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ChOREed Beam and Fitting Error
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® 10-3 charge = 1122625 {arb.units)
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HV =280 ~ 317 kV
gap =8 ~10 mm
MSL10~28-37 A
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our measured emittance can be different due to beam chopping and fitting error !!!
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Charge Difference Between FC & WCM BE

PAUL SCHERRER INSTITUT

gap voltage = 280 kV (low beam energy, we can not apply strong focusing)

gap = 10 mm
MSL10 =from 27 A to 36 A with 1 A step.
all other magnets =0 A

MSL10 current Charge at FC Charge at WCM
36 A 13.7 pC over focusing
35A 15.5 pC N
34 A 15.6 pC
33A 15.8 pC ~16 pC
32A 15.5 pC
31 A 15.26 pC
30 A 14.18 pC
29 A 11.44 pC
28 A 9.1 pC v
27 A 7.22 pC weak focusing

Measured on Feb. 20th, 2008
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Back Tracking Simulation Method (1 Joo—

For realistic simulations, we used all measured data for Back Tracking:

Measured gap voltage

Measured solenoid fields

Measured charge from Faraday cup

Measured laser pulse length & profile (assumed uniformed Gaussian)
Measured laser profile (assumed uniform Gaussian)

Measured beam size on YAGI screen to estimate laser beam size on cathode
(Back Tracking)
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= 222.0731 pm

o, = 220.3672 pm + 43281 um g

Measured RMS Beam Size PAULIj;_H_ERRER INSTITUT

For realistic simulations, we used all measured data for Back Tracking
Operation conditions on Feb 22nd, 2008

Beam Kinetic energy = 240 keV Gap size =8 mm Charge =12 pC
MSL10=29 A MSL30=46-48 A Used screen = YAGI
Laser long profile = Gaussian Laser rms length = 6.5 ps Laser trans. profile = Gaussian

Estimated laser rms size ~ 53.75 pm from back tracking and measured one.

MSL30 =46 A MSL30= 47 A MSL30=48 A

10° YAGT - 47.01 A@FINEGMSLI0, charge = 425828 (arh.) 2107 YAGT - d46.01 A@FINEGMSLI0, charge = 425460 (arh.) x10° YAGT - 4B.01 A@FINEGMSLAD, charge = 426385 (arh.)

= 227.5975 pm

F 400 -

300

= 2221228 pm + 5.3842 um g

0,005 001 0015 0.0z 0.025 0,005 001 0015 0.0z 0.025 0.005 0.01 0015 0.02
mean o, = 234.9408 pm + 81047 pm g, = 231.4368 um mean o, = 240.7618 pm + 4433 pm o, = 238.3605 pm mean o, = 241.6877 pm + 5.1507 pm o, = 243,134 pm

measured beam size on YAG1 = 230 ~ 240 um
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0.5

0.04

PAUL SCHERRER INSTITUT

ASTRA Back Tracking on RMS Laser Size (1 Joo—

For realistic simulations, we used all measured data for Back Tracking
Operation conditions on Feb 22nd, 2008

Beam Kinetic energy = 240 keV Gap size =8 mm Charge =12 pC
MSL10=29 A MSL30=46-48 A Used screen = YAGI
Laser long profile = Gaussian Laser rms length = 6.5 ps Laser trans. profile = Gaussian

Estimated laser rms size ~ 53.75 pm from back tracking and measured one.

ASTRA Back Tracking Simulation on rms laser size Vs. MSL30 current

0.4

0.3

Horizontal spot size vs. rms beam size Vertical spot size vs. rms beam size Horizontal spot size vs. rms beam size
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
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transverse rms beam size mm transverse rms beam size mm transverse rms beam size mm

L I Tyt St B LA 090 0 0104 P T

estimated laser beam size on cathode = 53.75 um
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Measured Laser Proﬁle on Virtual CathOde PAULIj;_H_ERRER INSTITUT

I
S—

Well agreed with Simulation & Measurements !!!

