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A picosencond time measurement method is described
based cn the microwave properties of beams from electron
linear accelerators or from possible remodulsted exter-
nal proton beams at proton synchrctrons. A conventional
RF separator (RFS) is used operating at the same fre-
quency as the microwave structure of beams and driven
bty the same wmaster oscillator which modulates the beam.
For exsmple, the 2856 MHz micrcwave at SLAC corresponds
to 350 psec between besm RF buckets; accelerated elec-
trens with an RF phase bite of aktout 5 degrees are time
structured and correspondingly have about 5 psec time
spread in every 350 psec interval. Charged particles
produced in interasctions or decays originate with this
time structur2. An RFS is placed at the last stage of
@ CGouble Tocussing spectrometer, providing a lever
arm between it ané the Sinal (few mm) small spot size
rocus. Reference calibration charged particles sre timed
by setting the RFS relative phase to null deflections.
Other cbserved partvicles arriving at different times than
this standardare deflected a few tenths ofa am per psec
of delay. A multi-wire proporticral chamber {MJPC)
having a 0,05 mm space resolution cen prévide time
measurements with sub-picosecond resolution. The
technique is used in an experiment to search for changes
in the velccity of light with high energy photons at
SLAC. The devised timing method is presented and the
properties of 2 new, fine space resclution MWPC is de-
nenstrated.
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the location of the final focal plsne. A fixed dew
flection lever arm is provided by the distance between
the RFS half-length position and the finsl fccal plane
where a small spot size is formed. In this application
the RFS must operate at the same frequency as the micro-
wave structure of the beam, by driving the separstor
with the same master oscillator which modulated the
beam. Moreover, to be effective the technique must
provide safeguards sgsinst short term instabilities

due to pulsed beam steering and modulator amplitude
variations and against lcng term instatilities caused
by temperature changes, drifts and other beam geometri-
cal effects.

Reference particles of fixed momentum produced in
interactions or decays, originate with the ssme time
structure as that of the incident beam. These particles
are accepted by the spectrometer. The timing of these
reference cealibration charged psrticles is cbtsined by
setting the RFS relstive phase tc null deflection.
Hence, thase particles receive no deflection and form
a small spot et the last focus of the spectrometer with
a certeln shape and positior which are measurable., In-
formation on the shape and position of this spot is
obtained by using a high space resclution x-y coordi-
nete measuring detector, such ss a two-dimensional
rmulti-wire proportional chember (MWPC) placed at the
final focus. Other particles also accepted by the
spectrometer, arriving at different times then this
standerd, are now deflected by the RFS. Depending on
early or late srrivals, these particles form spcts on
cne side or the cther of the standard spot. The amount
or dellection is prcporticnal to the relstivs RF phase
angle which 1s experisnced by traversing particles.

The particle arrival tinze determines the RF deflection
phese angle which is translsted to a derlection cocrdi-
rate in space. The sensitivity in shese messurements
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Fxperimental Setup of Picosecond Timing Spectrometer

The accelerated electron beem of SLAC has a micro-
wave structure of 2856 MHz., This corresponds to having
350 psec between beam RF buckets. Accelerated electrons
with an RF phase bite of about 5 degrees are structured
in time and accordingly have about 5 psec time spread
in every 350 psec interval. With this microwave time
structure each acceleration pulse is 1.6 psec in duratim
which if need be, can be prepsred tc have a duration
of down to 0.1 usec. Accelerasted electrons of 15 GeV
are intercepted by a thin radiator placed in the vacuum
beam pipe &t the straight section of sector 22, This is
a roteting target at 600 rpm which intercepts the beam

10 times/second.

