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A picosencond tine measurement method is described 
based cn the microwave properties of beams from electron 
linear accelerators or from possible remodulated exter- 
nal proton beams at proton synchrotrons. A conventional 
RF separator (RFS) is used operating at the same fre- 
quency as the microwave structure of beams and driven 
by the same master oscillator which modulates the beam. 
Fcr example, the 2856 MRz microwave at SIN corresponds 
to 350 psec between beam RF buckets; accelerated elec- 
trcns with en RF phase bite of about 5 degrees are time 
structured snd correspondingly have about 5 psec time 
spread in every 350 psec interval. Charged particles 
pro&Aced in interactions or decays originate with this 
time stn;cbJre. An RFS is placed at the last stage of 
e double focussing spectrometer, providing a lever 
arm between it and the final (few mm) small spot size 
focus. Reference calibration charged particles are timed 
by setting the RFS relative phase to null deflections. 
Other cbser-ed particles arriving a t different times than 
txs sxacdardare ciaflected a few tenths ofa <lliil per psec 
of delay. A multi-hire proporticral chamber (XWPC) 
having a 0.05 mm space resolution can prcvide time 
measurements with sub-picosecond resolution. The 
technique is used in an experiment to search for changes 
in the velocity of ligh?; with high energy photons at 
SAC. The devised timing method is presented and the 
properties of a new, ff.ne space resolution MWPC is de- 
7,ccstrated. 

Introduction 

Cne Lnh+rent 5.alue cf micrcsravc prcpzrties of beams 
c-.- li,;e:;ly ;c,-pl,'~,~c,~r~ ,+:-,J ;-t~ii&.u%;*,3. AL_/. e~';eLllbi 'L&3$,,; 
frca synctrctrons is a> the availability of a fine time 
str~c:~ra !;hich mt;: :s pcssible timing aeasur~ements with 
piccsecond r-solution. The timing spread of these beams 
is dctr:-o:i:led by the llicrowa-ye phase bite producing P.. 
Lcckets cf 9 f?i; pi,zcsc8:ond dur~ticn, separated in time 
b:: tte pried of the mcduiator fr3qnenzy. However , the 
.-;::.inp yescl; 2 ticn !:cde ~i';~;ilcble by th(?se beams is j'sr 
I;,?vcn,! x:-. 3 iE p'clli+*=-: * cf ccn;enticnol particle ~letf2tcri;. 
7cr r::a!r.~:.l,+, i:hr ';Z.min!.: sprt,si3-1 in the best ox-?c-ri:ri:rtsl 
>::c:c'.::.;;tl.;jii 'i-s l.; :;,p'<a;Ij i:,x ;;sec L:ll: 51 ,:I; :;?,r9llc,l 
L.:~yrc-,,~rl# 3cilii;icr.s. Ther?:'CY, to r,;ke elv:5ntu,re ol 
-he ;i.ic?ll?t;,s tiein,r rescl7lticn, t;he ~~ppli~:d fir rtic Lo 
.:i,,131: zcr ::;-stw, :m::>t r2iS0 te i;SlSetl cn a ?LiCleCt;?T,Me t+;ch- 
!:iq-Li". 3; ,:h r: ye-'.hod ' s le.iioed 2. :'or ':hsr+;e p~rti~~l.rs, 
rr:s,:cj CG :;hi-: 11°C r,!' :i cc z', i'r.t :.c nn 1 2" ceparatcr (RFS) 
-.i:;:h Is :!x3xill .<A 1.11 ii i'oci,ssi.ng s?cctrometer, prior tc 

* I,,'t: :-lx. :yj~,yCr:~~.-j i-1: r-c'; t;; i;!lc: :;I: c;cr,:,:. C~-i~?npz 
:,_'i.-.l,.:;:.c:; (Gr,,n.: Xc. GF-:??,~~,,) ;+rsi i,;.' I;;.,-+ 3. S. 
,'>%:I .;<z .h.r ,-;j Cc:~mi.c~I ~5. 

the location of the final focal plane. A fixed de- 
flection lever arm is prcvided by the distance between 
the RPS half-length position and the final fecal 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 tne same master oscillator which modulated the 
beam. Moreover, to be effective the technique must 
provide safeguards against short term instabilities 
due to pulsed beam steering and modulator amplitude 
variations and against lcng term Instabilities caused 
by temperature changes, drifts and other beam geometri- 
cal effects. 

