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Abstract

| DESY )

L1 This is the first Start-To-End Simulation which considers all important

impedances impacting on the microbunching instability in FEL driver

linac.

L1 Space Charge Effects (SC), Coherent Synchrotron Radiation (CSR),
Incoherent Synchrotron Radiation (ISR), and Geometric Wakefields

are considered from the cathode to the end of TTF-2 Linac.

[0 We assumed that the modulation source are the laser beam modulation

at the cathode, and their conditions are:

Modulation Period Peak-to-Peak Amplitude Simulation Range in TTF-2

1.0 ps, 2.0 ps, 4.0 ps 20% Cathode-To-BC2
2.0 ps 5%, 10%, 15%, 20% Cathode-To-ACC5
2.0 ps 20% Cathode-To-ACC6
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LSC & CSR Microbunching Instabilit (282

DESY )
N4
— T

by longitudinal space charge force (LSC) in the drift & linac
by coherent synchrotron radiation (CSR) in the bunch compressor
by the geometric wakefields in Linac

\\ /
]
Initial current - Induced
_density modulation energy modulation

g 4R (dE/E),in BC

Normahzed amp. of current dens1ty2‘

Gain =
Normahzed amp. of current demstyl‘
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Action of Longitudinal Space Charge (L.SC) (8N

\

If there 1s a density modulation, space charge pushes particles from high density to
low density, creating energy modulation in the process.

Acceleration  Deceleration

I / / E

Density modulation — Energy modulation

Energy modulation converts back to density modulation to complete space charge
oscillation with Plasma oscillation frequency (Here Landau damping is ignored)
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Observation at SDL

BNL friends reported a strange observation similar to the microbunching instability. For a

while, we considered their observation as a CSR microbunching instability. But gain of CSR
microbunching instability for the SDL chicane is small enough. Then what is source of their
observation ?

Courtesy of T. Shaftan (PAC2003, TOPDO005) & H. Loos (EPAC2002, TUPRI103)
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[Gain of CSR Micobunching Instability]
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Analytic Estimated Gain & Motivation (o8N

\

\"o%
L1 Motivation : Longitudinal Space Charge (LSC) driven Microbunching

Instability TESLA-FEL-2003-02 by Dr. Schneidmiller ez al.

3650 —— Tu-P-49 at FEL.2003
300¢ / Maximum gain of the LSC driven
250 | microbunching instability in TTF-2
500 : / | is about 320 for 2.0 ps initial density
e § / ] modulation.
© 150 / | Here they assumed that Plasma
100} oscillation and Landau damping are
50! ignorable. Therefore the initial
; modulation amplitude is constant
o and is not damped although beams
0.4 05 06 07 08 09 1.0 20 through the linac.
Ay (mm)
2
G — C]{J|R56| ]0 |Z(k)| cXp (_ECQkQRgGﬁ)
Yols  Zo 2 oh

[ A S2E simulation is needed to check whether the gain is really high or not.
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TTF-2 Linac Beamline and Tracking Methods <o

1.0 nC beam ELEGANT is used to consider CSR and vertical focusing in dipoles
starts
from cathode o,=2.1 mm 340 um 68 um
o 120 MeV 438 MeV 813 MeV 1.0 GeV
RF-GUN ACCl < = ACC2 ACC3 BC3 ACC4 ACC5 ACC6

H xS S

12.075 Mv/m ----------------------------------------------------
20MV/m 19320 MV/m R =170 mm 19.906 MV/m R, =49 mm 21.364 MV/m
-2.773 degree _15 5 degree o5~ 1.0% -25 degree 05~ 0.55% 0.0 degree
ASTRA with ELEGANT ASTRA with | ELEGANT ASTRA with
Space Charge Wlt.h CSR Space Charge Wlt.h CSR Space Charge
without without
Space Charge Space Charge
20.78 m 24943 m 67.2228 m 81.4254 m 110.3343 m
Cathode : 0.0 m 122.5357 m

ELEGANT is called at all ends of module to apply geometric wakefields !!!
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B functions

ox oy mm

_—TTESLA -

10

12

Beam Size

TIVR-SLALILLICHOOpRTS S0 SO0 SL9T

8

TeV-Energy Superconducting Linear Accelerator Projects - TTF-2, TESLA X-ray FEL, TESLA Linear Collider m———



TTF-2 In!'ector Beamline

\
\/ B
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I Here !

