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CTE3 2.5 Cell S-band RF Gun Type V (1 Joo—
/K : ’\’\ EPAC1996, R. Bossart et al

-+ . & 4 -

From Micha & Rudi Bossart communication

RF tested @ 100 MV/m - two weeks operation
power for 100 MV/m = 22 MW with 4.5 ps RF pulse
power for 120 MV/m = 25 MW

RF frequency ~2998.5 MHz

cell = 2.5 cells (One TM02 + Two TMO01)
Q,=16300

number of bunch in a train =48

cathode wall angle = 20 degree

total length ~ 0.25 m

full cell length ~ 50 mm

designed charge ~2.33 nC
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CTF3 2.5 Cell S_band RF Gun T e V PAULLS;_H_ERRERINSTITUT

//* - ’\\ EPAC1996, R. Bossart et al

-
- A A & A

From Micha & Rudi Bossart communication

RF tested @ 100 MV/m - two weeks operation
power for 100 MV/m = 22 MW with 4.5 ps RF pulse
power for 120 MV/m = 25 MW

RF frequency ~2998.5 MHz

cell = 2.5 cells (One TM02 + Two TMO01)
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Layout with CTF3 RF Gun Type V (1 oo

Ipeak =32 A
laser beam : o, =270 pm, AT=5.8 ps (FWHM), rise & falling time = 0.7 ps i z_'{fg;;, KMEV
- . 1]
e-beams : O~ 0.2nC, g, =0.195 pm ﬁiz 221 pm, 6= 221 pm, 5= 579 pm
> £y, = 0.388 pm, &, = 0.388 pm
2.5 cell 2998 MHz gun driving laser
GUN INSBO1-RAC INSB02-RAC
[ [ [ N . N [ ]
- { 2998 MHz S-band LINAC }—i 2998 MHz S-band LINAC {
[ [ [ S . N N O .
120.0 MV/m 13.58 MV/m 18.80 MV/m
42.38 degree 0.0 degree 0.0 degree
from zero crossing
E=7920 MeV E=67.700 MeV E=150.72 MeV
Component : GUN INLBO1-MSL10 INSBO1-RAC 4 INSBO1-MSLAC10s INSBO2-RAC 4 INSBO1-MSLC10s
Distance : 0.0 m (.3 m (center) 295m 3.4 m (st center) T7.9m 8.45m(lstcenter) 123 m 13m
2.5 Cell CTF3 Gun Type V based Injector for PSI XFEL Project April 17, 2008 by Y. Kim

&
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S2E Simulation Method with CTF3 Gun ”[SJ‘____S“_

FEL user

branches Stations
njector ___linact ____linac-2 ey o wmea | Beeremr With a new layout, overall compression factor of
1 [ 1 o " —_
T ‘ A= 272 for I, = 1.5 KA can be reduced to 63 for I,
\ Mo —— - | = 2.0 kA with an initial peak current of 32 A.
1.0 - 10 nm "
caamna ELEGANT Tracking Start Point = 17.873 m in Romain's Excel file - Version 1.31
-“--III Ill.....
Jat ¥l Section Defnition T, ., /
. EG M F 1 I 03 INDHE KMER. .r A ik MNER[3 M R[4 AR 10BC 100
o ‘ i 3 } i e } a4 } &bo- - — o } o | - } 4! |
2-coll STW cavity |II'Ia.I:- diagnostic ® |inac ¢ linac s
(1.5 + 4.5 GHz) {1.5 GHz) section —— Hz) {12 GHz} deflecting
& '- - 5§ N it [ 1T T T B T T T B | _D-. cavity 7 DUMP St tP . ¢ 59 8
M art Point =59.8 m
=8 itttk T, . ENENENEN W drupoles diagnostic | :
Y Eﬁs:all.ggl::acnaleraiim = :::'['«?FB\;WIHEHF “’ hunc:igpn‘:rissm .
tea, oot ASTRA code was used to consider space
L ] .

Ik T NNPTY Ll charge effects from cathode to 150 MeV.
ELEGANT code was used to consider short-
range longitudinal and transverse wakefields

g g
in S-band and X-band linac tubes, coherent
B T T T T T, synchrotron radiation (CSR) and incoherent
L L . . . .
Y S - it L T synchrotron radiation (ISR) at dipoles in BC
. . Y ) ‘asej beané c?yzﬂé pm, A: 5.8 ps (FWHMI, rise & fallirg time = 0.7 ps 7,= 0.088% ] a . y p
““‘ s 0 021C, 0155 S b T "~., DUMP. Additionally, ELEGANT code was
2.5 cell 2998 MHz gun driving aser . . .
o* GUN ’ INSBO1-RAC INSB02-RAC e, used to simulate 3FODO cells for projected
" [ » I O [ I O 0‘ . ‘]
o : Lpearc =32 A%, emittance  measurement and LOLA
L 4 . .
x — W — — — e % transverse deflection cavity for bunch
L 120.0 MVim 13.58 MVim 18.80 MVim | | . o
" gl demer D0 degree 00 degree : length, slice energy spread, slice energy
“‘ E=7930 MeV £=67.700 MeV £=150.72 MeV ". spread, longitudinal phase space
*, e om 1m o measurements. ASTRA output was directly
e, ] * ‘ o’ converted to ELEGANT input at 17.873 m
Yo, . ‘ 2.5 Cell CTF3 Gun Type V based Injector for PSI XFEL Project Al 178, 2008 by Kim | es® . . . .
TP Y A for the S2E simulation. Therefore, this S2E

--........-...........-..._..---"" simulation covers whole 250 MeV injector
ASTRA Tracking up to 150 MeV (~ 13 m from the cathode) including diagnostic section and dump.

