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Complete set of diagnostics @ 3 travelling-wave structures (LIL)
Existing bunch profile monitor:
Energy 200 MeV
Train duration max.  140ns . . ]
Train rep. rate £ iy 1. Deflecting cavity (bunch head downward, tail
Bunch length 8-10 ps (1.4 ps) upwa rd)
Bunch rep. rate 1.5 GHz 2. Bunch length measurement with an acceleration
Bunch charge 0.1-0.05nC (0.6 nC) structure (bunch head decelerated, tail

accelerated)



Coulomb field temporal profile

2
— g==
»
N
d i\
B=0 B=0.9 B=0.9999

oV To
4mey (g +y2vE(t —tp)?)*/?

Coulomb field of one electron

Eeo(ro,t) =

®High energy , Coulomb field temporal profile is approximately the bunch
temporal profile ,
® Broadening of profile: ﬁ.tw%



Coulomb field temporal profile and broadening
Ecotrm = Eco * P

® Radial offset from single electron E
® Electrons’ density distribution within one bunch P

® Convolution
Broaden rate with FWHMO0=1.4 ps

1.16 .
—e—r0=10 mm
1.14¢ r0=5mm |
&—r0=2 mm
112 1
S
% 1.1
L 1.08
=
< 1.06¢
L
1.04+ .
w
1.02p -

Energy [MeV]

For high energy beam (200 MeV):
Broadening rate < 2% @ 10 mm
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Broaden rate with FWHMO0=1.4 ps

O E=180 MeV
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Coulomb field with FWHMO0=1.4 ps
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r0: the distance far away from e-bunch

Damage to Gloser
crystal

Further Crystal survives,
low Coulomb field




mulation: EOSD

Electro-Optical Spectral Decoding: 0 bunch orofi
unch profile

l Grating k measurements:

‘_\ r\ --EO spectral decoding

fs laser 7 dtreteher I > --EO temporal decoding
P ZnTe QWP pr P --EO spatial encoding
EO Spectral Decoding L --EO up conversion

V

® Linear chirped optical pulse

® Polarization variation caused by Coulomb field—laser nonlinear effect
® Polarization =2 Intensity, by two crossed polarizers
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ChITp
Epue = (0 1)R(9)Mpy,R(—¢) R(@)My, R(—a) R(0)MgoR(—6) ( Opto (f))

R (6).---- rotation matrix M 4, —--Jones matrix for quarter waveplate

My, ----Jones matrix for half waveplate



Simulation: EO pha
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EO effect: Frequency mixing  ———> Polarization variation
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Wider bandwidth, better resolution !



Simulation: SD | Its and limitation

s x 107 Optical Spectrum (field)

FWHM=200 fs
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Other parameters: Short bunch----fast temporal
Laser wavelength: 780nm Crystal thickness: 1mm modulation---- spectral content

Laser pulse energy: 1.5n)  Distance: 5mm ---- t~\ mapping
Pulse duration: 150fs
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Diagnostic section

Accelerating structure

Photo-injector

Beam direction

Laser

Fiber2

InGaAs
Camera

In Lab

Chamber?2 Chamber1
= =S
G@m Lll

Fiber2 .
PHQ ¥ T

In CLEX
In CLEX In Lab
10 Motors |7 plane mirrors |1 Laser 10 plane
3 Rotate 2 polarizers 1 InGaAs mirrors

motors |3 wave plates Camera (3 gratings
6 Pinhole |1lens 1 motor 3 lens

cameras | 1fiberhead stage 1 fiber

2 photodiodes |4 Motors head

Scheme

Stretcher:
®SF11 glass
@ 100fs----3.24ps

y

Actuator

Rotation stage



pulse picker

Custom Erbium fiber laser with pulse picker

Fundamental wavelength | 1560nm |

>350 mW
IR - 120 fs

Repetition rate 37.482 MHz
Second-harmonic wavelength 780 nm

>120 mW
O < 120fs

Beam size (1/e?) Typ. @ 1.2 mm (780 nm)
Typ. @ 3.5 mm (1560 nm

Beam divergence <1 mrad (780 nm)
<2 mrad (1560 nm)

