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Since 1996, the transverse beam sizes at the SLC interaction point (IP) can
be determined with a "laser wire’, by detecting the rate of Compton-scattered
photons as a function of the beam-laser separation in space. Nominal laser
parameters are: 350 nm wavelength, 2 mJ energy per pulse, 40 Hz repetition
rate, and 150 ps FWHM pulse length. The laser system is presently being
modified to enable measurements of the longitudinal beam profile. For this
purpose, two laser pulses of slightly different frequency are superimposed,
which creates a travelling fringe pattern and, thereby, introduces a bunch-
to-bunch variation of the Compton rate. The magnitude of this variation
depends on the beat wavelength and on the Fourier transform of the longitu-
dinal distribution. This laser heterodyne technique is implemented by adding
a 1-km long optical fibre at the laser oscillator output, which produces a lin-
early chirped laser pulse with 4.5-A linewidth and 60-ps FWHM pulse length.
Also, the pulse is amplified in a regenerative amplifier and tripled with two
nonlinear crystals. Then a Michelson interferometer spatially overlaps two
split chirped pulses, which are temporally shifted with respect to each other,
generating a quasi-sinusoidal adjustable fringe pattern. This laser pulse is
then transported to the Interaction Point.
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Abstract used only to determine the transverse single-beam sizes,
Since 1996, the transverse beam sizes at the SLC mterhICh are inferred from the variation of the Compton-

,Scattering rate as the electron or positron beams are moved
action point (IP) can be determined with a 'laser wire'

by detecting the rate of Compton-scattered photons asagross the laser beam. In this paper, we describe a modifi-

function of the beam-laser separation in space. Nomcatlon of the laser system which will allow us to also mea-
nal laser parameters are: 350 nm wavelength, 2 mJ e S the (average) longitudinal beam profile.

ergy per pulse, 40 Hz repetition rate, and 150 ps FWHM
pulse length. The laser system is presently being modi- 2 MEASUREMENT PRINCIPLE

fied to enable measurements of the longitudinal beam prehe method of choice was first proposed in Ref. [4]: Two
file. For this purpose, two laser pulses of slightly differ-collinear laser pulses of slightly different frequency are su-
ent frequency are superimposed, which creates a travellipgrimposed to generate a non-stationary fringe pattern. For
fringe pattern and, thereby, introduces a bunch-to-bunch sufficiently small beat frequency, the spacing between
variation of the Compton rate. The magnitude of this Varifringe maxima and minima s Comparab|e to, or |arger than,
ation depends on the beat wavelength and on the Fourigfe bunch length. Assuming the phase between fringe pat-
transform of the Iongitudinal distribution. This laser het-tern and beam is random, the Compton rate will vary from
erodyne technique is implemented by adding a 1-km longulse to pulse. The depth of this variatiov,, is propor-

optical fibre at the laser oscillator output, whictoguces  tional to the Fourier transform of the longitudinal profile
a linearly chirped laser pulse with 4.5-A linewidth and(¢) [4]:

60-ps FWHM pulse length. Also, the pulse is amplified — Nymax — Nywin  Fo

in a regenerative amplifier and tripled with two nonlinear M= m = Fo 1)
crystals. Then a Michelson interferometer spatially over- '

laps two split chirped pulses, which are temporally shiftethere Fo = [7°_ f(#) dt, Ny max (min) the maximum
with respect to each other, generating a quasi-sinusoidal déinimum) Compton signal, and

justable fringe pattern. This laser pulse is then transported

2
to the Interaction Point. (/f ) cos wit dt) n </f(t) sinwyt dt) @)

1 INTRODUCTION andwy, = w; — ws = w/A (A)). Herews, w, are the

At the interaction-point (IP) of the Stanford Linear Colliderfrequencies of the two overlaping laser pulses, whitee
(SLC), the bunch length has long been one of the least cofverage wavelength arich ) the difference in wavelength
trolled beam parameters. Due to a variety of effects, the [petween the two pulses. By measuring the variation depth
bunch length can easily vary between about 0.4 and 1.5 mid at different beat frequencies,, the entire Fourier trans-
rms. For example, the bunch length is sensitive to changé&m of the bunch spectrum can be obtained. Ref. [4] also
of the linac rf phase due to bunch compression (or anticonitroduces a dilution factor caused by the finite transverse
pression) in the collider arcs (the transport linesmecting sizes of electron and laser beams. Due to the smallness of
linac and IP), to steering in the bunch compressor (RTLt)he SLC IP beam sizes, this factor is not relevant for our
and to longitudinal instabilities in the damping rings [3]. Aapplication here.
diagnostic for monitoring the IP bunch length is desirable,
since there is circumstantial evidence for a correlation of 3 LASER SYSTEM
bunch length and luminosity, and since the predicted lu-
minosity enhancement due to disruption [2] and the effe:g
of longitudinal wake fields are both strongly bunch- Iength
dependent.

