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F TP Main Sources of Timing Jitters
e R In FEL Facilities
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Main sources of y-ray arrival-time changes First Goals

* Arrival-time of photo cathode laser pulses
* Phase of RF gun

« Amplitude and phase of Booster module
* Arrival-time of pump-probe laser

Florian L6hl

1) Improve timing stability of machine
by a new, optical timing system

2) Measure electron bunch arrival-
time to post-order data sets

3) ldentify and reduce major sources
of arrival-time jitter
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fm }:%i Optical Timing System -
T FLASH
optical length to low
stabilized level RF
fiber links N laser to RF
/)’ conversion
Master Laser fiber
Oscillator couplers
(erbium-doped I direct use of laser pulses
fiber laser) /
[TUPCHO029] * beam arrival-time monitors
| 0  beam position monitors
:Dhase lock « optical down-converters
oop » electro-optical methods
low-noise  seeding of amplifiers
microwave  synchronization of other
oscillator lasers (cross correlation)

See [TUPCHO028], [THOPAOQ3]
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P Principle of the Arrival
lf | 258y, ) - - y
et Time Detection R
laser pulses
from fiber link EOM
beam ADC
pick-up
sampling time of ADC
The timing information of the l l
electron bunch is transferred into
an amplitude modulation. This l
modulation is measured with a l l l l
photo detector and sampled by a -y 1
fast ADC. 40.625 MHz
(54 MHz)
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. st Beam Pick-up

signal [V]

FLASH

34 mm
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time [ps]

Florian Lohl

% -______ Beampipe
v 7/

Isolated impedance-matched
ring electrode installed in a
,<thick Flange”

Broadband signal with more
than 5 GHz bandwidth

Sampled at zero-crossing with
laser pulse
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V& ‘?sﬂ?’ Electro-Optical-Modulator (EOM)

i Commercially available
with bandwidths up to 40
GHz

R A T R 0 S (Wwe use a 12 GHz
S ST 7 e Pt S S version)
242 Niobate e '
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f ‘e Test Bench for the
| DESY | ! , ; -
e Arrival-time Monitor System o
1.3 GHz -
VM piezo piezo
controller| |lfiber

stretcher

Master
1.3 GHz Laser

@ Oscillator

trigger| clock " 8

ADC 81 MHz 1.5 GHz
81.25 MHz
12 /14 Bit 50 MHz

DAC

EOM

frep = 40.625 MHz

50 MHz

EOM
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Amplitude of Laser Pulses
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Scan of Laser Pulse
over Beam Pick-up Signal
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Scan of Laser Pulse
over Beam Pick-up Signal

400 600 800 1000 1200
time [ps]

* laser amplitude after EOM
_laser amplitude after EOM -
(RF signal attenuated by 3dB)
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F <P Calibration and Resolution
wus 0%/ of the EOM Detectors

The resolution can be estimated

from the slope of the phase

monitor signal and the amplitude
L:“" SEFRRARRRe,, | | | | | | noise on the not modulated laser

14 e gk aalile

K A7 1 pulses:

- Typical values are:

» | Slope:
S ~ 60 - 100 fs / (% modulation)

A | Laser amplitude detection:
o35 220 215 210 205 —200 * 105 90 185 180 175 rms ~ 0.2-0.3%
time [ps]

o
T

» Resolution of EOM detectors:
~20-50fs

Florian Lohl June 29th EPAC 2006



arrival time [ps]

arrival time [ps]

Comparison Measurement between
two Arrival-time Detectors

detector 1

1
-t

Florian Lohl

The signal of the beam pick-up
was split and connected to the
two EOM detectors.

The rms-resolution of the

detectors was estimated from
the laser amplitude noise and
the slope from the calibration:

Detector 1: 99 fs

Detector 2: 114 fs
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f «e. Comparison Measurement between
: OV two Arrival-time Detectors

detector 1
rms jitter
Detector 1 357 fs
=1 -05 0 05 1
arrival time [ps]
detector 2
Detector 2 342 fs

arrival time [ps]
detector 1 - detector 2

200F
3
=
g 1% Det. 1 — Det. 2 139 fs
% 05 0 05 1
arrival time difference [ps]
Florian Lohl
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7 e Position Dependence of the

|\ DESY |

N Beam Pick-up Signal

Using the two different output ports of the beam pick-up as input for the
EOM detectors gives rms resolutions of about 30 fs for both detectors.

