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1. IMTRODUCTION

During 1985 a partial survey of the radial position of the AGE magnets was
donz., The radial survey can be broken into two parts. The first determines
the locations of the primary survey monuments in the ring, and is reported in
reference 1. The second determines the positions of the magnets relative to
the monuments, and is reported hers. This second part was interrupted to allow
the crews to do a vertical realignment before the AGS tuwrn—on in the fall of
T 1985, This report shows what has been accomplished so far.

The primary reference for the radial position is  the set of 24 control
stations, or monuments, placed evenly around the ring, about 110 inches outside
the beam line at esach 10 foot straight section. The magnets themsslves have
survey sockets on top, three inches from sach end above the nominal magnetic
centerline of the magnet. These sockets are measursed with respect to  the
primary monuments to give the radial and azimuthal position of the magnet.

2. MAGMET MEASUREMENTS AND RECONSTRUCTION

The position of the magneis relative to the monuments is determined by
four sets of measurements, shown in Figure la:

1. fAngle at monument, from first magnet socket to next monumsnt.
2. Distance from monument to first socket.

Z. Distances betwesn magnet sockets.

4, Perpendicular offsets from sockets to line between monuments.

There iz a small amount of redundancy in these measurements, which is used for
a consistency check of some of the data.

The offset messursments are incomplete, and although 21 of the 24
half-superperiods have been messured almost completely, the remaining ones are
the most difficult =zince they are in areas obstructed by injection and
gxtraction lines. In addition, within the measured areas there are a feu
measurenents missing or obviously in errori these have been filled in or
corrected using using educated guesses, to avoid breaking the chain of
coordinate reconstruction and losing the entire half-superperiod of magnsis.
Thus the data here only show a sample of the radial positions and the oguality
of the data, but do not show the entire ring.

The positions of the magnets are reconstructed in the local coordinate
system where the monument line is  the x-axis, and then, using the monument
coordinates, transformed to the coordinate system with the origin at ring
center. Although such calculations are straightforward, they are shown hers



for the record:

. ?{‘ (1)
x, = d g (v
YV\ o O“ 2 _ . .
Xn= Ky« +J7’Q"\‘\ - (on- O“"Y‘ (h=2.5, ao} EE;

XV\: XW\U\A + Xy, ces 8 SV m sme
N (53
Yo ® Yuow + Yu €286 t ¥, 5m0 (&)

where the wvarious measurements and coordinates are shown in Figuwe 1z. {(The
measured data and the results of the reconstruction are available in tabular
form from the author, and will be published when the messurements are
completed). The coordinaste system for %, ¥, R, and © has the origin at the

center of the ring {actually, the center of the monument circle, as determined
in Reference 1).

The original magnetic measurements of the magnets determined an offset,
from the survey sockets to a defined magnetic centerline, such that the
integrated Bldl for sach magnet along this magnetic centerline iz the same for
all members of & given class (A, B, or C) of magnets (Ref 2). This procedure
compensated for differences in the gap, iron characteristics, or exact length
of the individual magnets, and for errorzs  in the positions of the socket holes
relative to the magnet gap. Bimce it iz the position of this magnetic
centerline, not the survaey socksts, that is  of interest for machine
performance, these offsets have to be accounted for in  the survev. These
offsets range to about 40 mils maximum, with an rms spread of 16 mils, and are
taken intoc acount in the determination of R in table 1.

Figure 2 shows the magnest ring resulting from the data, with the radial
arrors magnified a factor of 10,000 (s0 magnets in the design position appear
on  the circle). filen shown  ars the monument positions, with their radial
errors magnified by the same factor. The magnets clearly have a large amount
of scatter from their design positions, and the general trend is  that the
magnet ring follows the monument figure. This would be expected if any magnels
were realigned using the design offssts  from the monument line, and not taking
into account the distortion of the wmonument figure. Bub most magnets have not
besn realigned since the 1942 reslignment, so apparently whatever forces have
moved the primary monuments have also moved the negarby magnet pisrs sbout the
same amountt. The relative positions of the magnets and the monumentz show up
more clearly in Figure 3, where the magnet positions are reconstructed as if
the monuments were in their idesl, or design, locations.

Figure 4 shows these radial position errors (and Figure 5 the azimuthal
errors) for all measured magnets, showing both ends separately. &lso on Figure
4 is a moving ll-magnet average, formed by averaging the error for esach magnet
and its five neighbors on sach sids,

The magnet position srrors consist of a low freguesncy part, aporoximately
following the distorted monument figurs, with a high freguency magnet-to-magnet
scatter, or noise. To better sse the noise, the radius  for esch magnet is
compared to  the moving average. Figure & shows the distribution of radius
differences from the moving average. Thiz distribution has a good ‘eveball’
fit to a 3Z-mil gaussian azm shown in Figure &b (the actual ros of the
distribution is somewhat higher becsuse of the high tails). This scatter is
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several times larger than the supected measuring errors and is thus real.

