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Abstract 

Results of measurements on 24 of the 128 new quadrupole 
magnets for the pulse storage/stretcher ring currently un- 
der construction at the MIT-Bates Accelerator Center are 
presented. 

1 Introduction 

The MIT-Bates Ilinear Accelerator Center has an electron 
linac with a maximum energy of -500 MeV, but with 
the capability of putting the beam through the acceler- 
ator twice, a maximum electron energy of 1 GeV can be 
achieved. The maximum duty factor of the accelerator 
iS -1%; 600--16psec pulses per second. The South Hall 
Ring (SHR) under construction is a pulse storage ring with 
190m circumference. This ring will allow 100% duty factor 
for internal target experiments and with two-turn injection 
circulating currents as large as 80mA should be available. 
Simulations indicate duty factors in excess of 85% should 
be available for extracted beams. This project is described 
in greater detail elsewhere. [I] 

For the SHR project 128 new quadrupoles magnets have 
been purchased. The accelerator physicists have specified 
the initial setability of the quadrupoles is to be 0.1% and 
limits of the harmonic content such that C ] B,/Bz 1 5 
0.02 at 30 mm. While this may seem like a large harmonic 
content, note that this is at 92.3% of full aperture for these 
quadrupoles. 

The quadrupole magnets are laminated with the nomi- 
nal length of the iron being 280 mm. The pole aperture 
is nominally 65 mm diameter and the pole-tip shape of 
these quadrupoles is the same as that for the booster-ring 
quadrupole magnets for the Advanced Light Source cur- 
rently under construction at the Lawrence-Berkley Labo- 
ratories. The steel, purchased from Inland Steel [2] , had a 
carbon content of <O.OOS% (by weight). The laminations 
for the Bates SHR quadrupoles were stamped by Electro- 
metal Products [3] using the same die as used for the LBL 
quadrupole laminations. Everson Electric [4] made the 
coils and assembled these magnets. 
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Figure 1: Sensitivity of coil position to the dipole compo- 
nent of a quadrupole. 

2 Measurements 

At the outset it was decided to measure excitation curves 
for every quadrupole, and at the same time have enough 
sensitivity to extract the harmonic content. We are using 
a measuring machine built for US at Chalk River.[5] Our 
machine is a slightly larger version of one that they used 
for measuring quadrupole magnets for an upgrade at their 
TASCC facility. Our machine has two separate tangential 
coils with nominal opening angles of 90’ and 45’ wound 
of a ceramic (A1203) bnhbin. These cnils hnve 17 nnd IR 

turns with mean radii of 28.56 and 28.75 mm, respectively, 
and are 800 mm long. While the coil assembly is being ro- 
tated with a frequency of -l/2 Hertz, pulses from a V/f 
converter whose input is from one of the coils are accumu- 
lated into 256 angle bins per revolution - this data acqui- 
sition is controlled by an AST-286 PC. During production 
measurements we obtain 5 scans in the clockwise direc- 
tion and 5 scans in the counter-clockwise direction at each 
quadrupole current. The PC also has a BITBUS card used 
for power supply control and a GPIB card that is used to 
read the magnet current via a voltmeter and current trans- 
former. During production measurements the computer 
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reads the voltage that is proportional to the current after 
each forward/reverse pair, this number is recorded in the 
same file as the data from the rotating coil. A Fast-Fourier 
‘I’rnnsform (FFT) is later performed on the datn and with 
the correct geometry for the coil the quantity (B,)L,,,/a) 
is extracted. L,IJ is the effective length of the quadrupole 
and is -300 mm as determine by other measurement, and 
a is the aperture radius, 32.6 mm. 

The following table shows the raw FFT amplitudes for 
four different quadrupoles when energized to about the 
same integrated strength. Two of these quads are SHR 
quadrupoles (32.5 mm aperture) and the other two are 38 
mm-aperture quadrupoles that were removed from a beam 
line that was dismantled at the start of construction on 
the ring. The purpose of this table is to emphasize the 
sensitivity of the machine to higher harmonics, if they are 
present. This data was obtained using the 90’ coil and the 
*‘s indicates terms that this coil is not sensitive to. Quad 
CQJB was found, subsequent to its measurement, to have 
one coil with 3% greater voltage drop. 

n CQ3A 
0 0.1766 
I 0.9660 
2 5140.6690 
3 6.5647 
4 I.7882 
5 7.5050 
6 34.3748 
7 0.6046 
8 0.4650 
9 0.8792 

IO 25.1223 
11 0.4326 
I2 0.1476 
I3 0.2326 
I4 1.3065 
I5 0.3250 

CQ3B SHR QOIQ SHR QO62 
0.0344 0.0631 0.1663 * 
0.4175 1.2108 2.8494 

6199.2870 SI67.1600 6179.8207 
44.9232 5.6501 3.2225 

I.7769 1.4870 0.8287 * 
2.7483 1.7522 1.4038 

40.1028 4.5050 4.8830 
2.5063 0.5398 0.3886 
0.5296 0.8598 0.7785 * 
2.2992 0.1756 0.5493 

26.0819 I.5227 I. 1420 
1.4721 0.4530 0.5821 
0.1317 0.2972 0.1294 * 
0.3473 0.3981 0.4295 
1.8072 0.3796 0.3365 
0.3182 0.4328 0.3575 