From e-logbook on Feb. 21, 2008
Note that we have to multiply a missing factor sqrt(2) in this measured value
We fixed this bug in Matlab ShowImage tool from Feb. 22th, 2008.

-3
# 10
1

7 = 375396 pm

¥

charge = B56396 {arb units)

2 25 3
o, = 63.8865 um

fromm T y'll mn
0075 0.0385
0074
0.038
0073
0072 0.0385
0.071
007 0.035
0.069
00375
0.068
0.067 0.037
] 10 20 30 40 50 0

mean @, = 70.493 pm £ 1.2007 wm

10 20 30 40 a0
mean o, = 37,8953 pn + 387 4712 nm

150

=100

-3
w10

® 105 total intensity (arkb. units)
6.7

GBS

G5

§.55

6.5

B.45

ul 10 20 30 40 a0
mean charge = 658.3532 kau £ 4.8291 kau

horizontal for two some overlapping spikes
~68.9 um * sqrt(2) ~97 um
If we divide with 2, it is about 48.69 pm.

vertical for almost one spike
~37.6 um * sqrt(2) ~52.3 um
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Measured Laser Profile on Virtual Cathode ULJ_

S—

Well agreed with Simulation & Measurements !!!

From e-logbook on Feb. 21, 2008
Note that we have to multiply a missing factor sqrt(2) in this measured value
We fixed this bug in Matlab ShowImage tool from Feb. 22th, 2008.

i charge = 662491 (arb units)

horizontal for two some overlapping spikes
~91.1 pm * sqrt(2) ~ 129 pm
If we divide with 2, it is about 64 pm.

1150

=44 2753 pm

vertical for almost one spike
~44.2 pm * sqrt(2) ~ 62.6 um

4100

T
¥

(1 1 1.5 2 25 3 3k 4 45
-:rH=EI1.III?IZIEI Ly e

When we used a different Matlab tool for the same laser profile, measured laser beam
size was slightly larger than that at previous page. Therefore, if we apply average for
two cases, it is close to 56 um for horizontal and it is close to 57.6 um for vertical.

These sizes are very close to our estimated value with the backing tracking simulation.
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ASTRA Simulations on Recent Operations (1 Joo—

For realistic simulations, we used all measured data for Back Tracking

Operation conditions on Feb 19th, 2008

Beam Kkinetic energy = 292 keV
Gap size =10 mm

Charge =12 pC

MSL10=28 A

MSL30=58 A

Used screen = YAGI

Laser long profile = Gaussian
Laser rms length = 6.5 ps
Laser trans. profile = Gaussian
Laser rms size ~ 54 pm
(comes from back tracking and measured one).
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ASTRA Back Tracking Results (-5

Cathode = 0.0 m MSL10 = 0.0715 m from cathode
MSL30 = 0.336 m from cathode MSL40 = 0.446 m from cathode
YAGI1 =0.501 m from cathode MSL50 = 0.556 m from cathode

Transverse Emittance Beam Size

: normalized emittance ~ 0.8 um @ YAGI T

0.1 0.2 0.3 0.4 0.5 0.6
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ASTRA Back Tracking Results

Cathode = 0.0 m
MSL30 = 0.336 m from cathode
YAGI1 =0.501 m from cathode

Bunech Length

MSL10 =0.0715 m from cathode
MSL40 = 0.446 m from cathode
MSL50 = 0.556 m from cathode

| bunch lengthening due to the
- longitudinal space charge effect

0.1 0.2 0.3 0.4

0.5

0.6
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ASTRA Back Tracking Results (21 o

Cathode = 0.0 m MSL10 = 0.0715 m from cathode
MSL30 = 0.336 m from cathode MSL40 = 0.446 m from cathode
YAGI1 =0.501 m from cathode MSL50 = 0.556 m from cathode
. z = 0.3360 m _
s Y R Beam @ MSL30
9 - - Before UHYV mirror
E o
B ]
- o 5
T TEE
Top view

at core region, all electron beams are concentrated !!!
And beam wings are very wide ~5 mm !!!
One of part of wing can be chopped by the UHV mirror.

