R

Emittance Goals

The SLC electron-positron collider requires micron
size beams at the collision point in order (o make maximum
luminosity, which requires small beam emittances. These small
emittances must be produced in the damping rings and
accelerated down the linac without significant enlargement. The
design (invariant) emittances Ye at the exit of the damping
rings are 1.7 X 10-3 radian meters (r-m) bath horizontally (x)
and vertically (y). The allowed emittance at the exit of the linac
is 3 X 10-3 r-m [1,2}. This report describes measurements of
the beam emittance at various locations alang the beam's
wrajeciory and the technigues used to diagnose and cosrecl errors.

Emittance Measurements

The emittances and Twiss parameters of the beams are
measured using four wire scanners spaced over 1.5 & of betatron
phase (3). Each scanner contains three wires: x, y, and 45
degrees. The wires are moved through the stationary beams and
signals are recorded every beam pulse. The signals are digitized
and the reconstructed beam profile is it 10 a gaussian
distribution. Using the known guadrupole lattice between the
scanners, the measured emittances and phase space parameters
are calculated. A complete scan takes abour one minute. The
emittance resolution is abount 0.3 X 10°% r-m.

Emittance Results

Measurements of the emittances of the beams exiting
the damping rings as a funciion of the storage time (Fig. 1)
shows that the injected emittances are about three time larger
than the design. Injection oscillations and betatron mismatches
into the damping rings are the suspected causes of this
enlargement. All measurements described here were taken with
a long storage time (16.7 msec) to eliminate this problem. The
damping ring must be coupled to make equa} emittances in x
and y. The adjvstment of the ring wne 0 determine the best
coupling is shown in Fig. 2. The ring to linac transport linc
shortens the bunch length using an RF compressor accelerator
in combinadon with the energy dependem path length. The
transport line is not an exact achromat so the induced energy
spread causes some horizontal emittance growth. (See Fig. 3.)
Much of this growth could be reduced with betcer tuning. With
the compressor off, the emittances at the entrance (o the linac
are nearly unchanged up 1o a bunch intensity of 4 X 1019 ¢- as
shown in Fig. 4. With the compressor on (and large energy
spread) the measured horizontal emitiance at the linac entrance
increases with intensity (Fig. 5) because of bunch lengthening
with current in the damping ring.

* Work supporied by Departmenmt of Energy conwract DE-ACO3-
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Fig. 1 Measured invariani emitrances at the entrance to the
linac (1.15 GeV) as a function of the storage time in the
damping ring. X and Y refer to measured data and the curves 10
calculations. From these dala, the initial damping ring
emiuance is about 100 X 10-5 radian meters or about three
umes the design value.
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Fig. 2 Measured invariant emittances at the entrance 1o the
linac (1.15 GeV) as a functon of the horizontal wne of the
electron damping ring. The goal is to couple the ring so that
bouk: the horizontal and vertical emittances are equal. The sum
of the horizontal and vertical emmuances is o constant as
expecled for storage rings.
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The beam launch parameters into the linac must be
correct in order 0 avoid filamentation and wakefield effects
downstream, The dispersion function in the ring-to-linac
transport line must be adjusted so that it is properly cancelied
in the linac as shown in Fig. 6. The dispersion can be adjusted
10 a few millimeters. The second-order optics of the tranport
line must also be correcied through the use of sextupoles. Any
betatron mismatches in the beam entering the linac are removed
by adjustment of the matching quadrupoles in the transport
lines which are located in a non-dispersive 7egion. Dispersion
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Fig. 3 Measured invariant eminances a1 the entrance (o the
linac (1.15 GeV) versus the RF voltage of the bunch length
compressor in the ring-to-linac transport line, The horizontal
emittance grows approximately quadraiically with the energy
spread introduced by the compressor. This increase in emittance
at fixed current (2.5 X 1010 ) indicates chromatic effects in the
transport hine where the horizontal dispersion is large. The
vertical dispersion is small and the y emittance remains
constant. The x and y eminances have different values herc
because the damping ring is not fully coupled.
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Fig. 4 Measured invariani emitiances at the entrance 1o the
tinac (1.15 GeV) as a function of the beam intensity with the
bunch length compressor off and a [6.7 msec storage tiiae. The
eminances increase slowly with current indicating that the
damping ring, even with bunch lengthening, causes very little
transverse emittance growth.

maiching can affect the betatron maiching through non-
orthogonalized variables which makes the wning more difficull.

The beam in the linac has its trajectory comrected 10
about 120 um rms o position monitors with resolutions of
25 pm and absolute positions of 8¢ um. Quadrupoles have
been aligned to about 100 jn. These errors in the placement of
the position monitors and the quadrupoles in addivion o those
of the accelerating structures cause dispersive and Lransverse
wakefields effects thal increasc the beam emittances in the
linac. Inducing a betatron oscillation with the appropriate phase
and amplitude has been shown to cancel o a large extent this
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Fig. S Measured invariant emit'ances at the ¢ ance to the

linac (1.15 GeV) as a function o, the beam inten 1y with the
bunch length compressor on. Again, the vertical emitance
remains constant but the horizonal grows. This ~rowth is
associated with the chromatic transport line and th onset of
bunch lengthening in the damping ring at abour 1 X 1010
electrons (4].
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Fig. 6 Mecasurcd invanant horizontal cmatance at the exit of
the linac (47 GcV) as a function of the dispersion control
setting at the entrance of the linac. The sold curve is a
theorclical calculation of the expected growth duc w0
filamentation of the dispersion assuming =3 m, o = 0, and
op/E = 1%. There is good agreement.



accumulation of errors. One such isajectory is shown in Fig. 7.
This optimum trajectory needs correction every several hours.
This technique was suggested in Ref. 5 and studied by a number
of avthors. Also, BNS damping has been used 1o reduce the
effects of position and angle launch errors into the linac which
cause wakefield emittance enlargement [6].

The best measured emittances as a function of current
at 47 GeV is shown in Fig. 8. The emittances up 1o 3.5 X
1010 are equal to or below the allowed values at the end of the
{inac and hive been pbtained using all the methods discussed
above. Excessive horizontal beam jitter above 4 X 1010 was
the cause of the larger emitiance.
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Fig. 7 Empirically determined linac trajectory along the 3 km
linac which cancels the errors from the accumulation of
dispersion and transverse wakefields errors at 3 X 1019
electrons. This oscillation lowered the horizontal emittance
from 4.5 10 3.0 (X 10°5 r-m). This trajeclory is not unique as
other trajectories with similar oscillations can producc the same
effect.
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Fig. 8 Best measured invariant emittances ai the exit of the
linac (47 GeV) as a function of beam current. (The symbol P
refers 1o positrons.) Emittances (x and y) at 1 X 1019 elecirons
have been measured at 2 X 10°5 r-m, which is 67% of the
allowed value of 3 X 10-5 r-m. At 3 X 1010 electrons the
allowed emittance values were oblained. Above about 4.0 X
1019 a swong launch jitter is produced from the damping ring
sysiem which causes larger emitlances. Bunch lengthening
(Fig. 5) and wakeficlds effects in the linac may also conuibute.
The jiter and wakeficld cffects are being studicd.

A summary of the long term progress on emittance
reduction in the SLC is shown in Fig. 9. Significant progress
has been made, illustrated by the beam brightness (N /g4 gy)
which has increased by a facior of 350 over three years.
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Fig. 9 History of the emittance reduction in the linac. The
April 1991 emittances are for 3.5 X 1010 elecirons.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Governmaeat. Neither the United States Government nar aay agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not inflringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manujac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions ol authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