Ag shown in Fig. 1, gamma-rays of energles
B_ < 15 GeV are produced at the sector 22 radistor T,
aﬁd—travel a distance of 1075 meters along with 15 GeV
electrons. In thils arrangement electrons of fixed
energy are used as the tlme reference calibration par-
ticles, The timing spectrometer i1s based on a beam
trensport geometry which 1s designed to distinguish in-
cident gamma-rays from incident electrons by imaging
two dlstinct conversion targets; one emitting positrons
from the palr-production process by incident gamme-rays
and the other emitting positrons from the trident process
by incident electrons, The spectrometer is actually a
beam line with three focussing stages which 1s tuned to
accept these positrons at a fixed momentum of say 14.5
GeV/c, with & momentum acceptance of Ap/p < 1%. This
is shown schematically in Fig. 1. The first stage of
the spectrometer i1s mainly composed of existing elec-
tron beam switchyard equipment. The last two stages
cf the spectrometer i1s actually a retuned version of the
first two stages of an existing RF separated secondary
beam which is normally used with the 82 inch hydrogen
bubble chember (beem line 6). The target ordinarily
used for beam line 6 is removed and instead en auxiliary
bending magnet near that location is placed to turn the
positrons by an angle equal to the secondary particle
production angle for beam 6.

As shown schematically in Flg, 2 in s more detailed
form, the positron source for the three stage spectro-
meter is a palr of conversion targets especially ar-
ranged and mounted in the field of the vertical bending
magret, B60. Thus, electrons and gamme-rays emansting
from the primary target T at sector 22, some 1075
meters upstreanm, 11luminafe the conversion targets uni-
formly both in space and time throughout a beesm spill.
This uniformity of illuminetion is designed to make the
timing spectrometer Insensitive to geometrical drift
effects of the accelerator and besm. The purpose of
the beam line with the special conversion target arrange-
ment 1s to fcrm two small positron spots which are dis-
placed vertically at the detector. The spectrometer
optice are such that positrens in the lower spot are
produced almost entirely by incident electrons at the
conversion target Ty and positrons in the upper spot
are produced almcest exclusively by incident gamma-rays
at the conversilon target To. The mechanism for making
the distinction between the origin of the positrens
in the two spots is illustrated in Fig. 2 and Fig. 3.

T, and T2 ere thin sheets of material which together
cSver the entire area illuminated by electrons and

gamma-rays, defined by the collimetor FC60. T, lies
in the upper half of the vertical plane and Ts %n the

lower half.

Shown in Fig, 2 are the central rays of four
"positron beams" emerging from B6C which are produced
in four distinct combinations of incident particle and
conversion target. These sre the followlng cases: 1)
Electrons of maxirmm energy E- incident on T1= positrons
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of energy E < E emerge in the direction of the
spectrometer-beam axis and propagate through the
transport system (E+ 1s the energy accepted by the
tuned secondary besm line). 2) GCemma-rays of maximum
energy E incldent on T,: positrons of energy E' enmerge
in the directlon of the spectrometer- beam axis and also
propagate through the trensport system as in case 1.

3) Electrons incident on T.: here positrons emerge
with a relative downward angle o, ~ {E/E' and are
intercepted by a collimator in the remainder of the
transport system. k) Gamma-rays incident on T, :

in this case positrons emerge with a relative upward
angle @, ~ { /Er and ag in case 3, are intercepted
by a coilima%or. Thus, the image of each target cor-
responds uniquely to the identity of each incident
particle,

The spectrometer gecmetrical ascceptance is de-
fined by the following collimators: a) an entrance
aperture located near the first quadrupole set, Q60/61,
b) two horizontal slits, displaced from the axis ver-
ticelly and separated by lcm, placed at F1; c) an exlt
aperture located near the final quadrupole set, 6Q3/L.
In the vertical plane, the quadrupole sets Q60/6Ll and
6QL/2 form a positron image of T, and T, at F. in which
positrons from electrons on T. (Case 1) 11lumfnate the

upper s8lit and positrons from gamme-rays on T, (case 2)
illuminate the lower slit. At this point, thé axial
displacement of T. and T, 18 not significant. Positrons

