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New Lattice for TESLA XFEL — 4th Version

With TESLA XFEL Injector, ¢ =0.9 um
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4" Lattice with TESLA XFEL Injector Layout o

With TESLA XFEL Injector, ¢ =0.9 um
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END of LINAC with 60 slices
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4" Lattice with TESLA XFEL Injector Layout o

With TESLA XFEL Injector, ¢ =0.9 um
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4" Lattice with TESLA XFEL Injector Layout o

With TESLA XFEL Injector, ¢ =0.9 um
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4th T attice with TESLA XFEL Injector Layout ¢

With TESLA XFEL Injector, ¢ =0.9 um

6 [ [ [ [ [
5 2.5 MeV
4 | |
O
&
= 3 ;
(@)
O
2 |
: Simulated Particles = 200000
O L | | | | | -

~4x10-5  -2x] 05 0 25105 4x10°5
Location (m)
END of LINAC with 60 slices

Maximum uncorrelated energy spread : 0.997 MeV @ 20.0 GeV ~ 0.00498% < 0.0125%
Fortunately, the uncorrelated energy spread in the center region is around 0.0005%
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Old Klystron Layout for Jitter Study (s8N

Here K.No means Klystron number per module !

>

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

One Klystron for 4 MODULES
UNDULATOR, 200 m

ACC7 ACC8 ACQO9 ACCS57 —
e T L I L

We met difficulity in ACC234 phase (0.02 degree) and ACC39 phase (-0.04 degree) !
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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
UNDULATOR, 200 m

ACC7 ACC8 ACQO9 ACCS57 —
e T L I L

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) :
. 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%

For the mid-term period (1 day)
RF Phase Error < 1.0 degree (rms)
RF Amplitude Error (dV/V) <0.3%

Dr. Simrock will improve these tolerances in the near future !
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Jitter Investigation Method with S2E simulation (o8N

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 pg., iy 0f those components on the
longitudinal phase space at the end of linac (bunch length and dE/E).

After considering FEL performace, let’s choose the tightest p,, ;.iy DY
limiting

change in bunch length within +10% (~ 2 um) at the end of linac
change in dE/E within +0.1% at the end of linac

i=t\ P sensitivity

2
Then choose the tolerance p, ... Which gives \/ Zn: (ptolence] <1

Let’s check FEL performance under above tolerances with S2E simulations.
(Next week will report this !)
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Jitter Sensitivitx Investigation Method \ _

Used macro particle number for jitter sensitivity investigation : 10000
Considered Collective Effects : Space charge, CSR, Geometric Wakefields.

BINSs for CSR calculation is reduced to control the artificial modulation
at BCs due to small particle number.

Here dE/E means the relative energy deviation (peak-to-peak) at the end of
linac.

For each jitter sensitivity investigation, 10 S2E simulations are used.
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S2E simulation Results - Sensitivity (a8

Gun Timing Jitter

0.085 _
251
0.080| i 24
- 230
N 0075 ) =
3 220
{ N
L) 0.070 o 210
20 L
0.065L ng
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
gun timing jitter (ps) gun timing jitter (ps)
Sensitivity in dE/E ~-11.0 ps Sensitivity in bunch length ~ 1.0 ps

Therefore the tightest sensitivity is about 1.0 ps
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S2E simulation Results - Sensitivitx (a8

Change in Charge Q at Gun

From LEUTL’s photoinjector experiences,
0=0,(1+0.03A¢)A+(AE/E)))A+ AV /V),)

0.095| . 19.51
. 0.090¢ - 19.0|
b £
L, 0085 . 2 18.5]
~ 0
(N o
O 0.080L 180

0.0/75L 175

0.96 0.98 1.00 1.02 1.04 0.96 0.98 1.00 1.02 1.04
Q (nC) Q (nC)
Sensitivity in dE/E ~-40% Sensitivity in bunch length ~ 8%

Therefore the tightest sensitivity is about 8%
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S2E simulation Results - Sensitivitx

