=0.4 ps
e=0.45 M &=0.50 mm
€=0.45 mm €=0.48 mm
$+~0.048 % $+0.61 %
E=0.135GeV  E=0.412 GeV

X-band linac

ff =18.8°

BC2

!

s,=9.66 fs
€=0.85mn
€=0.46 mm
Sq4+0.2 %
E=2.86 GeV

ff (=22.540

(A0 COCDCD ol 'I“I"Im\(mﬂm

undulator

!

s,=9.76 fs
€=0.90 mm
€=0.45 mm
S 40.03%
E=10.0 GeV

: 28.5MV/m  S-band linac : 27 MV /m



Peak Brilliance [ph/sim mri0.1% ow]
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Linac lattice

Linac length ~ 550 m



Unit system in Inac

Two S-band rf columns for each klystron

III | 1 1 I 1 1 l.II 1 1 | Ll]

20cm <50 cm— +«50 cm— 20cm

QF Correctors 4 RF columns BPM QD
(CH, CV)




X-band RF

A X-band rf in decelerating phase is used to linear 1ze
energy-time correlation prior to BC1.
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Projected
emittance (um)

X-band RF
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Peak current (A)

First bunch compressor

Compression factor : 4.1

Z (mm)
at entrance of BC1

Peak current (A)
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Peak current (A)

Second bunch compressor

Compression factor: 41
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Beam Transport Line
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- Horizontal bending angle of 1 deg.
- Almost isochronous and no variation in bunch length
- To analyze beam energy, energy spread and final tu  ning
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List of components

M1 | L1 |(BC1 | M2 |L2 [BC2 |M3 |L3 M4 |BTL |Tot
Quad 4 0 6 4 18 5 4 24 4 18 |88
Bend 4 4 4 12
X-band 1 1
Column
S-band 4 28 96 128
column

04 BPMs and 64 H/V correctors
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Bunch-to-bunch stability
due to RF jitters
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Slice peak current

With successive 100 bunches

(0.5 ps rms timing , 0.1 deg rms rf phase, 0.05% r ms voltage)
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RMS bunch length (fs)

25

2r 1st punch without jitters
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l1l. Effect of Wakes in Undulator
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Impedance in round beam pipe

a=5.3 mm gap
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Impedance In flat beam pipe

a=5.3 mm gap
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Wake and energy spread
IN a beam of round pipe
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Variation of energy spread is acceptable. 21



Wake and energy spread
In a beam of flat pipe
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Variation of energy spread is acceptable. 22



V. Start-to-end simulations

Using PARMELA

ELEGANT / SAD
GENESIS
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Longitudinal beam distributions
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Peak current (A)

Y-emittance ( nm)

Slice beam distributions
at the entrance of undulator
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Radiation power in undulator

30
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10 GW at saturation length of ~50 m

[ Undulator ]
Period = 2.23cm
B=1T
K=2.2
Planar, Hybrid type
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Radiation and beam parameters

Wavelength () 1

Power (GW) 10

Beam energy (GeV) 10

Bunch charge (nC) 0.2

Slice emittance ( nm) (x/y) 0.45/0.45

Peak current (kA) 6

Bunch length (fs) 9.7

Slice energy spread (Core)(%) 0.005
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V. Microbunching Instability

Growth of microbunching due to CSR in BCs,
LSC wake and geometrical wake in linac.

[ Z. Huang, PRST-AB 074401, 2002 |
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Need to suppress gain of microbunching instability . 28

Shows dependence of the instability on bunch charg e.



TaolLal Gain

Microbunching Instability

Total gain after BC2 (with Laser Heater)
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A laser heater can effectively suppress the
growth of the instability.
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VI. Summary

Lattice and beam parameters are optimized to contro |
growths of emittance and energy spread.

We achieved accelerator parameters that satisfy
required beam parameters for a hard X-ray FEL.

Through these studies, it is shown that the results are
well within our FEL performance goals.
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PAL-FEL (Plan)
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