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Layout of cERL 1n]ector (cerl_ 1n]2 1. m)
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Longitudinal distance from cathode, z ()

Max(Ez) = 30 MV/m IZlIBE(EaccT 15 MV/m)

I\ F Bl :-80pC
FIF25:20 k particles
ERIER IR ETE (3d-mesh, CG)

E—LHA4X:0.503367 mm
L—H—/8)LAEK :125.2024 ps

YL /A1 D35 :0.0370703 T
YL/ AR2MDH35:0.0297391 T
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1Z BSRFD MR E IS :8.1881 MV/m
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2Z& B SRFD{i#H:-16.5836 %

3Z& BSRFD{ItH: 9.81271EF
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YL /AR2DOHIIE:0.704 m
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Rms energy spread, oy (keV)

Normalized emittance, &,,, &,, (mm mrad)
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cerl inj2 1.in, 20 k particles

-0.146 keV / 7.89 MeV (-0.002%)
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6E - 0.1 %
- AKE = -0.146 keV (BC1) -
> -
g 7 888 Oxg = 9.67 eV (BC1)
=
50
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=
Q
2
E 7.886 |
N4
E,= 125906 MV/m
7884 1 1 1 1 1 1 1 1 1 1 1
-1 0 |
Difference of amplitude, AE/E , (%)
5= 0.1 %

7.95

Kinetic energy (MeV)
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cerl_inj2_1.in, 20 k particles
T T T T T T I T |
| 5:=0.1% o SCAO01
AKE = 0.62 keV (SCA1) o SCAO02
- AKE = 3.35 keV (SCA2) A SCAO03 11

AKE = 3.42 keV (SCA3)

E=8.19 MV/m (SCAl)
E,=29.99 MV/m (SCA2)
E_5=30.00 MV/m (SCA3)
| A

-0.5 0 0.5 |
Difference of amplitude, AE/E , (%)

-1

5,=0.1%

0.62 keV / 7.89 MeV (0.008%) (SCA01)
3.35 keV / 7.89 MeV (0.042%) (SCA02)
3.42 keV / 7.89 MeV (0.043%) (SCA03)



Rms energy spread, o (keV)
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cerl inj2 l.in, 20 k particles
33 T T T T T | T T T T T

6E - O.l %
i Ac, = —0.048 keV (BC1)

6,.=331¢eV (BCl)

E ,=1.25906 MV/m

30 ] 1 ] 1 1 ] 1 ] ] 1 ]
-1 0 1

Difference of amplitude, AE /E, (%)

5,=0.1%
-0.048 keV / 31.3 keV (-0.154%)

Rms energy spread, oy (keV)
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HBInEZE
cerl inj2 1.in, 20 k particles
T T T T T r T T T
6 =0.1% o  SCA01

| Aoy =0.071 keV (SCAI)
Aoy =10.033 keV (SCA2)
Aog =-0.0047 keV (SCA3)
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E,=38.19 MV/m (SCALl) |
E,=129.99 MV/m (SCA2)

E ,=30.00 MV/m (SCA3)
| . .

-0.5 0 0.5 1
Difference of amplitude, AE/E ; (%)

-1

5,=0.1%

0.071 keV / 31.3 keV (0.227%) (SCA01)
0.033 keV / 31.3 keV (0.104%) (SCA02)
-0.0047 keV / 31.3 MeV (-0.015%) (SCA03)



Arrival time at z = 4.5 m, ¢, (ns)
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cerl_inj2_1.in, 20 k particles cerl_inj2_1.in, 20 k particles
16.284 I I I I 1 | Ll I I I I 16.285 I N I v I T I T T
i 6E:0-1 % i I 0, =0.1% o SCAO1
At,=—16.6 fs (BC1) z At =66 1 (SCAL) o SCA02
- — At,=-18 fs (SCA2) A SCAO03
o, = 0.43 fs (BC1) En At,==T7.51s (SCA3)
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i . '.<E 16.283 F E,, = 8.19 MV/m (SCAL1)
I _ . | E,=29.99 MV/m (SCA2)
Eyp=1.25906 MV/m | E,=30.00 MV/m (SCA3)
16283 |. 1 1 1 1 | 1 1 1 1 .I |. . 1 A ] . 1 . .I
-1 0 1 -1 -0.5 0 0.5 1
Difference of amplitude, AE/E , (%) Difference of amplitude, AE/E, (%)
5.=0.1% 5,=0.1%
o -16.6 fs . -66 fs (SCA01)

