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Start2End Simulations for

Micro—Bunching Experiments at FLASH
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Mathias Vogt (MPY)

e Two Slides of Theory...
e A Revised Set Up (thanx to N.G. & V.B.)
e Scans & Evaluation

e A New Candidate ...
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A Simple Purely Longitudinal Model of Micro—Bunching (1)

e long. phasespace R? : v := (z,p.) e BunchCompressor -

e ps—density ¥(z,p,), [V d*v =1 (generalized) DRIFT with Rse/pg as
e (linear!) projection operator () : “length”

Ui pi= QU = [ Wdp, e FEL w/o undulator := Cascade :
e ultra—relativistic =-p(2) =const, (ACC—BC—)" =

DyoKy[pn 1]o...DyoKq[po]
( FLASH :n=2)

except in BunchCompressor

e cavity, space charge (any long. wake) :
KICKS e < all the former maps are measure pre-
serving !l

p— \Ijk = \Ijk—l ©) Kk_l[Q\Ijk_l] O Dk_l

e all kicks commute < cav+SC :
(z,p2) = (2,02 +cav(z) + (gsc * p)(2))

Gse ¥ p = [ gse(2,2")p(2")d2’ e < linear operator M|p] :
e collective kick : K[p] = Id + Alp] : Vi M[,O]\Ij .= U o K [p] o D!
(2,pz) = (2,p. + (g% p)(2)) Uy = M[QUy1]Vy

Property: K[pi + p2] = K[p1] + Alpo] time—discrete Vlasov system,
with | K [p; + po] = K tp1]—Alps] nonlinear integro-difference-eqn.
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A Simple Purely Longitudinal Model of Micro-Bunching (2)

Now assume we already now
\Ijl = M[Q\Do] \Ifo

...and add a tiny modulation :
Vg — Uy + ey, e< 1, [Prd?v =0

(Uo suff. smooth)

s ()
M[Q(Tg + €Do)] (T + eD)

NONLINEAR EVOLUTION!

can lead to increasing amplitudes for
certain wavelengths =GAIN
can be > 1 = micro—bunching

Gain Functions:

evolution eqn. (x) can in principle be
completely studied numerically using
so—called 2-D Perron—Frobenius codes
(for PF see e.g. papers by Bassi, Ellison, Sobol,
Venturini, Vogt, Warnock)

(Gain Functions ctd.)

M. Dohlus: quasi analytic model of
modulation:
2z z/T. + R{a(6p.)e™ ™} + cop.
P — po + xz/Te + R{b(0p.)e**} + dép.
with iteration procedure for all pa-
rameters for transport through Cavity,
BunchCompressor and SpaceCharge
< USED IN THIS STUDY !!!

to linear order in €, (x) gives

(for smooth Wy and gainxe < 1)

Uy = Uy + €Dy + O(e?) with

Dy = M[QUo|P—(V Uy A[QD(])oD !
spectral analysis seems at least possible.

treatment of short—wavelength modulations is
hardly possible in 6-D collective simulations. How-
ever, indications for “micro—bunching” effects exist

in S2E simulations
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Revised Set Up

S2E-range
e BC2: po=1.76,1.82m

(lattice: po = 1.62m)
o Ao - 2~ _0.15,-0.14m

R? = —0.15, -
--JN—-‘N* (latice: -0.25m)
/2 W

e BC3: p3=5.Tm-7.7m

(lattice: p3 = 7.5m)
[¢|2|!3|| |(p|4| } RE) = —0.09m - —0.05m
— - (lattice: -0.05m)
¢1 P2 ®3 P4 ®s
(gun) ACC1.1 ACC1.2-4 | ACC15-8 | ACC2&3
with long. Gaussian
—0.55° | —90° - —105° 0° —4°, —=5° | 0° - —15°
bunch from cathode
VBI!! accel. corr. chirp | extra chirp
fixed | DONE =—96° fixed scan scan
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Scanning ¢4, ¢s5, po and p3

Evaluation :
Goal of S2E Scans : e scan of ¢, (see talk from 24.09.07)
e I(z) moderately large over not affected by revised setup =
sufficiently large length by = —96°
e | . :
e ...separated from spike ! e for different choices of ¢4 and ps
e transv. ps: not first priority e look at
e check p—bunching gain (model & length scales supporting various currents
spread—sheet by M.Dohlus) as function of ¢5 and p;
EXAMPLE : ¢,=-98deg , p;=3.8m (after BC3)
16 ‘ —
4001bins fract. of bunch wjth | > 200A exd!. peak (after BC3)

1.4 ! @5.g=-4deg ©,=16deg ) o4

1.2 ;i Lo I L>>2§((J)OAA <04MM ——

) i
g 1
= 08 i
g f

0.6 N’ﬁ"“ t,\

7‘7’"““‘ H L>5004 = 0.10mm

04 A sa0on-=0-15mm

| R D0~ hsimmet B W e o

N el .

