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Abstract

Early in Run2, there was an effort to compare the differ-
ent emittance measurements in the Tevatron (flying wires
and synchrotron light) and understand the origin of the ob-
served differences. To measure the beta function at a few
key locations near the instruments, air-core quadrupoles
were installed. By modulating the gradient of these mag-
nets and measuring the effect on the tune, the lattice pa-
rameters can be extracted. Initially, the results seem to
disagree with with other methods. At the time, the lattice
was strongly coupled due to a skew component in the main
dipoles, caused by sagging of the cryostat. After a large
fraction of the superconducting magnets were shimmed to
remove a strong skew quadrupole component, the results
now agree with the theoretical values to within 20%.

INTRODUCTION

The Tevatron has two systems to measure emittance, the
Flying Wires (FW), located at E11 and E17, and the Syn-
crotron Light Monitor (synclite) located at C11. At the start
of run2, a rather large discrepancy was observed between
the emittance values reported from these systems[1]. In
order to understand the origin of this discrepancy, various
studies were performed. On potential source of a scaling
factor error would be an error in the beta functions. This
can be measured quite directly by modulating the gradient
of select quadrupoles.

It is well known[2] that if a quadrupole gradient is var-
ied by a small amount dK , the local beta function can be
extracted from the tune variation as

β = 4π
dQ

dk
(1)

as long as the tune is far from the integer and half integer
resonances. Close to these resonances, the more precise
formula

β =
2

dK
(cot(2πQ) (1 − cos(2πdQ)) + sin(2πdQ))

(2)
should be used. These formulae only account for the di-
rect change in tune due to the gradient change, and not
any indirect change due to perturbations in the closed or-
bit. It is therefore important that the beam is centered in
the quadrupole when the strenght is varied.

AIR-CORE TRIM QUADRUPOLES

Since individually powered quadrupoles were not avail-
able close to the locations of the three emittance mea-
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surement devices, it was decided to install such devices.
Decommissioned air-core quadrupoles, originally built for
resonant extraction of 800 GeV beam for the Fermilab
Fixed Target program, were modified for the purpose. The
magnet coils were built around 76.2 mm (3 inch) diameter
pipe. To allow for installation on a 101.6 mm (4 inch) di-
ameter pipe with out breaking vacuum the coils were split
along parting lines and re-potted on 101.6 mm forms. The
coils were clamped around the existing Tevatron pipe and
held in place with regular hose clamps. A rotating coil (see
Fig. 1) was used to measure the excitation curve, the gra-
dient and the higher order harmonics through the decapole.
The excitation curve is shown in Figure 2. During the mea-
surement phase the coils were totally removed and replaced
on the test stand to check for reproducibility. There were
no problems associated with removal and replacement of
the coils around the pipe. All harmonics were less than 10
Fermilab units.

The quadrupoles were installed at C0, near the synclite
detector, and at E0 and E17 near the flying wire locations.

Figure 1: Modified air-core quadrupole on measurement
stand in the Fermilab Magnet Test Facility.

TUNE AQUISITION

As the quadrupole current is modulated, the tune is mea-
sured with the 21.4MHz schottky tune tracker[3]. Although
the magnets are capable to modulating the tune faster than 1
Hz, the period had to be increased to cope with latency and
refresh rate of the tune tracker software. Therefore, the sys-
tem was set up with a modulation period of 1 minute, mak-
ing the measurement of several periods relatively lengthy.
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