ACCI1C1234 RF Phase
Here we assumed ACC1C1234 will be driven by one Klystron
0.11
241
0.10 50|
ii 0.09 é 201
~ -
Y 0.08 ° 18}
16|
0.07
0.4 0.2 0.0 0.2 0.4 0.4 0.2 0.0 0.2 0.4
change in ACC1C1234 phase (deg) change in ACC1C1234 phase (deg)
Sensitivity in dE/E ~ -2 degree Sensitivity in bunch length ~ 0.2 degree
Therefore the new (old) tightest sensitivity is about 0.2 degree (0.1 degree)
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S2E simulation Results - Sensitivitx \ -

ACC1C1234 RF Phase
Here we assumed ACC1C1234 will be driven by one Klystron

(New Klystron Layout) (Old Klystron Layout)
Ej) N [ é} 3.914x1 0% -
Q. 3.914x104 G u Q- 3.912x1 04| B
~1 XWIO‘“ d 1 x1 ‘O‘W3 —M‘o“ 4 xw‘oﬂ 5 m‘oﬂ 2] ‘ofw3
dt (s) dt (s)
Fnd of LINAC Fnd of LINAC

Therefore the tightest sensitivity in ACC1C1234 phase is about 0.2 degree
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S2E simulation Results - Sensitivitx

ACCI1C1234 RF Voltage dV/V
Here we assumed ACC1C1234 will be driven by one Klystron
0.084 |
19.6]
0083 19.4]
° —
" 0.082| ] g 19.2L
(| ~
~ ’
5 0.081] | o 19.0]
18.81
0.0801L
| | | | | | 1 /‘ 86 L 1 | | | | L
-0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15 -0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15
change in ACC1C1234 dV/V (%) change in ACC1C1234 dV/V (%)
Sensitivity in dE/E ~-6.25% Sensitivity in bunch length ~ 0.6%
Therefore the new (old) tightest sensitivity is about 0.6% (0.15%)
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S2E simulation Results - Sensitivitx

ACC1C5678 RF Phase
Here we assumed ACC1C5678 will be driven by one Klystron
0.16] 1 301
0.14|
= 25
B o012 ©
N = 20
g 0.10] T
0.08] l 1oL
0.06 l 10l
0.4 0.2 0.0 0.2 0.4 0.4 0.2 0.0 0.2 0.4
change in ACC1C5678 phase (deg) change in ACC1C5678 phase (deg)
Sensitivity in dE/E ~-0.63 degree Sensitivity in bunch length ~ 0.1 degree
Therefore the tightest sensitivity is about 0.1 degree
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S2E simulation Results - Sensitivitx

ACCI1C5678 RF Voltage dV/V
Here we assumed ACC1C5678 will be driven by one Klystron
o o84l ] 21.0¢
20.5]
0.082L
= 0.080 g 200}
{ ~
T 07 2 19.5]
19.0]
0.0/6L
| | | | | | | /‘ 85— | | | | | | |
-0.3 -0.2 -0.1 -0.0 0.1 0.2 0.3 -0.3 -0.2 -0.1 -0.0 0.1 0.2 O.
change in ACC1C5678 dV/V (%) change in ACC1C5678 dV/V (%)
Sensitivity in dE/E ~-6.0% Sensitivity in bunch length ~ 0.6%
Therefore the tightest sensitivity is about 0.6%
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-

S2E simulation Results - Sensitivity

ACC2, ACC3. and ACC4 RF Phase
Here we assumed ACC2, ACC3, and ACC4 will be driven by three Klystrons

ACC3 and ACC4 have the same sensitivity

40 L
0.201L | 351
— S01L
AN —
— 0.15] | & 25|
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10L
0057 | | | | | ] 57 | | | | |
-0.4 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 0.4
change in ACC2 phase (deg) change in ACC2 phase (deg)
Sensitivity in dE/E ~ -0.4 degree Sensitivity in bunch length ~ 0.05 degree

Therefore the new (old) tightest sensitivity is about 0.05 degree (0.02 degree)
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S2E simulation Results - Sensitivitx \ _

ACC2, ACC3. and ACC4 RF Phase
Here we assumed ACC2, ACC3, and ACC4 will be driven by three Klystrons

(New Klystron Layout) (Old Klystron Layout)

