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Abstract pass through every second, to be pumped by a series of

The Fermilab A0 Photoinjector is a 16 MeV high_ampllflers. The amplified laser then passes through two

intensity, low emittance electron linac used for advancesc'imS of doubling crystals to become first green, then ulira-
Y, violet (UV). This UV laser having 5:J per FWHM 5 ps

gccelerator R&[.)' T(.) achieve a high guallty beam here It IFong pulse is directed with only three turning corners to hit
important to maintain a stable laser in terms of both mter}-

. e . i}eCSQTe photocathode to generate 10 nC of electrons per
sity and timing. This paper presents our measurement 0

L0 N pulse to be accelerated to 16 MeV.
the laser timing jitter, which is the random late or early ar*
rival of the laser pulse. The seed laser timing jitter hasbee Diagnostic fable
measured to be less than 200 fs, by examining the power ermen | e
spectrum of the signal of a fast photodiode illuminated by Disgnostcs table
it. The pulsed and pumped laser timing jitter has been mea-
sured with limited resolution to be less than 1.4 ps, by ex-
amining the phase of a cavity impulsively excited by the

signal from a fast photodiode illuminated by the laser pulse e wh
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INTRODUCTION

Photoinjectors are widely used in particle accelerators.
They have uses from nuclear and high energy physics
research in collider experiments (e.g. ILC), to biology SEED LASER TIMING JITTER
and condensed matter research in light source experiment
(e.g. XFEL). §

Figure 1: Layout of the AO Laser System.

o study the laser timing jitter we begin at the seed laser
- . Time Bandwidth Products GE-100), which gives a con-
The AQ Photoinjector [1] ConS'StS.Of a 1'3_GHZ COPPYin0us train having 5.5 nJ per FWHM 5 ps long infrared
R.F gun a”?' a TESLA. type RF cavity, _and s a 16 Me\/(1054 nm) laser pulses at 81.25 MHz. A high-speed photo-
high-intensity, low emittance ele_ctron linac used for adaiode with a rise/fall time of 12 ps (Fermionics Lasertech
vanced accelerator R&D at Fermilab. HSD-30) is illuminated by the seed laser, and the electri-

To achieve a high quality beam for advanced acceleratgél output signal from the photodiode is analysed by a mi-

R&D it is important to maintain a stable laser in terms Ofcrowave spectrum analyzer (Agilent E4445A).

both intensity and timi.ng.. Timing jitter of th_e Ias:er is the The power spectrum of the photodiode signal contains
unwantled. rar)_dom_ variation of the pu!se arrival t|m§. LOWnhtormation both on the amplitude and timing jitter. The
bgam _t|m|ng jitter is go_od because it Increases collider IU['echnique of calculating the timing jitter from the power
minosity (€.g. ILC nominal: 0.5ps RMS), and is necessaryyectrym is called the Power Spectral Density Technique.
for Lasing in FEL (e.9. XFEL: 0.1ps RMS). _ Amplitude jitter and timing jitter both show up as shoulders

The laser timing jitter has been measured by examiningsqiqe the spectral lines (Fig. 2). The RMS jitter is given
the power spectrum of the seed laser at the 12th harmonb(i, an integral of the power in the shoulders (Eq. (1)):
and by examining the phase of a cavity impulsively excited

by the signal of a fast photodiode illuminated by the pulsed
laser shot. Our aim is to have a pulsed laser timing jitter
measurement resolution of less than 200 fs.

1 L
RMS Jitter fitofa = W 2/ 10770~ df (1)

f1

Where the factor of 2 inside the square root uses the fact
AOLASER SYSTEM OVERVIEW that the spectral shoulders are symmetric.

The A0 Laser System (Fig. 1) [2] consists of a seed laser, To separate the amplit_ude a__nd timing jitter_, we make
pumps, and two sets of doubling crystals. The laser pdise of the fact that amplitude jitter shoulder is constant,
gins as’ a continuous train having 5.5 nJ per FWHM 5 pg/hereas the timing jitter shoulder is proportional to the
| infrared (1054 | | t81.25 MHz. Somaduare of the frequency [1_3], and measure the power spec-
ong infrared ( nm) laser pulses a Z: Som rum of the 12th harmonic of the 81.25 MHz pulse rep

ulses (10 to 10000 out of 81.25 million) are allowed tot L .
P ( ) rate. The timing jitter is measured to be 184 fs at 10 Hz

* keungj@hep.upenn.edu to 10 kHz (Fig. 3).
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Figure 2: Sketch of a spectral line showing phase and ar
plitude shoulders.

Frequency Offset

Figure 4: Timing jitter integral of the MO taken from 10 Hz
to 10 kHz gives 88 fs. This is the resolution of our applica-
tion of the Power Spectral Density Technique.

Filter Technique (Fig. 5).
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Figure 5: Sketch showing our application of the Ringing
Filter Technique.