V)
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— —
— |
Iaser beam : o, ;= 270 pm, AT =5.8 ps (FWHM), rise & falling time = 0.7 ps i stg'gg /M"V
e-beams : 0 ~0.2 nC, g,,.,,=0.195 um sj: 221 um, o= 221 pm, o, = 579 pm
> &~ 0.388 pm, g = 0.388 pm
2.5 cell 2998 MHz gun driving laser
o GUN" " INSBO1-RAC INSBO2-RAC
:
L]
) = 2998 MHz S-band LINAC
L]
s B . - e . — R
[y . a (%4
* Ny s
ﬂgQ’qWI“ ....la's&myﬂﬁnillllIIIIIIIIIIIIIL&BDMV‘IIIII-
4238 degree 0.0 degree 0.0 degree
from zero crossing
E=7.920 MeV E=67.700 MeV E=150.72 MeV
Component : GUN  INLBOI-MSLI10 INSBO1-RAC 4 INSBO1-MSLAC10s INSBO2-RAC 4 INSBO1-MSLC10s
Distance : 0.0m 0.3 m (center) 295m 3.4 m (1st center) 7.9m 8.45m (1stcentery 123 m 13m
2.5 Cell CTF3 Gun Type V based Injector for PSI XFEL Project prl 17h, 2008 by ¥, Kim
2 »
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ASTRA Simulation - LCLS Type Injector lf—

[1 Note that thermal emittance is the most biggest contribution in slice emittance

[1 We can reduce slice emittance by reducing thermal emittance on the cathode !

2K
E, RO, , o =0, for a round beam
7\ 3m,c’ Y
e

Here we assumed K =0.4 eV for Cu cathode

Optimization of LCLS Type RF Photoinjector with a gradient of 120 MV/m

Q laser length (FWHM) 1 peak, cathode laser O-x,or y gthermal 8pr0jected, exit
0.4 nC 7.4 ps 54 A 0.44 mm 0.32 pm ~0.47 pm
E. .0.‘.2. .l.l.(.j ............ 5. :g. .p.é ................. 3.4.;4 .......... (.).‘.3.511.1.1.1; ............. (.) :2.5. .’:l.lil. ...... - 6..3.'.7. il.l.l.]. .
: 0.1 nC 4.6 ps 2 A 0.28 mm 020 pm  ~0.28 um

Note that peak current is much higher than 5.5 A !

8
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PAUL SCHERRER INSTITUT

ASTRA Simulation - CTF3 Gun Type V (1 Joo—

L1 If 120 MV/m is available in CTF3 Gun Type V, a shorter gun driving laser

can be also used to obtain good beam parameters.

Q laser length (FWHM) Ipeak, cathode laser O.x,or y 8thermal gprojected, exit
0.2 nC 5.8 ps 32 A 0.27 mm 0,195 pum  ~0.388 um

€ ™ mrad mm

Note that its peak current is similar to that of LCLS type backup injector !

Transverse Emittance Bunch Length
o T T T T T T T T T T T ] j T j T j T j T i T " T
we can get a good projected emittance if we use ot i
a shorter gun driving laser in 120 MV/m CTF3 gun. A
Q _ I
: e 3t i
o
18
B 3
N[ ]
0 o
o _
shorter bunch (5.8 ps) and higher gradient of 120 MV/m | shorter bunch (5.8 ps) and higher gradient of 120 MV/m
° | é | AIL | els | é | 1|o | 1|2 ° | R | 4 | 6 | 8 | 10 12

2 m zm ;
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ASTRA Simulation Results

13 m

ASTRA Tracking results from the cathode to 150 MeV with 200,000 particles

Transverse Phase—Space

z=13.00m

Transverse Phase—Space
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Longitudinal Phase—Space
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z=13.00m

=

Momentum Spread

1
T

0.5
T

norm. particle density

At ps

Longitudinel Distribution

30

10

y mm

E =150.72 MeV
5= 0.088%

o,= 221 pm, 6,= 221 pm, ¢, =579 um
Eny— 0.388 pm, g, = 0.388 pm

0=0.2nC,I

peak

Low Emittance Gun based PSI XFEL Project - Yujong Kim of Swiss Light Source, Switzerland
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ASTRA Simulation ReSUItS 13 m PAUL SCHERRER INSTITUT

— —
— I
ASTRA Tracking results from the cathode to 150 MeV with 200,000 particles
z=13.00 m 2z =18.00 m
Front view Side view horizontal core emittance vertical core emittance
0 F g T : T u T u T : F u T u T : T E T u
=) [ [
QL A QL a
gorf ] gof ]
g g £ ] g [ 1
g Eo Baf ] 39k ]
B 5 E r ] E [ ]
Sar ] Sar ]
ol ] of i
0 L ] [ ]
o L i [ ]
I (=] o
0 20 40 60 80 100 0 20 40 60 80 100
T mm Particles 7% Particles 7%
Top view longitudinal core emittance emittance ratio ex/ €y
0 g T E T E T E T E F E T E T E T E T E 7
° - ] r -4
gsf | -} :
13 s | ] 3 .
g o K] L |
b Eol ] 0 [ ]
n @ =]
y L ]
. ' ' : ]
°| o 1 1 2 1 L 1 L 1 2 o L 1 L 1 2 1 I 1 L
0 20 40 60 80 100 0 20 40 60 80 100
Particles 7% Particles 7%
L] PI-TI,_TAPESA_ TRyt SOGEIN SOUROpITE.SB00A01 044 1E11