—B =14 L 10 20
Al pa
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ASTRA Back Tracking Results

Cathode = 0.0 m
MSL30 = 0.336 m from cathode
YAGI1 =0.501 m from cathode

MSL10 =0.0715 m from cathode
MSL40 = 0.446 m from cathode
MSL50 = 0.556 m from cathode

At YAGI1 screen

0.8

€ m mrad mm
0.4

0.2

€z w kel mm

0.8

0.5

Low Emittance Gun based PSI XFEL Project -

Yujong Kim of Swiss Light Source, Switzerland

z=08010m
harizontal core emitlance vertical core emiltlance Slice Emittance
T T T = T T T
T T T T d - T T T T
- T T
o T -
- E e - [=]
| g -l |
]
€ o
- v 2L - g l
) 1 R ] \ ] \ - ) i \ ] ] E
20 40 &0 ag 100 (1] 20 40 &0 B0 1|:IHE
Particles % Poarticles % 'S
O
lengitudinal core emittance emittance ratio €,/€, E o
=
L] N 1 N 1 | N 1 N L] N 1 lw
| -k ol
L [ =]
T w ]
o=
I = I i
[l 1 1 1 1 1 1 1 =} 1 1 1 1 1 " 1 " _E E
20 40 an an 100 Q 20 40 &0 B0 108
Pariicles % Particles % TMm
- T s p———

15




PAUL SCHERRER INSTITUT

ASTRA Back Tracking Results (1 Joo—

Cathode = 0.0 m MSL10 = 0.0715 m from cathode
MSL30 = 0.336 m from cathode MSL40 = 0.446 m from cathode
YAGI1 =0.501 m from cathode MSL50 = 0.556 m from cathode

At YAGI1 screen
z=0.5010m

harizonial core emittance vertical core emillance Slice Emittance

€ m mrad mm
0.4 0.8 0.8

0.2

0.8

pr/pz

| !
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T

'l
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0.2 0.4
T
1

- l i i i i i ] i it 1 i i i
20 40 &0 ag 100 0 20 40 L] ao 1od
Particles % Pariicles %
lengitudinal core emittance emittance ratie EnJ'rE’ P ,-

€z w kel mm

0.5

T T T T T T [ T T T T T T T ] .-".: .-

0.&
——r

Pariicles % Particles %
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Beam Chopping Checking at 280 keV
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(1 Joo—

gap voltage =280 kV, gap = 10 mm, MSL10 = from 27 A to 36 A with 1 A step, all others =0 A

%10 charge = 302507 farb units)

5 MSLIO =29 A

4

o i
= L
£ 3
o
X i
~ 10
n

=25 -

R

14

16

13

0.005 0.01 0015 002 0.025
T, 23117 mim
=,/ mm v,/ mm « total irtensity (arl
5 40 4
2 30 3
5 20 2
1 10 1
5 : - a - a -
0 20 40 B0 0 20 40 50 0 20 :

CE 1.8273 mm £ 282 66581 pm mean a,= 154131 mm £ 89241 Miyean charge = 101 4232 k

Low Emittance Gun |

il charge = 317225 {arb.units)
c
=
|-
[uy]
(]
O
ol
n
b:‘.
o0o1s
T, 21002 rmm
=,/ mm v,/ mm . total irtensity (ark. uri
2.5 40 4
2 a0 3
1.5 20 2
1 10 1
0.5 - . 0 . - 0 . -
] 20 40 G0 0 20 40 G0 0 20 40

mean @, = 1.9645 mm £ 3201441 pm mean a,= 10.8634 mm £ 3 BBA3 MMmean charge = 171 8597 kau £
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Beam Chopping Checking at 280 keV (21 o

gap voltage =280 kV, gap = 10 mm, MSL10 = from 27 A to 36 A with 1 A step, all others =0 A

