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Diagnostics for PAL-XFEL

'A‘ Dj2H7] 7157

AT=

—/

hhhhhhhh

Beam Position &
Beam Energy

Beam Size

Bunch Length

Beam Charge
Beam Arrival Time
Beam Loss

Stripline BPM

Cavity BPM

Screen Monitor

Wire Scanner

Coherent Radiation Monitor

Transverse Deflecting Cavity

Turbo ICT
Beam Arrival Time Monitor
Beam Loss Monitor
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49
54
5
4
3

10
10
26

< 5um
T um
10 um

10 um

10 fs

1 pC
30 fs



Bunch Length Monitor



PAUL SCHERRER INSTITUT

ﬁ} CAS-2008 Lecture on Femto-Second Diagnostics

Principle of Bunch Length Measurement with RF Deflector

. RF-deflector

defl - screen

Transversely Deflected Beam Size Avg at Screen (for a drift space)

Opr Vr

AyB = m cOS((DRF) LB ALdef—screen

Assuming...:
- @ = 0° atthe center of the bunch results in shearing of particle
density distribution without changing mean particle position

- longitudinal stability (bunch arrival time vs. RF phase) must be high
in case of averaging of measurements

- pencil-like beam (zero-emittance)

- no beam offset in the RF deflector

Ayg
-f - 3
X screen

Example:

Parameters for 250 MeV PSI FEL Injector Test Facility
Oe = 2x-3 GHz
V, = 25 MV
c = 3-108 ms-!
E = 250 MeV
LB(FWHM) = 600 fs

= 200 um
ALdef—screen = 12'25 m
Ayg = 770 pum

Volker Schlott 12

CAS on Beam Diagnostics, Dourdan, May 28t - June 6t 2008
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Transverse Deflection Mode

d
Snapshot of RF Electrical Field (Hzil\//g :nr;é)ae
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Diagnostic Beamline of PLS-II (1B)




Diagnostic Beamline of PLS-II (1B)

Mirror -

™
\}:
oy b

"_A‘ Dj2H7] 7157

AT=

') hhhhhhhh



“Y zZolziony Apict

=/
Inside of Diagnostic Beamline Hutch (1B)

Streak Camera




Streak Camera
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Working Principle of Streak Camera

_JL o N >
SWEEP CIRCUIT STREAK IMAGE ON
TRIGGER SIGNAL \l___] SWEEP

. PHOSPHOR SCREEN
- ELECTRODE

- LENS /
e’ — o
g

LIGHT 4 }A.\:A ® 8 O O .
INTENSITY T v"x::.\_s \ t.-_k
TIME *— SPACE TIME
PHOTOCATHODE ~ACCELERATING | / PHOSPHOR ———* SPACE
INCIDENT LIGHT SUT MESH = o FHOSPHOR

Fig.1 Operating Principle of the Streak Tube
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Fig. 2 Operation Timing (at time of sweep)
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Bunch Length Measurement

e L LT _|’|-H_i L

- (500MHz)

 V.SWEEP
(v

“for H.Sweep. - S

CHSWEEP

Each bunches in the storage ring are shown.
The time scale of horizontal axis is 100 ns.
The vertical one is 500 ps.

| 'M‘?ﬁ'i&m‘; Ou .
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Synchrotron Damping

Synchrotron damping

Horizontal scale: 1 ms

Horizontal scale: 5 ms

Injected electron beam
Vertical scale: 2 ns
Streak camera delay: 0 sec Horizontal scale: 10 ms
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Effects of High Harmonic RF

Images of 5-6 kHz oscillation
when the noise of same frequency
is detected from the beam
position monitor. The horizontal
axis is 1 ms.

ATTEN 18dB UAUG 25 AMKR -4% 33dB
RL -18 8dBm 18d B~ E.BBkHz
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CENTER 588. 8684 17MHz SPAN §0. BBk Hz
%FN 300Hz UBW 38BHz SWP 1 A@sec

Spectrum analyzer image of 6
kHz RF noise.
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Linac Bunch Length Measurement

Reflected to
Gallery through C2

2 NS
BAS 1

Achromatic Lens

OTR Target Electron

Laser for alignment



PLS-Il Electron Gun
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Circuit Diagram of Electron Gun
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‘Layout of PLS-II Injector

% AJUULA
D@

e ‘ QT o
Electron PGv @ @ e g
g
Gun s " \ PGV
X —ET ner [\ /| T

M ==tess| A01 0 = A02 il il

4 ‘ L'
ﬂg nC E g ' ‘ BPRM '

To lon Pump




“NY m2olziory At

—/

Longitudinal Oscillation of Injected Beam
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Long Pulse vs. Short Pulse
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Injection Efficiency of Short Pulse Beam
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Streak Camera Image of Injected Beam

Injected electron beam
Vertical scale: 1 ns
Horizontal scale: 200 ps
Streak camera delay: O
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‘ Synchronized vs. Non Synchronized Injection

(a) E
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‘ Streak Camera Image

After synchronization and pulse width reduction



Beam Size Monitor



X-ray Pinhole Camera
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X-ray Pinhole Image

