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Abstract over a few minutes—would be uncorrectable and could se-
gously degrade the average luminosity.

In the SLC, there are many potential sources of IP tim-
g drifts and timing jitter: (1) changes of the extraction

The relative timing of electron and positron bunches at th
SLC interaction point (IP) is affected by phase and ener%?

fluctuations in various upstream systems. By shifting th ime from the damping rings, (2) variation of the bunch-

collision point, IP timing variation may degrade the lumi- mor ftf oh relative to the dampina-rind ph nd
nosity and hinder IP spot-size tuning. To monitor the timSOMPressoritphase refative o tn€ damping-ring phase, a

ing stability, in 1997 a novel rf monitor was installed in the(3) beam energy and profile fluctuations in the linac:

South Final Focus, which measures the relative arrival tim f;%ir:at'mégglanggggtﬁmﬁ ergfst'ggr?ésoéf dailrr:d 0a
of the two bunches on every beam pulse. The monitor | ), 9 P 9

0 1 I 1 imi -
based on narrow-band filtering of the beam-induced sign p/o luminosity reduction. Preliminary measurements sug

from a common pickup, delay of the first beam wavefom??istnthatt’ﬂ'ln flac\;/t, loufrsrg(ogltcr)]rdact\;er\/:asi e\lln;l:ct:irr\nbetterl reso-
into coincidence with the second, and homodyne mixing. ution, at the level o “Band, overreleva € scales.

1 INTRODUCTION 2 APPARATUS

Igrevious reports describe the SLC Fouth Final Focus bunch

In this note we describe an apparatus for monitoring th i .
relative timing of the two colliding electron and positronle_ngth monitor (BLM) assembly and BLM signal analy-

bunches in the Stanford Linear Collider, by means of 'S_I'_:/ig_’ lef' t[l]'; ghe If_etuf for the beam timing monitor
phase-measurement on microwave signals induced by t )is illustrated in Fig. 1.
two beams on a common pickup, about 50 m from the in-

Laser Shack

teraction point. As each beam passes through the pickup 12

it radiates into a waveguide. The relative phase between * o—o

the two electromagnetic pulses travelling down the waveg- i Pl e e § 7
uide is sensitive to changes in the time delay between the Lo 2 DeTay l
arrival of the first beamet) and the second beam<) at D GADC/ Scope
the pickup. The pickup is located in the South Final Fo- WR90 100 MHz i
cus of the SLC. Since the momentum compaction between JR—
the monitor location and the interaction point is negligibly e —+ °-.

small, jitter in the observed time delay is a direct measure
of the jitter in the collision point.

Hitherto, beam timing at the IP was not monitored at all.
Yet it is a critical factor for IP spot-size tuning, spot-size
stability and the luminosity. If the collision point shifts in Figure 1: Schematic of BTM signal processing.
time, it will no longer coincide with the beam waists. A
shift by an amount* will cause a factor of two reduction  The first bandpass filter has center at 11.39 GHz, with
in luminosity. The present values of the beta functions am|| width of +50 MHz. The LO is an HP8350B synthe-
of the orders; ~ 2.2-2.9 mm and; ~ 1.4-1.7 mm, the sjzing signal generator, set to 11.49 GHz. Its stability, as
length-equivalents of 5-10 degree at S-Band (2856 MHz)neasured with a frequency counter, is ab@tl MHz,
Phase shifts of this order are not necessarily recognizegker thermal insulation. The output of the W-J M85C
since the beam energy is held constant by dedicated fegflixer is passed through a 5% bandwidth filter tuned to 100
back loops. To maintain the optimum energy spread at th@Hz. The filtered IF signal is then passed through a Qbit-
end of the SLAC linac, it is necessary to vary the injecosg 47dB amplifier (2.4 db NF), and a benchtop amplifier
tion time by about 3 degree S-Band diurnally. Fortunatel)(Hp8447E’ 27 dB gain, 11 dB NF). The signal is then split
timing changes on such long time scales, even if they a{gith a tee. One arm passes through a trombone phase-
different for both beams, are not thought to be a problenghifter permitting a full phase shift of 20with a 0.002
as the four waists (x and y for both beams) are scannegl| indicator. The second arm is delayed. The delay ca-
and corrected regularly. However, changes on shorter tinfe consists of 38 meters of 3/8” Heliax cable, providing
scales—such as pulse-to-pulse variation ('jitter') or driftg delay of 194 ns. The arms of the tee are passed through