Landau damping is not ignorable at
the low energy region due to the
large emittance & energy spread.

Transverse Emittance
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TTF-2 Injector Accelerating E-Fields _

longitudinal electric field Sth cavity in ACC1
|

acct

RF Gun

40

20

Ez MV/m
0

-20

—-40
T
|
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TTF-2 Linac Beamline (3 __

Xﬂlr

All QM strengths and linac phases and gradients come from an optimized ELEGANT lattice !

0.4 120 I I I I . )
G
03l 100l )/ |—
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| L
oz 8OL | | 03 m |
= o1& 60l |
— o 1
& 5 |
0.0L= 40L \
-0.1L 20L
-0.2L OL
|

0 50 100 150 200
s (m)

Twiss parameters of TTF-2 Nominal Operation
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TTF-2 Linac Beamline @\

\ DESY | —

0.4
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Twiss parameters around TTF-2 BC2 and BC3
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TTF-2 Beamline (392

ESY | o—

NO%

All QM strengths and linac phases and gradients come from an optimized ELEGANT lattice !

25103 1 T T T T . o

PRI |
ST

2.0x1 0731 \ —

& 1.5x10731 ]
~ At the entrance of 8th cavity in ACC1 module, 12.03 m
>
O
5, 1.041073L i
@)

5.0x10%

550 100 150 200

s (m)

Beamsizes of TTF-2 Nominal Operation
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ASTRA Tracking with Laser Beam Modulation .

From Cathode to Before ACC1-1.0 m

Modulation period = 2.0 ps

Modulation Amplitude = =10%

Postpro BIN number = 125
Simulation particles = 50,000

\./

RSl N o " —

t Here !

ASTRA Grids for space charge calculation = 10 rings X 50 cells

Longitudinal Phase—Space

I I
-10 [ 10

emission time ps

Longitudinal Distribution

current A
40 60
T T

20
T

-10 ) 10

norm. particle density

Momentum Spread

0.5
T

L
-1 0 1
dp/p

Ap/p

current A

20

1

0.0

z = 0.9993 m

Longitudinal Phase—Space

—-0.01
T

t ps

Longitudinal Distribution

-10 ] 10

0.5

norm. particle density

Momentum Spread

7

X .
-0.01 -5x1073 0
dp/p

. :
5x10°  0.01
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current A

20

Ap/p

[}

-0.01

0.01  0.02
T T

-0.02
T

ASTRA Tracking with Laser Beam Modulation R8N

From 2.0 m to 6.1 m
Modulation period = 2.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

z =2026m z2=6.108 m
Longitudinal Phase—Space Momentum Spread Longitudinal Phase—Space Momentum Spread

T T

g
s T T -r

g ] \ g

2 a 2

: §° | N | §

g9t . < gt

& © ] ©

§ M/fj\‘ g g
=]
= £ ]
I

o L L ! L ° !
-0.02 -0.01 -10 0 10 —-0.02 [ 0.02
dp/p t ps dp/p
Longitudinal Distribution Longitudinal Distribution
‘ ‘
;
LS
Q
o !
-10 0 10 -10 0 10
t ps t p:
TR Loceooopa om0t 1008 GBeT e L

T E S LA™ TeV-Energy Superconducting Linear Accelerator Projects - TTF-2, TESLA X-ray FEL, TESLA Linear Collider m——



ASTRA Tracking with Laser Beam Modulation

From end of ACCI1 to Upstream of BC2
Modulation period = 2.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

z2=1340m 2z =20.78 m
Longitudinal Phase—Space Momentum Spread Longitudinal Phase—Space Momentum Spread

0.02

1
Ap/p

Ap/p
0

0.02

-0.02
T

!
/ I
L 1
norm. particle density
0.5
T T
-0.02 0
norm. particle density
0.5

current A

20

L ° L L L ° | 1
-10 0 10 -0.02 ] 0.02 -10 0 10 -0.02 -0.01 0 0.01 0.02
t ps dp/p t ps dp/p
Longitudinal Distribution Longitudinal Distribution
Q
<+
‘ ‘
;
Sol
«@
° o
-10 0 10 -10 0 10

12 well smeared out by fast Plasma
k|ZLSC (k)q ifk >0, 0>, oscillation & strong Landau damping

{7
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dp/p

current A

60
T

40

20
T

ASTRA Tracking with Laser Beam Modulation .

