z
% I,
[«]
4
>

,_
» [ |
(2]

(e}

m

i

m

2

3

o

o

i

>

o

O(

Proposal on testing x-band
bunch compression at NLCTA
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Motivation and simulation conditions

Motivation for future X-band FELs
oDemonstrate effective bunch compression (10 to 20 times) with x-band RF
»Scheme 1: use normal chicane + positive RF chirp (current NLCTA)
=»Scheme 2: use optics w/ higher order dispersion + positive/negative RF
chirp (need to install 4/6 sextupoles in the big chicane)
olnvestigate tolerances on timing jitter, misalignment etc.; emittance growth

Simulation condition:
v'In Elegant, transverse and longitudinal wake of X-band cavities, 1D coherent
synchrotron radiation (CSR) and ISR, longitudinal space charge (LSC)
v' CSRDRIFT between all bends with the "USE_STUPAKOV" option
v'CSR induced steering removed by 'center' element in Elegant
v'0.5 million macro-particles
v'For scheme 1, current operating optics
v'For scheme 2, new optics
v'20 pC beam at 5MeV, 0.5ps RMS bunch length, 6e-3 RMS energy spread, 1
mm.mrad transverse emittance
v'Beam energy: 60 MeV at BC1, 120 MeV at BC2
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NLCTA optics (current configuration)
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Scheme 1 (1) L-phase, current and bunch length
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Scheme 1 (2) no compression, on crest
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Scheme 1 (3) 2 stage 20 times BC, linac end
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Scheme 2 (1) optics

Install 4/6 sextupoles in the big chicane, at 60 MeV
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Scheme 2 (2) L phase and current

Over compression
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Scheme 2 (3) 1 stage 10 times BC, linac end
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Effect of CSR, schemel&?2
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Effect of timing jitter, schemel&?2
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Effect of Quad+ACC alignment, schemel&?2

T e ﬂﬂ | oo . SChemel
Qg Pr— | | wg 1.0 o= sy:c

S 1-to-1 I 1-to-best enx=1.23um
o I L B eny=0.97um

ST 0 TS 50 55 30 35 20 O 5 101520 25 30 35 40
s (m) s (m)

Quad, ACC, Quad-BPM offset RMS=200um (x&y); Quad roll RMS=200urad
20 seeds

2.0 0% . . . 2.0 0% ; : . . S C h em ez

8){,
o~ s ey.n
= 1.5 08 4- = 1.51 0%
~=- ~=- c
= . c EN=1y]
S [
== = c
L 1.0 0= 4 = 10«0 v,

v B
Eyen

S5.0=1 07

£on
=
—
?
=
W
=
= —
?
o
e (D
n
L —+

enx=1.24um

[ 1 eny=0.97um

0 5 10 15 o O 5 10 15 20 o5
s (m) s (m)

sigma  matrix——input: LCLSITOGEJANT 1 ele lattice: LCLSIITGJANTT Ite aigma matrix——input: LCLSITOSJAMNT 1 .ele lattice: LCLSIIOGEJANTI . Ite

NATIONAL ACCELERATOR LABORATORY e nXO — 1 ) 2 O u m e nyo j— O . 9 7 u m

%0’
x,n?

3
£




Effect of BC Quad+Sext alignment, scheme2
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Bunch length diagnostics

X-band transverse deflecting cavity
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Summary

» Two bunch compression schemes proposed at NLCTA
» 10-20 times compression ratio
» Tolerances acceptable in simulation

» Measured by X-band TCAV

Initial
Energy [MeV] 5
Bunch length [fs] 500
Peak current [A] 15
Emittance x/y [um] 1/1
Energy spread [%] 0.6
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