*Work supported by the Department of Energy, contract DE-Acoavariable attenuators and combined in a Minicircuits ZAD-6
76SF00515 mixer. The final IF output is then low-pass filtered with a
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Minicircuits BLP-21.4, and can be viewed on a scope, adt would appear on a scope, is th&h(t) = ReVg(¢), and
quired with Labview, or passed to a LeCroy 2249A gatethe counts registered in a gated analog-to-digital converter
analog to digital converter for acquisition by the SLC congre thenfTTf’ﬁg*Tgm dt Vs(t) + pedestal, up to an overall

trol system. constant. The trigger time i&,.;, and the gate width,,;.
is 50 ns.
3 SIMPLIFIED SIGNAL ANALYSIS Let us consider explicitly the limit in which the decay

Let us analyze the signal as it proceeds through this circuff™e ©f the output from the first filter is much less than

In a first approximation, the voltage phasor at the output Jpe delay(TQ.— T,l) ~ 200 ns _betvx_/een the two bunches.
the first filter is We are considering then the time-interval where the unde-

layed signal from the second bundhy, (t) = Vea(t)el?®

Va(t) ~ Vieler—m0E=T) g — 1) ?/ver(laps th()a d_(rerl]ayeq signal of t_he kf]irst gunwﬁ)?(t)df:

= iwr—11) (T c1(t — Tp). The mixer output is then determined from

T Vel T H (G T) @ Vi(t) = Ver(t — Tp) Vi (t)e=%, or, abbreviating
Wit_h _f/k the _voltage waveform induced by tleth bunch, AT=Ty—T, t' =t—Ty+AT —Tp, (4)
arriving at timeT},, andk = 1,2 for e™ ande™. We ne-
glect the geometrical asymmetry in our pickup (assuminge can write
beam centroid jitter is small compared to the 1" pipe diam- = 0 9T T
eter) and také’, = Qy, with Q; the charge of bunch no. Ve(t) = [TI7[VL "1 V5 x
k, discarding a coupling factor that we may restore later e d9=iwrrTo gilwrtwir) AT g=v2(2'=AT) (i)
for checks of signals levels. We are also discarding a form
factor (due to the finite bunch length) as this is a small corl € Scope waveform then takes the form
rection for a 1 mm rms bunch length at X-Band. ~ 9 9
In this approximate expression for the phasor at the out- Vs(t) ~ {WL' €08 \Ij} @192

put of the first filter, the first filter is treated as a single- 22T cos(wy AT — wipTp — ¢)e 22" (6)
pole filter with center angular frequengy and half-width
at half-maximumy;. The step-function isd. This ex- Systematic features relating to LO drift in amplitude and
pression is just what one gets with a shock excitation dfequency are quantified in the bracketed term. Notice that
a harmonic oscillator, and neglects the finite width (due téhe delay cable should be phase stable to a small fraction
waveguide dispersion) of the incident waveform compare@f the intermediate-frequency wavelength. Notice too that
to the damping time of the oscillator. This is a crude apone is interested in looking at timing jitter much smaller
proximation, but provides results consistent with a moréhan the natural decrement time associated with the second
refined numerical analysis. Next, with the LO wavefornfilter. Let us define relative beam phase as
taking the formVy,(¢) = Vielwrt atthe output of the mixer

we have components that will subsequently be filtered out, 0=wAT —wirTp — ¢+ /2 (7)
and a phasor of the form in terms of which the signal is expressed as
Va(t) ~ Va(t)V}(t) Vi(t) ® kQ1Qasin®  with k= |V|?cos® T (8)

