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PAL-XFEL Diagnostics
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Beam Position &
Beam Energy

Beam Charge

Beam Size

Bunch Length

Beam Arrival Time

Beam Loss

Stripline BPM

Cavity BPM

Turbo ICT

Screen Monitor

Wire Scanner

Coherent Radiation Monitor
Transverse Deflecting Cavity
Beam Arrival Time Monitor

Beam Loss Monitor

49
10
54

10
26

<5um
<lum
<1pC
<10 um
<10 um
<10fs
<30fs
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Beam Position Monitor
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Stripline BPM Design

CST Simulation
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Simulation Results

——Qutput2
— Qutputd

0.8

o1,pb : 0.56580234 |
0.6 102,pb : 0.67373526 |~ e
03,pb : 0.56556559 |

0.4 |o4,pb : 0.48693624 T o

4 6 8 10 12 14 16




Wire Test Stand

m  Horizontal
e Vertical

BPM Reading (mm)

Wire Position (mm)



Injector Test Facility (ITF




ITF Layout

Beam dump
dE=
2= 0|5

. Modulator
Dipole Spectrometer

0|3 A}

. SCf0[2EE
Screen and Wire scanne

Klystron
Y TICHER Y
Quadrupole [=mion
1% A
A= TR Waveguide
3-m S-band A/S e
5E =L REA
Solenoid RF-gun
&o0lE S NS

Y




Stripline BPM Signal
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Corrector Current & BPMs

BPM Response To C6HRead
(BPMTestW|thCM62013Dec31 181446Data mat)

; ; 5 | | ; ——BPM5X
1L __________________ ' __________________ ___________________ ___________________ ——BPMBX
- | ——BPM7X

05 f, -t ": .................. "tf‘:"f:";_:'_.':_.".":.'i-:'f" ................... ................... CGHRead o

N N W N N 2 D
BPM5+BPM7_BPM6

BPM Reading [mm]

l i i i i ! i i
0 100 200 300 400 500 600 700 800 900
Event Number



BPM Resolution

Libera Units

Libera Single Pass E (New unit)

. Sampling frequency 155 MHz
VIRTEX 5 ; :
Phase alignment feature Y ) L O UO0USU 00000004 EFSOUSUUOUUOO0 SN SASTSSSSSSSSFSINE NI OSSN
Event receiver (EVRX)
Measuring resolution~ 1.2 um

100 g ;

00k

wwwi-techsi

BPM6X Predicted Value[pim]
n
o

BPM A + BPM C
BPM B =

_20 i i i | |
2 %0 100 150 200 250 300 350
BPM6X Measured Value[pum]

Resolution : 1.5 um @ 200 pC



UTCA Electronics from SLAC

USE ONLY EEIP-COMPLIANT POWER MODULE

(1 1

¥ {um)

130

128

126

124

122

120

118

116
b8

Beam Position at 200pC BPMB

resnluiiinn x=1.899EIum, y=1.6845um. . :| # Positions
L : * 1 ¥ >< Mean
. 5 z ; : Std
| i L g : i
: : + : :
4 B Aata® s
N O IOE. . ST, .. - s o, TR, SO UL i
L " M V4 N 5
Frt 4 4 4 ;
I I .*_*'*' ...... o s LT A, N -
w4 *FT # g
L4
IO SOURPRSS -SSR YO . 908 SRS JRSRMAY. . .
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Cavity
Beam Position Monitor
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Cavity BPM Design

[ 5 | 1 t 3 | F3 | 1
IIII REV DRN KD DATE REVISION & DESCRIPTION
F F
1]
22
E e
‘ ®'/ 2NN ]
Mg . ‘
D = o
. 42 o 5 5 -
i & e By Oy ®
_ 100 B
(4 4
s AP FEEDTHROUGH-2 2
7 RF FEEDTHROUGH-1 4
8 ¢ REFERENCE CAVITY BODY 1 OFHC Qu B
] REFERENCE CAVITY COVER 1 OFHE Cu
4 DIPLOE WAVEGUIOE 1 OFHC Cu
3 DIROLE CAVITY BOOY 1 OFHC Cu
] 2 DIPOLE CAVITY COVER 1 OFHC Cu
1 NWEPAL FLANGE 2 US04
no. |rer owG Mo DESCRIPTION [FREii] maTeRiaL | Revarks
[ [ nens ] pojHANG ACCELERATOR LABORATORY
A D | e A
SECTION *A - A’ SECTION 'B - B SECTION *C - C* DaTE H e oo
—_— —_— 1214 ey X-BAND CAVITY BPM ASSEMALY
DATE s e o oo |
APFD IR & Y [5o]
DATE UNIT | om | N0