Reference particles of fixed momentum produced in 
interactions or decays, originate with the same time 
structure as that of the incident beam. These particles 
are accepted by the spectrometer. The timing of these 
reference calibration charged particles is obtained by 
setting the RFS relative phase to null deflection. 
Hence, these particles receive no deflection and farm 
a small spot at the last focus cf the spectrometer with 
a certain shape and position which are measurable. In- 
formation on the shape and position of this spot is 
obtained by using a high space resclution x-y coordi- 
nate measuring detector, such as a two-dimensional 
multi-wire proportional chamber (MWPC) placed at the 
final focus. Other particles also accepted by the 
spectrometer, arriving at different times than this 
standard, are new deflected by the RX. &pending on 
early or late arrivais, these particles form spcts on 
one side or the other of the standard spot. The amouct 
o:de2le~:tion is prcportional to the relativ? ti phase 
angle which is experi,?nced by traversing particles. 
,The particle arrive-11 time deterl:ines the RF dZr?l~~ct'.on 
phase angle which is translated to a deflection cocrdi- 
mte in space, The sensiti;-ity In ",kese m3i F;ure:r.~~nts 
is rdetermiced by the rni:rctra:e 3e qcency, ;;h,:: PFS A,:- 
l'loction ar.lplituu'c, the d.efle,ZtLCn l?.;er arm ': nd ;he 
i-~~sGlLlc,1c? C-O I dL -,he spce tcGcrdi?.ete (;- a pJ;-:r.;: ., ~l~zLe'J%cr. 

Ir. -the i'cllcwini;l 7;~' ! =~:.:ccstrr-.te tke '~::.i':ri';lcn 
CI' %hic *&rl'< l-3 1 ;+cl-,r.is;ul* i;-,- 1:;s usr:+y Ai1 :: 1; 3 L--i; ; ,yJ 1;; 2" 
~+xpir:~r.ect. m<e eqy+"..y", 1: ,. -s n se;trzh r‘or :h:-n:;?s i:; 
tko -:lo:lty 12 11;gh; vLth i-i,rh f.r.+r.jy gP.ctcnz, ;IS~IW 
tL.ci SLAC ac,2elerator ;';:uil<i;y tc pros-id? rl r'l;&t ?tt,h, 
of' L:bout L km l'cr up tc 1, G:V >hctc,ns. yj ,-: Am !;i-:,t 
in i;:,i:-cisticel zotr,pl~~:: t:lll~ :..:ttcd s:on ;,r:Lf-ld 2 . si 1151 ;l,i:. I;-/ 
cP mt-pi~3cm:cnd timlc -' i:!p-t: sure!,.*:nt In Yhl? :~,zl.itl‘re 

,.ri.,:gl ;irr.t,s i:,.:t>;*-,.r, :‘3 “-.L-,.%i:r: ;:irt:.-:._:s "nil 1; r,zv 
~kcccns. 
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Experiuental Setup of Picosecond Timing Spectrometer 

The accelerated electron beam of SLAC has a micro- 
wave structure of 2856 MHZ. 'Fnis 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 j psec time spread 
in every 350 psec interval. With this microwave time 
structure each acceleration pulse is 1.6 nsec in duratim 
which if need be, can be prepared to have a duration 
of down to 0.1 paec. Accelerated electrons of 15 GeV 
are intercepted by a thin radiator placed in the vacuum 
beam pipe at the straight section of sector 22. This is 
a rotating target at 600 rpm which intercepts the beam 
10 times/second. 

As shown in Fig. 1, gamma-rays of energies 
B < I.5 GeV are produced at the sector 22 radiator To 
aXd-travel a distance of 1075 meters along with lj GeV 
electrons. In this arrangement electrons of fixed 
energy are used as the time reference calibration par- 
ticles. The timing spectrometer is based on a beam 
transport geometry which is designed to distinguish in- 
cident gamma-rays from incident electrons by imaging 
two distinct conversion targets; one emitting positrons 
from the pair-production process by incident gamma-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 is tuned to 
accept these positrons at a fixed momentum of say 14.5 
GeV/c, with a momentum acceptance of Ap/p 5 1s. This 
is shown schematically in Fig. 1. The first stage of 
the spectrometer is mainly composed of existing elec- 
tron beam switchyard equipment. The last two stages 
of the spectrometer is 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 chamber (beam 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. 

of energy E" < E- emerge in the direction of the 
spectrometer-beam axis and propagate thrcugh the 
transport system (9 is the energy accepted by the 
tuned secondary beam line). 2) Gamma-rays of maximum 
energy E- incident on T2: positrons of energy E' emerge 
in the direction of the spectrometer-beamaxis and also 
propagate through the trensport system as in case 1. 
3) Electrons incident on T2: here positrons emerge 
with a relative downward angle cp w J2/E- 
intercepted by a collimator in tE 

and are 
e remainder of the 

transport system. 4) Gamma-rays incident on T : 
in this case positrons emerge with a relative u&ward 
;~~~a-;~~~~ and as in case 3, are intercepted 

Thus, the image of each target cor- 
responds uniquely to the identity of each incident 
particle. 