Laser head and controller

RF1

RF 2

PID: Proportional Integral Differential
———— g ':' v

Phase out PID in
Piezo control Motor control

Synchronization box
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Himing and syncnronization scheme

RF (74.963 MHz,

13.3ns) i

Phase
shifter
Streak
Camera | | Pulse
oT generator
4 €-  S5Hzrep.
2 1 RF (37.4815 MHz, Rdf
| 26.6 ns) (7h.963 RF (74.963 MHz)
) | MHz) \y
Photodiod . .
Optica s ;’S‘; loce Amplifier Oscillator
system |_| pule
picker
signal (fibre,
20m, ~10 Delay stage (6
ns) fs step, 0.75 ns
range)
ICCD Trigger from the
Camera accelerator

3 ns min.
exposure



<001>

First chamber includes a mirror
The second chamber includes a
mirror, a crystal and a OTR screen

<:110>  Crystal
orientation

<100> /]\ <010>
<-1-10>



La

L1 f=5153mm L2 f=5153mm L3 f=5153mm L4 f=515.3mm
In CLEX Loser §=1.2mm $=50.8mm $=50.8mm $=70mm $=50.8mm
M5 746.5cm | divergence< 1 mrad
1 e - J— — ~__ Crystal
I (}/// ] \ IF \ —_— f \ g
M3 \\\ /’_),/“"'1 \\\ //’
v | g : 7
. 572mm 4225mm 10306mm 7000mm 567.7mm
2 - M1 Laser line
0 Y ) L )\ ) | )\ )
- 7 454.1cm ! | | |
Laser lab  Streak CLEX CLEX
camera
M5
room
20-30cm f=1000 mm Image plane f=75mm
L1 L2

0::i-/——r/{/ﬂ_z_77_77_2_71’_:':_1::::::7 f_—:::::;_-:_':‘ﬂ"**—*;—_—:;rm

300 + 917 mm 6482 + 4000 +3350 mm (13832) 1191 +700 +1300 mm (3197) 66 mm

M6

We transfer the 780nm fs laser from our
laser lab (building 2010-1-002) to CLEX,
and transfer the OTR photons from CLEX
to our lab.




2

2r/OTR Transfer Line

Installation:
Take the box1 and box2 for example

Box details:

e 4720020 ——
. 2H0LES
maximum g by R
optic thickness A:75.9mm SPACING — T
see table
Box 1 R A B:45.7mm er e s,
c /J C:16 mm e
)y
76.2
M6 (%4-20) tapped hole 3.00' .
\Ej—); ) Tube dia.
dimensions in mm (inches) 60 mm

7

———— Lens mount
for laser
_——— Post Rail

Laser beam OTR Beam
Dia. 50.8 mm Dia. 50.8 mm
<€ > Rail carrier
100 cm
Box 2 Lens mount

__— for laser

}L/— Post ./ Laser Mirror
—— Rail
.‘\ QTR Mirror

\ . . ~__
I\ Rail carrier i Carrier
Top view
Support

Mirror/lens cover box
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Beam direction




2esolution

2
1. Distance between crystal and e-beam 7y
21
At~— ~10fs atr=5mm
14
2. The frequency response of crystal (material and thickness) = =
for 1 mm ZnTe: ~333 fs ~1/(3THz) 5 \
3. EOSD limitation (Laser pulse duration and chirped duration) = ...

T = \/TFWH” PP ~550 fs (100 fs=>3 ps)

4. Resolution of spectrometer and CCD ~40 fs (512 pixels)

Grating F



Summary & Outlook

Summary:

6 EO technique is a non-destructive testing technique,
= and has the feasibility in fs resolution.

. System simulation, designs of laser system, transfer line,
Q chambers, detection system and timing and synchronization
have done.

6 Based on numerical simulation, the resolution of this
— system is expected to be sub-picosecond.

Outlook:

Q The system waiting for being installed during the winter
shut down. First measurement in the beginning of next year.

Q Resolution improvement study

This research project has been supported by a Marie Curie Early Initial Training
Network Fellowship of the European Community’s Seventh Framework Programme
under contract number (PITN-GA-2008-215080-DITANET)
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