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Bunch Compressor

Bunch compression in magnetic chicane
Low energy

‘ Vertical position as
a function of z

‘ Longitudinal phase
space evaluation
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PITZ Bunch compressor

Radiation biology

<7 MeV/c <22 MeV/c IE0--00m

CDS

Gun LEDA booster HEDA1 TDS PST Bunch compressor &
_— EMSY EMSY EMSY & THz undulator
o om0 +H00000 20 =|| ||= IS )| ISTINTISTINT) H=|| INCa P AT 00 U3 S
R K - . Vi
% 0 1 o3
i Dark cu t B Xit
Symbols: g Dark curren ~ Beame mWire . Tunnel 1 Tunnel 2
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00 beam dump ¥ ansromer = magnet Bl e

A
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~34m

Production and optimization of the high brighness THz radiation, called free-electron laser (FEL)

« SASE

- Seeded To enhance the performance of FEL, the buch

« Super-radiant compressor was recenly installed at PITZ
FLASH beamline for biology application accelerator in the vertical direction bending.

e |rradiation cancer cell
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Eleciron trajectory designed

z2=19950m 2z = 20.671 m
Chicane.Dgg BP%VI-l éChica_ne.Scrl gChicane.Dg

y=335mm - FD : ] T R
i—» HIGH2.Scr2 Chlcane-Dl/ \  Chicane.Dy HIGH2.Scr3
2 6 == i !
y = 0 mm
z = 18.6542 m z=19.6258 m 2z =20.408 m z = 21.1902 m z = 22.1618 m z = 23.450 m
Bending in vertical direction ~35m
Parameters Value
800 [ ™ T il T T T LN
<00 ' © 971.6mm,  1,564.4 mm . 971.6mm Beding angle 19 degrees
[ \ \ \ \ ] . .
: | 40 mm 4.2 mm | Bending radius 904.67 mm
—~ 400 \ —> <« \ ]
£3345 | | .i i. | Distance D1-> D2 (L;,) 680 mm
= 200} 42 mm P N 42mm 1
e - , 2> mm Bmm . 25 ] Pole length (L) 300 mm
ol .fZSmm ‘ I 25 mm | ]
I | |
i | | | |
_200 i : | 1 | 1 1 | L - ] 2
18 18.654219 19.6258 20 2121.1902 22 221618 23 Ree = —290{(L12 +§LB)} Ree ~ 0.198 m

z (m)
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Bunch compressor commissioning

Simulation of Electron Beam Trajectory along the
Bunch Compressor (Chicane)

To find the optimum currents of magnetic chicane for

electron beam fransportation in experiment.
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Beam Trajectory Simulation

Initial parameters and set up

HIGH2. Scr2

7=18.262m ASTRA Scr

'Y z=20.408 m

HIGH2. Scr3
:I:I?:Igdjr:” 7=123.450m
’ Radiation biology
CDS il
Gun LEDA booster HEDA1 TDS PST Bunch compressor &
— EY EY EY & THz undulator
b 00000 101 T N N N N TN ) 0 1 0
U U (4]
i BILLALLN I U LA,
\ 0 ]
Photocathode surface O o mWire scanner Tunnel 1][ Tunnel 2
z = 0, reference point \ screzn / [] Quadrupole @:icfkfr .
araday cu Integrated current are
OO beam d)l/Jmpp trangformer = magn)(let Beam stop CH'CAN E. sCr
() —
CHICANE.BPM 2= 20:671m
z=19.950m
Goal parameters
Beam momentum 16, 17, 18 MeV/c Start position HIGH2. Scrl P
: : : . “Optimization of dipole currents for
Dipole field 3D field from CST End posifion HIGH2. Scr3 electron trajectory:”
Positive for D1 and D4 Space charge No P _
Dipole current . ety [y =) ASTRA Scr,
Negative for D2 and D3 CSR No .
Zero vertfical angle (y' =0) HIGH2.Scr3
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Beam Trajectory Simulation