.« -18fs (SCA02)
e -7.5fs (SCAO3)



Normalized emittance, €,, (mm mrad)
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cerl_inj2 1.in, 20 k particles cerl_inj2_1.in, 20 k particles
0.286 T T T T T | T T T T T T T T T ] T T T T
5,201 % 8;=0.1%

Ag,, =—0.205 im mrad (SCA1)
Ag

nx

03 Ag

X

Ag,, = 0.115 pym mrad (BC1)

=(0.385 um mrad (SCA2)

=0.102 pym mrad (SCA3) A -
0., = 0.134 um mrad (BC1) g

0.284 0.29

Normalized emittance, €,, (mm mrad)

1 0.28 | .
E,=38.19 MV/m (SCAI)

E=129.99 MV/m (SCA2);

° o %o ° E,=1.25906 MV/m E=30.00 MV/m (SCA3)
1 1 1 1 ! | 1 1 1 1 ! 0.27 I . 1 . 1
0282 0 1 1 205 0 0.5 1

Difference of amplitude, AE/E , (%) Difference of amplitude, AE/E , (%)
5.=0.1% 5.=0.1%

0.015 gm rad / 0.283 mm mrad (0.041%) . -0.205 gm mrad / 0.283 mm mrad (-0.072%) (SCA01)

. 0.385 um mrad / 0.283 mm mrad (0.136%) (SCA02)
. 0.102 u#m mrad / 0.283 mm mrad (0.036%) (SCA03)



Rms beam size, 0, (mm)
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cerl_inj2_1.in, 20 k particles
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01341 Ao, =0.100 um (BC1)
O, = 0.155 um (BC1)
0.132
E,=1.25906 MV/m |
D. 13 1 1 1 1 1 | 1 1 1 1
-1 0
Difference of amplitude, AE /E , (%)
5, =0.1%

« 0.100 #m /0.133 mm (0.076%)
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cerl_inj2_1.in, 20 k particles

T T T [ I T T
0p=0.1% o SCAOI
016 Ao, =0.327 um (SCAL) = scao |
' Ao, =-1.53 um (SCA2) s SCAD3
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g
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i E,=129.99 MV/m (SCA2)7
E ,=30.00 MV/m (SCA3)
01 1 L 1 N ] L 1 . 1
-1 -0.5 0 0.5 |
Difference of amplitude, AE/E ., (%)
5,=0.1%

«  0.327 um/0.133 mm (0.246%) (SCAO1)
«  -1.53 um/0.133 mm (-1.16%) (SCA02)
e 0.568 um/0.133 mm (-0.427%) (SCA03)



Rms bunch length, ¢, (mm)
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cerl_inj2_1.in, 20 k particles cerl_inj2_1.in, 20 k particles
0.66 T T T T T T T T T T T 0628 T T T T T T I T T
5, =0.1% | %=01% o SCAOL
- - Ao, = -0.194 um (SCA1) o SCA02
S Ao, =-2.20 um (BCI) e | Ao =-0.027 um (SCA2) ]
0.64 _ _ 5 Ao, =0.031 pm (SCA3)
Og = 0.017 um (BC1) o ,
i < 0.624
50
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=
Q
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=
Nal
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2 0.62F E=8.19 MV/m (SCA1)
- . - E;=129.99 MV/m (SCA2) |
Ezp= 125906 MV/m E_,=30.00 MV/m (SCA3)
0.58 1 1 1 1 1 | 1 1 1 1 1 1 . 1 . | . 1 . .I
-1 0 1 -1 -0.5 0 0.5 1
Difference of amplitude, AE/E, (%) Difference of amplitude, AE/E_, (%)
5:=0.1% 5,=0.1%
. -2.20 um / 0.622 mm (-0.354%) . -0.194 ym / 0.622 mm (-0.031%) (SCA01)

«  -0.027 um /0.622 mm (-0.004%) (SCA02)
0.031 #m/0.622 mm (0.005%) (SCA03)
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IRILF—IENYDZEE -0.048 keV / 31.3 keV 0.071 keV / 31.3 keV (0.227%) ,
(-0.154%) SCA01
FERMEDZEE -16.6 fs (-0.00777 degree) -66 fs, (-0.0309 degree) SCA01
RBIEISVIVRDEIE 0.015 um rad / 0.283 mm mrad  0.385 xm mrad / 0.283 mm
(0.041%) mrad
(0.136%), SCA02
RmsE—L YA XDEL 0.100 xm / 0.133 mm -1.53 ym / 0.133 mm
(0.076%) (-1.16%), SCA02
NOFRDOEIL -2.20 um / 0.622 mm -0.194 um / 0.622 mm
(-0.354%) (-0.031%), SCA01
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Kinetic energy (MeV)