Figure 3: Timing jitter integral taken at 12th harmonic
(975 MHz) from 10 Hz to 10 kHz gives 184 fs. To measure the phase of the ringing we first feed it
through an RF amplifier (ZHL-1042J), then superimpose
. . ) it onto the 1.3 GHz Master Oscillator signal with an RF
Seed Laser Timing Jitter Resolution Combiner (RF Splitter Mini-Circuits ZX10-2-25, used in

To study the resolution of our application of the Powef€Verse). This superimposed signal is recorded by an os-

Spectral Density Technique, we measure the phase nofdioscope (LeCroy Wavepro 7200A) using a single chan-
of the 1.3 GHz Master Oscillator (MO). The MO is thenel (avoiding the relative jitter between 2 channels). The
reference of our “Timing Distribution System”, which hasSUP€rimposed signal has two main frequency components,
a very low jitter. Our resolution is 88 fs since the spectrunt-28 GHz (the cavity filter ringing) and 1.3 GHz (the MO

analyzer has an 88 fs jitter with respect to the MO (Fig. 4y€ference) (Fig. 6). With an FFT done on the oscilloscope,
one can find the phase of both the cavity ringing and the

MO reference (Fig. 7).
PULSED LASER TIMING JITTER The phases of the ringing and the MO are both depen-

Next we study the timing jitter of the pumped laserdent on the time which the oscilloscope has triggered, but
which gives one train per second, consisting of 10 to 1000D€ relative timing difference between them is not. The rel-
infrared (1054 nm) pulses spaced byd, having 6uJ per ative timing difference of each run modulo 770 ps (period
pulse. This laser is attenuated to 1/1000 the original amplf 1.3 GHz MO) is given by Eq. (2):
tude, then directed to illuminate the high-speed photagliod
with a rise/fall time of 12 ps (Fermionics Lasertech HSD- ATjitter = Dritter  dMO )

30). The electrical output pulse from the photodiode is fed Wrilter  WMO
through a band pass cavity filter with a Q of 2600 and tuned Armed with the AT from 20 pulses, the RMS of

to a center frequency at 1.28 GHz (EMR Corp. 6754/SBCjps distribution gives us the pulsed laser timing jitter of
The photodiode causes the cavity to start oscillating {ring 4 ps (Fig. 8).

ing) at a frequency of 1.28 GHz, which decays slowly (cav-
ity energy reduces by 96% in 2600 oscillations). The phaﬁg
of the ringing is measured to infer the timing of the laser
pulse. We call this technique of measuring the phase of the To study the resolution of our application of the Ring-
ringing of the filter to get timing information the Ringing ing Filter Technique, we measure the phase noise of the

ulsed Laser Timing Jitter Resolution
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POSSIBLE IMPROVEMENTS

One obvious improvement is to use a better data acquisi-
tion system, since the resolution is currently limited by ou
oscilloscope having a timing jitter of 1.2 ps. But beyond
this, the challenge is that we want a short pulse from the
photodiode: but the shorter the pulse, the less the excita-
tion energy within the pulse. The difficulty is to accurately
measure the phase of a decaying ringing signal with an ini-
tial amplitude on the order of mV.

The jitter of a pulse i9% that of the rise time to a first
approximation, and since we are aiming for a pulsed laser
timing jitter measurement resolution of less than 200 ps, we
need a photodiode with a rise time of less than 20 ps. We

Fiqure 6: Red trace: superimposed sianals of rinain anraave not yet found a commercially available photodiode
9 : - Sup P 9 ging Iving a pulse much larger than 1 V while having a rise

MO (time domain); Yellow trace: power spectrum showin ime of less than 20 ps.

1.28 GHz ringing and 1.3 GHz MO components. A potential solution is to put a matching optical cavity in
front of the photodiode (Fig. 9). A matching optical cavity
is two facing mirrors perfectly aligned, with the distance
between the mirrors equal to half the wavelength of the fil-
ter downstream. This essentially is a delay line to excite th
photodiode (and hence the filter) multiple times to obtain a
higher ringing amplitude.

Figure 9: Sketch of an optical cavity.
Figure 7: Phases of 1.28 GHz ringing (up arrow) and g P 4

1.3 GHz MO (down arrow).

SUMMARY

1.313 GHz Local Oscillator (LO) with respect to the Mas- \yg have presented our laser timing jitter measurements.

ter Oscillator (MO). The seed laser timing jitter has been measured to be less
The LO, like the MO is part of our “Timing Distribu- than 200 fs, by examining the power spectrum of the sig-
tion System”, and as a result the timing jitter of the LOna of a fast photodiode illuminated by it. The pulsed and
is much less than 1 ps with respect to the MO. This megymped laser timing jitter has been measured with limited
surement therefore yields the resolution of our applicatioresg|ytion to be less than 1.4 ps, by examining the phase
of the Ringing Filter Technique. The distribution&fl’.o  of a cavity impulsively excited by the signal from a fast
yields an RMS of 1.2 ps. Our data acquisition system therghotodiode illuminated by the laser pulse. This resolution
fore has a timing jitter of 1.2 ps. is limited by our oscilloscope, which has a timing jitter of
1.2 ps.
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Figure 8: Histogram ofAT from 20 pulses, STDEV =

1.4ps.
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