Field map from ASTRA and optimization methods

Dipole Magnetic field map from ASTRA

| x:-302>30mm |
c y :-140 > 140 mm
I Z:.-450 2> 450 mm |
Step 2 mm
N
g o ]
=
1Ie | 1I8 | 2|o | 2Iz ' 2|4
T M
B T
-0.04 -0.03 -0.02 -0.01 [¢] 0.01 0.02 0.03 0.04

Positive currents for D1 and D4

Negative currents for D2 and D3

y (mm)
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Optimization methods

800 LA L L L | 1 I T I I I I
i | | | |
I | | | | ]
600 | BPM.1 z=19.950 m Chicane Scr.1 z=20.671 m .
400 | | Yy | ]
- - :
\ / N \
200 | ~ | | HIGH2.Scr3 z=23.450 m
| ASTRA Scr. z = 20.408 m ]
| /
ol | r——
[ | HIGH2.Scr1z=16.303m | ! !
_200 ................... (- L R I 1 1
16 17 18 19 20 21 22 23 24 25

2. D1
3. DI

-D2=-D3=D4

-D3 and -D2 = D4 — *Previous set up
= D4 and -D2 =-D3
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1st Method: D1 = -D2 = -D3 = D4

ASTRA Screen at z =20.408 m

[ — fitted |
o 60 | 000 dua [{ 60
\ \ \ \ -
= sool 971.6 mm | 1,5644mm | 971.6 mm | ] o 50 F 150
\ \ \ \ -
g | | | | ~ y R*=0.99617
~ 1.16 < — —
g 400 | | | | | ; Ca 40 . y/ — me—tl + b 40 /g
= i \ | | \ | 112 § - E
2 334.5 ‘ ‘ = s 30} Ay =0 30 =
o 200 I \ I f \ 1.08 E é 20 :_ ; 20 ~
'?c:)s [ ! ! ! | ] & =~ [ =0 <g]
E I | | ' I ] 1.045 D . y
5 ol ' : Scr.z=20.408 m : \\' - oo 105— 410
[ \ \ \ \ O ] O
_200 N T T R T T G T P E (@] ]
18 18.6542 19 19625820 21211902 22 221618 23 —10F 1-10
z (m)

e _20
1.10 1.15 1.20 1.25
I(A)

_20:....|....| .
095 1.00 1.05
e.g.,

Can’t get y' = 0 and Ay = 0 by using identical currents for all dipoles.
Optimum currentfory’ =0, I = 1.11 A

Ay = =5mm
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Beam Trajectory Simulation
2"d method : D1 = -D3 and -D2 = D4

Screen at the center between Dipole2 and Dipole3 Screen after Dipole4 (HIGH2 Scr3)
130 I B AR RN S @7"“
12sf .20 | ID1=11250A | 7/ 4
4 1D2| =1.1232A /7 1
1.20 F N BN ! 7 4 7
< .7 D e ‘]
< 1.15] — 2 e/ AR
QI Pid R ’ ,/
1.10 | - R
; L’ ¢ DS 4
105_ PR = =yl (rad) _ _ S y! (rad) _
L / A7 | — Ayem ] [ y — Ay (mm) ]
10— 7 L Y 100t 77— T———
1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.00 1.05 1.10 1.15 120 1.25 1.30

Dy (A) Dy =-D3 (A)

There is only one intersection between y’ = 0 and Ay = 0 lines

at the centre between Dipole2 and Dipole3.
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Beam Trajectory Simulation
3'Y method : D1 = D4 and -D2 = -D3

Screen at the center between Dipole2 and Dipole3 Screen after Dipole4 (HIGH2 Scr3)
1.30:........,.,.....,...,.,.,....@ri 1.30 gy,
L | |D1] = 1.1250 A ’ ' [
1.25p . IPT Y 125F
; |D2] =1.1232 A e ,/ ] — y
Al.zoz_ ’,.Qa N7 [, 1 < 1.20F YA
<C '?’ P ’ ’ /l- 2 |
= 1.15] S AN S 115F, A
Q. : L1 Q/ ,/ » I ’ N@ﬁ I
1.10} < o7 £ 5“11() S
4 4 NS ' ]
1.05¢ = y(rad) | 1.05 oy yl (rad) 1]
- A7 | — Ayem ] / V04— Aymm) |
1.00 1.05 1.10 1.15 1.20 1.25 1.30 1.00 1.05 1.10 1.15 1.20 1.25 1.30
Dy (A) Dy =Dy (A)

There is only one intersection point between y' = 0 and Ay =0

lines at the centre between Dipole2 and Dipole3.

