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Abstract
We have measured the luminosity lifetime of the Tevatron under a va-
riety of conditions. We present results for the lifetimes and analyze
them in terms of the contributions from various sources of emittance
growth and intensity lifetimes. We have used these data to make im-
provements to the Tevatron which have resulted in longer luminosity
lifetimes.

Introduction

During the initial (1987) Tevatron Collider run the luminosity life-
time (71) averaged 8 hrs., about 25% of the design value. The principal
cause of the short 7; was traced to transverse emittance growth rates of
up to 8x mun-mr/hr., which were an order of magnitude larger than the
design values'. Before the 1988-1989 Collider run the principal causes
of this emittance growth were found and fixed. In the 1988-1989 run
7, has been much higher - 15 hrs. at the beginning of a store and in-
creasing to 40 hrs. at the end of a long (30 hr.) store. We will present
data that show that 7; is controlled by three factors: the p and p inten-
sity lifetimes (7, and 73) and the transverse emittance growth rates.
We have identified several additional sources of transverse emittance
growth and are taking steps to eliminate them.

The luminosity lifetimes for low-3 stores from Aug. 1988 to Mar.
1989 are displaved in Fig. 1. Only stores which lasted longer than 12
hours are included, and the lifetime plotted is that for the 9t* hour to
the end of the store. We do not include the first 9 hours of a store in
any of the analysis. The beam intensity lifetimes during this period can
be much smaller than their final values, and the measured transverse
emittance can actually decrease. We attribute this to the effects of
the ramp and the squeeze to low-3, in which the tunes and orbits of
the Tevatron may not be perfectly controlled with the result that a
significant number of particles may have large betatron amplitudes.
These particles then leave the Tevatron in the first hours of a store,
contributing to shorter beam lifetimes and decreasing emittances.

Data Sets

Depending upon the specific questions being asked we have used
different data sets in the analysis.
The luminosity is measured with a set of beam-beam counters on each
side of the B0 collision point and recorded every two minutes. The

To measure 7, we use pp stores.

p and p bunch intensities and bunch lengths are recorded every two
minutes?. The transverse emittance in each plane is measured with a
‘Flying Wire' system® every two hours and stored. To isolate specific
contributions to 7 we performed several ‘proton-only’ stores. These
are treated as pp stores except that only p's are in the Tevatron. All
data are recorded the same as for pp stores except for the Flying Wire
data, which were recorded every 3 minutes.

All pp data are taken in the ‘low-8' lattice. The low-3 lattice has
been designed to lower the 3 function at the BO interaction point. This
is accomplished by powering 4 quadrupeles circuits on each side of the
BO interaction region. Fach proton-only store was divided into two

*Operated by the Universities Research Association under contract with the U.
S. Department of Energy
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Figure 1: Luminosity lifetimes for Tevatron pp stores from Aug., 1988
to Mar, 1989.

sections, each lasting several hours. In the first section the lattice used
is the injection lattice, and after several hours the lattice was changed
to the low-3 lattice.

Beam Intensity Lifetimes

Beam intensity lifetimes have been measured in both pp stores and
p-only stores. Due to beam-beam effects the p beamn lifetimes in the
two types of stores need not be equal, nor must the p lifetime equal
the p lifetime. 1988 we injected 6
proton bunches with intensities ranging from 8E9 to 8E10 p's/bunch.
We measured the intensities over a 6 hour period. Table 1 contains the
result. The lifetime is 180 hrs. and is independent of bunch intensity.

In a p-only store done in Dec.

The exponential fits to the intensity vs. lime were excellent.

TABLE 1: Bunch intensities and intensity lifetimes during a p-only
store,

NTENSITY | LIFETIME |

~ 77.5E9 191 hrs.
7.2E9 162 hrs.
13.4K9 201 hrs.
TT94.8E9 | 188 hrs. |
| 386E9 | 168 hrs.
| 512F8 | 180hrs.

