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PAL /2 pBpwm : Basic

[ l Libera Photon

{ « Copper body Conductor Innor shield  Outor shield J
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PAL /2 pBPM : Feedback Algorithm

&

- Z|X 48 A| Photon Beam (PB) position 7|E, pXorg
« While True (2 OfC} HH=)

« 9SIXl PB position N3| g5 215, @ 78 <pXnow>
« dX = <pXnow> - pXorg 74t
« X eX1, eX2 X 1 otz ALk 2l
eX1_new=eX1+dX/dL*G
eX2_new =eX2-dX/dL* G
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PAL 7 : '
\ " PBPM : Feedback Algorithm

« Z|= 4&l A] Photon Beam (PB) position 7|5, pXorg

+ While True (2% O}C}t bH=)
« oA PB position N&| g5 212, Ha 718 <pXnow>
« dX = <pXnow> - pXorg 74t
o BX eX1, eX2 {IX| 9411 of2H2| AL 3
eX1_new=eX1+dX/dL*G

eX2 new=eX2-dX/dL*G
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PAL /2 pBPM : Feedback Algorithm

el

« Z|= 4&l A] Photon Beam (PB) position 7|5, pXorg

+ While True (2% O}C}t bH=)
« oA PB position N&| g5 212, Ha 718 <pXnow>
« dX = <pXnow> - pXorg 74t
o BX eX1, eX2 {IX| 9411 of2H2| AL 3

eX1 new=eX1+dX/dL*G
eX2 new=eX2-dX/dL*G
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PAL /2 pBPM : Feedback Algorithm
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* Remarks

- Z& : PBPM ?IX|0|A &t&f photon 'H2| ?|X| FX|
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PAL / :
\ S PBPM : Upgrade

« Hardware [2020/05~12]
« 7|Z : Tungsten Blades
« &7 : Diamond Blades + Metal Coat
- X0[1:HE
« 52 X-ray Crossection -> 52 Linear Energy Transfer -> =2 pBeam power 0| 71E
- O] 2:3E

Horizontal 2&F Scattering2 Decouple A|Z! -> Cross-talk &1t 24 > HUT

0l

7t

* Feedback Software [2020/05~07]
« 7|Z : Bash Script
« Al : Python Deamon
- x0[1:7]5

- YEiRIE 23 NS, FH Ho7[of] A HoE =&, {2 Fof, EH S5
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* 10 PBPM =&

Jig Type (Al)

=
S

Jig Type2 (Al)
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Diamond Blade (Au coated)

Spacer (Cu)
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Heat Exchanging Insulator (AIN)
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Diamond blade
e
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PAL .2 7
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PAL

-/ 1B Interferometer : Design Value

s
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PAL 7 :
o 1B Interferometer : Theory e

Attenuator .
. Filter E
: I Polarlzer -

(- SRt — I = :

e-bunch CCD E Sill( Il)

: Lens Camera : I = IO 1+
. u

| ° 7| -

| 245 m 1.0m | : kax k&d
- 181 Hultct B ’ - L ’

D a 'S I RER RN ‘ST RRRE R TEIRRRRRR Y ‘TR ER Y IIIIIIIIIE
2y = '

k: Wave number
a: Silt width

&: Source size ‘
d: Slit separation Sereen |/

y exp[_ -V ] _— M Figure 2
ImaxtImin Configuration of the interference with a finite light source. The point O is
defined as the centre of the slits. d is the distance between the two square
apertures. R is the distance between points O and P on the screen. L is the
distance between the source and the diffracting mask. D is the distance
from the diffracting mask to the detection screen.

Visibility= ZHIR2E[0f|A] ek o~ o B = AIO|= A& 7ts

‘<

Ima:t - Imz'n
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PAL 2 1B Interferometer : 2019/05 O|H
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PAL 2 1B Interferometer : 2019/05 0|= SW 7

el

sinal(x —a,

f(x’ ai) = a0<

where,
aq : 12i= E|CHR|Q] £ 5 %

a, : CCD & 14H|2] 0.25 ~ 0.5
8, : peak ZITHA 7|Z Q15 peak AL

al(x — a2)