DESY. Current Status of the Magnetic Bunch Compressor at PITZ| Ekkachai Kongmon, 5 January 2023 Page 11



Beam Trajectory Simulation
3'Y method : D1 = D4 and -D2 = -D3

After Dipole4 at HIGH2 Scr3 (z = 23.450 m)

1.30
125}
< 120}
D 1is|
lglf“ 1.10}
1.05|
100 b 1 W nw e arerer
100 1.05 1.10 1.15 120 125 130
Dy = D4 (A)
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D1 =D4=105A and-D2=-D3=1.05611 A

1000 — 25
g
£ s00} D1<D2 |,
S
= 600] 15
=3
2 400} 10
2
£ 200} ! 15
go 0 HIGH2 Scr3 0
[}
z
_2 | | | | | | | | _
1718 19 20 21 22 B 24 25
z (m)

Bending angle (degrees)

D1 =D4=120A and-D2=-D3=1.19896 A

1000

800}

7\

N\

D1> D2 |

600+

400

3

i

200}

0

N

HIGH2 Scr3

Average transverse positions (mm)

—200

16

17

18

19

20 21

z (m)

22

23 24

N
W

25

o () —_ —_ [\ e}
(=) 93] [e)
Bending angle (degrees)
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Beam Trajectory Simulation

Offset beam position at the center between Dipole2 and Dipole3

1.005

60llll|llll

Case: D1 =D4 and -D2 =-D3

40 1 1.000

] Optimum ranges of D1 :
1 0.995 D1:1.06 > 1.18 A

‘s ~
g - S D1 > D2
SN | —
< 0.990 S
Vacuum tube between Dipole2 and Dipoled is
0.985 NW63CF type, which has the inner radius of 30 mm.

9,980
10 1.15 1.20 1.25 1.30 1.35

_60',,H|,,H
1.00 1.05 1.
Dy (A)
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Optimum current

Screen at the center between Dipole2 and Dipole3

130 o LT /, I é —_ 1000 1t Tt 11 L L L B L B 25
_ L, _ [ ]
125F . 7 ID1[=1.1250A | PR g ! _
| p2r=11232A | L7 /7 < 800} 120 ~
1.20F S | T4 7 a [ 7 &
< .70 Re .S Z : D
= 1L15F | /AT % 600} {15 &
Q A ¢’ 7 7 P 8—4 ] E
CLI0LAT R 2 ' E
7 NAIRS 2 400( 1107
1.05SF .~ =+ yl(rad) > ! ] <
- — Ay S 200} 15 2
100| e A T 1 /. E——— j:; | o
1.00 1.05 1.10 1.15 120 1.25 1.30 O - - g
80 - o\ : M
D; (A) g Of 1 0
1.30 > .
|25 _ < _200 I T T B T B T P N P T R _5
I ; le 17 18 19 20 21 22 23 24 25
1.20 . z (m)
< :
< 1.15 .
T _5 D1 = D4=1.1250 Aand -D2 =-D3 = 1.1232 A
1.05
: : It is posible to use the optimum current from screen at the center between
L0005 110 145 120 125 130

Dy (A Dipole2 and Dipole3 to define the optimum current for screen after Dipole4.
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Beam Trajectory Simulation

Optimum currents of each beam momentums L e T T
. 1.20 E 95\% Confidence Interval
Optimum currents for beam momentum U R N
SR IR Y S | :
of 16 > 18 MeV/c S : mzo.ﬁg,t:cAo.0026
I TR 1)) S ]
] [
125 I 1_05: i
i tlooboo i v o
1.20 - 155 160 165 170 175 180 185 Applied current :