21 013 0 RE IERIEE 0 5x1 013
dt (s) dt (s)
—nd of LINAC —nd of LINAC

Therefore the tightest sensitivity is about 0.05 degree
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S2E simulation Results - Sensitivity /a8

ACC2. ACC3. and ACC4 RF Voltage dV/V T
Here we assumed ACC2, ACC3, and ACC4 will be driven by three Klystrons

ACC3 and ACC4 have the same sensitivity

0.082 = 2/‘ .5,
2081 21.0
0.080L
QN/ 0.079L i E 205
El
Lo N
~._ 0.078L i » 20.0L
Lo o
O
0.077L
19.5
0.0/76L
0075* | | | | | | I /‘907 | | | | | | | ]
-0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15 -0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15
change in ACC2 dV/V (%) change in ACC2 dV/V (%)
Sensitivity in dE/E ~ -4% Sensitivity in bunch length ~ 0.25%

Therefore the new (old) tightest sensitivity is about 0.25% (0.1%)
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S2E simulation Results - Sensitivity (a8

\ 1 e

\v "|':' > )
ACC39C1234 and ACC39C5678 RF Phase
Here we assumed ACC39 will be driven by two Klystrons
ACC39C1234 has the same sensitivity
0.22[ S0F
0.201 o5
0.18]
§ O.1ToL fg\ 20|
014 =
oy 012] o 151
“ o010l
0.08] 104
0.06| 1
-0.4 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 0.4
change in ACC39C5678 phase (deg) change in ACC39C5678 phase (deg)
Sensitivity in dE/E ~ 0.4 degree Sensitivity in bunch length ~ -0.1 degree

Therefore the new (old) tightest sensitivity is about -0.1 degree (-0.04 degree)
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S2E simulation Results - Sensitivitx _

ACC39C1234 and ACC39C5678 RF Phase
Here we assumed ACC39 will be driven by two Klystrons

(New Klystron Layout) (Old Klystron Layout)

3.918x104

3.920%1 0%

3.916x104

3.914x104
3.915x1 04
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3.9124104
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dt (s) dt (s)
Fnd of LINAC Fnd of LINAC

Therefore the tightest sensitivity is about -0.1 degree
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S2E simulation Results - Sensitivity (a8

Vo e/

\v "|':' > )
ACC39C1234 and ACC39C5678 RF Voltage dV/V
Here we assumed ACC39 will be driven by two Klystrons
ACC39C1234 has the same sensitivity
| I 18.261
T 18.26L
§ /g 18.24|
0.0855| 3
w " 1s.22]
L 0.0850L ©
“ 18.20L
0.0845 | —
:O“W 5 fO“W O 70.‘05 fO“OO O.‘O5 O“W O O“W 5; fO.‘W 5 fO“W O 70“05 fO.‘OO O.‘O5 O“W 0 O“W 5
change in ACC39C5678 dV/V (%) change in ACC39C5678 dV/V (%)
Sensitivity in dE/E ~-10% Sensitivity in bunch length ~ -5.4%
Therefore the new (old) tightest sensitivity is about -5.4% (-3.0%)
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S2E simulation Results - Sensitivitx N

BC1 Power Supply Error di/I=dB/B
Here we assumed BC1 will be driven by one power supply

0.100L i 227
271
0.095L i
n 20|
DY 0.090L i /\
~— -
N 5 19L
~_ 0.085L i .
R . 181
©
0.080| ] 171
0.075 i 161
-0.10 -0.05 0.00 0.05 0.10 -0.10 -0.05 0.00 0.05 0.10
fractional field strength error in BC1 (%) fractional field strength error in BC1 (%)
Sensitivity in dE/E ~ 0.5% Sensitivity in bunch length ~ -0.05%

Therefore the tightest sensitivity is about -0.05%
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S2E simulation Results - Sensitivitx N

BC2 Power Supply Error dI/I=dB/B
Here we assumed BC2 will be driven by one power supply

0.0848F =
00845l | 18.85L1
0.0844| | 18.80L
@ 0.0842| - —~ 1875r
T osan g 18.70|
Lo ' N b ~
D 0.0838|. i o 18651
©
0.0836/ | 18.60|
0.0834| | 18.55]
0.0832L \ \ \ L4 18.501 \ \ \ \ [
-0.10 -0.05 0.00 0.05 0.10 -0.10 -0.05 0.00 0.05 0.10
fractional field strength error in BC2 (%) fractional field strength error in BC2 (%)
Sensitivity in dE/E ~ 125% Sensitivity in bunch length ~ -1%

Therefore the tightest sensitivity is about -1%
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S2E simulation Results - Sensitivit (a8

ACC5678 RF Phase
We assumed ACCS5, ACC6, ACC7, and ACCS8 will be driven by one Klystron
Since there are about 26 Klystrons after BC2, this region is safe against jitter.