As shown schematically in Fig. 2 in a more detailed 
form, the positron source for the three stage spectro- 
meter is a pair of conversion targets especially ar- 
ranged and mounted in the field of the vertical bending 
magnet, 60. Thus, electrons and gamma-rays emanating 
from the primary target T at sector 22, some 1075 
meters upstream, illumine?e the conversion targets uni- 
formly both in space and time throughout a beam spill. 
This uniformity of illumination is designed to make the 
timing spectrometer insensitive to geometrical drift 
effects of the acceleratcr and beam. The purpose of 
the beam line with the special conversion target arrange- 
ment is to fcrm two small positron spots which are dis- 
placed vertically at the detector. The spectrometer 
optics are such that positrons in the lower spot are 
produced almost entirely by incident electrons at the 
conversion target Tl and positrons in the upper spot 
are produced almcst exclusively by incident gamma-rays 
at the conversion target T2. The mechanism for making 
the distinction between the origin of the positrcns 
in the two spots is illustrated in Fig. 2 and Fig. 3. 
Tl end T2 are thin sheets of material which together 
cover the entire area illuminated by electrons and 
gamma-rays, defined by the collimator ~~60. T, lies 
in the upper half oftie vertical plane end T2 rn the 
lower half. 

The spectrometer geometrical acceptance is de- 
fined by the following collimators: a) an entrance 
aperture located near the first quadrupole set, &o/61., 
b) two horizontal slits, displaced from the axis ver- 
tically and separated by lcm, placed at Fl; c) an exit 
aperture located near the final quadrupole set, 6613/J+. 
In the vertical plane, the quadmpole sets Q60/61 end 
6Q1/2 form a positron image of Tl and T2 at F in which 
positrons from electrons on Tl (case 1) illum nate h the 
upper slit and positrons from gamma-rays on T2 (case 2) 
illuminate the lower slit. At this point, the axial 
displacement of Tl and T2 is not significant. Positrons 
of cases 3 and 4 are now intercepted by either the 
entrance collimator or the collimation at F . The last 
stage of the spectrometer-beam images F on'the de- 
tector both horizontally and verticallyland recombines 
momentum to form two distinct "electron induced" and 
"gamma-ray induced" amall spots. In the horizontal 
plane, the location of the conversion targets is treated 
as an aperture, That is, the quadrupole sets C60/61 
and 6Q1/2 couple the conversicmtargets and F by 
parallel-to-point optics 1~orizonL;ally,whereaslvertically, 
the coupling is by point-to-point optics. Finally, from 
Fl to the detector the optics are the same both hori- 
zontally and vertically. Figure 3 illustrates 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 cor.veraion targets. The back- 
ground of positrons from incident gamma-rays in the 
"electr 

3 
induced" final spot is expected to be less 

than 10 ; and correspondingly, the background of 
positrons from incident electron in the "gamma-ray 
induced" final spct is expected to be much less than 
this. From Fig. 3 it is evident thatby steering in the 
vertical plane, using other magnets in the spectrometer 
which are not shown in Fig. 1, it is possible to image 
at the final focal plane only the conversion target Tl 
or only T2 . Where normally the designed spectrometer- 
beam optics provide final dual apots uniquely due to 
e-7, this vertical steering makes possible to obtain 
also dual spots strictly due to only e-e or only 7-7 
incidence. This capability is necessary to make relative 
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 spatial measurements are avoided 
and geometrical systematic effects are removed in the 
actual timing measurement. The interchanging of the 
roles of T and T 
and T at % in % 

for exanpl.e by placing T at c 

by maging a $8 
g. 2, is accomplished equivalen ly $ 

o 0 flip in the relative microwave phase 
of the RFS. 

Shown in Fig. 2 are the central rays of four 
"positron beams" emerging from R6C which are produced 

are placed 
Thus, the conversion targets Tl and T2 

in stationary positions as shown in Fig. 2. 

in four distinct combinations of incident particle and 
These targets are designed to flip in or out of the 
I%0 magnet aperture. 

conversion target. These are the following cases: 1) 
'They are made of A$, and insu- 

Electrons of maximum energy E- incident on Tl: 
lated to provide a secondary emission signal for 

positrons monitoring purposes. 
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Timing With High Resolution 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 relative phase corresponds to 
0.973 psec and 1 psec of relative delay is translated 
to 0.18 mm deflection for 15 GeV particles, at the 
final focal plane where the MKFC is located. 

In the MWPC the high voltage anode planes have a 
wire spacing of 2 mm. The signal planes are orthogonal 
to these and have a wire spacing of 1 mm. Anode and 
signal planes are separated by 1.6 mm. Two mlti- 
tapped delay lines are used to collect induced signals 
from each x,y signal plane. The resultant signal from 
each plane is due to proportional charge collection from 
several neighbouring wires , producing a gaussian-like 
pulse in which the center-of-charge of this distribution 
is an accurate coordinate of the passage of a charged 
particle. There is a 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 voltage of the chamber is at 1530 
volts. 

To simulate the characteristics of expected dual 
spots of the timing spectrometer, a linearity test is 
made with an Fe55 X-ray collimated by an aperture of 
0.3 mm. The source is mounted on a precision micro- 
scope travelling platform. The centroid of coordinate 
distributions at fixed source positions is obtained 
and the result is displayed in Pig. 4. The picture 
inserted in this f gure 

3 
is the MWPC with an active area 

of 3.75 X 3.75 cm . The resulting standard deviation 
from a linearity response is 44 microns. Thus, it is 
demonstrated that the timing spectrometer is sensitive 
to sub-picosecond timing measurements in statistical 
samples, for relative delays at the level of 0.2 psec. 
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