E =150.72 MeV

o5= 0.088%

o,= 221 pm, 6,= 221 pm, ¢, =579 um
Eny— 0.388 pm, g, = 0.388 pm
0=02nC, /[ ., ~32A

peak
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€ T mrad mm

0.6

0.2

ASTRA Results - Slice Parameters @ 13 m IJ___

ASTRA Tracking results from the cathode to 150 MeV with 200,000 particles

Slice Emittance

difficulty due to a higher beam energy @ gun exit

core slice ¢, .~ 0.36 um

nx,y

there is a small nonlinearity along bunch | -

- No of slice = 20 for 200,000 pTrticles

5x1073 0.01
T T

0

pr/P2z Mmrad

—5%x107°3

-0.01

-1 -0.5 0

Z mm

% Low Emittance Gun based PSI XFEL Project - Yujong Kim of Swiss Light Source, Switzerland

0.5 1

E =150.72 MeV

o5= 0.088%

o,= 221 pm, 6,= 221 pm, ¢, =579 um
Eny— 0.388 pm, g, = 0.388 pm
0=02nC, 1/, ~32A

eak
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€ T mrad mm

ASTRA Results - Slice Parameters @ 13 m IJ___

ASTRA Tracking results from the cathode to 150 MeV with 200,000 particles

Slice Emittance

difficulty due to a higher beam energy @ gun exit

core slice g,, .~ 0.36 ym

- there is a small nonlinearity along bunch |/ -

0.6
- ..-R

pr/P2z Mmrad

- .~-1

0.2

- No of slice = 20 for 200,000 pTrticles

ol 1 v . . L L \ \
-1 -0.5 0 0.5 1

Z mm

E =150.72 MeV

o5= 0.088%

o,= 221 pm, 6,= 221 pm, ¢, =579 um
Eny— 0.388 pm, g, = 0.388 pm
0=02nC, [, ~32A
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€ 7 mrad mm

Performance Comparison - LCLS Type Guﬂ“‘b_

SCHERRER INSTITUT
— —

ASTRA Simulation Results at the end of LCLS Type Backup Injector

Slice Emittance

SL i
p=
" core slice g, ~0.32 p
" much flat and excellent slice parameters
_ i . :
1
o
S
S |
|
| | i I | i i i i | | 1 | i 1 | 1 |
-1 —0.5 0 0.5 1 -0.4 -0.2 0 0.2 0.4
Z TR I TR

- — T T T SR W W T

E=137.7TMeV, Q=0.2 nC

5= 0.07%

oy= 247 pm, 6,= 247 pum, ¢, = 510 pm
Eny— 0.369 pm, g,,=0.369 pm

14
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€ 7 mrad mm

0.5

P

SCHERRER INSTITUT
— —

erformance Comparison - LCLS Type Guﬂ“‘b_

ASTRA Simulation Results at the end of LCLS Type Backup Injector

Slice Emittance

" core slice g, ~0.32 p
' much flat and excellent slice parameters

= mm

- T ————— N W mE T

E=137.7TMeV, Q=0.2 nC

5= 0.07%

oy= 247 pm, 6,= 247 pum, ¢, = 510 pm
Eny— 0.369 pm, g,,=0.369 pm
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ELEGANT Results from 150 MeV to Dump™

SCHERRER INSTITUT
— —

pE

SB03 SB04 XB 4QMs BC 5QMs 3FODO LOLA 2QMs DUMP
0.4. 120 | | | | ]
[ n | I I ml 11
AWMV oo T L

0.3L  100L i

0.2 30 L i
—~ B

c 0.1L—= ©60L _
\/X Q>\
& &
Q.

0.0L 40 _ |

strong focusing optics against CSR in BC
-0.11 2 O — o, -function ~ 0, B, -function ~ 6 =
~0.2L oL i
| | For LOLA, ocy-furfction ~0, By-function: ?

20 30 40 50 60

s (m)

QMs at BC upstream of BC =4
QMs at BC downstream = 5
QMs at DUMP upstream = 2

Ry, @ BC1 ~35.024 mm
bending angle @ BC1 ~ 3.55 deg
bending angle @ DUMP ~ 3 deg
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— —

ELEGANT Results from 150 MeV to Dum lJ_ -

SB03 SB04 XB 4QMs BC 5QMs 3FODO LOLA 2QMs DUMP
0.4, 120¢ | | | | ]
X
AR ==l L
I 1 [ 10 L
Y
0.3L 100L i
)%
0.2 30L i
//~
—~ E
c 0.1L—= ©60L _
~— >
L
x
& &
Q.
0.0L< 40| _ ]
0.1 20 strong focusing optics against CSR in BC QMs at BC upstream of BC = 4
B — a, -function ~ 0, B -function ~ 6 — QMs at BC downstream = 5
QMs at DUMP upstream = 2
Re, @ BC1 ~ 35.024 mm
*, bending angle @ BC1 ~ 3.55 deg
-0.2 O s = | bending angle @ DUMP ~ 3 deg
| | For LOLA, ocy-furfction ~0, By-function ~ ?

|
2 O 5 O 4 O £ 1+§(0'22)2 N |9‘5LB iB[Lzﬁ(procz)wﬁz+6ozﬂLB}

O ;
S < m > Lattice optimization to minimize this term

17/
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ELEGANT Results from 150 MeV to Dump

Ex,cn’ ay,cn <Mm>

% Low Emittance Gun based PSI XFEL Project -

2.0

0.5

0.0

SB03 SB04 XB 4QMs

PAUL SCHERRER INSTITUT

=

BC 5QMs 3FODO LOLA  2QMs DUMP

AN =
I

L L1 ml lla
T 1 I L

CSR, ISR, and Wakefield are considered !