From Cathode to Upstream of BC?2

I\\ #

Modulation period = 1.0 ps

Modulation Amplitude = =10%

Postpro BIN number = 200

Simulation particles = 100,000

RSl N o " —
tHere!

ASTRA Grids for space charge calculation = 10 rings x 100 cells

Longitudinal Phase—Space

1 1
-10 ) 10
emission time ps

Longitudinal Distribution

norm. particle density

0.5

z =207 m
Momentum Spread Longitudinal Phase—Space Momentum Spread
«
O. -
5} -
g
& 2
s° $
o § 0
] ©
. §
(=]
St
[
L L L ° L L
-1 0 1 -10 0 10 —0.02 -0.01 ) 0.01 0.02
dp/p t ps dp/p

current A

20

=7

Longitudinal Distribution

40

o

-10 0 10

P oscillation & strong Landau damping

1/2 t ps
: well smeared out by fast Plasma
KZ, (k)q Lifk =00, 0> @ Y
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dp/p

current A

ASTRA Tracking with Laser Beam Modulation .c.

From Cathode to Upstream of BC2
Modulation period = 4.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

z =207 m
Longitudinal Phase—Space Momentum Spread Longitudinal Phase—Space Momentum Spread
T
o«
<
-k | 5} -
2 & 2
: 5° i
3@ o § 2
R =
g w §
(=]
cl,. L
1 1 ° L L L ° L L
-10 ) 10 -1 0 1 -10 0 10 —0.02 -0.01 ) 0.01 0.02
emission time ps dp/p t ps dp/p
Longitudinal Distribution Longitudinal Distribution

60
T

40
40

current A

20
T
20
T

o
10 -10 0 10

P oscillation & strong Landau damping

{7
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ector ?

in in

What happened

E-fields due to Space Charge at 1.0 m, £=4.2 MeV

Modulation period

2.0 ps

10%

=+

Modulation Amplitude

<]
|
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)
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()
e
A
[l Il
=
258
g .9
=
= 5
(@F
Z
M o
=
=
<+~
2 &
A N

ASTRA Grids for space charge calculation = 10 rings X 50 cells
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—
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-
)

mcreases

2D space charge force
& tail regions and hel
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ty modulati
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P

19

T E S LA™ TeV-Energy Superconducting Linear Accelerator Projects - TTF-2, TESLA X-ray FEL, TESLA Linear Collider m——



in injector ?

What happened

ge at 3.0 m, £=11.2 MeV

2.0 ps

E-fields due to Space Char

Modulation period

10%

=+

Modulation Amplitude

I Here !

ASTRA Grids for space charge calculation = 10 rings X 50 cells

(@)
()
5 S
- &
[l Il
=
258
g .9
=
= 5
o,
Z
m 5
=
=
<+~
2 &
A N

but soon damped !

This makes eneregy modulation,

d

1

radial electric fie

longitudinal electric field

LY

r/o, = 0.00

4x1072

—2x1073

—4x1073

2x1073

4x1073

2x1073

—2x1073

—4x1073

WAy 2

TR oL secoeutot 1808 oa1e
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in injector ?

What happened

ge at 6.0 m, £=40.1 MeV

2.0 ps

E-fields due to Space Char

Modulation period

10%

=+

Modulation Amplitude

I Here !

ASTRA Grids for space charge calculation = 10 rings X 50 cells

(@)
()
5 S
- &
[l Il
=
258
g .9
=
= 5
o,
Z
m 5
=
=
<+~
2 &
A N

radial electric field

ield

f

longitudinal electric

4x10°2
21

2x1073

—2x1073

—4x1073

0 000T—

0002—
/AN LT

000€—

Damped space charge E _-field and energy modulation

—4x1073 —2x1073 0 \\2x10‘3 4x1073
zm
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ASTRA Tracking with Laser Beam Modulation _

At the end of BC2 with CSR
Modulation period = 2.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Longitudinal Phase—Space Momentum Spread Front view Side view

0.02

Ap/p
0
0.5

norm. particle density

-0.02
T

-2 ] 2

t ps

Longitudinal Distribution

300 400
T

200
T

current A

100

-
o
I

!
2

This energy modulation may be observed at SDL
We do not meet a strong density modulation yet !
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ASTRA Tracking with Laser Beam Modulation _

At the end of BC2 with CSR
Modulation period = 1.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 200
Simulation particles = 100,000 T Here!
ASTRA Grids for space charge calculation = 10 rings x 100 cells

