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Introduction

The purpose of this study was to measure the horizontal and verti-

cal chromaticities of the AGS with B = 0, so that one can compare these
measured chromaticities with those calculated by the BEAM and MAD codes

at zero B, (When B # 0 eddy currents are set up in the vacuum chambers
which produce sextupole fields in the machine. These fields contribute
to the chromaticity one normally measures, making comparison with

values calculated at zero é difficult.) Both the BEAM and MAD codes
use in their calculations information provided by detailed maps (made
by R. Thern) of the static magnetic field in the midplane of the AGS
magnets, and should give accurate results for the calculated chroma-

ticities at zero B. Measurements of the chromaticities at zero B pro-
vide a useful test for the validity of these codes.

Procedure

To achieve zero B at injection, a d.c. power supply was connected
to the main magnet bus (with the Siemens MG set disconnected). The
current delivered by the supply, and hence the field in the main mag-
nets, was controlled by issuing commands to the label ZBDOT in AGAST.
The field was monitored with a Hall probe located in magnet #242 which
gave a reading on a DVM in the MCR proportional to the field at the
probe. A half-turn of beam was injected into the machine and the mag-
netic field, as indicated by the Hall probe, was adjusted so that the
beam circulated around the machine for at least 1 ms. Under these
conditions, the PIP (Pulsed Injecfion Parameter) program was used to
determine the horizontal and vertical tunes for several different mag-
netic fields.



Observations and Results

The horizontal and vertical tunes obtained by the PIP program for
several different magnetic fields are listed in Table I and are plotted
as functions of the Hall probe voltage in Figures 1 and 2. The slopes
of the lines fitted to the data in the figures are

Ay aqy, |
N 0.56(1) ; W = 0.048(6) ¢8)

where V is the Hall probe voltage in mV and QH and QV are the hori-
zontal and vertical tunes. We can calculate the horizontal and verti-
cal chromaticities from these slopes as follows. If we change the
magnetic field in the main magnets from B to B + AB, then the tunes
change by the amounts

AQH = - QH EH AB/B o
AQy = - Qy EV AB/B

where EH and EV are the horizontal and vertical chromaticities. Since
the magnetic field is proportional to the Hall probe voltage, we have

AB/B = AV/V. (3
Thus (2) becomes
. AQ
= - =-v _H
eg = = (8qy/q,)/(av/v) 5, W
4)
AQ
ey _V
gy = = (8oy/q,)/ (av/v) = %

Using Equations (1) and V = 37.45, QH = 8.678, QV = 8.884 in (4) we
obtain

E. == 2.42(5) ; &, =+ 0.20(3) (5)

H v

These measured chromaticities, obtained with B = 0, agree very well
with the chromaticities EH = - 2,4, EV = + 0.2 calculated by the BEAM
code at the H~ injéction field, and with the chromaticities [1] EH =
- 2.6, EV = + 0.3 obtained by the MAD code at the same field.



One can also compare these measurements with those obtained at

non—-zero B, At injection, with B = 4.3 Gauss/ms, the chromaticities
obtained by the PIP program are [2]:

E.==1.5 (1) ; &

H =~ 0.9 (1). (6)

v

Compafing these values with those given in (5) we see that the sextu—-

pole fields, due to the eddy currents produced when B = 4.3 Gauss/ms,
increase the horizontal chromaticity by 0.9 and decrease the vertical
chromaticity by 1l.1. '

Other measurements of the chromaticities near injection with B = 2
and 4 Gauss/ms have been made by Ahrens and van Asselt [3] and are
summarized in Table II along with the calculated and measured
chromaticities discussed above. We note that in the table, the
chromaticities obtained by Ahrens and van Asselt have been corrected
for an error in the calibration of the PUE's by multiplying by the
factor of 0.8. (The error in the PUE calibration is discussed in
Reference 4.) In Figures 3 and 4, the measured chromaticities from
Table II have been plotted and show clearly the linear dependence of

the chromaticities on B.

At the magnetic field for which the Hall probe voltage was 37.70
mV, the horizontal and vertical tunes were also measured using the
fast Fourier transform capability of the Lecroy #9400 digital oscillo-
scope. The tunes were found to be

Q, = 8.808 ; QV = 8.876 (7

which agree very well with the tunes measured by the PIP program (see

Table I). We note that when B is nonzero, the tunes obtained from the
Fast Fourier transform will in general differ from those obtained from

the PIP program. The reason for this -is that when B # 0, the tunes
vary over the period of measurement so that the Fast Fourier transform
gives an average tune while the PIP program gives the instantaneous

tune at the beginning of the measurement period. When B is zero, the
tunes do not change over the measurement period and both measurements
should give the same result.
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TABLE I

Zero B Data Summary

ZBDOT Hall Probe Horizontal Vertical
Command Voltage (mV) Tune Tune
2630 37.26 8.566(10) 8.893(2)
2637 37.36 8.619(5) 8.887(2)
2647 37.45 8.678(5) 8.884(2)
2660 37.57 8.748(5) 8.877(2)
2670 37.70 8.808(5) 8.872(2)
2680 37.80 8.868(5) -
TABLE II
P(GeV/e) B (Gauss/ms) EH EV Source
0.64 4.3 -1.5 ~0.9 Measured (Ref. 2)
0.65 4.0 -1,2 -1.2 Measured (Ref. 3)
0.65 2.0 -1.8 -0.6 Measured (Ref. 3)
0.64 0 -2.42 " 40,20 Measured (this report)
0.65 0 ~2.4 +0.2 Calculated (BEAM code)
0.65 -2.6 +0.3 Calculated (MAD code)
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