I I p (MeV/c)

I ] D1 > D2 for beam momentum
Alls _ 125 o ——— of 16 > 18 MeV/c
< i —— '
~ L 1.20 [ 95\% Confidence Interval ]

1.10 } _
_ < s i
LOS T ] W 110} ]
Q :
1.00 I R B S B B 1'05; ]
155 160 165 17.0 175 18.0 18.5 ool ]
p (MeV/c) 155 160 165 170 175 180 185

p (MeV/c)
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Beam Transportation Through BC | CEMEINSCHAFT | XFEL

Results from 3 December 2022

At Chicane Scr.1 (z=20.671 m)

2=19950m 2z =20.671 m

Chicane.Dy BPM.1 Chicane.Scrl . Chicane.D3
y=3345mm é [ | A |
S — o H ~ —
HIGH2.Scr2 _Chicane-Dl/ \ _Chicane.D4 HIGH2.Scr3
y = 0 mm : : 5 ' : ; J
z = 18.6542 m z=19.628 m 2z =20408 m 2z = 21.1902 m z = 22.1618 m z = 23.450 m
< | T T T T T T 5 g
« 2D current scan for D1 and D2. T 1.23F ® ® [5) [0 ®) 0 ] 0 é
« Positive current for D1 and Negative current for D2. Q. : S >
° 2 & ® @ © o o 4 PHE-10d
« Data was recorded at Chicane.Scrl. —15
1.21 F @ @) @) @) @), O 7 —20
1.20 - (@) @ @) @) ©) O 7
Scannedranges: [D1] 1.15> 1.20 A ) 2 N S PPN S
.14 1.15 1.16 1.17 1.18 1.19 1.20 1.21

ID2] 1.19 > 1.26 A

Dy (A)

L] \ )
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Beam Transportation Through BC

Matching beam vertical position with simulation

1.26

1.25F

1.24

1.23

1.26-........,....,,..,.,
[ V4
Ay(mm) '/ V2 , ,

125 = ¢ 2
| = 3 AR
|- AR

1.24H = 3 ¢, ¢ ¢
L , , )
[ 6 4 V4 p y
i e,

123— ,I 7 ,< =
[ AR IR

1.22F ¢ 4 4
i Vs / V4 f
[ ’ ,’ ¢ | v

121 2, 4 4
4 , V4 y 4
L, , ¢ v

1.202....|’...'.|....|....|....

1.15 1.16 1.17 1.18 1.19
D, (A)

Measurement result at
Chicane screen

Beam momentum : 17.057 MeV/c

—Dp (A)

1.22

1.21

1.20

115 116 117

L18  L19 120
D; (A)

Simulation result at
Chicane screen

Beam momentum : 17.057 MeV/c

Vertical angle = + 0.04 deg.
=+ 0.698 mrad

DESY. Current Status of the Magnetic Bunch Compressor at PITZ| Ekkachai Kongmon, 5 January 2023

RMSE

ﬁ HELMHOLTZ

| GEMEINSCHAFT XEEL

2.5 161_3 L L, L, B S B A |

|.—. Yy :0.04 deg., Ay:0 mm ]
2.0} :
15} ]
1O :
05} .
0.0 I T T R R S SRR

—6 —4 -2 0 2 4 6

Ay (mm)
« Just trajectory traking!
« Zero momentum spread
*  Without
o Space charge effect
o CSR effect
* Dipole current from CST need to

be corrected by experiment.
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Summary and Discussion

Beam trajectory simulation

«  Optimum method : D1 = D4 and -D2 = -D3

*  Optimum current range forD1:1.06 > 1.18 A

«  Optimum current for on-axis trajectory for beam momentum 17 MeV/c:
D1 = D4=1.1250 A
-D2=-D3=1.1232 A

Optimize D1/D2 to be 1 by moving Chicane dipole 2 and Chicane dipole 3 in the vertical direction.