A interesting fact has shown up in the radial error numbers - the
magnets, in spite of the large scatter, or noiss, in their present positions,
seem Lo remember the offsets for Bdl correction, mentionsd above. Figure 7 iz
a scatter plot of the offset vs. radial error {relative to the lil-magnet moving
average), where the radial error has been calculated neglecting the Bdl offset
correction. There is clearly a correlation between the two guantities. Figure
8 shows the same thing, but this time the measured positions are corrected for
this offset, and the correlation is sssentially gone. The amount of the offset
correction to add in to make the correlation (the “"covariance") vanish exactly
can by calculated:

rcocrecic& = r\-\d\cwrecM 4 k . G*CQQeJ(
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Doing the sums over the data (and omitting several points with the largest
grrors) gives ko= 1,01, where £ = 1 would be expected., (The actusl sums to be
done are somewhat more complicated, since the effect of the correction on the
moving average must be accounted for.) Thiz iz also the lingar combination with
the smallest rms wvariation. The value k=1 is used for calculating the radial
position of the magnetic centerline for thiz report.

Z. DISTRIBUTIOME AND DATA CHECKS

The &68 lattice iz made up of two lengths of msonets and three lengths of
straight sections. The distributions of measured lengths for the five
categories are shown in Figuwres 9 and 10. These are from measurements to the
sockets, not the ends of the steel, and thus are not exactly the distributions
of actual magnet and straight section lengths.

There are a faw checks that can be done to detect possible mistakss in the
dats and to get some idea of the size of the measurement srrors. Figure 1b
indicates how the offset measurements wers actually done (with errors greatly
exagerrated). The telescope was set up on one monument and the line of sight
established to the next monument. The offsets were measured for the half of
the section closest to the telescope. Then the telescope was put at the other
monument and the second half of the magnets done. The two offsets in the
middle were measured both times, giving some data which can check both the
offset measurements themselves and the accuracy of establishing the  line of
sight between monuments. From Figure 1b, the distance (at the center of the
section) between the two lines of zight is L = O.S5¥l{z-bi+{c-d}]l; the
distribution of these quantities for the 21 measured sections iz shown  in
figure 11. The worst point is from data using & different telescope, which
appearad to have something wrong; this data should be redone, The other data
appear to have an spread of around 10 mils.

The repeatability of the offszet measurementsz themselves can  be checked
from these duplicsted measurements if the line of sight error is accounted forg




thus the msasure is

b= a-b-L = —{c—d-L)
- The distribution of this quantity is shown in Figure 133 the rms spread is
about 8§ - 10 mils.

The reconstruction of the magnet positions from the string of lengths and
offesets has  two redundanciss which can be used as  data checks. First, the
measwred offset at sach end of the half-~superperiod can be checked against the
offset calculated from the length and angle from the monument. Figures 173 shows
the distribution of these differences; the ros spread is about 12-1% mils. The
two poinks st sbout 90 mils are at the same monument and may be dus (o an
interchangs of the length measursmentsy they should be remeasured.

The distance between monuments, as measured in the monument survey, can be
compared to  the sum of the projected lengths of the measwrements slong the
magnet string. The distribution of differences is shown in Figurs 14, The
supected rms for this distribution is, for a string of 21 megnet  length
measurements with individual errors of perhaps 10 mils, and an interasonument
lenoth error of 14 mils, is

r= [D 010" 5.014" = oNR”

which is consistent with the data.
4, CONCLUSIONS

The missing hald supsrperiods should be +Finished {(and the suspicious
points rechecked) so we will have a complete picture of the pressnt shape of
the AGS ring and can study what it means. Also, the general shape of the ring
is determined by the monuments. Thus the intermonument  lengths should be
remeasured to give more confidence that the ring shape is as indicated here.

The high freqguency magnet scatter, or noise, has an rms spread thres or
four times greater than the expected measuring errors. Thus the data is
meaningful in that studies of the beam sffects from these position errors would
not be dominated by measuring errors. For example, from egn 4.2.2 of reference
%y the rms orbit distortion expected from & 032 mil scatter is
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FIGURE CARTIONS

i.

Geometry of magnets relative to the monuments, showing lengths, angles,
and offsets which ars measursd, Figures ib shows how the offssts are
measured with the telescope at the closest monument, with the center two
sockets measured twice

Displacements of magnet centers (i.=., average of upstream and downstream
ends) and monuments  from thelr ideal, or design, valuss. The radial
arrors are multiplied by 10000, magnests at the design locstion will appear
ore the circle

Same az Figure 2, but with all calculations made assuming the monuments
are in their ideal positions.

Displacements of magnetic centerline, at the upstream and downstrszam ends,
from the design positions. The upstream end of magnet KIS is off scals.
The line iz an li-magnet moving average, formed by averaging with 5
neighbors on each side. Mock data was interpolated in the gaps in &, F,
and H to avoid & break in this average.