AR
”(Ux

AR

g : Spectrum =4X|2] £ 10 %

sin( —%x |
( ) 1+, cos( Z{IE“X + d)x)].
A

Oxy = i > l In i
Y 7 Dyy\ 2 Y.y

2
) > (1+ azcos(Kyx + @y)) + @000
12000 1
10000 1
8000
6000 -
4000 -

2000 -

0

—— CurveFit
1 Xsum(proj)

100

200

300

400

500 600
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PAL /7

Camera Candidates

Model Name [Basler]

avA1000-100gm

acA1300-200um

acA1440-220um

daA1600-60um

acA720-520um

Price [10,000 KRW] 235 64 63 63 63
Vendor ON Semi. ON Semi. Sony e2v Sony
Name KAI-1050 PYTHON 1300 IMX273 EV76C570 IMX287
Type CCD CMOS CMOS CMOS CMOS
s Size [mm] 5.6x5.6 6.1x4.9 5.0x3.7 7.2x5.4 5.0x3.7
ensor
Resolution [px] 1024 x 1024 1280 x 1024 1440 x 1080 1600 x 1200 720 x 540
Resolution [MP] 1 1.3 1.6 2 0.38
Pixel Size [um] 55x5.5 4.8x4.8 3.45x 3.45 45x4.5 6.9x6.9
Frame Rate [fps] 101 203 227 60 520
EMVA Quantum Efficiency [%] 39.2 53.0 62.7 ? 63.2
Dark Noise [-] 11.7 10.6 2.8 ? 2.9
EMVA data Saturation Capacity [-] 17.9 6.9 ?
Dynamic Range [dB] 63.7 56.3 ?
Signal-to-Noise Ratio [dB] 42.5 38.4 ?
Interface GigE USB 3.0 USB 3.0
Pixel Bit Depth [bits] 8,12 8,10 8,12
Camera Data
Power Requirements 12Vdc / PoE USB 3.0 USB 3.0
Power Consumption [W] 5 3 1.3
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PAL

1B Interferometer : A|2dlls 7

X_20190502-110413-20dB-20us.tiff Y_20190502-110413-20dB-20us.tiff

10 mmm raw data 10 mmm raw data

=
£
5
g
g
@
2
O
2

0.4

20 us

0.0
250 500 750 1000 1250 0 200 400 600 800 1000

Pixel [#] Pixel [#]

Intensity (arp. unitj

X_20190502-110413-20dB-50us.tiff Y_20190502-110413-20dB-50us.tiff

B raw data mmm raw data

0.4

50 us

250 500 750 1000 1250 : 200 400 600 800 1000
Pixel [#] Pixel [#]

Intensity [arb. unit]
tensity [arb. unit]

X_20190502-110413-20dB-100us.tiff Y_20190502-110413-20dB-100us.tiff

10 = raw data 10 mmm raw data

ensity [arp. unitj

0.4 |

100 us =

Intensity (arp. unitj

0.0
250 500 750 1000 1250 0 200 400 600 800 1000

Pixel [#] Pixel [#]

X_./exptimes/20190502-110413-20dB-500us. tiff

— fit:x=111.83 (+-0.206, -0.206) um
s raw data

Intensity [arb. unit]

250 500 750 1000 1250
Pixel [#]

X_./exptimes/20190502-110413-20dB-1000us.tiff

113.36 (+-0.172,-0.173) um
B raw data

o [ <4
> o @

Intensity [arb. unit]

o
N

750 1000 1250
Pixel [#]

X_./exptimes/20190502-110413-20dB-5000us.tiff

1.0 —— fit:x=115.64 (+-0.152, -0.152) um
s raw data

0.8

0.6

0.4

Intensity [arb. unit]

0.2

0.0
[ 750 1000 1250

Pixel [#]

Y_./exptimes/20190502-110413-20dB-500us. tiff

—— fit:x=33.18 £ 0.434 um
B raw data

400
Pixel [#]

Y_./exptimes/20190502-110413-20dB-1000us. tiff

— fit:x=34.12+£0.391 um
m raw data

nsity [arb. unit]

600 800 1000
Pixel [#]

Y_./exptimes/20190502-110413-20dB-5000us. tiff

—— fit:x=35.53£0.351 um
m raw data

nsity [arb. unit]

200 400 600 800
Pixel [#]