Screen at the center between Dipole2 and Dipole3

Beam momentum 17 MeV/c

y'=0and Ay =0

D1 =1.1250 A and -D2 =1.1232 A
D1/D2=1.0146 > 1
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Next.. Future works
 Beam vertical positions at the Chicane BPM and Chicane Screen are requirement for correcting dipole
current from simulation.

« D1,D2, D3, and D4 - Zero dispersion at HIGH2. Scr3 and maximum THz energy by CTR measurement.

« Trajectory tracking by using CST particle studio.

Beam dynamics simulation to find optimum currents for magnetic by considering :
o Beam momentum spread
o Beam emittance
o Space charge effect
o CSR effect

« Study compression conditions for SASE, seeded, super radiant techniques.
o Beam momentum: 16, 17, 18 MeV/c

o Bunch charge

DESY. Current Status of the Magnetic Bunch Compressor at PITZ| Ekkachai Kongmon, 5 January 2023 Page 19



Next BC commissioning



Plan for next BC commissioning
2023 January

z =19.950 m| 2z = 20.671 m
Chicane.Dg BPM-l éChica_ne.Scrl ' Chicane.D3

y = 334.5 mm , _ T |
_______________________________ o [ - —] R

HIGH2.Scr2 _Chicane-Dl/ \ _Chicane.Dy4 HIGH2.Scr3
@ B e ~— i

u u
y = 0 mm

z = 18.6542 m z=19.6258 m 2z =20.408 m 2z = 21.1902 m z = 22.1618 m z = 23.450 m
Objectives

» To verify the vertical centroid position at BPM.1 (in this time) and Chicane.Scr1 from simulation with experiment.

« To find the optimum currents for D1, D2, D3, D4 for electron beam transportation through PITZ bunch compressor
for electron beam momentum of 16, 17, 18 MeV/c.

» On-axis trajectory for electron beam.
» Monitor at HIGH2 Scr3.
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Bunch compressor commissioning PITZ

Photo Injector i
Test Facility Nl

Next commissioning : Beam transportation at HIGH2. Scr3
Beam parameters for beam transportation through chicane

HIGH1. Scr 1 HIGH2. Scr 1 HIGH2. Scr 3
z=c5277Tm z =¢16.303 m z=23.450m
Radiation biology

CDS
booster

Beam preparation Gun LEDA

Bunch compressor

THz undulator

0
+ Laser (FWHM): > 8 ps g 9
« BSA:1mm .
Symbols: ‘Eﬁiﬁ;‘:”em —~ Sienad";;"'t m Wire scanmer Tunnel 1 || Tunnel 2
* Bunch charge : maximum of 200 pC at Low.FC1 \ sceen  [JQuadipole == Kicker
OO Earadzy cup/ 1 Integrated current m Safetyt Beam stop
« Beam momentum at LEDA: 6.3 MeV/c for gun phase MMMG cam e, tensiormer esne
« Beam monitor at HIGH1.Scr1 HIGH2. Scr 2
z =18.262 m

o Transverse profiles (sig x, sig y) must be recorded.

+ Beam momentum measurement at HEDA1 (e.g. Booster amplitude : 11 MV , Momentum : 17.0843
MeV/c)
o Beam momentum 17 MeV/c at MMMG

o Do BBA at HIGH1. Scr1 in the range from MMMG to +10 degrees, step +5 degrees
o BBA should be lower than 0.1 mm

» Center vertical beam at HIGH2.Scr1, HIGH2.Scr2, HIGH2.Scr3

o Use script to save beam image
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Bunch compressor commissioning