Azimuthal (tangential) displacements of the magnet sockels from  their
ideal positions.

Distribution of the dJdifferences between the mgasuwred radial position and
the ll-magnet moving average. The gaussian with & sigms of 32 mils is an
eyeball fit. Mote that in all figures in this report that use s bar chart
to plot & histogram, the abscissa numbers are to be interpreted as the
left edge of the bin.



?I

8!

16.

11.

ot
1

13'

Scatter plot of the offsets from the Bdl measurements (Ref. 2¥ versus the
radial srror  {relative to the li-magnet soving average. The offset has
not been applied, so these are the radii of the sockets. ’

Samz as Figure 7, except the offszet corrections have besn applied, so
these are the radii of the magnetic centerlinss.

Distribution of the lengths of magnets, as measured betwesn sockets.

Distribution of the lengths of straight sections., Lengths are measured
(or, for the 10° straight sections, calculsted) betwesn magnet sockets, so
they are nominally &7 longer than the length betwesn magnet ends.

Digtribution of aerrors in setting up the line-of-zight between monuments,
as calculated from the duplicated offset measuremsents on the center
magnets of sach half-superperiod.

Distribution of errors in the duplicated offset messursments, corrected
for the line-of-sight error {see texl).

Differsnces in the offset of the +first (and last) magnet socket in each
half-superperiod, as msasured directly and as calculated from the length
and angle from the monument. The two points in the tails are at the sane
monument, and may be a mistake in the swvey notetaking.

Ditferences in the length betwsen monuments, as measured directly {in the
monument survey) and as calculated from the lengths along the magnets.
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FIGURE 2. MONUMENTS AS MEASURED
RADIAL ERRORS MULTIPLIED BY 10000

Y (INCHES)
(Thousands)

,-\o,\»,

(Thousands)
X (INCHES)

O MAGNETS (CENTER) +  MONUMENTS




FIGURE 3. MONUMENTS AS DESIGNED
RADIAL ERRORS MULTIPLIED BY 10000
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FIGURE 4. DIFFERENCES FROM IDEAL
RADIAL POSITION
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FIGURE 5. DIFFERENCES FROM IDEAL
AZIMUTHAL POSITION
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FIGURE 6A. RADIAL ERROR DISTRIBUTION
DISTANCE FROM 11-—MAGNET AVERAGE
— _ ; 3
ZR7Z%
A/
) A
29905
i 4414141414t
2A4\A4A41%
ANAA AV
| ANAANAY
AN -
AAN AN
. AAAVVAANY
i
,......wmw?ma%.??(??????(.aaaa?@m..?....
-0.20 -0.15 —0.10 -0.08 0.00 0.05 0.10 0.15
DIFFERENCE (!NCHES) (LEFT EDGE OF BIN)

FIGURE

MAGNET ENDS

68. RADIAL ERROR DISTRIBUTION
DISTANCE FROM 11—MAGNET AVERAGE

O MAGNET ENDS

©on
N
Q

0.00

DIFFERENCE (INCHES)
—— GAUSSIAN, SIG=.032



OFFSET FOR B.DL CORRECTION (INCHES)
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FIGURE 8. WITH OFFSET CORRECTION

B.DL OFFSET VS. RADIAL ERROR

]
]|
0
o 0
DI—J [ - D
+ 4
O O
— O
[ | - O
O - - - !
a
m !
0
] ] | 1 | |
~0.16 —~0.12 ~0.08  —0.04 0 0.04 0.08 0.12 0.16

RADIAL PQSITION ERROR (INCHES)



COUNT

COUNT

40

35

30

25

20

15

10

26

24

22

20

18

16

14

12

10

FIGURE 9A. MAGNET LENGTHS (LONG)
MAGNETS, MEASURED BETWEEN SOCKETS
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FIGURE 9B. MAGNET LENGTHS (SHORT)
MAGNETS, MEASURED BETWEEN SOCKETS
- %
i 2
) 72
4 %
] 0 .
] 7\
- % j %
: o7
o7
- Z
: i
| A /%
o A VAN
68.99 69 69.01 69.02 69.03

LENGTH (INCHES)
SHORT (75") MAGNETS



COUNT

COUNT

COUNT

32
30
28
28
24

20
18
18
14
12
10

o N = O O

P I S Sy
©® O - N U N®
| U VOO N DO NN AN SN UK SN NEUUN NV N N A )

QO > NN

FIGURE 10A. STRAIGHT SECTION LENGTHS
STRAIGHT SECTIONS, BETWEEN SOCKETS
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FIGURE 10B. STRAIGHT SECTION LENGTHS
STRAIGHT SECTIONS, BETWEEN SOCKETS
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FIGURE 10C. STRAIGHT SECTION LENGTHS
STRAIGHT SECTIONS, BETWEEN SOCKETS
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FIGURE 13. OFFSET DIFFERENCES
FIRST OFFSET VS. ANGLE, DISTANCE VALUE
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