of cases 3 and 4 &re now intercepted by either the
entrance collimator or the collimstion st F.. The last
stege of the spectrometer-beam imsges F, on the de-
tector both horizontelly and vertically and recombines
momentum to form two distinct "electron induced" and
"gamma~-ray induced" small spots. In the horizontal
rlane, the location of the conversion targets i1s treated
as an aperture, That is, the quadrupole sets G60/61
and 6Q1/2 couple the conversion targets and F, by
parallel-to-point optics horizontally,whereas vertically,
the coupling is by point-to-point optics., Finally, from
F, to the detector the optics are the same both hori-
zontally and vertically. Figure 3 i1llustrates to scale,
the details of the vertical optics in the target-colli-
mator arrangements, by means of a vertical phase space
diagram projected at the conversion targets. The back-
ground of positrons from incident gamma-rays in the
"electrog induced" final spot 1s expected to be less
than 107; and correspondingly, the background of
positrons from incident electron in the "gemma-ray
induced”" final spct 1s expected to be much less than
this. From Fig. 3 it is evident that by steering in the
vertical plane, using other magnets in the spectrometer
which are not shown in Fig. 1, it is pcesible to image
at the final focal plane only the conversion target T
or only T Where normally the designed spectrometer-
beam optics provide final duasl spots uniquely due to
e-y, this vertical steering makes possible to obtain
also dual spots strictly due to only e-e or only y-y
incidence. This capabllity is necessary to make reletive
measurements possible of image separations between e-e
and e-y modes or between y-y and e-y dual spots. Thus,
reliance on sbsolute spatisl measurements sre svoided
and geometricsl systematic effects are removed in the
actual timing measurement. The interchanging of the
roles of T, and T,, for exampie by placing T. at

and T, at £, in g. 2, is accomplished equ%valen%ly
by ma%ing a 180° flip in the relative microwave phase

of the RFS. Thus, the conversion targets T, and T

are placed in stationsry positions as shown in Fig: 2.
These targets are designed to rlip in or out of the

B60 magnet aperture. They are made of A{, and insu-
lated to provide a secondary emlssion signal for

monitoring purposes.



Timing With High Resoclution MWPC

A high spatial resolution MWPC is designed, fabri-
cated and tested for application in the timing spectro-
meter, The sensitivity of the timing spectrometer is
such that 1 degree of RF relatlve phase corresponds to
0.973 psec and 1 psec of relstive delay is translated
to 0.18 mm deflection for 15 GeV particles, at the
final focal plane where the MWPC is locsted.

In the MWPC the high voltage ancode planes have a
wire spacing of 2 mm, The signal planes are orthogonal
to these and have & wire spacing of 1 mm. Anode and
signal planes are sgparated by 1.6 mm., Two multi-
tapped delay lines are used to collect induced signals
from each x,y signal plane. The resultant signal from
each plane 1s due to proportional charge collection from
several relghbouring wires, producing a gaussian-like
pulse in which the center-of-charge of this distribution
is en eccurate coordinate of the passage of a charged
particle, There is & fixed delay of 10 nsec between
each signal wire of 1 mm separation. A gas mixture
of 90% Ar and 10% CO,. at 1 atmospheric pressure is used
and the operating voitage of the chamber 1s st 1530

volts.

To simulate the characteristics of expected dusl
spots of the timing spectrometer, a linearity test is
made with an Fed? X-ray collimated by an aperture of
0.3 mm. The source is mounted on a precision micro-
scope travelling platform. The centroid of coordinste
distributions et fixed socurce positions 1s cobtained
and the result is displayed in Fig. 4. The picture
inserted in this figure is the MWPC with an active area
cf 3.75 X 3.75 em®, The resulting standard deviation
from a linesrity response 1s 44 microns. Thus, 1t is
demonstrated that the timing spectrometer is sensitive
to sub-plcosecond timing measurements in statistical
samples, for relative delays at the level of 0.2 psec.

The authors wish to thank Professor R. Hofstadter
and Professor W, K. H. Panofsky for thelr interest,
support and encouragement.
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SCHEMATIC RAY DIAGRAM AT CONVERSION TARGETS IN B-80 MAGNET
Figure 2
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BOUNDARIES IN VERTICAL PHASE SPACE AT CONVERSION TARGETS
Figure 3

Fig. 4. High resolu-
tion multi-wire pro-
portional chamber.
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