] T T v ] 3 | 2 I 1



X-Band Cavity BPM

i

Parameters XY Cavity Reference Cavity
(Dipole Cavity) (Monopole Cavity)

Mode
Frequency
Loaded Q Factor
R/Q
Induced Voltage
X/Y Cross Talk Level

TM110
11.424 GHz
2000 - 3000
>2 Ohms/mm
>5 mV/pC-mm
<-20dB

TMO010
11.424 GHz
2000 - 3000
>12 Ohms
>20 mV/pC



Brazing & Tuning

Brazing

Cavity BPM Tuning



ITF Measurement Setup

Mixer
ZX05-153LH-S+

_ Amplifier
CBPM Pickup ZKL-2R5+

11.424 GHz

Signal Generator
11.224 GHz

Oscilloscope

Signal = 200 MHz
Impedance = 50 Ohm

22




PAL Cavity BPM in LCLS

i
i
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LCLS Resolution Test Result

Fesolution {wm)

N

* Measured Resolution: 700 nm (x), 800 nm (y) @ 25 pC
PAL-XFEL Cavity BPM

EPM X Resolution UMD 18-May-2013 03:20:08

1.ar + 5VD i
*  Linear Predictor
*, "PAL BPM
! - ® - * o
1_x *;, t¢x xXx : ’ ¢x ; :XX 1
0.5k .
EI 1 |
1550 1600 1650 1701

Fesolution {pm)

EPh esolution UNDN\18-May-2015 08:20:08
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Beam Charge Monitor



Turbo-ICT

BCM-RF mode S&H
Input charge 200 pC max (more without front-end amplifier)

Measurement single range 100 fC — 200 pC

Bunch repetition rate Single bunch — 2 MHz
Output voltage 0/5V.log of the beam charge
Reaction time 500 ns to > 99% final value
Noise 100 fC or 1 % of charge
Non-linearity 3%

Time response Hold till next bunch

Trigger on-board or external (pos. edge. > 2.4V, > 30 ns width)

; 1

’/ 1.
..__“ 1 .”iI'M"" Is*—b’ "—'

ol

J16LN-H-Turbel

ICT-CF3"3/8-22.2-UNV-




Beam Charge Monitor

Pin hole ]
size

T (@ Angle SET

— B Turbo-ICT 5-EPM

Photo Cathode
Bd  RF GUN O’-

I
I
1
I
I

L]
I
I
I
1

o ol

PAL-ITF Laser Pulse System

(z) Beam Charge READ

Polarizer EPICS _,

Half-wawve plate

(3) S-BPM Sum READ

Half-wave plate Angle vs. Charge

T-ICT value vs. S-BPM sum

14-MAR-2014 09:48:50

600
pC
g S00
[

400F

5 3001

ARGE

% 30 40 50 60

ITF:LASER:M1 Deg.

70

« 10"

o 25 T T

o

E T-ICT value

& 2t BPM1 sum value

EI

g 1.56F

ml

=T

o

=

v

Eﬂ.fv- I
E BPM Gain Set : -12dB

e+ % %
BPM Low Limit ITF.LASER:M1 Deg.

500

4 400

1 300

1200

100

ITF:BCM1:CHARGE R
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Transverse Profile



Screen Monitor

pneumatic
actuator

Tilt stage

&
N
S,
AN

CCD-camera

1:1 macro Lens - S5

Gear for
focusing

N.D. Filter I

Mirror — w0l

g

l target block

¥ e

=7

3-position pneumatic actuator

RF shield for reducing the
wake field

Scintillator (YAG:Ce)

OTR Target (Al-foil)

LED backlight lamp

Neutral density filter

DSLR lens (Magnification : x1)
DC motor for remote focusing

Tilt stage for Scheimflug’s
geometry

GigE camera



Target Holder

YAG:Ce with patterning
for size calibration e-Beam

| Metal foil

Mirror

) / — OTR
View port — Scintillation Light

YAG < T Lens

RF shield
*Norminal operation



Optical Transition Radiation

rmetal ET“EM 025
foil
E o > o oz
=y T
.( L = 0as
backward 2
quadrupole 2 010
magnet =
strength
k . . 0.05
> 1maging
lens oo -
0.00 R S
5 -4 3 2 4 0 1 F 3 4 4
CCD o
camera
(a) (b)
OTR measurement setup and angular profile
N ‘ N N (6,4
T i 2 * ’ (3
Radiation power oc| > [ ¢ ZE +Y Y ELe
=1 =1 k=l
Jj=k

Coherent OTR can make a saturated beam image.