w0 charge = 338896 tarb units) 0’ charge = 326483 tarb units)
2 MSL10=31 A _ MSL10=32 A
4
E
£
= g
=t
]
[
"0
n
=
"z
14
16
18
]
0.0 ook . . . ook
l:rH=1E15?‘mm l:rH=1.11IIIEmm
@, fmm 7, fmm « ot intensity farb. units3 @, fmm T,f mm » totil intensity (arb. urits
5 40 4 0.94 35
2 30 3 09z 1 34
na
5 20 2 33
0,85
1 1 1o - 1 - | - | 32
5 : : 0 : : 0 : - - : 0.54 3.1 : :
] 20 40 (=] ] 20 40 G0 ] 20 40 G0 20 40 (=] ] 20 40 G0 ] 20 40
g3 o = 20192 mm £ 3191465 pm mean Ty = B.0525 mm £ 82448 mipean charge = 2541035 kag + 105.4432 kau 11238 mm £ 151039 pm mean Ty = 8906285 pm + 17 6023 prinean charge = 3308961 kau + 5
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Beam Chopping Checking at 280 keV (21 o

gap voltage =280 kV, gap = 10 mm, MSL10 = from 27 A to 36 A with 1 A step, all others =0 A

il ¥ charge = 346415 {arb.units) ’ charge = 343678 (arb.units)
starting overfocusing
£
="
[in]
=
(o]
=
"
[Ty
n
b:h
It seems that shower & chopping becam I|weaker.
But space charge effect become strpnger |
due to a stronger focusing at 280 V
0.005 0.0 0015 0.02 0.025 0.005 0.0 0015 0.02 0.025
T 8009261 prmn T 747 2458 prn
T,/ mm T,/ « total intensity farb. units) T,/ mm T,/ « tatal intensity farb. units
1.2 1 35 1 35
T 1 %2 1 a5 - ' . 35
1 { os | ' 1
34 . ] 34
04 { o7 ]
] DE J
0.3 | os 3.3 ' _ 3.3
07 ; . 0.5 . ; 32 . ; ; . 0.4 . ; 32 . ;
0 20 40 B0 0 20 40 B0 0 20 40 B0 0 40 B0 0 20 40 B0 0 20 40
mean o, = 1.0892 mm £ 131 275 um mean T, 8147738 prn + 135.8995 pihean charge = 343 6763 kau + 59304 kau E487 pm 2 1705301 pm mean T,= F12.2293 um £ 171 617 Winean charge = 343 6355 kau £ 5
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Beam Chopping Checking at 280 keV u[;___su_

gap voltage =280 kV, gap = 10 mm, MSL10 = from 27 A to 36 A with 1 A step, all others =0 A

w10 charge = 346905 {arb.units) charge = 335621 {arb.units)

;'ﬁ"'

i +# MSL10=35A
4
5 B
5
- 8
)
; £
w10
o
n
=™ 42
14
16
18
0.005 0.01 nois n.no2 0.025 0.005 0.01 nois n.no2
L 925953 pm T 1.2503 mm
@, 4 mm 7,/ mm « tofil intensity (ark. units) @, mm 7 f mm  fotal intensity ¢ark. units
1.2 1 2 3.5
11 .
35 1 . 34
1 0.5 1 1.5 1
09 . 34 33
0.5 1 0.6 1 1 1
33 1 . 32
(1
. . 0.4 . . 3.2 . . . . 0.5 . . 3.1 . .
0 20 40 B0 n 20 40 =] n 20 40 B0 n 40 B0 n 20 40 =] n 20 40
L 907 6537 pm * 157 6495 pm mean L BE3.34 pm 167 8565 bMmean charge = 342 4549 kau £ 5.2345 kau 055 rm £ 2056587 pm mean Ty = 1.2218 mm £ 4871332 vm mean charge = 332.1391 kan = F
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Beam Choppi

ng Checking at 317 keV
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pE

gap voltage =317 kV, gap = 10 mm, MSL10 = from 27 A to 36 A with 1 A step, all others =0 A

w10

= 2 6606

T
Y

T
HImm

i 20 40 g0
mean o = 1.7901 rorn £ 444 3041 pn

charge = 232910 {arb.units)