E ~250 MeV,Q=0.2nC
65~ 1.50%, c_= 580 um
€y~ 0.39 um, g ~0.39 pm

—

N

CSR, ISR, and dispersion increase horizontal
projected emittance at BC and DUMP dipoles.

E~250MeV,Q=0.2nC
o5~ 1.49%, c_= 58 um
g~ 0.41 ].Ilm, €,,~0.39 um

X,ChN

y,Cn

a0 510

40

s _(m)

O U

Yujong Kim of Swiss Light Source, Switzerland

E ~250MeV,Q=10.2nC
o5~ 1.48%, o_= 60 pm
€~ 0.56 pm, g~ 0.39 pm
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ELEGANT Results from 150 MeV to Dump™

/0
ol0
o0
40
50
20
10

O

Laminarity Parameter

SB03 SB04  XB 4QMs

BC 5QMs

3FODO LOLA 2QMs DUMP

ol L ml 1l
- O L

P = 1 at upstream and downstream of BC1. |

Space charge is not strong at those regions.
But it is shortly strong in the inside of BC1.
Energy @ BC1 should be increased later.

pﬂ,l= Qc \

- ZyIAgnxgny 2”0-

40

s (m)

SCHERRER INSTITUT
— —

(1 o

zoom in @ before BC1

2.5[7

2.0L

0.51

0.07\ I I I ]

15 20 25 30 35
s (m)

zoom in @ after BC1

40 45 50 55 60
s (m)
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ELEGANT Results - Before BC1 ”l‘J‘___S"

s | . 591 Lo ~32A 1
50L i
2| 1 @ 25

5 E T |

{ OL i \: 20| i

L] s 151 )l
© -2 =

I ] s 10L E ~250 MeV, Q=0.2 nC i

. e o5~ 1.5%, o, =580 um

_4 | S £,y 0.388 pm, &, ~ 0.388 i

| 1 | 1 | | | | | O,‘ | | | B

-4 -5-2 -1 0 1 2 5 4 5 7 0 W >

dz (mm) dz <mm>
Sefore BC Before BCH

10| | | | i __1.0L | | | i
& &

= o8| | =2 osl |
: r

o O0.6L i v 0.61 i
(- (=
O o

= 0.41 i = 0.41 |
- -

® 021 | ° 021 |
© ©
= O

» 0.0L | »w 0.0 ]

-7 —] O 1 % -7 —] O 1 %
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ELEGANT Results - After BC1
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S R N B
dz (mm)

After BCT

change of slice emittance is ignorable !

0.0

01 0.0 041 0.2

Current (Amp)

slice rms dE (MeV)

400
320
300
250
200
150
100
50
O

0.30
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0.20L
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0.05¢L
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PAUL SCHERRER INSTITUT

=

i ce growth
I E ~250 MeV, Q = 0.2 e |
i o5~ 1.5%, c_= 58 um 7
| €py~ 0.410 pm, g, ~0.388 um |
-0.2 -0.1 0.0 0.1 0.2

dz (mm)

After BC]
slice energy spread ~ 100 keV after BC1 |

-0.2 -0.1 0.0 0.1 0.2

dz (mm) 1



ELEGANT Results - Zoom in around BC1

505
500
495

o, 490|

E
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O
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3

2
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—4x1012  —2x 012 0 2x1 012 4x1 0712
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505 .
S00L . ~350 A
4951 E~250MeV,Q=0.2nC
— o5~ 1.5%, c_ =58 um
Cy 490 €,~0.410 um, &~ 0.388 um
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~4%10713  _2x1Q-13
3na ,
21
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-
c OL
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-2} o,-function ~ 0
B,-function ~ 6
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=

nonlinearity at head and tail regions |

due to space charge, CSR and wakefiglds

0 2x1 0712

strong focusing optics against CSR

~7

ol

O 1 2

x (mm)

After

BCT
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PAUL SCHERRER INSTITUT

Magnets for Diagnostic Section (1 o

ELEGANT Starting Point = 17.873 m from Romain's Excel file - Version 1.31
QM length = 0.15 m

Maximum QM gradient =20 T/m

Length of DUMP dipole = 0.3 m

Bending angle of DUMP dipole = from 3 degree (but it is not fixed completely).

Starting Point of four QMs at upstream of BC1 Starting Point of seven QMs in 3FODO
- Q1@UBCI1 at 29.759 m - Q1@FODO at 47.789 m
- Q2@UBC1 at 30.109 m - Q2@FODO at 49.189 m
- Q3@UBCI1 at 30.459 m - Q3@FODO at 50.589 m
- Q4@UBC1 at 31.309 m - Q4@FODO at 51.989 m
- QS@FODO at 53.389 m
- Q6@FODO at 54.789 m
Starting Point of 1st Dipole in BC1 = 32.439 m - Q7@FODO at 56.189 m

Ending Point of 4th Dipole in BC1 =32.439 + 10.5=42.939 m

Starting Point of two QMs at downstream of 3FODO
Starting Point of five QMs at downstream of BC1 - Q1@DFODO at 57.0916 m

- (Q);%DBEI at ::233 m - Q2@DFODO at 57.5416 m
- DBC1 at 44.689 m

- Q3@DBC1 at 45.439 m

- Q4@DBCI1 at 45.889 m Starting Point of 0.3 m long Dump Dipole = 57.9916 m
- Q5@DBC1 at 46.339 m Starting Point of OTR@DUMP for LOLA = 59.4592 m
Starting Point of Dump = 59.8 m
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PAUL SCHERRER INSTITUT

