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Superconducting Super Collider

i, Superconducting Dipole Magnet

Aberrations Due to Asymmetries in Current, Filaments and Critical Current

This report examines the effects of asymmetric currents and filament
diameters on the quality of the magnetic field in an SSC dipole generated by
the transport current and the magnetization currents. Three types of magnets
are used as examples which permit one to look at the effects of the
asymmetries. These magnets include: 1) the simple sixty-degree dipole, 2) a
stx-block cosine theta dipole, and 3) the LBL SSC dipole NC-7.

The sixty-degree dipole with normal magnet symmetry is shown in Figure 1,
The magnet has a constant J. in the right half, and it has a constant -J.
in the teft half. This magnet develops a normal dipole (N = 1) component; a
small normal N = 5 (decapole) component; a small normal N = 7 component; and
very small N« 11, 13, 17, 19, 23, . . .; and so on. The normal sextupole
(N=3), the N = 9, the N = 15, and N = 21, and so on, are specifically zero by
virtue of a sixty-degree angle. The normal ¥ « 2 (quadrupole); N = 4

(octupole); N « 6, 8, 10, . . .; and so on, are zero by symmetry. A1l of the
skew terms are zero by symmetry as well. Case O shown in Figure 1 has all of
the odd normal terms (N=1, 3,5, 7, 9, . . ., and so on) in the

magnetization field.1+2 Table 1 shows the magnetization field components
and multipole ratio at R = 10 mm for the magnet shown in Figure 1. Table 1
also presents the transport current field and sultipole ratio at R = 10 mm.
The filament diameter in Case O is 5 microns.

Case 1 with the sixty-degree dipole shown in Figure 2 has a current
denstty in the top coils which is 10 percent higher than the current densities
in Case 0. The current density in the bottom coils is ten percent lower than
the current densities in Case 0. The filament diameter is § microns as in
Case 0. Table 2 shows the magnetization and transport current field generated
by Case 1. The transport current field has normal dipole; N« 5; N = 7; and
N=11, 13, 17, 19, 23, 25, . . .; and so on. In addition, there are skew
N = 2 (quadrupole); N =4, 6, 8, . . .; and so on. The magnetization field
contains normal N=1, 3,5, 7, .. .;and skewN =2, 4, 6, 8, . . . (see
Table 2). The dominant terms in the magnetization are normal dipole, skew
quadrupole and normal sextupole. Case 4 has a fully symmetric distribution of
current density as in Case 0. The filament diameter is 5.5 microns in the
upper cofls in Case 2. The filament diameter in the lower coils is
4.5 microns. The transport current field multipoles are identical to Case 0.
The magnetization field contains normal N = 1, 3, 5, 7, . . .; and skew N = 2,
4, 6, 8, . . .; and so on (see Table 5 and Figure 5). '

*This work was supported by the U.S. Department of Energy under
Contract DE-AC03-76SF00098.
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Case 2 shown in Figure 3 is a sixty dipole with a left-right asymmetry.
The current density is 10 percent higher in the right coil and 10 percent
lower in the left coil. Case 2 has no transport current skew terms (see Table
3). All of the normal terms are present except for N = 3, 9, 15, 21, and so
on. The magnetization field has all of the normal terms and none of the skew
terms. Case 5, shown in Figure 6 and Table 6, has fully symmetric current
densities, but the right side filaments are 5.5 microns in diameter, and the
left side filaments are 4.5 microns in diameter. The transport current field
is identical to Case 0. The magnetization field has all of the normal terms
(imaginary part) and no skew terms (real part). (See Table 6)

Case 3 (see Table 4 and Figure 4) has completely asymmetric current
densities. The upper right is 10 percent higher than Case 0, the upper left
is 20 percent higher than Case 0, the lower left is 20 percent lower than Case
0, and the lower right is 10 percent lower than Case 0. This case generates
all multipoles (both normal and skew) in the magnetization field. The
transport current field contains all of the skew terms and only the normal
terms of N =1, 5, 7, 11, and so on. Case 6 (see Table 6 and Figure 6) has
symmetric current densities to generate a normal dipole field as in Case 0.
The filament diameters are 5.5 microns in the upper right quadrant,

6.0 microns in the upper left quadrant, 4.0 microns in the lower left
quadrant, and 4.5 microns in the lower right quadrant. The transport current
field is the same as Case 0, which contains only normal N = 1, 5, 7, 11, 13,
and so on (the skew terms are zero). The magnetization field (see Table 6)
contains all normal and skew terms which are similar to Case 5.