INTenNsIty [arp. unitj

INTeNSITY [arp. unitj

X_20190502-110413-20dB-10000us.tiff

1.01 — fit:x=118.21 um
I raw data

0.8 1

0.6 1

0.4 1

0.2 1

0.0
250 50 00 1250

Y_20190502-1 10000us. tiff

1.04 — fit:x=36.48 um
I raw data

400 600 800
Pixel [#]
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top - 19:16:44 up 2 days, 7:46, 4 users, load average: 20.77, 7.53, 2.76

528 27 332 0 0
81.8 0.7 0.0 16.8 0.0 0.0 0.7 0.0
65909832 50175952 2019272 13714608
2097148 2097148 0 63108872
D USER PR NI VIRT ES SHR S %CPU SMEM TIME+ COMMAND
5 garam 2 1370440 52204 91006 R 87.7 0.1 0:26.03 Dytf”

garam 206 ) 1370452 91606 R 87.4 0.1 25.69 pyth
garam 20 ) 137044 9106 R 87.1 0.1 2 wgtf
garam 20 ) 137042 9100 R 5.8 0.1 . ‘ytfw
garam 20 ) 1370444 9100 R 0.1 ytf‘
garam 20 ) 1370424 9100 R 0.1 w;tf
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garam 2 ) 13704 91606 R 84.4 0.1 26.3 w;tf
garam . ) 1370448 9100 R 84.4 0.1 25.70 pyth
garam 2 ) 1370444 91606 R 84.1 0.1 26.C ytf
garam 2 ) 1370428 9100 R 82.8 0.1 26.2 yth
garam 2 ) 1370452 9100 R 82.5 0.1 24.8 ‘gtf
garan 2 ) 1370432 5218 )100 R 81.5 1 26.2 yth
garan 2 ) 137043 52188 9100 R 8 8 0.1 26.18 wytfwﬂ
jaram 2 ) 137042 52176 91006 R 79.8 0.1 26.6 w;tf
garam 2 ) 1370452 52224 91606 R 78.8 0.1 24.8 yth
qaran . ) 1370436 52188 9100 R 77.8 0.1 . yth
garam 2 ) 13704 52196 91606 R 76.5 0.1 25.98 wytf
garam 2 ) 137 52188 9100 R 75 0.1 26.33 pyth
garam 2 ) 137 52196 91006 R 75.8 0.1 2 : ;tf
garam 2 3 S 8 9100 R 71.9 0.1 2 yth
garam 2 S 9100 R 69.2 0.1 25.7 ‘5tﬁ
garam 2 24316 R 35.4 0.1 ):13.96 pythor
garanm 2 5306C 6 252 R 7 0.0 :02.21 top

top -
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A
)

19:16:
527

62.
83.
52.
95.
96.
86.
100.
100.
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95.
88.
85.
71.
99.
97.
79.
88.
99.
82.
94.
74.
98.
88.
75.
74.
45.
67.
69.
92.
41.
65.
36.

65909832
2097148

USER

Jaram

garam

garam

garam

garam

58 up 2 days,
29
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PAL\2 1B Interferometer : WCM JHM, CAMSW 7iM O|= A1}

s

Beam size [um]

Beam size [um]

2= MM =, WCM s EX

2019.07 : mean=(116.43, 37.33) std=(2.36, 1.82)

e Seab iovhitonibiohodinsiibad s iy
100 Oy
T o st 4 et el
s 26 27 28 29 30
Day
2019.11 : mean=(104.65, 32.48) std=(0.56, 0.58)
1001
o
Oy
0 | , |
10 11 12 13 14 15
Day
WCM X Zls 22 8| =(0[xliz)

1034

Amplitude [-]
=
o
L

H
2
-

—— Horizontal(x) Vibration of WCM Chamber
---- Horizontal(z) Vibration of WCM Chamber

\
Ko TR " Ny

—— Horizontal Vibration of Interferogram Image

= 1024 7 FAA | |-' | |=| HA |.h
v A KHA| 2 2l =S &M 7ts
3 i
=
€ 10!+
<<
0 20 40 60 80 100
Frequency [Hz]
= ZFA | |-E (=] |- | H ;|.
EEEAW_I- |:|—LO'| II: I:IAOE dg