Longitudinal Phase—Space Momentum Spread Front view Side view
«Q
@ o
=
) 3" .
g 3
& 2 g 8§
}‘ =) E 13 g o
< 39 > >
] ©
-
g 3
|
@
Q
G «
l L 1 ° COM o 1 9
-2 0 2 -0.02 *~0,01 0 Lot ° 0.01 0.02
tp dp/p

z mm

current A

100 200 300 400
T T T T

0
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ASTRA Tracking with Laser Beam Modulation _

At the end of BC2 with CSR
Modulation period = 4.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Longitudinal Phase—Space Momentum Spread Front view Side view
«
8 c
5 2 - )
g 3
& 2 8
}‘ o E g o
. 3@ >
] ©
-
S
: :
@
=3
S «
I . o
1 1 o Lo 1 ol 1 1 T
-2 0 2 -0.02 *~0,01 0 .. ° 0.01 0.02
t ps dp/p
Longitudinal Distribution Top view

300
T

current A
200

100
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Ap/p

current A

200
T

ASTRA Tracking with Laser Beam Modulation _

From Downstream of BC2 — 26.77 m
Modulation period = 2.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

2 =26.77 m
Longitudinal Phase—Space Momentum Spread

]
Sl
o 2 -

2
=)

] ©
. :
=]
St
! 1 1 o e 1 s

-2 0 2 —-0.02 le.qg [ L.+°0.01
tps ‘dn/p

Longitudinal Distribution

400
T

300
T

100
T

-2
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(a)
p—

th Laser Beam Modulat

E-fields at FODO channels - 29 m, £F=120.8 MeV

Modulation period

ing wi

ASTRA Track

2.0 ps

+10%

=125
= 50,000
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Modulation Amplitude
Postpro BIN number
Simulation particles

I Here !

al electric field

radi

L0TXy—
WAy 47

L0IX9—  L0Tx8

WAy 2

5x107*

—5x1074

5x107*

—5x1074

Zm

zZm

PrgTy

PrgTy

Modulation in E, field & energy modulation 1s amplified after BC2
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ASTRA Tracking with Laser Beam Modulation _

At the end of ACC2
Modulation period = 2.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

z =49.33 m z =49.33 m

Longitudinal Phase—Space Momentum Spread Front view Side view

0.01
T
0.5

0.5

sp/p
0
norm. particle density

-0.01
-0.5

L I
-2 0 2

Top view

300 400
T

current A
mm

200
T

Increased energy spread "
due to LSC in drift & linac

100
T

t ps
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ASTRA Tracking with Laser Beam Modulation

At the upstream of BC3
Modulation period = 2.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

z2=6722m 2z =6722m
Longitudinal Phase—Space Momentum Spread Side view
g + - i
° 2
& 2
§- i :
< 3 9 4 >
] ©
3 ! :
o
]
L 1
-2 ] 2
t ps
Longitudinal Distribution
. ['+}
. 2
g T ] A little damped S
8L o
@
3 §
el I gar
Q 8
3 [
o
=) =+ -
- [
o
-2 0 2
t ps t ps
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ASTRA Tracking with Laser Beam Modulation

At the end of BC3
Modulation period = 2.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Longitudinal Phase—Space Momentum Spread Front view Side view

Pk 5

0.01

Ap/p
0
y mm

0.5

norm. particle density

-0.01

L L - L L . .
-05 ) 0.5 -0.01 -5x107° [ 5x10™°  0.01
tps dp/p

Longitudinal Distribution

3000
T

: 1+50% density modulation !
Total gain from cathode ~ 5+~

current A
2000

1000

-0.2

(]

1 . L 1
—0.5 ) 0.5
t ps t ps

Unfortunately, we meet a density modulation !

29
T E S LA™ TeV-Energy Superconducting Linear Accelerator Projects - TTF-2, TESLA X-ray FEL, TESLA Linear Collider m——



ASTRA Tracking with Laser Beam Modulation _

Beam Parameters at the end of BC3
Modulation period = 2.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

total charge Q= -1.000 nC

horizontal beam position x = 7.9004E-04 mm

vertical beam position y = 1.3362E-05 mm
longitudinal beam position z= 81.43 m

horizontal beam size sigx= 0.1088 mm
vertical beam size sigy= 0.1021 mm
longitudinal beam size sigz= 6.7587E-02 mm
average kinetic energy E= 4362 MeV

energy spread dE= 2334. keV
transverse beam emittance  eps x = 4.994  pi mrad mm
average slice emittance eps x slice=2.8 pimrad mm > 2.0 pt mrad mm
correlated divergence corx = 1.5377E-02 mrad

transverse beam emittance  epsy = 1.289 pi mrad mm
longitudinal beam emittance epsz= 170.3 pikeV mm
correlated energy spread corz= -1551. keV
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Ap/p
0 5x1072

