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SINGLE BURCH-SEAM MEASUREMENTS
FOR THE PROPOSED SLAC LINEAR COLLIDER™
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Abscract

Single S~band bunches of ll)g electrons have been
used to study the characteristics of the SLAC linac ie
anticipation of its operation as a linear collider.
Enittancey weasurewents have been made, the longitudimal
charge discribotion within single bunches has been de-
tormined and transverse emittance growth has been pro-
duced by deliberately missteering the beam. New equip-
ment {9 being installed and checked our, and the sensi-
tivity of new travellng-wave beam position monitors has
heen mezsured.

Introduction

The propoged SLAC linear collider (SLC) will re-
quire a beam consisting of single S-band bunches, each
bunch contafning about 5 x 1040 parricles.! & wew solid-
etate, photoemigsion scurces is presently being instal-
led which, combined with a new subharmonic buncher3
(SHB), is expected to produce a single-bunch beam of
the desired intensfty. The locatien of the SLC source
upstream of the regular gun is shown fn Fig. 1.

Single=bunch beams can alsc be produced with the
regular thermionic SLAC gun. Although these beams are
sbout two orders of magnitude lower in intensity than
the beam expacted from the SLC source, thev have proven
udeful for developing measuring techniques. To produce
the single-bunch bearms, a 10 ns pulse from the regular
gun was poomed first through the injector accelerator
smetion to produce a 10 ns train of S~band bunches,
cach about 5 ps long. & resonant chopper operating ac
the 72nd subharmonic (39,667 Miz) of the linac accel-
arating fraquency (2856 MHz) then would sweep the beam
in the vertical plane. The choprer power was sufficient
to eliminate all the bunches except the one timed to
coineide with u gero-crossing of the hopper rf, Beams
with intensities up to ~ 109 elecerons per bunch were
produced, Some vertical jitter was evident in the beam
due to phase jitter In the chopper rf.

Transverse Emittance
Thes SLC will require precise, computer—controlled
measurements of the beam emittance. Az a medel for
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these ements, the tr se emittance, €, of the
single-bunch beam from the regular gun was measured at
the end of the first 100-m sector of the linac.

If the phase space distribucion ia assumed o be
ellipcical, the radius of rhe bsam at & given g-location
will vary hyperbolically with the strangel: of an up~
strean lens. In each plane the beam emittance can then
be deternined from the minimu of the hyperbola, which
is proporticnal tu the divergence of the beswm at the
lens, and from the asymptote of the hypertola, the slope
of which is proporticnal to the radiug of the beam at
the lens.%

The profile monitor located at z = 100 m was used
to estimate the beam radius, -. The quadrupols lecated
12-m upstream of the moniror was chosen as the lans to
be varied. By changing the focal length, f, of the
guadrupole, the phase space ellipas could be rotated
at the profile monitor, The resulta are shewn in
Fig. 2 vhere the data for both the hori.ontal and verti-
cal planes are plotted.
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Fiz. 2. Bean radius as a funcclon of lens strength, The
horizontal (verrical) data are plottad with closed (open)
circles. The solid curves are to guide the eys,
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Fig. 1. Schemaric diagraz of the inlector and the firat 100-w zactar.
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e & e of € on ¥ aud f is particularly
simple if the acceleration between the lens and the
aonitor is ignored. Traneforming the beam radius at
the lens, r,, by the action of the lens and of the
drife ltnstl‘: £ gives:

22 2 2 -1 .2
Tt

=1
- g !o(f - f-ln) .
where (Tuq,, £0,) ia the vertex of the hyperbols
which £4ts the dats. Since the angular divergenc: of
the hean at the lewns, Bo s 18 given by no-tllll.nl"' the
emittance is %
4 2
€=c 6 = 'Iln(’ - ’I:lll)
EX) 2..~1 -1 N
[l H -m)
Using this relationship, the emittance areas, A = 7¢ ,
deterwined from the data of Fig 2 were
Ag=0.009 o c-cu and A, =0.012 swyc —cm. An earlier
seasurement by s different mathod gave
Ay ®A, =0.008 = m‘.c-r.ll.s For coaparison, the SLC elec-
tron beam, ar this same locaiion, is expecrted to have
A% 0.0 ngc ~ca.

The method described here was chosen because of
the eagde by which the profile monitors can be inter-
faced to the same on-line computer that will control
the quadrupoles. This interfacing has becn accozplished
by replacing the regular cameras view{ng the Csl screens
of the profile mon{tors wirh photodiode arrays having
digital cutpucs. The ci~line computer will also be able
to tranaform tche beam radius, taking fnto account ac-
eeleration, regurdlees of which upstream quadrupole is
used to rotate the phase space ellipaes.

Bunch Charpe Distribution and Wake Fields

As heavily charged bunches of electroms or posi-
trons pass through lisnac structuyes, wake flelds with-
in a bread frequency spectrum which depend on the
serugture are produced by early particles in each bunch,
which affsct lacer particles coming behind them within
the same bunch. These wake field are of two types:
longitudinal and transverse. The longitudinal fields
have the el'!'gcl of Lroadening the energy spectrum witie
in the bunch® vhile the tranaverse fields ciuse trans-
verse deflection and emittance growth.’! Both effects
ars praportional to the charge denaity 1n the bunch and
depend on the charge distribution within it. For times
on the order of a few p!coseconds (a few degrees at 2856
MHe), the longitudinel fields decay exponentially with
time after the passage of the "slice" of parti:les
which excited them, wheress t.e transverae flelds rise
linearly within the seBe tize and are proportional to
the rcuiel displacement of the bunch cencrofd with re-
spect to the linac centerline. To verify the: theory of
longitudinal and transverse wake field effecta, it is
thus iuportant to messure the charge dis:ribution of
the SLC beam at the bzgimning of the linac.