SwissFEL Screen Monitor

Observed Beam Size

40

1 | |
- 0 20 40 60
observation angle p / degress

" {coherent)
OTR

R. Ichebeck at al., Phys. Rev. ST Accel. Beams 18, 082802 (2015)



Scintillator Target

= YAG:Ce scintillator
- Thickness : 100 or 30 um

= QObservation geometry of 45°
with respect to the beam axis
= Minimized holder size

w
o

25

apparent transverse size [um]
= — N
o wn (-]

w

0 Min point : ( 0.00¢, 0.000)
-60 -40 -20 0 20 40 60

observation angle [degrees]

PAL/?

Mirror

| / | — oTr
View port — Scintillation Light

<> lens

Camera
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OTR Target

Mirror =  OTR imaging with Al foil
- thickness : 1 um

= Target rotation: 22.5°

Metal foil

Optical Transition Radiation Distribution %0
75
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COTR Measurement Results

BC Off BC On

-1797.5

1600

-1400

-1200

-1000

E (E|
E E
> >
-80D
YAG:Ce
.
-600
-400
200
-0
4 3 2 o 2 3 4 - E
X [mm] X [mm]
E T
E E
> >

OTR




ire Scanner

ITFW




PMT Signal [mV]

ITF Wire Scanner Test Result

00 4——n

400 —

300 —

200 e —

100 —

-10

]

10

20
Elasped Time [usec]

e-beam

30

IIIl['ll'lliIIII|TIlrll'll'llI'IIIIllll['lr'llIll1l|lllrir1ll|l1l1

40

50

PMT signal [mV]

PMT signal [mV]

10 E ® ScanY
E —— Gaussian fit e
= e
7 y
3 A
18 3 e
3 e
] /
3 \ |
T 173
£ ]
c 3
S =
= 7 :
2 .
o 16 :
E AN
. ~
15 o )i
3 4
14 - T = .l . I' | T | T | T 4 g
200 400 600 800
PMT signal [mV]
1 e ScanU T ® ScanX
800 — —— Gaussian fit 800 — —— Gaussian fit

35.5 36.0

I T I
36.5 37.0 375 3
Position [mm]

8.0 55.5

I
56.0

I
56.5

I T
57.0 57.5
Position [mm]

I I
58.0 58.5

Oscilloscope

Beam profile




PAL-XFEL
Screen Monitor
and Wire Scanner
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Longitudinal Profile



Transverse Deflecting Cavity

------

33333

55555

uuuuu

nnnnn

Y [mm]
N - T T . . - ) !

¥ [mm]
A W N M B E N W s

RO )
Y4 s

7 6 5 4 3 -2 a1 0o 1 2 3 4 5 6 7 7 6 S5 4 3 2 -1 0
X [mm]

Deflector Off Deflector On

2 3 4 5 6 17
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i)

p— Wakefield Dechirper Chamber — Simulation & Measurement
UV PAL_ITF g Zr g Time-resolved T-wake meas. & sims.
gun aser o 1 8 RF @ spect. 7 T
R X X Qi Q2§m§ deflector S bend . Ay=0 ) Ay=+1mm
l0a — Lob } 2 Measurement Measurement
: X X o a3 g
corrugated ﬁ £
chamber screen-b =
PAL 2 POHANG ACCELERATOR
&" LABORATORY
g LA-‘.. - 24 T_i = d) Ay=+1mm
q. ; ; Simulation
Time-resolved chirp meas. & sims. 1 «~ - -
h <] £

corrugated chamber

1(ps)
Measurement
Measurement

Y

t(ps)

Simulation
Simulation

0.1 0 :
AEJE, (%)







22
Coherent Radiation Monitor

Magnet ‘ mirror
N)r CxR

— /CER
splitter
Ay / _~ \ . | | |
detector Measure CxR intensity with pyro-

detectors

filter I

* Located after bunch compressors
(4 sets)

e Calibration with the deflector

pyro
detector

* Bunch length monitor & feedback
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Beam Arrival Monitor