A si8in %I/H@LL*E
18 ) -

INUTFx—ZE

cerl inj2 1.in, 20 k particles
7.9 T 1 I I ) | 1 1 1

AB=0.1 degree
AKE =

7.89

7.88

oy = 0.033 keV (BC1)

6, =—89.801 degree
787 1 1 1 1 1 ] 1 1 1

~0.701 keV (BC1) -

Kinetic energy (MeV)

-1 0
Difference of phase, A8 (degree)

0,=0.1 degree
e -0.701keV /7.89 MeV (-0.009%)
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7.92
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cerl_inj2_1.in, 20 k particles
T T T T T T T T T T I
AOQ=0.1 degree o SCAO1
- AKE = 0.180 keV (SCA1) o scao2 I
AKE = 1.68 keV (SCA2) A SCAO03

AKE = —0.905 keV (SCA3) 1

0=-39.8 deg (SCAL)
6= —-16.6 deg (SCA2) -

6=9.8 deg (SCA3)

-1 0 |
Difference of phase, A0 (degree)

0.1 degree
0.18 keV / 7.89 MeV (0.002%) (SCA01)

1.68 keV / 7.89 MeV (0.021%) (SCA02)
-0.905 keV / 7.89 MeV (0.012%) (SCA03)
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cerl inj2 1.in, 20 k particles cerl_inj2_1.in, 20 k particles
33 T T T T T I T T T T T 34 T T T I o T
AB=0.1 degree ° | 48=0.1 degree

_ Ao, =0.121 keV (SCA1)
- A, =—0.076 keV (SCA2)

Ao, =-0.092 keV (SCA3)

Ac = 0.141 keV (BC1)
32+

6. =493eV (BCI)

Rms energy spread, o (keV)

30 6=-39.8deg (SCA1) —
- - 8=—-16.6deg (SCA2)

Rms energy spread, oy (keV)
u_)

6, =—89.801 degree | 8=9.8deg (SCA3)
1 I 1 I I | 1 1 1 1 I 1 ; : . . | N i N " 1
29 -1 0 | -1 0 1
Difference of phase, Af (degree) Difference of phase, A6 (degree)
0,=0.1 degree 0,=0.1 degree
* 0.141keV /31.3 keV (0.450%) * 0.121 keV /31.3 keV (0.386%) (SCA01)

«  -0.076 keV / 31.3 keV (-0.242%) (SCA02)
e -0.092 keV /31.3 MeV (-0.294%) (SCA03)



Arrival time at z=4.5 m, ¢, (ns)
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16282 1 1 1 1 1 | 1 1 1
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z=4.5 mETOE|ZERFH

BInEZER

INFx—ZE
cerl_inj2_1.in, 20 k particles

AB=0.1 degree
A, =-67.9 fs (BCI)

G, =3.6fs (BCl)

Ehiz

—89.801 degree

-1 0
Difference of phase, A0 (degree)

0.1 degree
-67.9 fs

1

4.5m, 1, )

Arrival time at 7

16.286

16.284

16.282

O0y=

cerl inj2 1.in, 20 k particles

AG=0.1 degree

At,=-118 fs (SCA1)
Ar,=-35.0fs (SCA2)
- At,=0.851 fs (SCA3)
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0 =-39.8 deg (SCAL)
0=-16.6 deg (SCA2)
0 =9.8 deg (SCA3)

1 0 1
Difference of phase, A6 (degree)

0.1 degree

-118 fs (SCA01)
-35.6 fs (SCA02)
0.851 fs (SCA03)



Normalized emittance, €,, (mm mrad)
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ASt 2B EZE]

R DAL ERZ (4)

HIEIErmsTIvA X

INUFx—ZE
cerl inj2 l.in, 20 k particles

AB=0.1 degree
0.29 -} Ag, . =0.133 ym mrad (BC1)

O, = 0.160 um mrad (BC1)

i 6, =—-89.801 degree

028 1 1 1 1 1 ] 1 1 1 1
-1 0

Difference of phase, A0 (degree)

