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Introduction

This technical note is an attempt to redocument the FEB transport line as
beam sizes observed on "U" line flags do not comparefwell with the calculated
beam sizes. Magnet locations were checked and compared with the locations in
the FEB manual. TFlags were removed and measured. 1In most cases new flags were
reinstalled. Power supply and magnet information was obtained from the EAG
magnetics section and compared with observed magnetic information. The beam
pipe size was measured along the U line. The effects of the correction sextu-
pole being at the wrong polarity and UQ8A being run at a very high current were

studied,

Magnet and Power Supply Data

Figure la - le shows a printed output from the program QTUNE which lists
the characteristics of the U line. A drawing of the beam line is shown in
Figure 8. The magnet steel lengths were all measured. The effective lengths
were obtained from the magnetics group or estimated. The magnet spacings were
measured when possible and compared with the FEB manual. The trim magnets and
new magnets were located. No major discrepancies were found between the FEB
manual and the "U" line. Figure la-b shows the magnet effective lengths, loca-
tions, types and apertures. The flag locations are given. The power supply
information is shown with the maximum power supply current. Figure lc repeats
some information in la — 1b and also gives the magnetic field data. This data
is expressed as a power series and is valid for all currents from zero to the
maximum magnet current listed. The quadrupole gradient data was obtained from
excitation curves and the effective length. The dipole KG-IN information was

obtained in a similar manner.
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For example, a quad gradient is:

_ 2 3 4 .
G = A¢ + All + AZI + ASI + Aﬁl kG/in

with the current in kiloamps. The power series represents the data supplied
within * 0.47 in most cases and * 2% in the worst case.

Figure 1d ~ le shows calculated information assuming the power supplies
are at a given AGAST setting. The settings listed are also used for the groups
of Figures 3 and 6. A negative command or readback corresponds to an AGAST "A"
reading--213A is -213. The current and field information is calculated from
the constants of Figure la — lc. As the note in Figure le explains, the gain
of the elements (GEL) is the bend angle of the dipoles or the gradient of the
quads with the proper sign for a horizontal or vertical focusing quad. On
Figure le, certain useful variables available on AGAST and calculated by the
QTUNE program are defined. All AGAST names having a "%4" character are parame-
ters calculated by the program. Further information can be found on a paper on
the "QTUNE" program.

Figure 1f shows the location and power supply information for the "U" line
trim magnets. The trim magnet information is not used to calculate beam sizes.
All dipole or pitching trim magnets in the "U" line are 6.75D25 magnets. The

constants for this magnet are:

Aﬂ = 0.09519696 Eff. length = 30,75 inch
A1 = 103.4235 Max. magnet current = 0.60 kA
A2 = -22,57931
A3 = 172.3323
A4 = -=220.1772 , 5
KG~In = A¢ + All + AZI + A3I for I in kiloamps.

The power supplies were calibrated in June 1981 by Joe LelLaidier, an EAG
technician. The magnetic fields were measured in most magnets later in June,
but at a different AGAST setting from Figure 1 with the Bell Gaussmeter. The
probe was held next to the pole tips by Ken Reece. Using the AGAST CMD or
RDBK that gave the most accurate power supply calibration, the magnetic fields
were calculated in the "U" line magnets. The results are shown in Figure 2
using measured pole tip radii. For the sextupole USIA, the gradient dimensions
are KG/in2. ‘The pole tip fields for UQl2, 13 and 14 were not measured because
magnet covers or tight spaces prevented putting the probe in the magnet gap.
Figure 2 shows large errors for UQ7, UQ8A and the correction sextupoles USIA

and US1B.
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Beam sizes in the FEB line can now be measured only from flag measure-
ments. The flags are radelin that are mounted at a 45 degree angle so that a
TV monitor may observe the beam striking the flag. Except for U799F all flags
are tilted in the vertical plane. Flag U799F is tilted in the horizontal
plane. To compensate for the tilt, the graticule spacing in the tilt plan is
All "U" line

flags have been measured and most have been replaced with new flags.

1.41 times the effective spacing as observed on the TV monitor.
One flag
was found to be mounted incorrectly in July 1981, so that the long dimension

was not in the tilt plane. In most cases, the graticules appear about one inch
apart on the TV so that a beam just touching all four marks would be a one inch
by one inch beam. Some flags have holes and one flag has a hole and no marks.

The following table shows the flags now (October 1981) and as they were in May-
June 1981 and perhaps for several years before 1981.

at 273 feet but is labelled on the flag as 303.

The flag 273F is located
It was necessary to use the
shorter 303 instrument box in the 273 location when the replacement sextupoles

were used near the 8 degree magnets,

U15F, U380F U165F, U273(303) U618F, U667F, U772F, U799F
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| U15F
‘ Hole U15F
U380F
Hole U380F
U165F
Hole U165F
U273(303)

OLD DIMENSTIONS

AGS Div. Tech. Note No.