Before the measurements begin the bobbin axis is cen- 
tered in the quadrupole in two distinct steps. First, a 
mechanical alignment spindle is substit,uted for the hob- 
bin and the pitch and yawl adjusted by using the five 
digital-readout micrometers (lpm resolution) which are an 
integral part of the bobbin/spindle support structure - 3 
for the vertical motion and 2 for the horizontal motion. 
For these quadrupoles the mechanical centering precision 
is limited by the asymmetry of the bore aperture. While 
this asymmetry has not resulted in unacceptable harmonic 
content, it has required us to use a survey fiducialization 
scheme which is not referenced to the mechanical axes. 
This scheme is described elsewhere in these proceedings. 
After the initial alignment step is completed and the bob- 
bin is reinstalled if the magnet has never been energized 

at Bates it is ramped between 0 and 150 amps and back 
to 0 ten times. After ramping we complete the center- 
ing procedure by energizing the mngnet to 50 nmps (-2.7 
kG pole-tip Reld) - nt this point the micrometers are used 
to adjust the coil position to zero (actually minimize) the 
dipole component observed in FFT analysis of a scan in the 
quadrupole. This procedure is considered complete when 
micrometer changes are less than -10 pm. Figure 1 shows 
the sensitively of the vertical displacement of the coil to a 
quadrupole’s dipole component. 

In production measurements after the coil is aligned the 
V/f converter input is shorted and a voltage source is sub- 
stituted. The output of a frequency meter counting the 
V/f converter output and a voltmeter that is also hooked 
to the voltage source is record as the voltage source is step 
from positive full scale range of the V/f converter to mi- 
nus full scale range. This calibration process is computer 
controlled and these instruments are read/controlled using 
a GPIB card in the PC. 

3 Results 

The advertised opernting range of the SHR is 300 MeV 
to 1 GeV, this and the optics specify that the range of 
quadrupole currents in the SHR will be from -5 to -150 
amps. This along with the management’s desire to keep 
the cost of the project low by having quadrupoles of the 
same type or family in the injection line, the ring lattice, 
and the extraction line energized in series, and the accel- 

erator physicist’s goal of initial setup of the quadrupoles 
to O.l%, require that data be taken for several different 
maximum cycling currents. We are in fact taking data nt 
five different maximum currents (150, 100, 60, 50, and 40 
amps) - the most probable power supply sizes. Figure 2 
show a typical excitation curve for one quadrupole when 
cycled to 150 amps. Figure 3 show a comparison of data 
for Q058 when compared to value predicted from parame- 
ters obtained from fitting the 150 amp cycle data of Q062. 
The functional form used to fit the data is 

B&&a(l) = an + at (I/150) + a:,(1/150)” + *. . 

+ a,n(1/150)‘” (1) 

where BoL,j~/a is dctcrmined from C1nt.a from t,hr har- 
monic analyser and I is the current at whirl1 the mcnqurc 
ment was made. The deviations of the dnt,a for vnri()us 
different cycling currents in Figure 3 indirat,t= thet it is 
clearly important as to how a magnet is cycled. 

In our cycling procedures we ramp at the rate of 2 
amps/set and remain at the maximum current for 10 sec- 
onds before starting to ramp down to current of interest, 
again at the rate of 2 amps/set. Measurements indicate 
that we can re-measure a quadrupoles strength and repro- 
duce the value of (B L o E,f a versus current to better than / ) 
0.1%. We have at this time not investigated how impor- 
tant the ramp rate is and the length of time that we wait 
at the top current. For these quadrupoles, observation of 
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Fignre 2: The quantity (BoL,f,/a) versus current for a 
SHR quadrupole. L,,, is -300 mm and a is nominally 
32.5 mm. 

the signal from the coil when it is in the quadrupole indi- 
cates that the field is not changing immediately after the 
quadrupole has stopped ramping. Obviously if these were 
not laminated magnets we would have to wait for a longer 
period of time. 

Measurements also indicate that we can reverse the po- 
larity of a quadrupoles remnant field by repeated cycling 
between 0 and 150 amps, and obtain the same results (to 
the 0.1% level) as was obtained previously. Possibly this 
is because we initially cycle the magnet between 0 and 150 
amps 10 times prior to the first measurement. Figure 4 
shows the values of a0 that we obtain from fitting the 160 
amp cycle data to Eq. 1 - this term is due to the remnant 
field of the magnet. Figure 5 shows the value of the linear 
term (al in Eq. 1) for the 24 quadrupoles measured thus 
far. 

Measurements continue and we studying the data look- 
ing for quadrupoles that match. We periodically re- 
measure Q062, which has been defined to be the reference 
quadrupole, to check the consistency of the measurements. 
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Figure 3: Comparision of measurements on one qundrupole 
(QO58) to the p arameters determined by fitting Eq. 1 to 
data from the reference quadrupole (QO62). 
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Figure 4: a0 from fits of 150 amp cycle data to Eq. 1 for 
quadrupoles measured to date. 
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Figure 5: al from fits of 150 amp cycle data to Eq. 1 for 
quadrupoles measured to date. 
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