0,=0.1 degree

0.133 um rad / 0.283 mm mrad (0.047%)

1

HBIREZE R
cerl inj2 1.in, 20 k particles
03— —
AB=0.1 degree I o SCAO.[
Ag,, = —0.392 pum mrad (SCA1) o SCA02
Ag, = -0.090 um mrad (SCA2) N SCAO03

Ag, =-0.002 gm mrad (SCA3)

o
i
V=
T
1

0.28

0= -39.8 deg (SCA1)
0 =-16.6 deg (SCA2)
0 =9.8 deg (SCA3)

Normalized emittance, €,, (mm mrad)

0.27 - !
-1 0 |
Difference of phase, A0 (degree)

0,=0.1 degree

-0.392 gm mrad / 0.283 mm mrad (-0.138%) (SCA01)
-0.090 gm mrad / 0.283 mm mrad (-0.032%) (SCA02)
-0.002 gm mrad / 0.283 mm mrad (-0.0008%) (SCA03)



Rms beam size, o, (mm)
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cerl_inj2_1.in, 20 k particles

0.15 T T T T T T T T

A0 =0.1 degree
Ao, =1.29 um (BC1)

0.14

0.12

6, =0.152 um (BC1)

6, =—89.801 degree

-1 0
Difference of phase, A0 (degree)

0,=0.1 degree

1.29 um /0.133 mm (0.971%)

|

FRZE(5)
S — LA R

BIEZER

cerl 111J2 l in, 20 kpartlcles

0.15

AB 0. l degree
Ao, =-0.666 um (SCA1)
Ao, =-0.523 um (SCA2)

o  SCAOI
o SCAO02
4 SCAO03

L Ao, =0.027 um (SCA3)

0.14

AAA ST . A S AAAAMNMDANA NSNS

AAAAAAAAAAAAAAAA

Rms beam size, 6, (mm)

- 6=-39.8deg (SCALl)
- 6=-16.6 deg (SCA2)
0 =9.8 deg (SCA3)

o.n-—+——

-1 0
Difference of phase, A8 (degree)

0,=0.1 degree

-0.666 xm /0.133 mm (-0.502%) (SCAO1)
-0.523 um / 0.133 mm (-0.394%) (SCA02)
0.027 um / 0.133 mm (0.020%) (SCA03)



Rms bunch length, ¢, (mm)

0.(;4 T T T T T | T T T T T
AB=0.1 degree
Ao, =-1.23 uym (BCI)
I 6,, = 0.016 um (BC1) |
0.62
6, =-89.801 degree
06 1 1 1 1 1 | 1 1 1 1 1

A Gt 2B InE ZE R DAL 4B

rms/\>F &

INTF—ZE R
cerl inj2 1.in, 20 k particles

-1 0 1
Difference of phase, A8 (degree)

0,=0.1 degree

-1.23 gm / 0.622 mm (-0.198%)

Rms bunch length, ¢, (mm)

ERZ(6)

-

BIEZER

cerl_inj2_1.in, 20 k particles

0.66
AG=0.1 degree

Ao, =3.01 um (SCA1)
Ao, =0.825 um (SCA2)
[ Ac. =0.069 um (SCA3)

<
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S
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0 =-39.8 deg (SCA1)
0 =-16.6 deg (SCA2) 7
6 =9.8 deg (SCA3)

058 +—r"r———
-1 0
Difference of phase, A8 (degree)

0,=0.1 degree

3.01 #m / 0.622 mm (0.484%) (SCA01)
0.825 um / 0.622 mm (0.132%) (SCA02)
0.069 1m / 0.622 mm (0.011%) (SCA03)
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0.1 degree

-0.701 keV / 7.89 MeV
(-0.009%)

0.141 keV / 31.3 keV
(0.450%)

-67.9 fs (0.0318 degree)

0.133 gm rad / 0.283 mm mrad
(0.047%)

1.29 um /0.133 mm
(0.971%)

-1.23 pm / 0.622 mm
(-0.198%)

1%FE &

0.1 degree

1.68 keV / 7.89 MeV
(0.021%), SCA02

0.121 keV / 31.3 keV
(0.386%), SCAO1

-118 fs (0.05522 degree), SCAO1

-0.392 um mrad / 0.283 mm
mrad
(-0.138%), SCA01

-0.666 #m /0.133 mm
(-0.502%), SCA01

3.01 um /0.622 mm
(0.484%), SCAO1
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