0161 100ms 0.251 100ms
= 0.14 1 [ 10ms = [—1 10ms
5 0127 S —|_
< <
= 0-107 5 0.15 1
8 8
= 0.08 =2
Z Z
2 0.06 - 2 0101
5 5
8 0.04 3
e © 0.05 A
o o

0.02 - |—

0.00 T = T 0.00 r : :

110 120 130 140 30 40 50
Beam size (10y) [um] Beam size (10y) [um]

X == 100-200 us,

HIALO|= 90, 22 um =&
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PAL 7 1B Interferometer : SR Emittance

&

In

[12]:

SIGx = 89 % um #var
SIGy = 22 % um #uvar
BETA_X = 0.825 #const
BETA_Y = 14.711 #const
ETA_X = 0.056 #const
DPOP = 0.001 #const
# HZgo| STt LB

emitx = (SIGx**2 - (ETA_X

emity SIGy*%2/BETA_Y
emit® = emitx + emity
coup@ = emity/emitx

print(f'beta(designed)\t=
print(f'Dx(designed) \t=
print(f'dp/p(designed)\t=

print(£f'size(measured) \t=

print(£'emit(calc.) \t=
print(£'coup(calc.) WE=
beta(designed) =
Dx(designed) = 0.06 [m]
dp/p(designed) = 0.10 [%]
size(measured) =

* DPOP)*%x2 ) /BETA_X

({BETA_X:.2f}, {BETA_Y:
1ETA_X:.2f} [m]")
i1DPOPx100: .2£f% [%]\n')

(1SIGx/um:.1f%, {SIGy/um:

{emit0%x1000.0:.2f1 ({emitx*1000:.2f}, {emityx1000:.2f%) pi [nm.xad]')

$100.0%coup®:.2fF [%]')

(0.82, 14.71) [m]

(89.0, 22.0) [um]

|emit(calc.)

9.63 (9.60, 0.03) pi [nm.rad] |

coup(calc.) 0.34 [%]

2£3) [m]*)

A£fE) [um]\n')

OE_l X—'II-E‘.I 01||:||E-IAE
.uEIAI-Al()-”E XX‘I 7|—o;|-

AAX= ID

(of K= o
I:I)-IKE Zg—r,

(0] -
Of

|2k
ol
AN

h
—

9.6
, 0
8%

pi[lnm.rad]L|Ct
] Ei X H 4Z SYLIC

= 8-9 pi nm rad 0|4
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OTR
< Quad-scan method Y

Cerenkov method . ) . Pre.injector \ YAGCe (ggaﬂ D@)
eam Loss (50 %)
Organic scintillator block, photon counter } \ /—< Uirtual pepperpot (SHYAGCE)

PSF Analysis Digital Cameras} (SW 2= 0] 0FgH
Streak Camera Linac-BTL Quad-scan method =

U\
Calc. S/IW Development S

\f YAG:Ce
Bunch Length /

e Beam Size / Emittance J

PD method (1B) Vibration Analysis

BPM method (control shed) Fill Pattern

\ Data Fit Method
Set-up & Start Service /

1BJnterferometer Slit Rotation Analysis (reprocude)

k Synchrotron .
/_< \ Compact IF Proto (4GSR/PLS-III) B Design Study

Diamond Mimror Test @ 1B

2|2 E A A2

LOC DF Szt 27| l © PLS-Il Beam Instrumentation 7B X-ray Pin-hole PSF Analysis = Comp. to 1B
' IBIC 2021 &+5| Z=H|
ZHI0IA, Virtual Solution ZH| Upgrade Plan
PLS-I TICHZEIH S HE j,
10A

Upgrade | 11B01
\ 11B02

Read-out ADC Prodo. Dev.

Photon BPM

Simulation of Strip-line (Injector)
Simulation of Button (Synchrotron) \ e BPM
Read-out ADC Proto. Dev.