z=19.950m 2z = 20.671 m

Next commissioning : monitor beam at HIGH2. Scr3 i Chicane.Dy BPM.1  Chicane.Serl Chicane.Ds
B ]
HIGH2.Scr2 Chicane.Dy - - Chicane.Dy4 HIGH2.Scr3
H ] H
. ?z()mm ' - T H
Beam Transportation 2 =18.6542 m 2=19.6258m z=20408m 2z =21.1902 m 2 =22.1618 m 2 =23.450 m
1st Step D1 and D2 Scan (Positive for D1 and Negative for D2)
1. Finding the ranges of scan for D1 and D2 manually.
2. Using MATLAB script “Current Scan2Dtest.m”.
3. Monitor beam at BPM.1 and CHICANE.Scr1.
e.g., 1'27:'"'"'"""""""""""""': 1.26 ———1—"—
5 ] [ | ==y offset=-5 mm
1.26 n ® ® @ @ © © y [| === y_offset=0mm
20 125 H ===y offset=5mm
125 © @ o o o | |{ '
124 e e e e o o 1 [{lo - 124
< - 5 g <
= 1231 @ @ @ 0] © o . 0o £ = 123E
S A SE
12 @ @ @ o o 1 [@-10¢ |
i =15 1.22
1.21 - ) ) @) o o ©) -: —20 I
120F e © © © ©o O A 121 F
B TR N RN TR NT AN N TR RTREETREY P /6880 080 /S ESSEREs IRass
' ' ' D A5 ' ' ' 1.1 .16 117 118 1.19 120
1( Dy (A)
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Bunch compressor commissioning

Next commissioning : monitor beam at HIGH2. Scr3

e Step | Scany offset at CHICANE.Scr1 and monitor beam HIGH.2 Scr3.

1. Run python script “Calculate_current_D1andD2.py”

2. Givey offset input at Console ex. 5 mm then enter.
3. Using ratio (slope) between D2 and D1 as an input for next step.
4. Using D1 = D4 and -D2 = -D3 to transport beam.
5.  Using MATLAB script “Current Scan2Dtest.m” to scan current for D1 = D4
and -D2 = -D4 by choosing scan ranges from no.2 .
Y offset (mm) Scan range for D1 and -D3 Scan range for -D2 and D4
-5 e.g.1.17-1.20 e.g.1.20-1.26
5

Note: Stepy =1 mm
Step scan =0.01A

DESY. |Bunch compressor commissioning| Ekkachai Kongmon,December2022

]: runfile( 'C:/Users/kongmone/.spyder-py3/Scripts/For_experiment/

current_DlandD2.py", wdir='C:/Users/kongmone/.spyder-py3/Scripts/

)

RMSE_p 032

R—sqaar‘ed_p 10.99995

T
[| == y_offset=5.0 mm

125}

[262]: runfile( 'C:/Users/kongmone/.spyder-py3/Scripts/For_experiment/

Calculate_current_DlandD2.py ', wdir='C:/Users/kongmone/.spyder-py3/Scripts/
For_experiment")

RMSE_p:0.08032
R-squared_p:0.99995

PITZ

Zeuthen

Photo Injector
Test Facility
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Bunch compressor commissioning

PITZ
Next commissioning : monitor beam at HIGH2. Scr3 by setting offset vertical position of beam at CHICANE.Scr1

Photo Injector i
Test Facility Nl

z=19.950m |z = 20.671 m
; hi D, BPM.1 Chicane.Scrl | :Chi .D :
Beam parameters y=345mm Chicane.Dz ] —1 ChicaneDs T
Chicane.D -
- Bunch charge : 200 pC at Low.FC1 HIGH2 Ser2 - %ncane'm HIGH2B’SCY3
+ Beam momentum : 16, 17, 18 MeV/c y = 0 mm y — — E
(minimum momentum spread) z = 18.6542 m z=19.6258 m 2z =20408m 2z =21.1902 m z = 22,1618 m z = 23.450 m

D1 =-D3 and -D2 = D4 scan
/ Monitor beam at HIGH2. Scr3
Vertical offset (y offset): 5 mm

D1 and D2 scan :
: . D1 =-D3 and -D2 = D4 scan
Beam momentum: | _ Monitor beam at Vertical offset (y offset): 0 mm > .
BPM.1 _
Vi t . Vertical offset (y offset): -5 mm
nimim momentim sprea Step scan current : 0.01 A \ D1 =-D3 and -D2 = D4 scan
Step y offset : 1 mm Monitor beam at HIGH2. Scr3
1st Step 2nd Step
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Thank you for your attention