At the ends of long {greater than 12 hrs.) pp stores we measure
7, of 150 hrs. and 7; of 140 hrs. These are averages over all stores
from Aug. 1988 - Mar. 1989 and include large variations in both
p and p intensities and emittances, and thus beam-beam tune shift.
Furthermore there are variations in the Tevatron base tune during this
period. All of these can effect the intensity lifetimes. We consider the
difference between the lifetime measured in p-only stores and pp stores
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to be real, but believe that it reflects changes in Tevatron operation
conditions. For all calculations we will use the vahies measured during

pp stores.

Emittance Growth Rates

During pp stores the transverse emittances are measured with the
‘Flying Wire’ system. The data from these measurements are bunch-
by-bunch vertical beam profiles at one point in the Tevatron and hor-
izontal profiles at two points. The vertical emittances are calculated
directly from the vertical Flying Wire profiles. The two horizontal Fly-
ing Wires are located in positions with different dispersions and can be
used to measure bath the emittances and (Ap/p) of the bunches, and
from this the longitudinal emittances. However, the horizontal disper-
sion is a complication in measuring emittances, and we will assume
that the vertical and horizontal emittance growth rates are identical
and use the vertical growth rate for both. This is justified because of
the large coupling in the Tevatron.

Averaged over runs from Ang. to March the vertical p emittance
growth rate after 9 hours was 0.487 mm-mr/hr., and the vertical p
emittance growth rate was 0.41r mm-mr/hr. The growth rates (¢)
were calculated from linear fits to the emittance vs. time data plots.
The longitudinal growth rate is 0.06 ev-sec/hr. In Fig. 2 we plot
the time development of the luminosity and emittances for the p’s
and p’s during an entire store. We believe that the shorter lifetimes
at the beginning of the store are due to the effects of the ramp and
squeeze, and during the last several hours of this store we performed
experiments which required the injection of noise into the beams.

Given a linear emittance growth rate we can calculate an ‘equiva-
lent lifetime’ given by ¢q/é where ¢y is the initial emittance, je. the
emittance after 9 hours of storage and ¢ the emitiance growth rate.
The p emittances ranged from 28-357 mm-mr in each plane, and the
p emittances from 10-147 mm-mr. This yields p emittance lifetimes of
58-72 hrs. and p lifetimes of 24-34 hrs. Errors on the emittance mea-
surements are much smaller than the error from averaging over many
stores with different conditions.

Assuming no contribution from longitudinal emittance, L a Np,N/¢
which implies the relationship 1/7 = 1/7, + 1/15 + 1/7.. If we assume
that the horizontal and vertical emittance growth rates and emittances
are equal (this is irue because the Tevatron is a coupled synchrotron)
and use the measured lifetimes (140 and 150 hrs. for p and p beam life-
times and the emittance lifetimes above), within the large uncertainties
due to averaging many stores the relationship holds. This also implies
that longitudinal emittance growth does not contribute significantly to
the observed luminosity lifetime

Sources of Emittance Growth

Several experiments have been done to attempt to identify additional
sources of transverse emittance growth. In the proton only store men-
tioned above, data were first taken in the injection lattice for 6 hours
and then for six hours in the low-3 lattice. During the entire period
Flying Wire data were taken every 3 minutes. The data are summa-
rized in Table 2. The longitudinal emittance is derived from the two
Flying Wire measurements. What we see quite clearly is that the emit-
tance growth rates in the low-3 lattice are almost twice as large as in
the injection lattice. We also note that the emittance growth rates
are independent of bunch intensity (as were the beam lifetimes). The
emittance growth rates are also much larger than those measured in
pp stores. This is not understood.