-0.8 -0.6 -04 -0.2 0 0.2 04 0.6 0.8
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fract. of bunch With | > 300A excl. peak (after BC3)
@_g=-4deg ©,=16deg

Lozgoa >= 0.2MM e
L>>3OOA <0.2MM  m—

L3004 /Mm
0.25 0.25
0.2 0.2
0.15 0.15
0.1 0.1
0.05 7 0.05
(éieé /deg - 5= :
fract. of bunch With | > 300A excl. peak (after BC3)
@_g=-50eg ©,=16deg
T Oomm —
L3004 /Mm
0.25 0.25
0.2 0.2
0.15 0.15
0.1 0.1
0.05 0.05
0 0

fract. of bunch vilith | > 300A excl. peak (after BC3)
(5_g=-4deg ©,=16.5deg

Lo3g0a >= 0.2MM e
Logo0n <02mm e

L3004 /mm

o e p3/m
@43 /deg =

fract. of bunch vilith | > 300A excl. peak (after BC3)
(5_g=-50eg ©,=16.5deg

Lo3g0a >= 0.2MM e
Logo0n <02mm e

L3004 /mm
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fract. of bunch With | > 400A excl. peak (after BC3)
@_g=-4deg ©,=16deg

fract. of bunch vilith | > 400A excl. peak (after BC3)
(5_g=-4deg ©,=16.5deg

B2 0 mm — [P R f—

Ls400a /Mm L4004 /Mmm
012 012

01 0.1
0.08 0.08
0.06 0.06
0.04 0.04
0.02 .7 0.02 7

Gioldeg o 9.3 /deg o
fract. of bunch With | > 400A excl. peak (after BC3) fract. of bunch vilith | > 400A excl. peak (after BC3)
@_g=-50eg ©,=16deg (5_g=-50eg ©,=16.5deg
B2 0 mm — B O mm —

Ls400a /Mm L4004 /Mmm
0.12 0.12

0.1 0.1
0.08 0.08
0.06 0.06
0.04 0.04
0.02 0.02

0 0
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fract. of bunch With | > 500A excl. peak (after BC3) fract. of bunch vilith | > 500A excl. peak (after BC3)
@_g=-4deg ©,=16deg (5_g=-4deg ©,=16.5deg
< — >= —
Loggoa < 0.05mm LL>>5§(())§A < 8ggmm —
L.sg0a /mm L.500a /Mm
0.08 0.08
0.07 0.07 -
0.06 0.06
0.05 0.05
0.04 0.04
0.03 0.03
0.02 0.02
0.01 7 001
¢43 Ideg o
fract. of bunch With | > 500A excl. peak (after BC3) fract. of bunch vilith | > 500A excl. peak (after BC3)
@_g=-50eg ©,=16deg (5_g=-50eg ©,=16.5deg
>= —_— < —
a8
L.sg0a /mm L.500a /Mm
0.08 0.08
0.07 0.07 -
0.06 0.06
0.05 0.05
0.04 0.04
0.03 0.03
0.02 0.02
0.01 0.01
0 0
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averaged (1>200A) qormalized slice-emittance (after BC3) averaged (1>200A) 1normalized dlice-emittance (after BC3)
@_g=-4deg ©,=16deg (5_g=-4deg ©,=16.5deg
e=35um  — e&=35im  —
8 35um  — % 35Um  —
epfum £pfum
4 - 4 r
35 35
3r 3r
25 - 25 -
2 r Pt 2
15 L1 \\\‘\ 15
05 7 0.5
0 0

¢35 /deg a

averaged (1>200A) qormalized slice-emittance (after BC3) averaged (1>200A) 1normalized dlice-emittance (after BC3)
@_g=-50eg ©,=16deg (5.g=-50eg ©,=16.5deg
n, n
eR=35um  — B 35um —
;:(Q’g 35um — X
epfum £pfum