]

Design Study

5 BeamTest

Cherenkov Radiation e BPM
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PAL 2 Filling Pattern : Streak Camera 24| X

s

Vertical Sweep (2) [ps]

10-30-2019,20:15:18,mcp(55),acc(100)

0 20 40 60
Horizontal Sweep [ns]

Light Intensity

80

2| & W HX| 20| 2F 21~23 ps (1-sigma) LTt

QM=

O|&fsit AS i 1BOA FustA 0| 7tsELict

Horizontal Sweep [ns]

=
= .
= 400 - :
£
= 200
=
@
- 06 0 T T T T
0 20 40 60 80
Horizontal Sweep [ns]
- 0.4 Bunch Length
@ 20 -
&
8
0 T T T T
0 20 40 60 80
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:P Aa’l/? Streak Camera

- Streak camera ¢5680, (19971 S10H)
* 1.25 ps/px (T2), 0.3 ps/px (T1)
* 125 MHz Vertical Sweep

« Typical PSF rms = 2.1 px, (81X 22l= 2 4-7 px)

Sweep electrode
(where electrons
are swept in the

Trigger signal
Optical Lens
intensity
tA @000
\_\A_l*_; \
Time <— Space
Slit
Incident light
Photocathode

(light — electrons)

Sweep circuit

direction from top Streak image

to bottom) on phosphor screen

Time

\
Accelerating electrode
(where electrons
are accelerated)

—— > Space
| Phosphor screen P

= (electrons —> light)

CP The intensity of the incident light
can be read from the brightness

(which multiplies of the phosphor screen, and the

electrons) time and space from the position
of the phosphor screen.
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PAL

a j/? Old Streak Camera

Vertical Sweep (4) [ps]

07-30-2019,10:34:03,mcp(50),acc(50)

1.00

0.95

- 0.90

200

Horizontal Sweep [ns]

400

600

800

600 A

500 A

400 A

300 A

200 A

100 A

\\

T
0 100

T
200

T
300

T
400

- 0.85

0.80

interlacing effect ?

07-30—2019,11:00:30,mcp(55),acc(1)1 0

Vertical Sweep (2) [ps]

Horizontal Sweep [ns]

0.9

- 0.8

- 0.7

- 0.6

150 A

100 A

50 A

T
100

T
150

200
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PAL /7

Solution

interlaced characteristics

CIE S A

100 +

50 4

J/‘ﬁ:l odd line

~ [ evenline 7

50

100 150
delta

200

™

Ve S e g e S T

fﬂ\:A

20 A \"
0* .-.-{JJ L\.kl\nll ~ rﬂf'ln_"l\:_r"\n [y | M‘J/ “I- e P P M

L e e P T

T T
100 150

T
200

0 50
Light Intensity
S 751
250l T
L,
£ 254
a
O T ] T T
0 200 400 600 800
Horizontal Sweep [ns]
Bunch Length
30
‘2 20 e geen’ts et LT .
8
= 10 A
0 T T T T
0 200 400 600 800

Horizontal Sweep [ns]

Vertical Sweep (4) [ps]

07-30-2019,10:43:50,mcp(55),acc(1)

1200 b gy :Htxnfftthnusﬂ

1000

800

0 200 400 600

800

Horizontal Sweep [ns]

- 0.5

- 0.4

- 0.3

07-30-2019,11:00:30,mcp(55),acc(1)

Vertical Sweep (2) [ps]

Horizontal Sweep [ns]

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
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PAL 7

Measurement Results

10-30-2019,20:15:18,mcp(55),acc(100)

1.0
500 4 0.8
) ' ; 3 ' E B B £
: 3
™~
§ 300
= 0.4
w0
E 200 A
A SRR RN N N
100 - 0.0
0 T T T T
0 20 40 60 80
Horizontal Sweep [ns]
Light Intensity
. 600
‘é’ l
3 400 4
£
)
c 200 -
a
° 20 P 60 80
Horizontal Sweep [ns]
Bunch Length
E_ 20 - I
o
310 +
° 20 P 50 80

Horizontal Sweep [ns]

Horizontal Sweep [ns]

10-30-2019,20:24:57,mcp(55),acc(100) 1.0
00 4 0.8
0.6
00 A
- 0.4
00 4 - 0.2
0 T T T T T T T - 0.0
0 250 500 750 1000 1250 1500 1750
Horizontal Sweep [ns]
Light Intensity
= . el
S 400 Heetvtretn ete Tt T e, i
g .
o
— 200 - -
£
=1
@ 0 T T T T T T T
0 250 500 750 1000 1250 1500 1750
Horizontal Sweep [ns]
Bunch Length
- 20 Jrrteeenten et e ettt e aay sannnne "t aggntennttte 0.
2
[ ]
N 10 -
(%]
0 T T T T T T T
0 250 500 750 1000 1250 1500 1750
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OTR
< Quad-scan method Y