Re-Matching of Poor FODO Cells (1 Joo—

Initial Twiss Parameters @ 150 MeV

Initial Twiss Parameters @ 150 MeV

o-function ~ -0.75
a,-function ~-0.75
B,-function ~ 38 m
B,-function ~ 38 m

o-function ~ -0.75
a,-function ~-0.75
B,-function ~ 38 m
B,-function ~ 38 m

DOFO optics in 3FODO cells FODO optics in 3FODO cells
L 120 T I T m 8, 0.4 120¢ \ T I 7 8,
MMMl HUH I HU | H I I I I I \I UH g MMMl HUH I UH T | I I I I I | HU g
. 100L | 0.3l 100L | ¢
. 77 ‘* 77
| 80| | 0.2] 80 ‘ |
,E 60L i } c 041 E 60 i
< 40| | T ools 40 |
201 | ~0.1 20 |
B oL | —0.2L oL |
O 10 20 50 40 20 50 40 50 60
s (m) s (m)

Reoptimization of QM Strength and Polarity

Maximum K in QMs < 15.0 (1/m?)

Maximum gradient in QMs = KxE(MeV)/299.8 ~ 13 T/m for 250 MeV 4
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n, (m)

Re-Matching of Poor UEstream ORtics

Initial Twiss Parameters @ 150 MeV
o -function ~ -1.5

ocy-function ~-1.5

B,-function ~ 76 m

B,-function ~ 76 m

0.4 120 T T T |
L 1 1 1 11 :
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0.3l 100 | ¢
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0.21 80L N
01l € 60l i
Ny
0.0l 40| i
0al  20[ ’ “,
-0.21 oL . 75
\ \ \ K3 \ \ ':
20 50 40 00 ] 50
s (m)
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-0.1L
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PAUL SCHERRER INSTITUT
| — —

Initial Twiss Parameters @ 150 MeV
o -function ~ -1.5

ocy-function ~-1.5

B,-function ~ 76 m

B,-function ~ 76 m

FODO optics in 3FODO cells

120 \ \ I 7 8,
L1 I 1 L1
T 1 [ I [ [ g
100 i z
7,
80 i
£ 60|

-
““‘- frea,

20 .

ol : ;

20 30 4050 &0
T

Reoptimization of QM Strength

Maximum K in QMs < 15.0 (1/m?)
Maximum gradient in QMs = KxE(MeV)/299.8 ~ 13 T/m for 250 MeV
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Re-Matching of Poor UEstream ORtics

Initial Twiss Parameters @ 150 MeV
o -function ~ -1.5

ocy-function ~-1.5

B,-function ~ 76 m

B,-function ~ 76 m

0.4 120¢ T T T |
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0.3l 100L | ¢
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0.21 80L N
01l € 60l i
Ny
0.0l 40| i
0al  20[ ’ “,
-0.21 oL . 75
\ \ \ K3 \ \ ':
20 50 40 00 ] 50
s (m)

n, (m)

y,cn
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PAUL SCHERRER INSTITUT
| — —

Initial Twiss Parameters @ 150 MeV
o -function ~ -1.5

ocy-function ~-1.5

B,-function ~ 76 m

B,-function ~ 76 m

FODO optics in 3FODO cells

2-0% WWNMWMUHHH - o LUl | u‘” MU PR x,cn
_ Tyen

1.51 |
1.01L |
0.51 |
0.0L__, | | | B

20 50 40 o0 o0

s (m)

Reoptimization of QM Strength

Maximum K in QMs < 15.0 (1/m?)
Maximum gradient in QMs = KxE(MeV)/299.8 ~ 13 T/m for 250 MeV
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PAUL SCHERRER INSTITUT

Re-Matching of ORtics for Pulser Injector (1 Joo—

Initial Twiss Parameters @ 150 MeV Initial Twiss Parameters @ 150 MeV
o -function ~ 1.5 o -function ~ 1.5

a,-function ~ 1.5 a,-function ~ 1.5

B,-function ~ 76 m B,-function ~ 76 m

B,-function ~ 76 m B,-function ~ 76 m

Big horizontal emittance growth in BC

Positive alpha-function gives a poor optics against CSR in BC FODO optics in 3FODO cells
For a better matching, we need an optimization of Twiss parameters in pulser based injector l
0.4, 120¢ \ \ \ 7 8 0.4, 120¢ \ \ \ 3] 8
WWMWWMM 2 | I I 1 [ _ MMMl I 1. | I I 1 [ _
I T 1 R R 8 i T T T T 1 8
Y Y
0.3L  100L | 0.3L  100L i
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0.2] 80| SR i 0.2] 80| ‘ i
= o1E 60l / ‘ i = o1f 60l / ‘ i
g Sy ‘ \ - o ‘ \
S * / \ anEEEE, } S * /
0.0L= 40| : ot ey 0.0L= 40| i
-01L 20l -01L 20l * Yoo
.: %
—0.2| oL —0.2| oL . ;]
! ! ! ! “‘ ! J
20 20 30 40™.. 50 60

s (m)

Reoptimization of QM Strength

Maximum K in QMs < 15.0 (1/m?)
Maximum gradient in QMs = KxE(MeV)/299.8 ~ 13 T/m for 250 MeV
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PAUL SCHERRER INSTITUT

