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by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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Observations and Conclusion

The purpose of this study was to use PIP! to measure the AGS chro-
maticity at injection as a function of the current in the ring
sextupole magnets and to determine the momentum spread of the injected
beam. Among the seven parameters determined by PIP are the tune (V),
the tune shift per turn (AV), and the tune spread (6v) of the beam in
the AGS. In terms of these parameters, the horizontal (H) and vertical

(V) chromaticities and the momentum spread are respectively
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where B is the field and AB is the change in field per turn at in-
jection. (Nominally B = 250 G and AB = 0.0207 G at injection.)

We note here that the validity of the values of & and AP/P
determined from (1-3) depend on the validity of the fitting function
used by PIP to obtain the parameters Vv, Av, 8v. The fitting function



assumes, for example, that the horizontal and vertical betatron oscil-
lations are not coupled and that the decay in the amplitude of the
coherent betatron oscillations is due only to the tune spread of the
beam. If these assumptions are not true, because of coupling or
because the decay in the coherent oscillations is due to something
other than the tune spread, then the values of Av and §v yielded by PIP
will be affected and the resulting values of & and AP/P will not be
correct. For the data obtained during this study we believe that the

assumptions inherent in the fitting function are valid.

A total of 16 sextupoles were used to vary the chromaticity.
These are divided into two groups of eight. The sextupoles of the
first group are located at horizontal beta-maximums in straight sec—
tions B13, Cl13, E13, F13, H13, I13, Ki3, L13 and are called horizontal
sextupoles, while those of the second group are located at vertical
beta-maximums in straight sectioms B7, C7, E7, ¥7, H7, I7, K7, L7 and
are called vertical sextupoles. The fields produced by‘each sextupole

are2
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where the sextupole strength is3
B"L
T 17.151 I (Gauss/Inch), (6)

% is the effective length of the sextupole, I is the current (in amps)
flowing through the sextupole, and X and Z refer to the horizontal

(radial) and vertical directions respectively.



These fields contribute
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respectively to the horizontal and vertical chromaticities, where the

magnetic rigidity at injection is
Bp = 8,464 x 10° (Gauss-Inches) (9)

and the momentum compaction function is?
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The contributions of each of the horizontal sextupoles to the horizon-

tal and vertical chromaticities are then approximately
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and the contributions of each of the vertical sextupoles to the hori-

zontal and vertical chfomaticities are approximately
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BAV = R/\)H | (15)
‘R = 5057.5" .(15)
Bays = By = 866 (17)
By = Bypq = 4137 | (18)

Using (6), (9) and (15~18) in (11-14), we find that when the current
increases by one amp in each of the eight horizontal sextupoles, the

horizontal and vertical chromaticities change by the amounts

13

AEH = +0,21 per amp (19)
13
AEV = -0,10 per amp (20)

and when the currént increases by one amp in each of the eight vertical

sextupolés, the chromaticities change by the amounts

+0.07 per amp (21)

sty

-0.14 per amp (22)
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Table I and Figure 1 show the values of EH and EV which were
obtained using Equations 1-3) from the parameters measured by PIP for
various values of current in the 16 sextupoles. Here we see that the
measured chromaticities vary linearly with the sextupole current, and
from the slopes of the lines fitted to the data points we find that
when the current increases by 1 amp in all 16 sextupoles, the measured

chromaticities change by amounts

meas

AERS2S - +0.31(5)
(23)
Asseas = =0,29(5).

These are to be compared with the calculated changes from Equations
(19)~-(22):

cale _ ,,.13 7 _
AEH f AEH + AEH = +0.,28
(24)
calce 13 7
AEV = AEV + AEV = =0.24

Thus the measured and calculated values are in good agreement.

In addition to the chromaticity measurements, the PIP data allow
for an estimate of the beam momentum spread AP/P at injection. Plug-
ging into Equationé (3) the values of the parameters 6v, v, & deter-—
mined by PIP, we obtain the momentum spreads summarized 1n Table II.
Within the quoted errors these values of AP/P are.all consistent with a
momentum spread of about 0.1% and show, as expected, no dependence on

the sextupole current.
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TABLE I

Current in Each of Tune Tune Shift/Turn Chromaticity
3 3
16 Sextupoles (Amps) Vg Vy AvHx 10 Avvx 10 EH EV
-1.5 8.731(1) 8.926(1) 1.53(5) 0.40(5) -2.1(1) -0.5(1)
0 ‘ 8.742(1) 8.917(1) 1.12(4) 0.70(6) -1.5(1) -0.9(1)
+1.5 8.752(1) - 8.907(1) 0.85(3) - 1.01(7) -1.2(1) -1.4(1)
TABLE 1I
Current in Each of Tune Spread Momentum Spread*
3 3
16 Sextupoles (Amps) GvH GVV (AP/P)H x 10 (AP/P)V x 10
-1.5 0.0172(5)  0.0063(10) 0.93(7) -1.33(30)
0 0.0139(5) 0.0079(10) 1.03(7) 0.94(20)
+1.5 - 0.,0101(5) 0.0090(10) 0.99(7) 0.73(20)

* The subscript H(V) on AP/P indicates that the number was obtained from equation (3) using

horizontal (vertical) data.
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