The low-3 lattice is such that the 8 function changes rapidly in the
region of the 4 quadrupoles and reaches its maximum value in the
lattice here. Anv noise near the betatron frequency (approximately 19
kHz.) in the power supplies for these quadrupoles will have a large
effect. We have actually observed noise in those supplies, and recently
installed a set of filters. We have not yvet performed the measurements
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Figure 2: P (upper) and p (lower) bunch intensities and emittances
during a store.

to see what their effect on the emittance growth rates is. We note,
however, that the the quadrupoles are only one possible source. The
low-g3 latiice has distortions all around the ring, and a noise source
which is located at a small-8 region for the injection lattice may be at
a high-3 region for the low-3 lattice.

TABLE 2: Bunch intensities and emittance growth rates during a
p-only store. Emittances are in ¥ mm-mr and emittance growth rates
in # mm-mr/hr.

INTENSITY | &nd | ehow=F | giny T cLow-B
77.5E9 0.29 | 0.79 | 058 1.24
7.2E9 0.0 | 015 Jo0.61]| 1.00
13.4E9 0.0 | 0.72 |0.44| 0.83
24.8E9 0.0 | 0.81 |0.46]| 1.07
38.6E9 0.0 | 0.63 |0.63] 0.89
51.2E9 0.10 | 0.65 | 0.55 | 1.07
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Another possible source of emittance growth is from the CDF
toroids. One toroid is placed on either side of the B0 interaction re-
gion. Lach toroid is 7.9 m. in diameter and has a 0.9 m. diameter
hole through which the Tevatron beam pipe passes. Two of the low-3
quads project into this hole. The two toroids are powered in series
but with opposite polarities. In measurements made in Mar., 1989 the
power supply was shown to have noise components at the betatron
frequency. Powering the toroids also caused an increase in the signals
on the Schottky detectors?. Fig. 3 shows the Schottky spectra at 150
GeV. with the toroids on and off. There is almost a factor of 2 dif-
ference in the power measured in the single betatron sideband which
corresponds to the 27t harmonic of 720 Hz. We have not directly
correlated this with emittance growth, but in the past large Schottky
signals have accompanied transverse emittance growth!. It is clear
that the power supplies must be filtered better or the beam must be
shielded better from the toroid magnetic field.

(vaita) Hortzentat 21z eves

0.020

o.013-4

6.010

0.005

y T v " " T " T ™
0.390  0.305  ©0.400 Q.403  0.410 0413  0.420 0.423 0.430  0.438  0.440

o020 Auete Morizantal 22 oo
0.018

0.010

0.005 -4

0.000

©.390  0.385 0,400 0.408 0410 0.413 0420 0423  D0.450 0,438 0,450

Figure 3: Signals on Schottky detectors with the CDF Toroid on (up-
per) and off (lower).

At 150 GeV we observe 60 Hz. noise on the Schottky detectors, Tt
does not appear at 900 GeV or at low-3. However, we do not know
the source of this noise, and until we determine it and eliminate it
the 60 Hz. noise must be considered a possible cause of emittance
growth. The power supplies for the individual correcting dipoles have
also heen observed to have voltage pulses with components near the
betatron frequency. We plan on studying this further and taking steps
to eliminate this noise.

Conclusions
The luminosity lifetime of the Tevatron collider can be understood in
terms of beam lifetimes and transverse emittance growth. The beam in-
tensity lifetimes are well understood. The transverse emittance growth
rates have been calculated. The limiting value is 0.2r mm-mr/hr., de-
termined from intra-beam scattering®. The rates we measure are 0.487
mm-m4/hr for p’s and 0.417 mm-mr/hr for p's. Both the p-only store
in which the individual bunch intensities varied by a factor of 10 and
the pp stores, in which the p intensities are a factor of 2-10 less than the
p intensities, show that we do not yet observe intra-beam scattering
effects. Tt is also clear that the low-3 lattice itself contributes to trans-
verse emittance growth, and that the CDF toroids may also. These
larger effects must be eliminated before we can observe clear signs of
intra-beam scattering. We are continuing to study these problems.
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