Cerenkov method . ) . Pre.injector \ YAGCe (ggaﬂ D@)
eam Loss (50 %)
Organic scintillator block, photon counter } \ /—< Uirtual pepperpot (SHYAGCE)

%’SF Analysts Digital Cameraz} (SW 2H= 04 OF2H
Calc. S\W Development Streak Camera Linac-BTL Quad-scan method
: {  YAG:Ce
\ Bunch Length /

e Beam Size / Emittance J

PD method (1B)
BPM method (control shed) Fill Pattern
Set-up & Start Service j

Vibration Analysis

Data Fit Method

1BJnterferometer Slit Rotation Analysis (reprocude)

k Synchrotron .
/_< \ Compact IF Proto (4GSR/PLS-III) B Design Study

Diamond Mimror Test @ 1B

2|2 E A A2

LOC DF Szt 27| l © PLS-Il Beam Instrumentation 7B X-ray Pin-hole PSF Analysis = Comp. to 1B
' IBIC 2021 &+5| Z=H|
ZHI0IA, Virtual Solution ZH| Upgrade Plan
PLS-I TICHZEIH S HE j,
10A

Upgrade | 11B01
\ 11B02

Read-out ADC Prodo. Dev.

Photon BPM

Simulation of Strip-line (Injector)
Simulation of Button (Synchrotron) \ e BPM
Read-out ADC Proto. Dev.

]

Design Study

5 BeamTest

Cherenkov Radiation e BPM
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C%/IQ Filling Pattern : Photo-diode &fA| £

1>I

1) Filling pattern (&2 &2

2) 71 Bunch length £

Arb. Unit

0 20 40 60 80
Time (nsec) Time (nsec) 4) FP feedback

20 40 60 80

o 3z Mzt (2020/12/17), & Ikll%'/E-"AE otz

-' 2B0KS 18 Wim




ﬂ\J/’Q Fill Pattern Monitor (3izfl 23%)

- 1Y
1. Secl12-unused BPM - 1 button @ tunnel
2. Digitizer System @ control shed
« Crate - U1091AC30 - 300 W, cPCI Bus
 ADC - U1065A (10 bit ADC, 1-ch, 2-3 GHz ABW, 8 GS/s Sampling Speed, 1 MS Memory)
* PC interface - U1092A (250 MB/s, 5M Cable)
3. PC @ where?
* Acquires S/W + EPICS IoC

4. PV -SR:FPM:Wf:LO

- 1B PD &1 A|E, A5 0|2k £ 27} --> BPM2Z 7

« 2019.11 - 1B PD &4 M3
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PALIZ po wustspm gy vim

PD & BPM g2 (47H)

401 — Intp. —— interpolated
= « raw data 1 « data
£ ‘e
20 2 0
3 S
S >
>
01 -1
-400 —200 0 200 400 0 200 400 600 800 1000
Time [ns] Time [ns]
+ Bunch Length (peak.det-fit)
401 o e ety + ETOCRRER LY N Sy
E W R ¥ - t’"’& "ﬁam
2 2ol =8 &2
: o| =% 27
£ 20 = = o =
0 T T T r :
—-400 -200 0 200 400
Time [ns]
0.06 1 " .
= = Bunch Current (peak.det-fit) m  Bunch Current (peak.det-intpmax) -
5 i ~ 3
£ 0044 -
: 521
= Qo
Y 0.024 =
c < 14
£ AP ST T e 1 et rm————r—tpnaataegve . e
£
0.00 T T T T T 0 T T r T T v
—-400 —-200 0 200 400 0 200 400 600 800 1000
Time [ns] Time [ns]
61 —— Signal FFT 300 4 —— Signal Spectrum
S 4/ < 2001
= 2
.| l J l £ 1001
< 1 < l l
04 . N N . 1 - - 01 . \ ) g : i ; y !
0 1 2 3 4 5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0

Frequency [GHz] Frequency [GHz]



:P AL%? Filling Pattern

: Photo-diode XA =X

Photo diode
* rise time(t) ~35ps @ 7 V (bias)
* Eg. bandwidth = 0.35/t = 10 GHz
+ Eg. bunch length =20.7 ps
* less than 21 ps --> impossible