—5x1072

current A
2000

(]

3000
T

1000
T

ASTRA Tracking with Laser Beam Modulation

At the end of Linac, ACC6
Modulation period = 2.0 ps

Modulation Amplitude = £10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 : t
ASTRA Grids for space charge calculation = 10 rings X 50 cells Here !

Longitudinal Phase—Space Momentum Spread Front view Side view

TR

y mm

0.5
I

norm. particle density

. . . .
-4x107%  —2x107° 0 2x10™°  4x107®
dp/p

Longitudinal Distribution

O 5
- "* '-
J . ¥
O - ] * ke
i, O
£ *
N &
R j
P £
L I
L PO NN
. .
-0.5 0 0.5

o 8 AcomATESOapeaoent 128.001 0300 1888

modulation is somewhat amplified,

but not so strong due to increased energy & higher gradient
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Noise Level Investication (a8

At the end of BC2 with CSR
Modulation period = 2.0 ps

Modulation Amplitude = 5% (left) & 10% (right) Iﬁ@l—ﬂk@m Y —"

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Numerical Noise

\

/0L ] /0L
60 | Strong noise at 5% ! 60|
< 50| - 50L
O O
E 40 L E 40L
o 301 o 301
O o
o 20| A 201L
10L i 10L
O* | | | | | - O* | | | | | -
-0.02 -0.01 0.00 0.01 0.02 -0.02 -0.01 0.00 0.01 0.02
df /E dF /E
After BC2 with 2.0 ps 5% modulation After BC2 with 2.0 ps 10% modulation
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Noise Level Investigation (a8

At the end of BC2 with CSR
Modulation period = 2.0 ps

Modulation Amplitude = 15% (left) & 20% (right) Iﬁ@l—ﬂk@m Y —"

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Numerical Noise

\

/0L -] yaoal ]
60| 601 Damped noise at 20% ! |
c 50| - 201
© ©
E 40 1L E 401
o 30| 2 30|
O O
o 20| o 201
10L 101
O* | | | | | - O* | | | | | -
-0.02  -0.07 0.00 0.01 0.02 -0.02  -0.07 0.00 0.01 0.02
dE /E dE /E
After BC2 with 2.0 ps 15% modulation After BC2 with 2.0 ps 20% modulation
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Noise Level & Smearing Investigation

At the upstream of BC3
Modulation period = nomodulation (left) & 2.0 ps (right)

Modulation Amplitude = 0% (left) & 5% (right) Iﬁ@l—ﬂk@m Y —"
Postpro BIN number = 125

Simulation particles = 50,000 T Here!

ASTRA Grids for space charge calculation = 10 rings X 50 cells

There is no big different between two due to noise !

"‘07 I I I . I ] "07 I I I . I
Local energy spread in £0.1 mm Local energy spread in 0.1 mm
= core region ~ 4.3E-5 / = core region ~ 4.5E-5
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D D
O O
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O 4]
o e
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dz (mm) dz (mm)
Before BC3 with no modulation Before BC3 with 2.0 ps 5% modulation
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Noise Level & Smearing Investigation

At the upstream of BC3
Modulation period = 2.0 ps

Modulation Amplitude = 10% (left) & 20% (right) Iﬁ@l—ﬂk@m Y —"

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Increased local energy spread before BC3 due to LSC induced
modulated E, will help in smearing the microbunching instability in BC3

" ‘07 I I I . I I ] " .07 I I I . I
Local energy spread in £0.1 mm Local energy spread in 0.1 mm
= core region ~ 4.8E-5 / = core region ~ 5.7E-5
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o e
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dz (mm) dz (mm)
Before BC3 with 2.0 ps 10% modulation Before BC3 with 2.0 ps 20% modulation
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CSR & Smearing Investigation

At the end of BC3 without CSR at BC3
Modulation period = 2.0 ps

Modulation Amplitude = 10% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

5 7\ 2 i I I I . I I
Local energy spread in £0.1 mm
4 = core region ~ 2.9E-4
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dt (ps) dz (mm)
After BC3 with 2.0 ps 10% modulation & without CSR After BC3 with 2.0 ps 10% modulation & without CSR
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CSR & Smearing Investigation