1

0015
T 2.356 mm
o, « 10" total intensity ¢arb. units)
29
28
27
26
25
24
; ; 23 ; ;
0 20 40 B0 o 20 40 B0
rean @, = 1.6033 mm £ 343 2287 um mean charge = 260.1072 kay + 12 5165 kay

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

40 G0
4356416 pm

0.5

charge = 253770 {arb units)

0.01 0oi1s 002
T 2.2306 mm
-:ryImm
0 20 40 [=1]

mean @, = 1.2249 rorn £ 395 4044 pm

%10 5ttltal intensity {arb.
249

24

27

25

2.5

24

o 20 40
mean charge = 267 2001 kau
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Beam Chopping Checking at 317 keV (21 o

gap voltage =317 kV, gap = 10 mm, MSL10 = from 27 A to 36 A with 1 A step, all others =0 A

i charge = 279242 carb units ) i charge = 261773 carb units )

MSL10 = 33 A y |  MSL10=34 A

4
10
=1
£ E =&
o =
= o
% =
- — 10
n n
B B
12
14
16
0,005 0.01 onois ooz 0,005 0.01 onois ooz
-:rH=1.8E|18mm -:rH=1.254? mm
-:rHImm -:ryImm # 1051 -:rHIrnm -:ryImm # mstatal intensity {arb. units
2 16 248 14 3
1.3 E
18 E ] ]
14 - | ] 12 23
16 ] 11 i
1.2 E ' 1 E 28
14 E 27 1
1 E 0.a E a7
12 [IR=]
. ] 0a . 26 08 ] 0E . 26
oy E
03 - - - - 25— - - 0.4 - - 25 - -
] 20 40 G0 ] 20 40 G0 u] ] 20 40 G0 ] 20 40 G0 u] 20 40
mean T = 1.2151 mm % 320.5685 pm mean 7, = 992 526 pm £ 273.6103 pm mean chz mean o = 9563225 pm £ 199.0529 pm mean a,,= F55.6659 prn 2 1954151 pm mean charge = 272 9065 kau £ 7
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Simulation for Operation on Feb. 20th (1 Joo—

gap volatge ~ 317 kV ol : %;Zrzigata_
Q~17.6 pC I {'
gap = 10 mm o3 III I
MSL10 = 34.81 A b %22 1/
MSL30=35~70 A ﬂﬂ _
H steerer = 0.32 A oL N _‘;6‘;*11 FE—
V steerrer = 0.35 A -

Used screen = YAGI1 0t w1924 |
YAGT1 gain setting = 250 | : Ef;;zi;ata_
YAG exposure setting = 1 o I I

2}.-m2
[}
——
=
Fag—1
—+—]

1 1 1 1
al 100 150 200 2an 300
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Simulation for Operation on Feb. 20th (1 Joo—

MSLIO = 0.0715 m MSL30 = 0.336 m YAGI = 0.501 m Transverse Emittance
o MSL30 =47 A

gap volatge ~ 317 kV g o

=
Q~17.6 pC :
gap = 10 mm “°
MSL10=34.81 A

with space charge effect
MSL30=35~70 A ol
0.1 0.2 0.3 0.4
ransverse Emittance

H steerer = 0.32 A ' em e

V steerrer = 0.35 A
Used screen = YAG1
YAGT1 gain setting = 250

-t Overestimation !!!