One promising scheme to measure the bunch length u
lizes the IP 'laser wire' [1]. So far the laser wire is belngbl

he first stage of the existing laser is a mode-locked
d:YLF oscillator, that ppduces 150 ps pulses, with 2 nJ
of energy at 119 MHz repetition rate and is phase locked to
the accelerator rf frequency. Subsequently, some of these
ser pulses are amplified in a Nd:YLF regenerative am-
ifier (RA), where in approximately 10 roundtrips they

*Work supported by the U.S. Department of Energy under contrad€aCh an energy O.f 9 mJ, each at a mm‘ rate of 40 .
DE-AC03-76SF00515. Hz. In order to achieve the smaller possible laser spot size
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Figure 3: Intensity of input and output laser pulse and
chirping introduced on the output pulse due to SPM and
GVD from the fiber.

In the RA, the length of this 'chirped' pulse is reduced
Figure 1: Modulation depth for Gaussian bunches of differto 60 ps and the linewidth is decreased to about 3.5 A, due
ent rms bunch lengths versus wavelength differehge to 'gain-narrowing' as shown in Fig. 4.

Effect of gain narrowing on bandwidth
057777
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in the IP, the laser pulse frequency is tripled using a dou-
bling CD* A and a triplingK D* P crystal. Laser parame-
ters are:A = 350 nm, 150 ps FWHM, 2 mJ pulse energy,
and 40 Hz repetition rate [1]. The system is converted into
a bunch-length monitor by adding a 1-km long optical fiber
between oscillator and RA, and a Michelson interferom-
eter after the harmonic generation, while also taking into
account the effect of gain narrowing in the RA and of the
nonlinear crystals on the bandwidth of the laser pulse [5].
A rough schematic of the original and upgraded laser sys-
tems is shown in Fig. 2
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L In the frequency doubler and tripler, the linewidth in-
[ s = { Tripler creases again, by about a factg®. Finally, the electric

1 INTERFEROMETER :‘|Seld of the pulse that enters the Michelson interferometer

. ' E(t) ~ E efagtzei(wgt—l-b#) 3
Figure 2: Schematic of the SLC IP laser system; elements ®) 0 ®)

added for the heterodyne bunch-length monitor are shownith iy ~ 3.85 x 102° s71, wy ~ 5.39 x 10**> s7!, and
underlined. by = 5.8 x 10?2 s71, If the path length in the two interfer-
ometer arms is different, there is a time defsy= 2Az/c

The initial laser pulse mduced by the mode-locked os- between the two split light pulse@4z is the pathlength

cillator is 150 ps long and has a linewidth of 0.1 A. Self-difference, controlled by a movable mirror), and the inten-

phase modulation (SPM) in the optical fiber increases thgity of the final recombined pulse is

linewidth to about 4.5 A and group-velocity dispersion

(GVD) lengthens the pulse to 210 ps. The intensity of the I(t)

input and output pulses in the fiber and the chirping intro-

duced on the output pulse is shown in Fig. 3. 4 2eT2eoltHAnt cos(bOZtAt)) /4 (4)
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which represents a quasi-sinusoidal fringe pat- e Laser-intensity variation: pulse-to-pulse variation of
tern with an effective wavelength difference of the laser intensity, which should be smaller than 5%,
AN = MN22by(Az)/(nc?); Iy is the peak intensity of introduces a measurement error of similar magnitude.
the original pulse. As an exampl&z = 0.9 mm cor-
responds tAAX = 0.5 A. Figure 5 shows an exemplary
fringe pattern according to Eqg. (4).

During the last SLC run, a larger IP beam-orbit variation
than that quoted above was observed over a time period
of a few minutes. The reason was that the IP beam-orbit
feedback is not active when one of the colliding beams is
fringe intensity, Ax = 0.9 mm dumped while measuring the size of the other. This prob-
i lem can be avoided by intermittently reestablishing the col-
09 b lisions, between laser-wire scans.

E In conclusion, we expect to measure the bunch length
and bunch profile with a relative accuracy better than 10%.
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5 OUTLOOK

0.6
05 F The laser-heterodyne bunch-length monitor at the SLC in-
. teraction point will be commissioned in the summer of
1997. The monitor is expected to prove a valuable diag-
03 [ nostic tool for SLC operation. Specifically, it should facil-
’ itate linac RF phasing and RTL tuning, support studies of
E 6 mm/c final-focus wakefields and disruption luminosity enhance-
01k <> ment, and be used as a calibration for a multi-channel RF
: IR R RA A bunch-length monitor which has recently been installed in
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¢ Laser-intensity imbalance: denoting the intensity ratio
of the two split pulses by, the maximum signal/
is given by2z/(x? + 1). If the imbalancg1 — z) is
smaller than 10%, the resulting error of the measure-
ment will be less than 1%.