At the end of BC3 without CSR at BC3
Modulation period = 2.0 ps

Modulation Amplitude = 15% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Increased modulation amplitude than that of 10% means
no saturation by LSC driven microbunching instability at 15% amplitude !
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4 = core region ~ 3.2E-4
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After BC3 with 2.0 ps 15% modulation & without CSR After BC3 with 2.0 ps 15% modulation & without CSR
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CSR & Smearing Investigation

At the end of BC3 without CSR at BC3
Modulation period = 2.0 ps

Modulation Amplitude = 20% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Increased modulation amplitude than those of 10% and 15% means
no saturation by LSC driven microbunching instability at 20% amplitude !
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After BC3 with 2.0 ps 20% modulation & without CSR After BC3 with 2.0 ps 20% modulation & without CSR
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CSR & Smearing Investigation

At the end of BC3 with CSR at BC3

Modulation period = 2.0 ps

Modulation Amplitude = 20% RSl N o " —
Postpro BIN number = 125

Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

LSC microbunching instability 1s somewhat smeared
by the increased local energy spread under CSR wakefield !
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After BC3 with 2.0 ps 20% modulation and with CSR After BC3 with 2.0 ps 20% modulation and with CSR
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Gain after BC3

At the end of BC3
Modulation period = 2.0 ps

Modulation Amplitude = 5%, 10%, 15%, 20% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

20

CSR effects becomes strong due
to the increased non-uniformity

o : : : :
%é 5 e SR . 1 in the current density profile
5 | | | | when the modulation amplitude
= | s
g T SN R R | 1s increased.
3 | s | |
S )
E 5 '7,,,,,,,,74 """"""
»\ Gain ~ 5 with CSR at BC3
O | | | |
0 5 10 15 20 25
Modulation Amplitude % RS TR RO TR 1 TY y e LY B T
energy spread due to CSR wakefield
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Slice & Projected Emittances after BC3 (o8N

I\\\/ i . ) R
At the end of BC3
Modulation period = 2.0 ps

Modulation Amplitude = 5%, 10%, 15%, 20% RSl N o " —

Postpro BIN number = 125
Simulation particles = 50,000 T Here!
ASTRA Grids for space charge calculation = 10 rings X 50 cells

Normalized projected emittance
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Normalized slice emittance
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Summarz _

We have investigated the microbunching instability in the TTF-2 under all
important impedances, LSC, CSR, and the geometric wakefields.

Certainly LSC induced microbunching instability is much stronger than that
of CSR induced microbunching instabilty.

The initial density modulation is smeared out by several unconsidered
smearing effects in the analytical formulae: fast Plasma oscillation & strong
Landau damping at the low energy region, local energy spread growth in
linac & in drift by modulated E_, and local energy spread growth in BC by
CSR.

Estimated total gain after BC3 is smaller than 10 for 2 ps laser modulation.

Only one BC, we meet only an strong energy modulation and the current
density modulation is not strong (This is observed at SDL). But after second
BC, we meet strong density modulation.

We will check chicane type & these microbunching experimentally in TTF-2.
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Dr. Schneidmiller's Assumption Reviews

Following Assumptions should be reviewed in TESLA-FEL-2003-02

1 Amplitude of an initial density modulation is not constant and damped
at low energy region, specially at RF gun.

Confirmed by ASTRA and PARMELA simulations
Confirmed by experimentally (Journal of Applied Physics, Vol 86, No 3, p 1699)
Specially, at short-wavelength region, dispersion effects is strong.

under A < circumference of beam pipe

dispersion effects damp the initial modulation.

1

dispersion effects o< 7

J CSR effect can not be ignored at BC3: k,/gf6, >>1 to ignore CSR
k.\gB6,=0.1~0.3 at BC3
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Dr. Schneidmiller's Assumption Reviews
Following Assumptions should be reviewed in TESLA-FEL-2003-02

1 1-D space charge model of a pencil like beam can not be applied at the
low energy region, specially Gun region.
(1 2-D space charge model gives an additional local energy spread.

p=y/(ko,)>>1 for 1-D space charge model
¥ =0~ 2000

k=10471.97 for 2.0 ps

o,=~50E-4 m

[ Influence of vacuum chamber should be considered at BC2 and BC3
with 8 mm gap
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