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Beam instrumentation for the ELR

1. Profile measurement
Fluor escence screen
Optical profile monitor by OTR or SR
Wirescanner SEM or Compton scattering
High speed gated camera
2. Position measurement
BPM electronic
BPM SRor OTR
3. Intensity measurement
DCCT, Differential DCCT
Photocathode, Faraday cup
SR or OTR intensity monitor
4. Emittance measur ement
Fluor escence screen with dlit

Wire scanner
Interferometer SR or OTR



5. Temporal structure

Streak camera SR or OTR

| ncoherent intensity interferometer SR or OTR
CSRinterferometer CSR

BLM opto-€electric

6. Halo

Wire scanner
Coronagraph SR or OTR

7. Beam loss
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e cavity BPM
mm BLM (one pass, Opto-electric type)
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o differential DCCT for current valance
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Dump line

o BPM
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Device Accuracy Resolution Comment
Injector BPM(strip line) Position, timing
Fluorescence screen Position, profile
Fluorescence screen Emittance
(with slit)
Wire scanner Emittance, Halo
SEM mode
Merger Fluorescence screen Position, profile
Straightl | BPM Position, timing, phase
cavity
Fluorescence screen Position, profile
OTR Position, profile
Arcl BPM Position, timing, phase
BPMSR Position
Fluorescence screen or OTR

Position, profile

SR

SRI, Streak camera
Halo, profile




Straight 2 BPM Position, timing,
phase
Cavity BPM Accurate Position

Test section

development

BLM _
(Opto-electric)

Bunch length

Arc2 BPM Position,timing,
phase
BPMSR Position
Fluorescence or OTR _
screen Position, profile
SR SRI, Streak camera
Halo, profile
Others Differential DCCT Current difference
DCCT DC current
WCM Bunch by bunch
Current
Dump line | Fluorescence Position, profile
screen
BPM Position




Test facility for short
pulse beam at PFBT

Development of beam monitors
Development of fstechnology



IHIRPF-BT



65WE — A

B Al FRWCM
6. 5\

B2g4




B QF1

=

0.6psto 4psec 60W (2.5GeV,1nc, 25pps)

HD4

B OF2

BH31

o 1 SP2
%5%%§2 i -:f-|4llnn
oy W o
. S
=)s) S
5 kg ™
3 A
- S B4l &

Test port for the

development of beam
monitors



£,~40 (nm*rad)
e,~13 (nm*rad)

Fhase Space Plot of Injected Beam
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Fhase Space Plot of Injected Beam
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Beam Instrumentation based on
Optical and opto-electric method



|ncoherent SR intensity
|nterferometry
for
Short bunch mesurement



Bunch length measurement by intensity
interferometry

Ea
Corner-cube
AN I E, D,
»-
Eg

E, Beam splitter

Input fields for a beam splitter in intensity
interferometry.



Let us represent the incident optical field by the
complex field ,

Ea(t)=Ca()a, ()
Eg(t)=Cg()Ag(t). ~©)

Here C(t) is the pulse envelope having a pulse width
(bunch length) o, and A(t) is a stationary random
variable having coherence time 7.

We assume the correlation function of A(t) and C(t)
have Gaussian shape. We also assume that E, and
Eg of two photons have no first order coherence. We
thus obtain from Eq. (2), remormalizing the
proportional constant K,

T 1 512
Count12(8'r)=K0'p2 1+——|1-~exp -2 ,
o 4c,°
P p
1 _ 1 1
2 2 2
T GCp Te



Let us represent the incident optical field by the
complex field ,

Ea(t)=Ca(t)A, (1)
Eg(t)=Cp(t)Ap(t) .

Here C(t) is the pulse envelope having a pulse width
(bunch length) o, and A(t) is a stationary random
variable having coherence time 7.

We assume the correlation function of A(t) and C(t)
have Gaussian shape.

We thus obtain coincidence count;

1 ot T* 1
count..(8t)= Ko °| 1—- Zexp| — - |1-—exp —
12( ) p p 4’CC2 Gp 2 p
11
e sz 02




llustration of intensity Illustration of intensity

interference pattern with interference pattern with chaotic
coherent light pulse. light pulse.
Phase correlation peak in the
center.
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Experimental setup of the intensity
interferometer

Polarizing prism

Spatial filter )
Incident SR Band-pass filter

\ e

\ >To

w J interferometef
l
/

Collimating lens

Collimating lenses

(a) Set up of first-stage system to produce an
incidence beam for the interferometer

Corner-cube c1
A7)

Corner-cube
) —
A displacement
Incident beam Y _
/Beam splitter
: —
PM1
Y Corner-cube ¢2

PM2 U

(b): Set-up of intensity interferometer.
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Pulse envelope length 6, is dways longer than Coherent length of wave

pocketsT...

G, > 1,

We can measure the very short pulse length with intensity interferometry

with nearly no theoretical limit on temporal resolution.

Pulse envelope length

Coherent length of
wave pockets T,

Actual resolution will be limited by dispersion of the glass.



Coronagraph for halo measurement



Optical layout of the coronagraph

Anti-reflection disk

Baffle pla&e (Lyot stop)

Objective lens
Opaque disk

Baffle platesto reduce
reflection



Beam tail imagesin the single bunch operation at the KEK PF measured at different current

65.8MA 61.4mA 54.3mA

45 5mA 35.5mA I\/|3 3%'.%TnAch

bunch current 1.42mA



Observation for the more out side

Single bunch |
65.8mA Intensity
Exposuretime in here:
of CCD : 3msec 2.05x104
of peak
Intensity
2.55x106
Far tail
Exposure B eck ;
timeof CCD: ackgroun
100msec leavel : about

6x10/




Bunch length monitoring
by Opto-electric method



Electro-Optical Sampling

1. Sampling: Principal of
* simple analysis electro-optical
» balanced detector allows high sensitivity sampling
- good synchronization required
* multi-shot method
- arbitrary time window possible 0@« & .
2. Chirp laser method: .
. singlepsho‘r method F;relrr:]upal I(-)f
- some more effort for laser and laser pora
diagnostics required wavelength
 resolution due to laser ~ Nty 1.0 o correlation
time window ~ 1-20ps SR o FTF2 @ 140m
3. Spatial method: " Principal of_
- single shot method tempor al-spatial
- imaging optics is critical correlation

+ resolution due to geometry > t,/cos(a) “" X

* time window ~ 1-20ps

TTF2: Methods 1&2 installed at 140 m, method 3 will be used at 190 m



Electro-Optical Sampling
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