Re-Matching of ORtics for Pulser Injector PS5

— |
Initial Twiss Parameters @ 150 MeV Initial Twiss Parameters @ 150 MeV
o -function ~ 1.5 o -function ~ 1.5
a,-function ~ 1.5 a,-function ~ 1.5
B,-function ~ 76 m B,-function ~ 76 m
B,-function ~ 76 m B,-function ~ 76 m
Big horizontal emittance growth in BC
Positive alpha-function gives a poor optics against CSR in BC FODO optics in 3FODO cells
For a better matching, we need an optimization of Twiss parameters in pulser based injector '
0.4, 120¢ \ \ \ 7 8, 20 \ \ \
R e [N I I B G B I L e e |y s B B R
0.3 100[ "
1 ",
02l 80| /o , © 1ot ]
_ - = ]
= oilE 60l i e <
= o } =~ 2 1.0L |
I O.Oiql»x 40l “ \ ““‘IIIII.... I E
~0.1L 2001 w O 5 L L\/—'\_\T |
-0.21 OL
‘ O0.0L_ | ‘ ‘ ‘ L
20 20 50 40 o0 o0
s (m)
Reoptimization ot QIV1 Strength
Maximum K in QMs < 15.0 (1/m?)
Maximum gradient in QMs = KxE(MeV)/299.8 ~ 13 T/m for 250 MeV )3
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Simulation on LOLA -0 MV & 3 de

505

=0 bunch length (rms) ~ 193 fs / 57.9 pm
| bunch length (FWHM) ~ 455 fs
| | bunch length (FW) ~ 770 fs
< <3| | c,= 60.2 um @ OTR4
“89) | 0,=58.6 um @ OTR4
L | | 1 o= 1.015 mm @ DUMP
T O<s> e c,=25.7 um @ DUMP

After BCT

(<]
=]
—
—
(]
=
=S
=
H
=
=t
(¢

about 3.9 m downstream from LOLA end

-0.4 -0.7 0.0 0.2 0.4
X mm)
OTR4@s5F0D0

PAUL SCHERRER INSTITUT

1.15 m downstream from DUMP dipole

§ - |

~NS O W <+ M N T

longitudinal phase space - X-band on

bending angle@ DUMP dipole = 3 deg
about 6.4 m downstream from LOLA end

(wuw) X

Va4
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Simulation on LOLA -1 MV & 3 de

222 bunch length (rms) ~ 193 fs / 57.9 um
495' bunch length (FWHM) ~ 455 fs
| | bunch length (FW) ~ 770 fs
£ ue] | 6,=60.2 um @ OTR4
50| | ©,=77.9 ym @ OTR4
o | | - o,= 1.015 mm @ DUMP
—4x1 013 _2x1 013 " O(S> 2x1 013 Gy: 27.0 l’lm @ DUMP
After BC1
U~4 | [ | -]
31.1 pixels for 311.6 um (FW)
corresponding to 770 fs (FW) 16
~ 24 fs/pixel
XA 0.2 MW (5 cells) 1
£ i g 121
e 10!
0.0L = i
= 81
3
e Bl
0.7 | 4l
04| about 3.9 m downstream from LOLA end |
|
-0.4 -0.7 0.0 0.2 0.4
¥ (mm)

VIMV]

PAUL SCHERRER INSTITUT

1.15 m downstream from DUMP dipole

a
c

H

=

d

O M~W@Ww Mo — O

longitudinal phase space - X-band on

bending angle@ DUMP dipole = 3 deg
about 6.4 m downstream from LOLA end

/PRF[MW]
OTR‘4@5FODO PRF[MW]~T’ E’peak,surf[N[V/ln]~90 n (LULU) bt

JV
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Simulation on LOLA -2 MV & 3 de

PAUL SCHERRER INSTITUT

_}_

222 bunch length (rms) ~ 193 fs / 57.9 um
495' bunch length (FWHM) ~ 455 fs
— I bunch length (FW) ~ 770 fs 1.15 m downstream from DUMP dipole
% 490| >
\i’ 485| o= 60.2 pm @ OTR4 Er _ -
480 c,=118.3 pm @ OTR4 e
475] —
‘ . . Ox~— 1.015 mm @ DUMP longitudinal phase space - X-band on
~4x10713 2x1 013 0 2x1 013 —
e 6,=30.6 um @ DUMP
After BCT
[ [
AN  47.3 pixels for 473.2 um (FW) 1
corresponding to 770 fs (FW) 12
~ 16 fs/pixel
UZAR (.8 MW (5 cells) f1o
g
= Bl
(¢}
0.0 = i
i) 6l
=
=]
-0.21 d 14
-0.4 L i bending angle@ DUMP dipole = 3 deg
about 3.9 m downstream from LOLA end about 6.4 m downstream from LOLA end
| ! 1 1 ! !
-0.4 -0.7 0.0 0.2 0.4 aN T - \ AN
I
x (mm) VIMV] P, IMW]
OTR 4@5FO D O PRF[MW] NT’ Epeak,surf[MV/m] ~90 T ( L ) e
o1
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Simulation on LOLA -

bunch length (rms) ~ 193 fs / 57.9 um
bunch length (FWHM) ~ 455 fs

bunch length (FW) ~ 770 fs
o,=60.2 pm @ OTR4
o,=213.7 um @ OTR4
o= 1.015 mm @ DUMP
c,=42.1 um @ DUMP

505
500|
495/
9, 490/
E
~ 485
480/
475/
-4x1 0713 72xw‘o-13 o 2x1 .0_13
dt (s)
After BC1
[ [ |
0.6 ,
85.5 pixels for 854.8 um (FW)
0 4 corresponding to 770 fs (FW
Bl ~ 9 fs/pixel P
3.2 MW (5 cells)
0,71
e
=
c -0.0
= —0. 2|
-0.4
0.6l

about 3.9 m downstream from LOLA end .