The length of pi i bunctes can be ded
from measursments of the energy distribution.® For the
peasuredent with the single-bunch beam from the regular
SLAC gun, the 30° energy analyzer at z=12m vaschosen
and klyscron KIC, which is located twmediately upatresn
of the anslycer, vas used te vary the energy. v, of the
beam, This kiystron contributes a pesak energy of -

Tha messurenent viie wade by first adjusting the
magnet cuzrrent of the analyzer to center the beam on
one of the SEN fofle with KIC off. Then, wich KIC ox,
the phase, ¢, of KIC was rotaced chrough 360°. A plot
vith 84 -y vecorder of the spalyzed curremnt, dq/dy,
from the single foll a8 & fuucticn of ¢ is shown in
Fig. 3. Tha vv~ opectra shown in the figure, thc peaks
of which ari 480° spert, coTrespmd to the twa rerc-
crossings of the emsrgy contribution of KIC.
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Fig. }. Specirometer .urrent neasured as a functlon of
the phase of kiyatror RIC. The beas i{mtensity was ~ 3 x 10
electrons/bunch.

For a monochromaric beam. the charge distributivm,
dq/d3, is propartional to dq/dy, where * ls the relative
phase of the beam. However, the dependence of the ini-
tial beam energy on “ will broaden ohe of the two re=
corded spectra and narrow the other. The effect of the
linear term {n the distribution of inicial cnergy with
phase can be eliminated by combining dq/dy for the same
value of § from each cf the two spectra according te the
following expression:

dq_/av1 g, fdy) v, 2 slné oy = 3.)

g
dr laq /dy ] + iday/e,”

By ascuming that the peaks in the speetra of Fig, 3
correspond to the same 6, and that points at the same
percentage of the peak value¢ represent mearly the game
f, it was possible to use this expression to plet the
corrected spectrum shown in Fig. 4.
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Fig. 4. Longirudiaal distribution of charge density
derived from the daca of Fig. 3.

The chargs distribution shown in Fig. 4 has
U, % 0.6 =n. The SLC beam is expected to have oz'\»ln.

Uake Field Measuréments

For SLC o ion, man extensive test prog is
underuny to mesanre the effects of both long?:udinal
ard transverse wake fields at the end of the firat 100n
of the linac. The longitudinal meAsurenents which were
originally madn for the entire 3-km length® will be re-
peated as soon aa 5x1010 &~ punches fyom the new gun




become available. For the transverse weasureoent, a
preliminasy teat of the theory has already been made
with the regular gun by deliberately inducing large
wake fields by missceering the beam, The first 100-n
1inac sector is the ideal place to observe these effects
since the quadrupole lattice can be adjusted to make
the srctor equivalent to axactly a half betatron wave-
length. This rondition 1s readily checked by steering
.1e beam at z =0 and noting that a very low intensity
beam does not move on the profile moniter at z =100m.
Afrer adjusting the betairon wavelength, the test was
made by observing the motion of the tail of a bunch of
~9x 10%clectrons at the z=100 m profile monitor as the
horizontal injection angle at z =0 was varied. The hori-
zontal metion of the tail was made easfer to observe by
first producing a tail in the vertical plane ar clown
in Fig. 5. The tajl was estimated to contain .0 -40% of
the total charge {n the bunch.
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Fig. 5. Beam profile at the end of “ector 1. Cross
marks indicate the center of the accelerator tube. The

rail is the lighter reglon.

With the tail visible in the vertical plane, the
bSunch was given a horizontal i{njection angle of 0.7 mrad.
The ceatroid of the tall was observed to move in the
horizontal plane by 1 +0.3 mn relative to the head. For
a low-intensity beam, a first-order calculation is suf-
ficient to determine the expected defiection of che tail.
Assu=ing a rectangular charge distribution, unifora bera~
tron focusing, and a linear wake function of W, =
4.9 x 10513, the calculated deflection of the center
of the bunch is » lmr. Thus the observed and predicted
deflections are in reasonable agreement, More precise
measurements will be possible using the previously de-
scribed computer-interfaced profile monitors.

Beam Position Monitoring

To control transverse emittance growth in the SLC
bedw, Lhe actual trajectory of the beam wust be wmeasured
with a precision of + D.1mm or better. Since within a
single accelerator pulse the 5LC beam will contain three
single bunches separated by as little as 60 ns, the posi-
tion of the individual bunches can be distinguished only
1f the monit.r has a wide-band structure. To meet these
criteria, ihe nonintercepting, traveling-wave strlpline
monitors B shown in Fig. 6 were installed inside each of
the quadrupoles located betweer 12-m linac girders. Each
moanitor consists of four 12-cm atripe shorted at the
downstreac end, Upon passage of a beam bunch, a “doublet”
pulse is produced ar each strip, the time separation of
the two {mpulses being equal to twice the electrical
length of the strip. The peak current of each impulse
{4 proportional to the peak beam current and varies in-
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Pig. 6. Cross mecrionof etripline position monitor.

versely with the transverse distance of the beam from
the serip. A typical doublet seen by an oscilloscope
with a 400 MHz bandwidth at the end of 30m of ordinary
coax cable (RG 223) is shown in Fig. 7. The relative
vartation of the peak current of an impulse was found

to be v 15X per mm of beam motion. Thus the electroaics
by which the signal pulees are shaped and digitized must
have an absolute precision of + 1% or better. Such a
system has been constructed and is nov being tested.
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Fig. 7. Typical doublet froo single feedthrough of
position monitor as seen at end of 30m of coax. Beam
intensicy was ~ 3 x 108 electrons/bunch.
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