4 r 4 r
35
3 r 3 r
25

2
15

1
0.5

w
[6;]
T
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averaged (1>200A) qormalized slice-emittance (after BC3) averaged (1>200A) 1normalized dlice-emittance (after BC3)
@_g=-4deg ©,=16deg (5_g=-4deg ©,=16.5deg
eR=35um  — eR=35um  m—
MR 35um  — g;& 35UmM —

i o

averaged (1>200A) qormalized slice-emittance (after BC3) averaged (1>200A) 1normalized dlice-emittance (after BC3)
@_g=-50eg ©,=16deg (5.g=-50eg ©,=16.5deg
e"}%z 35um  — s”;%: 35um  —
B 35um — gy»g 35Um —
n,7 n’?
&y/TUm &,/TUm
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A New Candidate ...

After BC3: ¢,=-96deg @,=-4deg p,=1.76m p5=6.2m
200x200 bins/ smooth oy, ,=1.5
l l ! !

!

rrrrrrrrrrrrrrrrrrrrr . Dl L 0.0018

5 | | | | | 0.0016

0.0014

| | | | | | 0.0012
0.001

- - . - - - B 0.0008

| | 1 | | | 0.0006

0.0004

0.0002

N w H ol
I

T Tl
11 .

-0.8 -0.6 -0.4 -0.2 0 0.2 04 0.6
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After BC3: %O:-%deg (@4=-4deg p,=1.76m p;=6.2m After BC3: %O:-%deg (@4=-4deg p,=1.76m p;=6.2m
80 200x200 bins/ smooth 0;,=1.5 60 200x200 bins/ smooth 0;,=1.5
60
40
40
20
20
3 3
< 0 < 0
o fog
-20
-20
-40
-40
-60
-80 -60
-0.6 -04 -0.2 0 0.2 04 0.6 -0.3 -0.2 -0.1 0 0.1 0.2
X /mm y /mm
After BC3: c(p)?o=-96deg (4=-4deg p,=1.76m p5=6.2m After BC3: <820=-96deg (4=-4deg p,=1.76m p5=6.2m
06 200x200 bins/ smooth 6;,=1.5 03 200x200 bins/ smooth 6;,=1.5
04 0.2
0.2 0.1
£ ' £
£ 0 E o0
x >
-0.2 -0.1
-04 -0.2
-0.6 -0.3
-0.8 -0.6 -04 -0.2 0 0.2 04 0.6 -0.8 -0.6 -04 -0.2 0 0.2 04
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<P> /- 0y, IMeV

After BC3: ¢,=-96deg ¢,=-4deg p,=1.76m @;=-15deg p5=6.2m
tot 200 const-len bins (smooth 1.5)/ suppr <500 part

I I I I I I I 18

| /kA

13
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e /um

g"y /um

4.5

3.5

2.5

15

0.5

4.5

3.5

2.5

15

0.5

After BC3: ¢,=-96deg @,=-4deg p,=1.76m @s=-15deg p;=6.2m
tot 200 const-len bins (smooth 1.5)/ suppr <500 part

Sn P . T A T
() —— / et A A T A
P LA
' Al
NN [ b
[ Y )\
Z AN
S—
-2 -1.5 -1 -0.5 0 0.5 1 15
(z-<z>) /o,
After BC3: ¢,=-96deg @,=-4deg p,=1.76m @s=-15deg p;=6.2m
tot 200 const-len bins (smooth 1.5)/ suppr <500 part
sn W\yﬁ\ A
I —— g et W A
ao LN VoL
iaavd Vool P
o~ N
/ ho
S—
-2 -1.5 -1 -0.5 0 0.5 1 15

(z-<z>) /o,

1.8
1.6
14
12

0.8
0.6
0.4
0.2

1.8
1.6
14
12

0.8
0.6
0.4
0.2

| /KA

| /KA
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Before BC2: @,=-96deg ¢,=-4deg
10 sub-ensembles/ 500 part/bin (smooth 1.5)

1(2) KA

z/mm

15
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1(2) KA

0.6

0.5

0.4

0.3

After BC2: ¢,=-96deg ¢,=-4deg p,=1.76m
10 sub-ensembles/ 500 part/bin (smooth 1.5)

sum

01 (head)
02

03

04

05

06

07

08

09

10 (tail)