10
(g}

= i

H

H

(¢7)

= 5l
o i

ﬂ

(=)

= 41
(¢°)

-0.4 0.2 0.0
X (mm)

|
0.7 0.4
VIMV]

4 MV & 3 de

PAUL SCHERRER INSTITUT

1.15 m downstream from DUMP dipole

bending angle@ DUMP dipole = 3 deg
about 6.4 m downstream from LOLA end

P,.IMW]

OTR 4 @3F OD O PurlMWI=E S, By IMVIml <90, B 0y

Jz
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Simulation on LOLA -8 MV & 3 de

505
500]
495/

5490_

~

4851
4801
475]

o

44075 pe0 o 241 013
dt (s)
After BCT

bunch length (rms) ~ 193 fs / 57.9 um
bunch length (FWHM) ~ 455 fs
bunch length (FW) ~ 770 fs

o,=60.2 pm @ OTR4
o,=415.3 um @ OTR4
o,=1.014 mm @ DUMP
o,=71.4 um @ DUMP

Orrespondlng to 770 fs (I
~ 4.6 fs/pixel .

gfruquunu}-

N~ Oy

-0.4 -0.2 0.0
x (mm)
O TR4@5F OD O PerIMWI~

|
0.2 0.4

PAUL SCHERRER INSTITUT

_}_

1.15 m downstream from DUMP dipole

i

longitudinal phase space - X-band on

-
3

V[MV] , Epeak,surf [MV/m] ~ 90 /M ( LL] U_J) W
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PAUL SCHERRER INSTITUT

Simulation on LOLA -8 MV & 6 de -
Simulationon LOLA-SMV & 6deg o1,

dE/E (%)

0.4 -0.2 0.0 0.2 0.4
dz (mm)

After BCT

bunch length (rms) ~ 193 fs / 57.9 um
bunch length (FWHM) ~ 455 fs
bunch length (FW) ~ 770 fs

o,=60.2 pm @ OTR4
o,=415.3 um @ OTR4
o,=1.014 mm @ DUMP
o,=71.4 um @ DUMP

correspondlng to 770 fs (B
~ 4.6 fs/pixel

= I
PR
T

LY

about 3.9 m downstrea;nlufrom LOLA end

gfruquunu}-

dyoad jud.md

N~ Oy

-0.4 -0.2 0.0 0.2 0.4
x (mm) VM V]
OTR4@3F QD O Per[MW]~ » E peak s IMV/m] ~ 9

1.15 m downstream from DUMP dipole

]
c
H
=]

o o o =+ o O

bending angle@ DUMP dipole = 6 deg
about 6.4 m downstream from LOLA end

V n
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Simulation on LOLA -8 MV & 6 deg [;]z_

dE/E (%)

N B N R

PAUL SCHERRER INSTITUT

bunch length (rms) ~342.7 fs / 102.8 um

bunch length (FWHM) ~ 67 fs
bunch length (FW) ~ 1.4 ps

o,=64.2 pm @ OTR4
o,= 684.7 um @ OTR4
o= 1.845 mm @ DUMP
o,= 118.1 um @ DUMP

166.1 pixels for 1661.2 um (FW)
corresponding to 770 fs (FW)
~ 4.6 fs/pixel .

dyoad jud.aand

0.3 02 01 00 01 02 03 04 <
X (mm ) VIMV
OTRA@3EOD O Petwi="VE g V/m~ 90

15 m downstream from DUMP dipole

] = 0o o =+ o I

1
E

bending angle@ DUMP dipole = 6 deg
about 6.4 m downstream from LOLA end

Jiﬁ(u_uuj X
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y (mm)

Simulation on LOLA -

é 5.0*1‘ Ol 1 ,Ox1‘ 0-12
dt (s)
After BC1

8 MV & 6 de

PAUL SCHERRER INSTITUT

wunch length (rms) ~342.7 fs / 102.8 um

unch length (FWHM) ~ 67 fs
wunch length (FW) ~ 1.4 ps

7= 64.2 um @ OTR4
5,= 684.7 pm @ OTR4
y.= 1.845 mm @ DUMP
s,= 118.1 pm @ DUMP

166.1 pixels for 1661.2 um (FW)
corresponding to 770 fs (FW)
~ 4.6 fs/pixel .

dyoad jud.aand

SCo0L

{

-0.5 -0.2 0.1 -0.0 0.1
X (mm )

02 03 0.4

P\) 7 ‘.712

, E

OTRAG@3FODO Par™WI~ = B

[MV/m] ~ 90

1.15 m downstream from DUMP dipole

]
c
H
=]

E o o m w o+ o oo

bending angle@ DUMP dipole = 6 deg
about 6.4 m downstream from LOLA end

—RF[M (L) X
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Phase Advance for LOLA O eration PAULS(HERRENSTITUT
Lhase Advance for LOLA Operation 11}

with 4 MV (5 cells) at OTR@UDUMP (just upstream of DUMP dipole)

c,= 59 um @ LOLA
c,= 58 pm @ LOLA
c,=47.3 pm @ UDUMP
c,=238.4 ym @UDUMP

Al//y= 62.3 degree from center of LOLA BNSIN 954 pixels for 953.6 pm (FW)
B, @ LOLA ~ 4.0 m (~ 40 m with a changed optics) - corresponding to 770 fs (EW)
EdN ~ 8 fs/pixel :
p, @ UDUMP ~ 4.5 m 3.2 MW (5 cells)
0.2L i
BBOf‘UH UU‘U m‘ : | il ‘U ﬂ‘ : ‘m il ‘r—\ / ‘f Vs g
v, £ =
300 L | ’ c 0.0L e i
., 250} | ~ _0.2| E _
&S e =
o 2001L j 0.4
150 Ay, = 62.3 deg | Ol |
=" 100 | -0.6L il
. LOLA OTR@UDUMP _0.sl about S m downstream from LOLA end |
0 -0.3 -2 -0 -0.0 01 0.2 0.3
i | | | | | | | [ }{ (r—r—lr—r—.l)
44 46 468 50 52 54 56 58 60
OTR@JDUMP

s (m)
Phase Advance for LOLA Operation
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B (m)