Beam Arrival Monitor

CF2.75
Rotatable

b ==

FOR ALL IRIS SURFACE ROUGHNESS
: 0.8um (Rmax)

CST simulation
Cavity type BAM w/o Pickup

L

L%

-
L™ f y ¥
- - .
-« - - CASES
f‘. ~

Q,~14000 @ 0=5.8x107 (Cu)
f.=2826.25 MHz

(* f,,=2856 MHz, f=29.75 MHz)



Beam Arrival Monétor Pickup

Tre1 ERE] dBMag 0.5dB7 Ref-2dB  Cal 1 Tre2 dB Mag 5dB/ Ref-35dB  Cal 2
E «M{ 2.830468|GHz [1.7343 dB ! M| 2.830472[GHz [22.003 dB
) 1
--0.5 --20 W
-+ - -25 1
1.5 --30 ' ‘\
F-2.0 4 -35
--25 - -40 /’ )
F-3.0 - -45 Z
L/
--3.5 - -50 = \\
4.0 - 65—t .
Ch1 Base Freq Center 2.82 GHz iBm Span 20MHz Ch1 Base Freq Center 2.82 GHz iBm Span 2
Tre3 [IF] dBMag 5dB/ Ref-35d8  Cal 3 Tred dBMag 0.5dB/ Ref-2dB  Cal
177 21 744 dB M1 2.830468|GHz
L. L L.
- -20 7 --0.5
- -25 - F-10 M,—
- -30 - F-1.5 v
.35 - 2.0
- -40 k.25
3 \
- -45 -3.0
~-50 < --3.5
| e // L
-55 = -4.0
_..—-""’ [
Ch1 Base Freq Center 2.82 GHz iBm Span 20MHz Ch1 Base Freq Center 2.82 GHz {Bm Span 20 MHz
4/3/2014,3:09 PM ‘
\ - =
9 .
L3
Parameter Value Unit

Operating Frequency 2,823 MHz
Coupling Coefhicient 0.1
Quality Factor 10,000
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Beam Arrival Monitor Signal

Using LLRF @ ITF ( 10Hz, 200 pC, total 20 min)

= &000

=

LLRF\ B0

2826.25
MHz

[=.

iy

“oltage

L
(0]
=
=
O

=
—
]
LA
o
[
[n7]
=]
L]

it .‘.

29. 75
MHZ

ADC
238 MSPS

N /

Matlab 0.2

Program p‘ h E\ !1 i 1 H

. l 0 EL‘IIEI 4|_-|||:| EL‘IIEI BL‘IIEI 1 EI:IIEI 1200
Amplitude, Phase Time [s]

Amplitudev [3.u.]

Fhasze [deq.]

F‘haaermS [deq.]
=
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Beam Loss Monitor



Beam Loss Monitor

Located in undulator intersection
1 detector per 1 undulator
Cherenkov radiator (PMMA or fused-silica) with PMT

Protect undulator magnets Beam Loss Monitor

] [




Beam Loss Monitor

Conceptual Design

Detector

Tunnel

Gallery

Electronics

radiator

Proto-type Detector

Cherenkov Cherenkovi . ol / 7
! radiator | _ i N |/

PMT | PMT

module module

power
(+5V/-5V)

LED
Pulser

Ctrl.

System

MIS
Network

Timing

s>

PMT
module

LED
(for heartbeat)

PMMA rod
(for radiator)



BLM Head vs.

Optical Cable

Bending magnet

Acc.
E-beam ' - Dump
43 MeV, 75 pC Q_
P¥ " Screen ]
Optical fiber D‘"np
Acc: 36.5 kV modulator V

Beam on
Screen on
Bending off

Beam Loss Monitor,
|

EwLDC50) 2%

swvay  \/oltage error = =100 mV

15.00V

Beam Loss Monitor

Optical fiber

s~ swvm  \/oltage error = £100 mV



Summary
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Beam Position &
Beam Energy

Beam Charge

Beam Size

Bunch Length

Beam Arrival Time

Beam Loss

Stripline BPM

Cavity BPM

Turbo ICT

Screen Monitor

Wire Scanner

Coherent Radiation Monitor
Transverse Deflecting Cavity
Beam Arrival Time Monitor

Beam Loss Monitor

49
10
54
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26

<5um
<lum
<1pC
<10 um
<10 um
<10fs
<30fs



PALJ?

Thank you for your
attention
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