€ ™ mrad mm

YAG exposure setting = 1

from MSL30, no space charge force

o - . . v

= 24
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Simulation for Operation on Feb. 20th (1 Joo—

MSL10=0.0715S m MSL30 =0.336 m YAG1 =0.501 m

oL

5

gap volatge ~ 317 kV
Q~17.6 pC

0

px/P2 Mmrad

gap = 10 mm
MSL10=34.81 A
MSL30=35~70 A

H steerer =0.32 A

V steerrer = 0.35 A
Used screen = YAGI
YAGT1 gain setting = 250

-5

-10

10

5

0

px/P2 Mrad

YAG exposure setting = 1

-5

-10

space charge force -

1 L 1 L E
-0.4 -0.2 0 0.2 0.4

xr mm

——==25
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O timization on Feb. 20th O eration PAULIS‘:_H_ERRERINSTITUT

gap volatge ~ 317 kV
Q~17.6 pC

gap =10 mm
MSL10=34.81 A
MSL30~31.8 A

H steerer =0.32 A

V steerrer = 0.35 A U T T E S

Transverse Emittance
x mm

Used screen = YAG2 @ 0.9 m T T

pzr/pz mrad

Laser transverse rms size = 100 pm

Laser length = 6.5 ps

€ ™ mrad mm

o s 1 s 1 s 1 s 1

0.2 0.4 0.6 0.8

zm

26"
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Optimization on Feb. 20th Operation (21 o

z = 09000 m

Front view

gap volatge ~ 317 kV

Q~17.6 pC

gap = 10 mm
MSL10=34.81 A
MSL30~31.8 A

H steerer = 0.32 A
V steerrer = 0.35 A
Used screen = YAG2 @ 0.9 m

I mm

Top view

Laser transverse rms size = 100 pum

Laser length = 6.5 ps

z mm
0

-2

Side view

0 50

27
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Optimization on Feb. 20th Operation (21 o

z = 0.9000 m
gap Volatge ~317 kV Longitudinal Phase—Space Momentum Spread
Q~17.6 pC x 2 | ' i ' !
gap = 10 mm '*jyy §
é # g | %
MSL10=34.81 A N © ﬁ{f,;:ﬁ‘ ‘§ a | i
< o
: g &
MSL30 ~31.8 A x . g
N :
H steerer = 0.32 A ) - -
-50 0 50 —-0.02 0 0.02
V steerrer =0.35 A At ps Apz/pz
Used screen = YAGZ @ 0.9 m Longitudinal Distribution
Laser transverse rms size = 100 pm, _ I ]
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At ps

Spikes are generated at head and tail !!!
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Optimization on Feb. 20th Operation (1 Joo—

Horizontal emittance vs. rms beam size

gap volatge ~ 317 kV —
Q~17.6 pC

1

gap = 10 mm

MSL10=34.81 A
MSL30~31.8 A

H steerer =0.32 A

V steerrer = 0.35 A

Used screen = YAG2 @ 0.9 m

0.8

horizontal emittance m mrad mm
0.6

0.4

I : : : : I : : : : I : : : :
0.05 0.1 0.15 0.2

Laser transverse rms size = 70 um gives minimum transverse Tms beam. size mm

Laser length =16 ps

a laser with a longer length of 16 ps & a bigger spotsize of around 70 um
gives a better emittance at the moment (at 300 keV range) !!!
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Summary & Acknowledgments (1 Joo—

It seems that there are beam chopping by the UHV mirror. But we can not
apply too strong focusing due to a lower beam energy (hence stronger space
charge force).

When a big chopping is generated, there is a shower and background on
YAGT1 screen. Due to the background, we met a fitting error in estimating

beam size. Therefore, our measured emittance can be different.

We have to optimize laser spotsize and length to reduce space charge force at
a lower beam energy.

At the moment, it seems that a round chopping at the right side of YAGI
screen is generated due to misalignment of screen.

Y. Kim sincerely thank Dr. Andreas Adelmann, Dr. Andreas Streun, and Dr.
Marco Pedrozzi for their encouragement for OBLA study.

30
% Low Emittance Gun based PSI XFEL Project - Yujong Kim of Swiss Light Source, Switzerland S—