But: the measured rms jitter of the difference signal is around 1.5 ps.

» Orbit dependence of beam pick-up signal!
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f a0 Position Dependence of the
;0% Beam Pickup Signal

FLASH

The beam arrival time depends linearly on the beam position in x and y:

tarrival = tmeas,1 + Ay, 1L + Ay, 1Y
tarrival = tmeas,?2 + Ay, 2T + Ay 2Y

The constants a, were determined by changing the orbit at the pick-up
with corrector coils:

fs fs

a,1 = (—6.944+0.05)— a,> = (10.7 £0.02)—
’ pm ’ pm
fs fs
Ay 1 = (-0.16 £ 0.07)— Ay > = (0.29 +£0.02)—
©m ©m

When using the BPM system (~ 20 um resolution) to correct for the orbit
dependence the remaining rms jitter of the difference signal is still 300 fs

(dominated by the BPM system).
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f oy Combined Beam Arrival-time and

| DESY |

- Y Beam Position Monitor

FLASH

However, we can use the EOM detectors to measure the
horizontal beam position:

_t1—to+ (any —a2.)y

€T —
a1z — A2 g

An rms resolution of 33 fs for the EOM detectors and 20
um for the vertical beam position yields a resolution for
the horizontal beam position of 3 um (rms).

This precise beam position we can use to reduce the
error in the arrival time from ~ 300 fs to below 30 fs (rms).

Florian Lohl June 29th EPAC 2006



( j: Bunch Arrival-time Measurement
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Time change seen by arrival time monitor: ~ 5 ps /(% ACC1 gradient change)
Time change seen by TCAV: ~ 5.8 ps/ (% ACC1 gradient change)
Intra-bunch train jitter between two adjacent bunches: ~ 40 — 60 fs
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250 kHz oscillation of arrival time visible.
(intermediate frequency of down-converters for cavity RF regulation)
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f «6. BPM with Large Horizontal Aperture

| DESY |

e R for Magnetic Chicanes

FLASH

Synchrotron Light Monitor
AE cAt l

E n s

Arrival-time Monitor I
l BPM

To be installed
October 2006

The arrival time of the pickup
signals at both ends is measured
with the same technique as used
Pickup for the beam alrrivall time mopitor.
Channel The beam position is determined
from the difference of both arrival
times.

Tapering

Courtesy of
Beam Path SMA Vacuum Feedthrough K. Hacker (DESY)

Florian Lohl June 29th EPAC 2006



f O Identification of Sources
s 0% for Arrival-time Changes

Photo Cathode Laser

BPM Bunch
~ [TUPCHO022] Compression
¥~ Arrival-time monitors ' Monitor
[MOPCHO016]
/ \ ‘
Booster 2 Magnetic
Chicane

RF Gun

Detection of main arrival-time jitter sources

« Arrival time of photo cathode laser pulses (1st arrival time monitor)

« Phase of RF gun (difference between 1st and 2nd arrival time monitor)
« Amplitude of Booster module (BPM in magnetic chicane)

* Phase of Booster module (Bunch Compression Monitor)

« Arrival time of pump-probe laser (cross-correlation with timing system)
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7 "g” ) Summary

FLASH

* We have demonstrated a new measurement method which is
suitable to analyse fast electrical transients with very high
precision. This technique can be used for example for:

« Beam arrival time monitors

* Beam position monitors

 Optical down-converters

 photo detector signals for arrival time measurements of lasers

e A resolution of ~ 30 fs for the beam arrival time measurement was
achieved with the potential to reach sub-10 fs level.

* The orbit dependence of the beam pick-up allowed us to

demonstrate the principle of beam position measurements with this
technique.
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