Bias Tee

|||-

Capacitor

PDQ| rise time= 35 psZ M, 21 ps =™ = U

Bandwidth [GHz]

20

151

10 1

Figure 3: Rise Time vs. Applied Voltage (G4176-03)

48

46

44

42

40

38

Rise-time (ps)

36

34

32

30

o 1 2 3 4 5 6 7 8 9 101
Vi (V)

—— BW of Bunch Signal

_______ PD (G4176-03) Cut-off = 10.0 GHz
20.7 ps

10 15 20 25 30 35 40
Bunch Length [ps]

0lo

 Bias Tee
e Tr. Ratio -> Gain@Z FZ
s21 LOG MAG.
R » 0.'000: dB. . 0.?00 :dBI'DIU

.040000800  OHz 398.910000008

* Pre-amp
* Gain
ZX60-153LN-S+
GAIN
22
20
518 /\\
26 [
© \/\
14 |
12

0 3200 6400 9600 12800 16000
FREQUENCY (MHz)
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PALZ o rem 13t a1, 20191111

| ¥  Photodiode + Bias Tee + Amplifier
| ) |+ Fast digitizer (10GBW, 40GS)
TH * (opt) Pico-ampere-meter

57.8 mvV

<
o
=
[«]
=
=
o
o
2]

37.8 mv

17.8 mvV
TR v

m -2.2 mV

Data Sample (central bunch)

o
o
g

Voltage [mV]
o
o
N

o
o
o
!
n
n

-0.2 -0.1 0.0 0.1 0.2 0.3
Time [ns]
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PAL 2 Eini :
o Filling Pattern : Control SW L

« Xl= XtS3t Mo/AIF ZE MEHS \V/
[ 250k points/second -> FFT -> Filter -> Compensation -> IFFT -> Gaussian Fit (500 times) -> DB Access ](repeat)
. Auto Analysis -> Inform

9Ist 1Al AE{CIE (Mar/2021 ~)

o« A=
(=

fujo

e

=}

a
1

Voltage [V]

0.00 -

0.05 +

Voltage [V]

0.00 -

T T T T T T
160000 180000 200000 220000 240000 260000

125 A
Raw Data

100 = Low Pass Filtered, 16 GHz 8'an
75
50
25

0 - NN T i e — A E T W

Voltage [mV]

I I I I 1 I
365500 366000 366500 367000 367500 368000 368500

Time [ps] 37



PALD -

$2] Zo] [ps]

1580

1540

1500

1460

1420

1380

1340

1300

399520

7399500

399480

399460

399440

149

200

299

448

598

800

oA S AT [sec

896

1046

1195

1400

1345

1494



PAL 2 po; | -
\ s Point Spread Function + Jitter L

7

o4 7 ® PSF data
PSF fit

02 ot = 3.0 ps
opx = 2.4: pX

(&)
o
|

NN
(@)
|

-}

Intensity [Arb. Unit]
S
(@)
|

NN
S
|

42 () (™
| | | | | | |
0 20 40 60 80 100 120
Time [ps]
Ojitrer = 0.465 ps
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PAL .2 ms 1 Result (Comparison btw ST and PD)

&

Bunch Length, Photo Diode [ps]

38

36

34

32

30

28

== 100mA 1.9 MV '
wf= 150mA
—ade= 200mA
2.0 MV

17 18 19 20 21 22 23 24
Bunch Length, Streak Camera [ps]
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PAL .2 ms 2 Result (Comparison btw ST and PD)

&

Photodiode Bunch Length [ps]

35.0

W
™
&)

W
©
=

N
>
&)

25.0 1

22.5 1

20.0 1

17.51

15.0 +

H4  Gaussian Deconvolution
4 Numerical Compensation

15.0

17.5

20.0

Streak Camera Bunch Length [ps]

22.5

25.0

27.5

30.0

32.5

35.0
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erenkov method

Beam Loss (50 %)

Organic scintillator block, photon counter \

PSF Analysis
Streak Camera

e\
Calc. S/IW Development Vs
\ Bunch Length

PD method (1B)
BPM method (control shed) \ Fill Pattern

e Beam Size / Emittance J

Set-up & Start Service

2|2 E A A2

LOC 2, HE£3 2 o
IBIC 2021 &¥3| Z=HI

@) PLS-ll Beam Instrumentation

ZMH0|A, Virtual Solution ZH|
PLS-I ZICHEELHE Ea

Simulation of Strip-line (Injector)
Simulation of Button (Synchrotron) \ e BPM
Read-out ADC Proto. Dev.