PAUL SCHERRER INSTITUT

PossibilitX of New Laxout for Diagnostics (1 Joo—

current 2.8 m long FODO current layout + 90 deg phase advance

[ I I [ Il 1 I
I Il I | I [ I

PET XFEL RCI Diagnostle Secefor with 2.8 m long 3FODO: by Fujong Eim PEI XFEL BCI Diagnostic Seciionwith 2.8 m long 3FODO: iy Fajong Kim

asm.ilms 23.19.14 0
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ae Fi 2 3 4. 5 ;3 2 LA 9 {13 a0 i 2. 3 4 5 ;3 . L4 9 F{13
3 fm) sy
8 poe = 0. 8 poe = 0.
Table neme = THISS Kof QMs ~3.8 Table neme = TRISS K of QMs ~ 7.0
max beta-function ~ 5.4 m max beta-function ~ 4.7 m
min beta-function ~ 2.4 m min beta-function ~ 0.8 m
phase advance per cell = 45 deg phase advance per cell = 90 deg
one cell length =2.8 m one cell length =2.8 m
3 cell length = 8.4 m 3 cell length = 8.4 m
space between QMs =1.25 m space between QMs =1.25 m
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B (m)

[

Possibilitx of New Laxout for Diagnostics

current 2.8 m long FODO

I I

I

I I

FSTXFEL RO Diagmostle Secfon with 2.8 m long IFODO: ¥y Fujong Kim

PAUL SCHERRER INSTITUT

=

current layout + 22.5 deg phase advance

Il I Il

|

Il I [

PST XFEL BC Diagnostic Section with 2.8 m long 3F0DO: by Fufong Eim
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5 (m) »{m)
8 poc = 0. 8z pee = 0.
Table neme = THISS Kof QMs ~3.8 Table neme = THISS K of QMs ~1.9
max beta-function ~ 5.4 m max beta-function ~ 8.7 m
min beta-function ~ 2.4 m min beta-function ~ 5.9 m
phase advance per cell = 45 deg phase advance per cell = 22.5 deg
one cell length =2.8 m one cell length =2.8 m
3 cell length = 8.4 m 3 cell length = 8.4 m
space between QMs =1.25 m space between QMs =1.25 m
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B (m)

PossibilitX of New Laxout for Diagnostics

current 2.8 m long FODO
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FSTXFEL RO Diagmostle Secfon with 2.8 m long IFODO: ¥y Fujong Kim
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phase advance per cell = 45 deg phase advance per cell = 22.5 deg
one cell length =2.8 m one cell length =1.4 m
3 cell length = 8.4 m 3 cell length =4.2 m
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Possibilitx of New Laxout for Diagnostics (-]=

1.4 m long FODO + 22.5 deg Bhase advance

8.4 m long space

dl

1.25 m for LOLA

A 4

4.2 m long space for new 3FODO cells

)l

\ 4

K of QMs ~4.0
B,~40 m at LOLA max beta-function ~ 4.3 m
\ J \ J min beta-function ~ 3.0 m
e e phase advance per cell = 22.5 deg
4.75 m long space 2.95 m long space gllcee:lclil:;;ltll% tll 4.21;‘1 m
5 QMs for Matching Can we host space between QMs = 0.55 m
from BC to LOLA 5 QMs for Matching

from LOLA to FODO ?

We have to check with simulations.
But at the moment, it seems that we need a longer space to choose this layout.
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Summary & Acknowledgement (1 oo

We checked performance of CTF3 gun type V with a gradient of 120 MV/m. It seems
that it can supply a good projected (slice) emittance of around 0.4 pm (0.33 pum),
which is sufficient for our soft X-ray FEL beamline (FEL3). But we may need a much
better injector for the hard X-ray FEL beamlines (FEL1 & FEL2).

In case of LCLS type backup injector, we can get more flat slice parameters. But in
case of CTF3 gun type V, there is some weak nonlinearity along bunch.

As the first time, we have performed a full start-to-end simulation from the cathode to
dump for 250 MeV injector with CTF3 GUN type V. Here, we consider space charge
effects from cathode to 150 MeV, and wakefields for whole machine, and CSR and
ISR in BC and DUMP. Now a layout of full diagnostic section is ready.

Due to CSR and ISR at BC dipoles, the horizontal projected emittance was increased
by about 6%. But in case of slice emittance, it is almost unchanged.

Slice energy spread after BC1 is about 100 keV, and peak current is about 350 A.

For pulser system, the total machine length will be about 60 m from the cathode to
dump. For CTF3 gun type injector, the total machine length will be about 55 m.
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Summary & Acknowledgement (1 oo

Current optics is adaptable even incoming Twiss parameters are somewhat different
from design ones.

Optics of pulser based Injector has a positive alpha-function along linac, which
induces a stronger CSR and a large emittance growth in BC. This poor optics in
pulser based injector should be improved in the near future.

If there is a longer available space, we can move out LOLA from 3FODO cells.
Resolution of LOLA is about 9 fs/pixel (4.6 fs/pixel) for 5 cell (9 cell) LOLA cavity.
Y. Kim sincerely thank to Dr. R. Ganter, Dr. M. Dehler, Dr. A. Adelmann, Dr. A.

Streun, Dr. T. Garvey, Dr. V. Schlott, Prof. L. Rivkin, Dr. R. Bakker, Dr. M. Pedrozzi,
and Prof. A. Wrulich for their interests and encouragements for this work.
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