— Panel

0.4

0.3

0.z

0.1

-0

-0z

-0.3

-04

-0.5 -0.8
Pinhcle image D1

176 190 71.7684 74.4369 27.4592 rotation
Panel
: 35245,8355 4 1.93782-09
load irnage - e il ,7213.3811 s oty _0.4478 sigma 1| 0.062116 | 0.17021 I -
A 2 : 5
; rotation angle
load pinh01)  _lstoreactive  |oad pinh02 : :
2 £ height 2.0872 yotr 0,0056456  sigm 0014483 5.321e-07 13 2
fit ID1 pinhole_data fitBM1 |
— Panel Fesults: BM1
ca D1 8187.9259 4 3.0353e-10
ol 224,4163 % ctr -0.041946  sigma 1 | 0.04543 [-0.043545
| SRO1C-DI-DCAM-04 ) 0.063868 5 32
rotation angle
ca BM1 haight 1.3169 y et -0,06015 | sigma 0,016091 3.1516e-06 6 2
| SRO1C-DI-DCAM-05
} . J B8 emmittance and enargy spread
panel emmittance Static Text
— 1.2495 silhse
flag enargy spread Static Text

quit
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Interference with partially coherent light

— | |

()

(b)

FIGURE 1. A simple representation of the visibility of an interferogram and light source size. (a) A
point source yields an interferogram with a visibility of 1; (b) an ensemble of point source yields a

reduced visibility.
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Source Size and Interference

k: wavelength of the light Screen |
a: aperture size of slit e |
. i igure
E"_ S(?U rce size . Configuration of the interference with a finite light source. The point O is
d: distance between slit and screen defined as the centre of the slits. 4 1s the distance between the two square

apertures. R 1s the distance between points O and P on the screen. L 1s the
distance between the source and the diffracting mask. D is the distance
from the diffracting mask to the detection screen.
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Reference

Principles of
Optics

¥ i i Principles of Optics
Electromagnetic Theory of Propagation, Interference and
Diffraction of Light

- Max Born and Emil Wolf

Max Horn eesd
Enai b VWil

Chapter X

Interference and diffraction with partially coherent light




Example of Interferogram

" 02718t 7147
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(a)

1

=a = ome 0

(A) d = 0.6 cm
\ji2d = 0593, B, = 0

—4

(b)

N+

(B) d =0.8cm
7ol = @ 2¥ail, o = O

(b)

(©C) d=1cm
7ol = 0046585 =.0
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2D Visible Light Interferometry

- . water cooled x-ray absorber
- 3803 7 10973 1000 | horizontal : £1.9 mrad

y . ' - vertical :  +0.44 mrad ~ +1.6 mrad

- 0.44 mrad ~ - 1.6 mrad

mirror in vacuum
reflected wavefront error : A/3

M. Masaki DIPAC20017

source point

viewing window
transmitted wavefront error : A./8

f=250.8 mm T

~." \
— —Hhe-
[polarizer |~ /../

water cooled crotch absorber
horizontal : +1.15 mrad
vertical  : +1.76 mrad
- 2.05 mrad

vacuum duct

horizontal : £2.35mrad |
vertical  : £1.10 mrad / 4 y
./ ~ |

/ s
mirror in atomosphere quad slit - /d o //"
rav Y . achromatic doublet lenses
reflected wavefront error : A/10 aperture size ; 3mm*3mm ‘ | /_//
angular separation : e
horizontal 0.65 mrad /_/
vertical  1.51 mrad i
$.2 119620 = 2161.5 -
S /
. /

y  (mm)
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Inside of Diaghostic Beamline Hutch

SR Interferometer
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Optical Layout

Slit Lens Polarizer Band Lens CCD
Pass
Filter
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Measurement of Profile of Vertically Polarised Radiation

£ o 4 =
A. Andersson, DIPAC2007
154
1.5x10% T T T T T T T T T T T T T . : .
L i soff
[ | [+
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i ] 140
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= 100 |™f
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i | EE:Us
i . I % ep =20
Vertical z N
- . . i & 40— .'
: Polarisation®.: I
0 1 1 1 1 1 | | 20k fl
-5 —4 2 o 2 + [ il
Pai[mrad]
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-200pm -100
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Measurement Result

B 1B1_Interferometer PCO_20120420

OHH(Fy MEKE) EIIY) =Z=2HE
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PsL 1B1 Beamline Beam Size Monitor Eeam Current |97,3939
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Matlab Simulation

k = 0.65 % Wave length of light

a = 0.2 % Half width of slit

b = 0.1 % Beam size

c = 8 % Distance between two slits

mu=k*a*y
nu=k*b*c
delta=k*c*y

| = {sinc(mu)}*2 * [1 + abs{2 * besselj(1,nu) / nu} * cos(delta)]

'A n|e||7| 3k 7127

LLLLLLL
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Simulation Result

¢ k = 065 3 : 5 ! ! ! ! 5 ! !
- Wave length of light |
Ca 02 T N S ﬁ ........ {\ ________ _—
« Half width of slit
b =0.1
e Source size
eCc =28

e Distance between two slits

Intensity

M _______ I

| i
1.0 180 200

] | ] 1
0 20 40 kO gl 1an 120 140
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Simulation Result

10 Interferograrm
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Simulation Result

¢ k = 065 3 : 5 ! ! ! ! 5 ! !
- Wave length of light |
Ca 02 T N S ﬁ ........ {\ ________ _—
« Half width of slit
b =0.1
e Source size
eCc =28

e Distance between two slits

Intensity
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1.0 180 200
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Simulation Result

10 Interferogram
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Simulation Result

¢ k = 065 3 : 5 ! ! ! ! 5 ! !
- Wave length of light |
Ca 02 T N S ﬁ ........ {\ ________ _—
« Half width of slit
b =0.1
e Source size
eCc =28

e Distance between two slits

Intensity
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Simulation Result

10 Interferogram
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Slit Optimization of SR Interferometer

* Variable parameters

« Width of slit, Distance between two slits

« Width of slit

» Related to image size and intensity

e Distance between two slits

 Related to local minimum and peak distance

« Beam size can not be measured if local minimum is close to zero

« Error can be increased if peak distance is too small
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