]

Pre-injector (

Linac-BTL

< Quad-scan method

OTR
—

YAG:Ce (2%l OF2})

< Virtual-pepperpot (Slit-YAG:Ce)

Digital Cameras} (SW 2= 0] 0FgH

Quad-scan method

/

YAG:Ce

Vibration Analysis

Data Fit Method

1B-Interferometer

Slit Rotation Analysis (reprocude)

k Synch rotron/—< \

Photon BPM

Cherenkov Radiation e BPM

Compact IF Proto (4GSR/PLS-I) _ D€Sign Study

7B X-ray Pin-hole

| Diamond Mirror Test @ 1B

PSF Analysis = Comp. to 1B

Upgrade Plan

10A

Upgrade | 11B01

\_ 11B02

Read-out ADC Prodo. Dev.

Design Study

5 BeamTest
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PAL /7 Pre-injector Emittance Measurement (Quad-scan Method)

-

L

Accelerating Section

A

Diagnostic Section

A

E-Gun

LIO1SC  scoo sco1

Scanning Quadru

pole

504110> 734 200 > 73 4@4 657 >
1 1 |1 1 1 1
F D F
I( )I I (D) I I( )I
I 1 | 1 1 1
|
|
< >« >
L, 1,=323 & D(l, = 930) gy

BPRM1 OTR/YAG BM1

BCM
LI#02

\ - - B10OTR
Profile Monitor

Electron kinetic energy = 98.16 MeV
----> p = 98.66 (MeV/c)

B. Lee, JKPS 2016

Thin lens approx. kil =ql/p G(I),

G(l) =A|l
AqiorAg,  =(+0.288 T/m)/(1.32A) ... x & 7|& &S
A = (-0.284 T/m)/(1.31 A) ... x W&t 7|= &5

PLS-2 Design Handbook

AN

AN

v

(0 D
Quadrupole Drift Space

I )
S
)
=
9
S

: d g

1 >

0} O',
’ T
c'=MocM
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PAL /7 o4
> Screen EL|E| HW ¢gj|0|=
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4 ! I
6 r g‘é';pter_: 0.20, :r0436 [l‘h_m] .. " ] center = -0.31,/-0.85 [mm]
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%J/Q 57| : perspective projection

CCD View-port é
similarity Q projective

A
translation
P
SE— 4
Euclid
JLM/AQ >
X

O-circular beam (AL

A e Y

LIS P4 77 '
, _;/’/ S *@M
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S| 1 y eI

e
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%J/Q O|2 : perspective transformation

E—

B

/

G

e Tlifs=s

o u]  |a b o] gx : I
w vl =1d e f y
1 g h j 1

ar +b c dxr—+e
(@9) > (o) = (L 2T,

gr+hy+j gr+hy+j

7 ZREJI FO{X[1, Z=HM HO| 20{X|= normal vectoret ¥2|o Zto 2 HiX|E m, =}

e
rE
ol
(o]l

P

=]~}
od

rr

3x3 matrix (calibration matrix) £ Z0{Lti2{M, Boundary Condition 4 A& F3{OF & (W ZHE 4%, FHHEt ZHE 4 &)
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PAL




PAL/\? Calibration Li{d

-15.1, 7.4) (-15.1, -7.2), (13.5, -7.9), (13.5, 7.0) in mm.

‘ ..v s
y T4




PAL//Q Calibration L{<]

2 s Camera = Z}Z LD
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PAL 7
\ o Summary

PBPM

« 137| Feedback 7t &, 7B 2-pbpm &1 AEC| &

Interferometer
« Beam Size 130 Hz

il

M = Emittance S8 &

Streak Camera

« Bunch Purity, Bunch Length, Filling Pattern Q&A| 58 7t

or

Photo Diode Filling Pattern Monitor
« AZal A AerRlS 2I5H Streak Camerall 7|55 oAl AMH|A St EX| 74 2=
2021 1=27] 5 MH|A of|F
* Etc
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