16
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1(2) KA

25

1.5

After BC3: ¢,=-96deg ¢,=-4deg p,=1.76m @s=-15deg p5=6.2m

10 sub-ensembles/ 500 part/bin (smooth 1.5)

sum

01 (head)

02
03
04
05
06
07
08
09

10 (tail)

17
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1(2) KA

0.8

0.7

0.6

Before and after BC2 and after BC3

sub-ensembles 5-7 / 500 part/bin (smooth 1.5)

Mﬂmmﬂmm

5: prebc2
6 : prebc2
7 prebc2
. post bc2
. post bc2
. post bc2
. post bc3

18
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Gain Curve : &332 = —15° / SubEnsemble= 5 =C"? = 2.3 , CP* = 2.6

4

110 S
10* \
N\
A\
\
\
110° \Y

\

(a), A

100

—
(@]
=~
<~
N
ol

-
Pl

10 \

1
0.01 0.1 1 10
.,005 )\ k 1.54
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Gain Curve : &332 = —15° / SubEnsemble= 6 =C"? =2.1 , O =225

4

1-10 -
104 \
\
A\
A\
110° \
\
o \
(9d, \
00
(gk)2 \
— \
AN
y \
\ |
\
"\l
1 1 N
0.01 0.1 1 10
0.05 M 5



Gain Curve : &332 = —15° / SubEnsemble= 7 =C"? = 2.0, C* = 1.77
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1-10*
10*
\
\
110° \
\
(o, \
(oK), \
(), 1% \
(gk)2 \
AN
10
N\
1 N\
1 A
0.01 0.1 10
0.05 M 5

0.001
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Gain Curve : 373 = 0° / SubEnsemble= 5 =(C*? =23, C*® = 1.39

1-10*
10*
\
110° \
(9k)2 100 \
(9d,
A \
10 \\\
N,
\
TN
1 A\
. N\
0.01 0.1 1 10
.0.05 M 5

0.001
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Gain Curve : 373 = 0° / SubEnsemble= 6 =(C*2 =21, C*3 =1.10

110" ~
10* \
N\
110° \
\\
(gk)o \\
2, \
(gk)2 1m \\
(gk)2 \
- \\
)
\
N
1 /] <\
. N
0.01 0.1 1 10
0.05 M 5
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Gain Curve : ®373 = 0° / SubEnsemble= 7 =(C*? = 2.0, C** = 1.06

4

110 \§
10" \\
\
\
1.10° \
\\
(o, \
(), \\
(), 1% \
—_— \
(9, \
- \
~\
10
\‘\
\
\
- =N
0.01 01 1 10
0.05 M 5,

0.001
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Is This Micro—Bunching in S2E-Simulations ?

After BC3 (500 prt/bin) / ¢t g=-4deg p,=1.765m p4=6.2

2:5 ! ! ! ! ! !
1009

| /kA
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Double—Humped Densities

At Gun-Cathode: 2 Gaussians, 30 separated
200x200 const bins (smooth 1.5

26

-0.1

-0.2

-0.3
-0.4

PPPPPPP

p, /keV

-0.5

-0.6

-0.7
-0.8

-0.01 0 0.01 0.02

T/ns

After BC3: 2 Gaussians, 30 separated
200x200 const bins (smooth 1.5)

0.03

-0.4 -0.2 0

z/mm

0.2 04
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1(2) KA

1.6

1.4

1.2

0.8

0.6

0.4

0.2

After BC3: 2 Gaussians, 30 separated
10 sub-ensembles/ 500 part/bin (smooth 1.5)

sum
01 (head) —<—
02— T A S A
03 —s=s—
4 =
05 —e—
06 | | | |
07 —+— S —— T —

08+

09 ——

o@h -

-0.8 -0.6 -0.4

27
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Summary
e Proposed set of parameters
¢1 P2 P3 o P2 Ps P3
(gun) | ACC1.1 | ACC1.2-4 | ACC1.5-8 BC2 ACC2&3 | BC3
—0.55° | —96° 0° —4° 1.765m —15° 6.2m
VB accel. corr. chirp extra chirp

= decent z—region with high current outside spike

50um with I > 500A, 220um with I > 300A

= decent transcerse phase space

= no strong mixing in high—I region

= estimated gain > 1- 10" for 10um < XA < 100pm, > 1-10™3 for A < 200um

e proposed p—bunching “switch”

: vary ¢s from 0° to —15°

e possibly try double-humped initial densities from cathode

28