~ ViVpe {wLTl@(].wl T (E—T) Whatever the nominal beam del&, — 73) may be, one
+ WVpedwrlelwr=m) (=T —Ty) (2)  may adjuste to put the scope signal at a null. In prac-
) i ] tice this also requires a choice of gate position. In this
where we have linearized iy, for the sake of brevity. The 556 maximum sensitivity is attained and the nominal rel-

intermediate frequency is;» = (w1 —wz). Atthe output  4iive peam phase is 0. For small variations in relative beam

of the second filter we have the phasor phase, one has
Ve =Veor + Vea 3) L ‘_/S(t) - le_Qz_e © :
Small jitter in relative beam timing then correlates lin-
whereVey(t) = TV, Ve iorTrelwrr—v2)t=T) f1(t —  early withV,/(Q1Q2). Conversely this normalized signal
T,) with k = 1,2 and, in a single-pole approximatidi,=  should correlate linearly with small changes in phase-ramp,
cos Uexp(jV¥) with ¥ = arctan(Q(wrr/we — wa/wrr)  OF energy setpoint.
and@ = 2wy /vs. A refined numerical model of the signal waveforms has

Next we split the signal with a 3 dB hybrid, and consideialso been developed, taking into account the filter charac-
the signal in each arm. Up to an overall factor at the outpueristics as measured with the network analyzer, and the
of the undelayed arm we ha¥é), (t) = Vo (t)e’? where  numerically computed waveforms incident on the first filter
we allow for an insertable, adjustable phase shifand at (including the dispersion characteristics of the waveguide).
the output of the second arm we havg»(t) = V(t — As an example, Fig. 2 shows the delayed and undelayed
Tp). The down-mixed output of the second mixer is, aftemtermediate-frequency signals prior to the second mixer,
low-pass filtering Ve (t) = Vp2(t)V}, (t). The signal, as obtained from this model.
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Figure 4: BTM signal versus™ linac energy; the slope
] ) ) _ is proportional to the momentum compaction factBgq)
Figure 2: Computed IF signals prior to the second mixer.of the North arc and agrees within 20% with the predicted
value.

4 CALIBRATION AND FIRST RESULTS
5 CONCLUSION AND OUTLOOK

The raw signal is normalized by first subtracting thesince fall 1997, an rf-based beam-timing monitor has be-
pedestal and then dividing by the product of heande™  come available for monitoring changes in the relative ar-
intensities (particles per bunch in unitsiaf'?). Typically, rival time of electron and positron bunches at the SLC in-
a change of the normalized signal by 1 unit correspondgraction point, with a short-term resolution better than

to a timing change of 4 degree X-band or 1 degree S-bandband. For a more precise calibration of this instrument
(about 300um). This is illustrated by the two calibration and also for studying the phase-jitter propagation from the
curves in Fig. 3 showing the BTM signal as a function oamping rings to the IP, we intend to measure the sensi-
the delay time (in units of degree X-band) in one of the twaivity of the collision timing signal to different controlled
arms, which was varied using the phase trombone. The fifgérturbations, in particular, its response to changes in the

picture is an autophase measurement (one beam only, defigac energy, the linac injection time, and the two bunch-
cable removed); the second is an actual two-beam measug@mpressor phases.

ment (with delay cable). The fitted slope can be used to

convert a measured signal change into degree X-band (or 6 ACKNOWLEDGEMENTS
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Figure 3: Calibration measurements: normalized timing-

monitor signal versus the trombone phase difference in de-
gree X-band; (left) signal for one beam with cable delay

removed; (right) signal for two beams including cable de-

lay.

Figure 4 shows the BTM signal as a function of the elec-
tron energy at the end of the linac, varied using the "FB31'
energy feedback setpoint. From this measurement and
from the phase calibration performed at the same time, we
can estimate th&s¢ of the SLC North arc afsg ~ 120
mm, which agrees to within 20% with the theoretical value
(145 mm).