CURRENT DIMENSIONS

176

Actual On TV Actual On TV
a(AH)  b(BH) a(aH) b(BH) a(aH) b(BH) a(AH) b(BH)
2.0 1.25 2.0 0.88 2.0 1.25 2.0 0.88
1.31 0.63 1.31  0.44 1.31 0.63 1.31 0.44
1.0 1.42 1.0 1.0 1.02 1.41 1.02 1.0
1.38 0.4 1.38 0.28 1.31 0.37 1.38 0.26
NO GRATICULES NO GRATICULES
0.75 1.0 0.75 0.70 0.75 1.0 0.75 0.70
0.78 1.51 0.78 1.07 0.7 1.5 0.7 1.06

1.69 0.47 1,20 0.44 1.62 0.44 1.15

Hole U273(303) 0.47

U618F
U667F
U772F
U799F
U815F

line.

(A1l Dimensions in Inches)

OLD DIMENSIONS
Actual On TV
a b a b
1.4 1.0 1.4 0.7
1.02 1.35 1.02  0.96
1.0 1.38 1.0 0.98
1.37 1.0 0.97 1.0

NO GRATICULES - 0.625 DIA.

CURRENT DIMENSIONS (10/81)

Actual On TV
a b a b
1.0 1.38 1.0 0.98
1.0 1.25 1.0 0.88
1.0 1.38 1.0 0.98
1.38 1.0 0.98 1.0

NO GRATICULES - 0.625 DIA.

"U" Line Flag Dimensions

The best known input beam is used to calculate the beam widths in the U

Weng'sl input emittance for the new H5 extraction system is used with

input momentum dispersion and input momentum spread in the horizontal plane.

The emittances listed in the FEB manual, used by Weng, and used in the QTUNE

program are listed on the next page.
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H13 Input FEB Emittance

FEB Manual Weng QTUNE
aX = -5.67 -5.67 -5.67
BX = 5.746 cm/mrad = 57.46 m/rad = 2.62 in/mrad
€. =  0.12 cm-mrad(0.0472 in-mrad)
e, = -—- 1.5 x 10~®m-rad(0.5906 in-mrad) = 0.006412 in-mrad rms

A p/P = — * 0.12% = * 0.12%

XP = e -2.96 m/ratio (-2.96 cm/%) = ~1.165 in/%
X; = -295 mrad/ratio (=2.95 mrad/%) = -2.95 mrad/%
ay = 0.987 0.987 0.987

By = 3.7 m/rad = 0.370 cm/mrad = 0.1457 in/mrad
Ey = 0.186 cm-mrad(0.0732 in-mrad)

e, = 1.5 x 107% m-rad(0.0590 in-mrad) = 0.006412 in-mrad rms

Weng used a slightly different horizontal emittance from the FEB manual
since he also included momentum spread and dispersion. Some beam sizes were
first calculated using TRANSPORT to check the QTUNE program. The results com—
pare very accurately. The QTUNE program was used to plot graphs since this
program takes the information directly from an AGAST display. For historical
reasons QIUNE uses the inch system and the rms emittance and plots beam sizes
and make calculations for a 99%Z beam., The program also plots the momentum

dispersion parameters along the beam line.

€ (99% beam) = -2 1ln (0.01) ¢ = 9.,2103 ¢
rms rms

beam width (99% beam) = 3.0348 (beam width for rms beam).
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Beam Size Results

The following discussion uses beam half sizes. Using the best known flag

sizes, as measured by J.W. Glenn, the observed beam sizes were:

Flag Horizontal (inch) Vertical (inch)
Ul5 0.67 0.28

U165 ? 0.70

U273 0.35 0.60

U380 1.0 0.60

U618 0.35 1.37

U667 0.28 1.15

U772 0.87 0.28

U799 0.25 0.60

U815 0.030 0.020

Figure 3a — 3c show the calculated beam sizes in the '"U" line using the
AGAST settings and field expansions of Figure 1. Printed below the curve on
Figure 3a are the AGAST settings and the calculated parameters that are defined
on Figure le. The observed beam sizes are marked as crosses. Figure 3a also
shows the calculated value of the momentum dispersion parameters XP and X;
along the beam line. For clarity, these were left off Figures 3b and 3c. All
curves are with the same AGAST settings of Figure 1. After the 8 degree mag-
net, the momentum dispersion parameters are:

XP = 0.339 in/% X; = -2,04 mr/%

These parameters are U8ZMD and U8ZMP. For a dispersionless line after
these magnets, these values should both be zero. Wengl shows that it is neces-
sary to change the beam line upstream of the 8 degree magnets to achieve this
since the "U" line has initial momentum dispersion.

Figure 3 shows a large error between the calculated vertical half size and
observed size in most of the beam line. The parameters TGZUH and TGZUV show
that the calculated beam half sizes at the target are 0.256 and 0.076 inches
which does not agree with the flag sizes. The cause for these errors is not

known, but some possible causes were investigated.
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Figure 4 and the following table show that small changes in UQL1-UQ1l4 will

make the calculated beam small of the target. The small calculated beam of 52

’ by 25 mils is greater than the observed 30 by 20 mil beam.

