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Introduction: The ANKA storage ring A\‘(IT

® Circumference 110.4 m

N
B fov=2.715 MHz \

| frr =499.69 MHz

@ Energy 0.5-2.5GeV (0.8-1.6 GeV oo — ﬁé’ﬁﬁ%f&ﬁeﬁz{%ﬁ?” 5
during low-ac-mode) ! i
Eo.ooa—
@ RMS bunch length 45 ps (for 2.5 GeV), %g’ 0,006k
down to 1-2 ps (for 1.3 GeV) =
E 0.004
@ Filling pattern: single- or multi-bunch S 0.002k
(min. bunch spacing 2 ns) '
00 '-5|0_M.' o s0 10
Time in ps
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Motivation for single-shot

EO measurements at ANKA

Bursting behavior of CSR = microbunching
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Electro-optical sampling (EOS) $‘(II

Intensity distribution of electron bunch is modulated
onto laser pulse which is then analyzed.
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Near-Field setup at
ANKA:

mpedance: i AT

L aser Karlsruhe Institute of Technology

EO monitor with

EO-Monitor grating compressor
and wave plates
| électrons flying into plane
of view

Electron beam

W o\
.

direction
crystal
(laser is
reflected at AT
HR coated Designed at PSI
back surface) & DESY
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Long-Range Wake-Fields

—— 1 bunch

o
—
|

Current normalized modulation
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Bunch spacing 2 ns
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Long-Range Wake-Fields AT
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Spectral decoding (single shot) - EOSD e st s

Int.

A
J l . EO-crystal )5 L
>

(GaP)

(HWP)

laser(long I || || I -

chirped pulse) Pol.

electron bunch

EA

o—

>t

N4  Crossed

(QWP) pol.

Near field: crystal close to
electron beam

Far field: CSR at beam line

A4: compensate intrinsic birefringence of crystal
A/2: control transmission through crossed polarizer
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Spectral modulation
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_ _ Required because of spectrometer A\‘(IT
Intensity correction acquisition jitter X it of Ty

Relative modulation

determined by Gaussian fits

Baseline level

5
B
)
g Still considerable
o fluctuations.
Lo Beam position
o fluctuations?
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Phase Calibration
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Phase Calibration

Measurement: Rotate HWP
and measure relative change
In laser intensity
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Time Calibration Measurements = =5dis

Changing delay between laser and bunch to calibrate:
pixels = time

.(,)./.,

/\
o
g
|
/

o
Y
)
\
|
(
|
i
1

300

200 220 240 260 280
Pixels

13 Nicole.Hiller@kit.edu - EO measurements at KIT
2nd (PSI / DESY / KIT) Mini-Workshop on Longitudinal Diagnostics for FELs 11-12 November 2013


mailto:Nicole.Hiller@kit.edu
mailto:Nicole.Hiller@kit.edu

Time Calibration Measurements

14

Relative delay in ps

pixels = time
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60 F y=0.322*x-55.225 slope: 0.330 ps / pixel

. 0 Data ll 3% fluctuation of slope

L --- y=0.329*x-54.605
50F o Datalll

. —— y=0.339"x-57.495 »
40 F Datatv. ==

- y=0.324"x-56888 _ _mg
ok y=(0.330 + 0.009)*x-(56.05 + 1.36) iz
20 |
10F o o

O = I-:-l | | | | | | | | | | | | |
180 200 220 240 260 280 300

Centroid pixel from fit to phase retardation

20 shot average, total acquisition time: 65 s

40 ps time window
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Systematic effects: Amplitude decrease
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Systematic effects: Bunch length

Phase retardation in degrees
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EOSD - Single-Shots - Sensitivity AT

Karlsruhe Institute of Technology
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Comparison with Streak Camera

J Ve

4
3F == SC (averaged)

: EOSD (averaged)
2

Longitudinal density distribution a. u.

-20 -10 0 10 20
Time in ps

Length agrees well, deformation shows systematic differences.
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Single-shot bunch profiles for different beam

parameters

Streak camera profiles a. u.
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- |
Thank you for your attention/support! AT

Alignment before
installation
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Backup Slides
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KIT

Near-field EO set up at ANKA e o o

Radiation
protection wall

\

4. long SM fiber
(25 m) to transport
signal back

o
DN\

A 2. long PM fiber
%
EOM )
T

(35 m)
position

long cable (26 m)
to get BPM signal

to stretch pulses
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EOS for different machine settings
o | - 11.1 ps 450 kV 13 kHz
: ~+ 9.7 ps 450 kV 7.7 kHz
1.8F -~ 8.5 ps 450 kV 6.9 kHz
s | = 9.1 <V 10.9 kHz
w16 0.8 KV 30 kHz
S i 1.3
-8 1.4
- [
o 1.2
O i
N
© 1 e
£ :
2 0.8 -
0.6 F
04 - . | . . -;' | . . . | . . . | . . . | .
0 200 400 600 800
Time in ps
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— Feb 2013 (initial settings)
A — March 2013 (optimized settings)
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EOSD for different beam currents

Phase retardation in degrees
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EOSD as arrival time monitor to identify

cavity cooling Ioop troubles
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Streak Camera single-
shot measurements

Without filters;
v-slit fully opened
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Dominated by shot-noise

Karlsruhe Institute of Technology

550 nm optical
bandpass filter; v-
slit fully opened
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Simulated and measured EOSD response A\‘(".

due to compact setup

electron bunch
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— Measured EOSD (avg.)

- i
© 4 '_
C i
O I
45' »
O 32‘
E R
N i
© 2 —
> i
g) :
o 1
O i
g» i
o O S
—I ~ |
-40

31

-30 -20 -10 0
Time in ps

10 20 30

Nicole.Hiller@kit.edu - EO measurements at KIT

2nd (PSI / DESY / KIT) Mini-Workshop on Longitudinal Diagnostics for FELs 11-12 November 2013


mailto:Nicole.Hiller@kit.edu
mailto:Nicole.Hiller@kit.edu

Fluctuations
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02-Nov-2012 16:06:54 — 1.3 GeV - 36.13 mA

Heat load on crystal 08 * * —®
> multi bunch (unsqueezed)
® Heat load on crystal due to wake- §
fields F
® Estimated heat power 10 W for o
31 mA multi-bunch current (CST) §
>
In the ring from Oct 2012 - Jan 2013 =
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| | 0.4 ' ' ' 0
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I Timeins
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‘ 0.7 ‘ ‘ ‘ ‘ ‘ 40
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N w
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