0.0850| i 18.8L
 ooses) | 18.6]
o £
L 0.0840L 1 2 18.4
N »
L] o
© 0.0835] | 18.2L
0.0830| | 18.0L
-0.4 -0.2 0.0 0.2 0.4 -0.4 -0.2 0.0 0.2 0.4
change in ACC5678 phase (deg) change in ACC5678 phase (deq)
Sensitivity in dE/E ~ -40 degree Sensitivity in bunch length ~ &

Therefore the tightest sensitivity is about -40 degree
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S2E simulation Results - Sensitivit (a8

ACCS5678 RF Voltage dV/V
We assumed ACCS5, ACC6, ACC7, and ACCS8 will be driven by one Klystron
Since there are about 26 Klystrons after BC2, this region is safe against jitter.

0.088| i 18.8L
0.086| , 138.6L
B B
,, o084 —— | T 18.4}
N »
L) S
© 0.0820 j 18.21
0.080L , 18.0L
-0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15 -0.15 -0.10 -0.05 -0.00 0.05 0.10 0.15
change in ACC5678 dV/V (%) change in ACC5678 dV/V (%)
Sensitivity in dE/E ~ ©© degree Sensitivity in bunch length ~ o

Therefore the tightest sensitivity is about ©° degree
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Sensitivity & Tolerance
Now ACC2, ACC3, and ACC4 phase (0.05 degree) are close to our control range !

Sensitivity (rms) Tolerance (rms) for 1 minute
dT 1.0 ps 0.3 ps
dQ 8.0% 1.0%
ACC1C1234 Phase 0.2 deg 0.05 deg
ACC1C1234 dV/V 0.6% 0.03%
ACC1C5678 Phase 0.1 deg 0.05 deg
ACC1C5678 dV/V 0.6% 0.03%
ACC234 Phase 0.05 deg 0.05 deg
ACC234 dV/V 0.25% 0.03%
ACC39 Phase 0.1 deg 0.05 deg
ACC39 dV/V 5.4% 0.03%
BC1 dI/1 0.05% 0.02%
BC2 dI/1 1.0% 0.02%
ACCS5678 Phase - 0.05 deg
ACC5678 dV/V - 0.03%
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Old S2E simulation Results — Tolerance

Saturation length is safe enough (< 200 m) under jitters and erros !!!
EBOO i EBOO i
< 2501 i %25@, i
S 200 ] % 200| ]
£ 100] . , 5 100 ,
i 50| ] i; 50| ]
é OL, | | | | | | L g OL, | | | | | | L
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
random  error set random  error set
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Old S2E simulation Results — Tolerance

Wavelength is no problem but the jitter in the saturation power is high !!!
Planned Power ~ 24 GW
E 1.04x10-10 g P |
é 1.03 0710 - é 4)(/‘ 0117
% 1.02x 0710 N 1 0 A E S 2x1 (1"
5
% OO 0990000000000° 09000 000 100090 “0%g00 © 0%0000% 0%, %,00,%0400000 0o q O 2x1 011
= 5 o .
S rooionl L ] e S . 100 GW
S 9.90x1 07" 1 1 1 1 1 1 1 1 v | ’ T ’ | ° ) ‘Ooo QOQ TOQ 00 ) | ° i QT ’ QOOQ? ’ 1.0 GW
O 10 20 50 40 50 00 /0O O 10 20 50 40 50 60 /0O
random error set random error set
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Summary 000000000000

LY ‘_I- .:: L
\ T/

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.

Next week, I will report on the tolerance study with 100 random error set.
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