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New Lattice for TESLA XFEL — 4th Version

With TESLA XFEL Injector, ¢ =0.9 um
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New Klystron Layout for Jitter Study (a8

Here K.No means Klystron number per module !

>
RF-GUN ACC IH ACCZH ACC3H ACC4 ACC39 ¥BC¥1 !BC; ACCSHACC6 ]7
K.No=1 2 1 1 1 2 One Klystron for 4 MODULES

One Klystron for 4 MODULES, Total 29 Klystrons
UNDULATOR, 200 m

ACC7 ACC8 ACQO9 ACCI11R8 —
e V7

Mliti-Klystron before BC2 reduces the jitter sensitivity in ACC234 and ACC39 modules
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Controllable Jitter Tolerance from Dr. Simrock

For both 1.3 GHz TESLA Module & 3.9 GHz 3"1 Harmonic Module

i For the short term period (1 min) :
i RF Phase Error < 0.1 degree (rms) Reference !!!
: RF Amplitude Error (dV/V) <0.03% (rms)

For the mid-term period (1 hour)
RF Phase Error < 0.3 degree (rms)
RF Amplitude Error (dV/V) <0.09%

Controllable jitter tolerance depends on charge fluctuation !
0=0,(1+0.03A¢)1+(AE/E)))A+ AV /V),)
One feedback cycle : 10 us + 4 us delay = 14 us

Dr. Simrock may improve these tolerances in the near future !
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New Jitter Sensitivitx Threshold (98N

By the help of S2E simulations, let’s apply artificial jitter or error to all
important components (GUN, ACC1 ~ ACC57, ACC39, BC1 and BC2) in
order to investigate the sensitivity p . ., Of those components on the
longitudinal phase space at the end of linac.

New Jitter Sensitivity Threshold at the end of Linac :

change in bunch length 0, within +10%

change in beam energy within 0.005%

change in peak-to-peak energy deviation (6=dE/E) within +0.1%
change in bunch arrival time within 50 fs

i=l1

2
Then choose the tolerance p,,...... Which gives \/ > (p”’le”“”ce} <1

p sensitivity

Let’s check FEL performance under above tolerances with S2E simulations.

6
TP E S LA == TeV-Energy Superconducting Linear Accelerator Projects - TTF-2, TESLA X-ray FEL, TESLA Linear Collider s—



Most Sensitive Sources in 6 = dE/E and O

|
[ RIS
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I

ACC2, ACC3, and ACC4 phase are the most sensitive jitter sources.
30r
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Sensitivity in energy deviation ~ -0.375 deg Sensitivity in bunch length ~ 0.065 deg
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Most Sensitive Sources in AE/E, and AT, ;. /o

-~

\ '—*-[,Cl;'-';;_"! ]'_
ACC5678 dV/V is the most sensitive jitter sources in AE/E
ACC2, ACC3, and ACC4 phase are the most sensitive jitter sources in AT
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Sensitivity in energy change ~ 0.028% Sensitivity in arrival time ~ -0.056 deg
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SensitivitX & Tolerance Set for each lestron (o8N

For one macro pulse or one bunch train

Sensitivity Tol. Set A (rms) Tol. Set B (rms)
dT 0.50 ps 0.1 ps 0.3 ps
dQ -6.10% 1.0% 1.5%
ACC1C1234 Phase 0.20 deg 0.05 deg 0.07 deg
ACC1C1234 dV/V -0.17% 0.02% 0.03%
ACC1C5678 Phase 0.10 deg 0.05 deg 0.07 deg
ACC1C5678 dV/V -0.08% 0.02% 0.03%
ACC234 Phase -0.056 deg 0.05 deg 0.07 deg
ACC234 dV/V -0.06% 0.02% 0.03%
ACC39 Phase -0.08 deg 0.05 deg 0.07 deg
ACC39 dV/V 0.19% 0.02% 0.03%
BC1 dI/l 0.02% 0.02% 0.02%
BC2 dI/l 0.31% 0.02% 0.02%
ACCS5678 Phase 4.19 deg 0.05 deg 0.07 deg
ACC5678 dV/V 0.028% 0.02% 0.03%
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S2E Simulations with 331 Random Error Set A @2
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S2E Simulations with 331 Random Error Set A {.@’Eis})
o/
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S2E Simulations with 331 Random Error Set A @2
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S2E Simulations with 331 Random Error Set A <o
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S2E Simulations with 331 Random Error Set A {.@’Eis})
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S2E Simulations with 331 Random Error Set A {.@"Eis}.)
o/

5 G I I I I I I I I I
- Median : 3.93E-8 |

RMS Error : 280%

Counts

O ] ] ]

-200 -&00 -4Q0 -Z00 o 2QQ 400 €00 2C0

A<xp> /<xp>_ (%)

15
TP E S LA == TeV-Energy Superconducting Linear Accelerator Projects - TTF-2, TESLA X-ray FEL, TESLA Linear Collider s—




S2E Simulations with 331 Random Error Set A {.@’Eis})
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S2E Simulations with 331 Random Error Set A {.@’Eis})
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S2E Simulations with 331 Random Error Set A /a8

RO
8@_ T T T T T T ]
For 80% core slices
FASA! Median : 0.933 pm .
ol RMS Error : 2.47% _
(S
—+— 0L )
¢
= 40| )
)
S A0 L )
200 i
10| i
(
0.0 .92 0.24 G, 0.8 1.C0C
slice emittance within 80% care slice {mm.mrad)
18

TP E S LA == TeV-Energy Superconducting Linear Accelerator Projects - TTF-2, TESLA X-ray FEL, TESLA Linear Collider s—




S2E Simulations with 331 Random Error Set A {.@’Eis})
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S2E Simulations with 331 Random Error Set A @2
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S2E Simulations with 331 Random Error Set A @2
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S2E Simulations with 331 Random Error Set A {.@’Eis})
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S2E Simulations with 331 Random Error Set A r‘@i?')_
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S2E Simulations with 327 Random Error Set B o
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S2E Simulations with 327 Random Error Set B o
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S2E Simulations with 327 Random Error Set B @@
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S2E Simulations with 327 Random Error Set B @@
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S2E Simulations with 327 Random Error Set B ¢
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Yarv
Summarx /2@
i\ DEFZ»EF ]'—
"\\{(-;:_;-.U}/"

After considering the space charge force at Gun, CSR in BCs, and geometric

wakefields in linac, we have investigated jitter tolerance in the new TESLA
XFEL lattice.

At the moment, it seems that we may control phase jitters by the multi-
klystron operation before BC2.

The most difficult points are ACC234 phase and ACC5678 dV/V

We should discuss these results with respect to users aspect

(specially power).
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