Name AGAST Start AGAST Small Beam Percent Change
UQll 4358 514B 18.0
UQl2 2916A 2689A - 7.8
UQl3 2746A 2511A - 8.6

| UQl4 18948 19638 3.6

| Horiz. Half Size  0.257 inch 0.053 inch

Vert. Half Size 0.076 0.025

Sextupole Results

The effect of the correction sextupoles in the FEB line were investigated
to try to explain the flag discrepancies. Second order TRANSPORT was used to
determine sextupole effects. A simplification was made, as shown below, to
separate the 8 degree dipole into a short dipole followed or preceeded by a

short sextupole. Both short magnets had double the actual magnetic field.

& 75— < 75"
§ UD5 UD6
i < 42 .01 >
% Dipole = 2581.008 KG-in 2581.008 KG-in
. Dipole = 34.413 KG 34.413 KG
' Sextupole = 1.731 KG 1.731 KG
: Sextupole = 0.4328 KG/in? 0.4328 KG/in?

Sextupole Radius = 2.0 inch

Actual Physical System

<37 .5— <37 .5—» <=37.5—% «=37.5—
é Dipole Sext. Sext. | Dipole
<42 .01~
E Dipole = 68.82688 KG Dipole = 68.8268 KG
' Sextupole = 3.4622 KG Sextupole = 3.4622 KG

System Used for Transport
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’ The sextupole field in the 8 degree magnet is not well known. The follow-
: ing table gives the fields in that magnet and the external shimmed sextupole
: USIA.
|
8 Degree Correction Coil External Shimmed Sextupole

A¢ =  0.00194 0.13574
A1 = 2.317825 1.3395
A2 = - 0.040949 0.66138
A3 = - 0.35138 - 0.89414
A4 = ¢ - 0.243625
Effective Length = 75 inch 26.06 inch
Pole Tip Radius = 2.0 inch 2.063 inch
Sextupole Gradient Sx Table
: The gradient can be found from:
S, = Ayt AL+ A212 + A3I3 + A414 KG/in? for I in kiloamps.
. The 8 degree dipoles produce a sextupole error field that adds to the

dipole field on the horizontal midplane. Since the dipoles have a field that

is up to bend protons to the east, the equivalent sextupole is as shown

‘ Equivalent Sextupole Produced by the 8 Degrée Dipoles
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TRANSPORT considers this sextupole a negative sextupole. The external and
internal correction sextupoles must have the opposite polarity.

Figures 5a — 5b give the TRANSPORT data file for the external sextupoles
at the correct polarity to cancel the dipole error field. The results of sev-—
eral computer runs are shown in Figure 6 for the beam line starting at the
first correction sextupole upstream of the 8 degree magnets. The power sup-—
plies are set at the same value as in Figure 2. Curve 1 is a first order cal-
culation or a second order calculation, with no sextupoles which also is the
same as Figures 3a - ¢. Curve 2 shows the effect of shorter dipoles at twice
the field and no sextupoles. Curve 3 assumes that the correction sextupoles
are off but the dipole error sextupoles are on. Curves 4 and 5 show the cor-
rection sextupoles on at the correct and wrong polarities. It should be noted
that curves 3-5 are valid for either polarity of the dipole error field. Curve
4 shows that the correction sextupoles do cancel the effect of the error field.
The only difference occurs down near Qll in the horizontal plan and this dif-
ference is less than 0.030 inches. These correction sextupoles are also at a

field 12 percent too strong to cancel the dipole error as shown below:

S o _fiilé_z x length

x  (radius) g

SX = 32,46 KG/in for 8° error
SX = 36.34 KG/in for US1lA

The crosses show the measured beam sizes. It can be seen that if the
correction sextupoles were at the wrong polarity, some vertical errors could be
explained. However, the curves show that the horizontal beam would also blow
up and this was not observed. One can conclude that the sextupoles were op-

erating at the correct polarity.

Varying UQSA

The quadrupole UQ8A is a vertical focusing quad that had a large error

between calculated and measured gradients as shown in Figure 2. Figure 7 shows
the effect of increasing the current in that magnet. For a current of 0,70 KA,
the vertical beam fits inside the beam pipe and approaches the observed beam at

618F and 667F. This current, however, is 46 times the assumed current and
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larger than the maximum current from AGAST for 4000 counts (0.25 KA). This
current is, however, less an the magnet rating of 1.2 kA. This effect is not
understood, but another possible cause could be the excitation of spare magnets
existing in the U line. For example, UQ8B is 28.8 feet downstream of UQ8A and

cables are connected to the coils of this magnet.

Conclusions

The errors or discrepancies of Figure 3 have not been satisfactorily ex-
plained. Magnetic field measurements should be repeated. The unused magnets
should be checked to confirm that they are not energized. If the beam line
information can be verified, a new H13 emittance may be needed to produce a

calculated beam similar to the observed beam.
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