The studies done in cases O through 6 show that the transport current
fields are governed by the symmetries of the currents. The magnetization
field will contain all of the same terms as the transport field, plus terms
which are excluded by angular geometric factors in the transport current
pattern. In reality, cases 2, 3, 5 and 6 do not usually exist in real
buildable dipole magnets, but these cases do show the effect of various types
of asymmetries.

Cases 7 and 8 use a six-block cosine theta current distribution (see
Figure 8). Table 8 shows the distribution of currents which will generate a
normal dipole field which has all skew terms zero and normal terms N = 3, 5,
7, 9, 11 and 13 equal to zero. The N = 15, 17, and so on, are small by virtue
of the fact that the useful aperture radius (Ry = 10 mm) is half the inside
radius of the coil (R, = 20 mm). Case 7 has 5 micron filaments - top and
bottom, left and righ%. The magnetization field contains only normal N = 1,
3, 5, 7, and so on (see Table 9). All other terms are 2zero. Case 8 has
5.5 micron filaments in the top half and 4.5 micron filaments in the bottom
half. The transport field has the same quality as in Case 7. The
magnetization field has normal N« 1, 3, 5, 7, . . ., and so on; and skew
N=2,4,6,8,10, .. ., and so on (see Table 10). The dominant
magnetization terms are normal dipole, skew quadrupole and normal sextupole.

The last cases (cases 9, 10 and 11) which have been looked at are the
effects of asymmetric filament diameters on the LBL SSC dipole cross-section
NC-7 which s shown in Figure 9. If the filament diameter is 5 microns all
over, one gets only the normal N =1, 3, 5, 7, . . ., terms. Figure 10 shows
the ratio of magnetization field components to transport current field as a
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function of central induction. Figure 10 shows the normal N = 3 (sextupole)
and normal N = 5 (decapole) terms. Table 11 shows the dipole component of the
magnetization field plus the ratio of the magnetization field to the transport
current field for the normal N = 3, N =5, N =7, N=9 , N=11, and N = 13
terms.

The effect of a 10-percent variation of the superconductor filament
diameter is shown in figures 11 and 12 for the NC-7 coil cross-section with
filament diameters of 5 + 0.25 microns and 20 + 1 micron. Table 12 shows the
basic properties of the NC-7 coil which was put into the SCMAGO4 code.

Table 13 shows the superconductor parameters used to calculate the case shown
in Figure 11. Table 14 shows the dipole component of the magnetization field
plus the ratio of magnetization to transport current field for normal and skew
N = 2 (quadrupole), N = 3 (sextupole), and N = 4 (octupole). Table 14 applies
when the filament diameter in the upper coil half is 5.25 microns and the
filament diameter in the lower coil half is 4.75 microns. (Table 14 can be
compared directly with Figure 11.) Table 15 applies when the upper half coil
filament diameter is 21 microns and the lower half coil filament diameter is
19 microns. (Table 15 can be compared directly with Figure 12.)

An up-down asymmetry in filament diameter will generate skew N = 2, 4, 6,
8, etc. A 10-percent variation in up-down filament diameter will produce
about 1 unit skew quadrupole at an injection field of 0.33 T when the basic
filament diameter is set to 5 microns. Filament diameter is not the only
factor which affects the magnetization. Up-down variation in c¢ritical current
density will affect the magnetic field in the same way as filament diameter.
Small up-down variations of filament spacing can also affect the magnetization
of injection if the filament spacing is less than 0.8 micrgns. At 0.8 microns
spacings, proximity coupling begins to rear its ugly head.

The superconductor for the Fermilab Tevetron showed critical current
density variations of the order of 10 percent (including the conductor in the
first magnets). The bulk of the Tevetron conductor showed only a 5- or
6-percent variation in critical current density at 5 T. (The low field J
varies as the J. at 5 Testa.) The SSC superconductor should be made as
uniform as possible so that the product of critical current density and
filament diameter varies less than 3 percent. The conductor uniformity can be
greatly enhanced by shuffling the strands in the cable in the same way that
iron is shuffled in accelerator magnets in order to minimize the
magnet-to-magnet variation of the field.
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MBE70
CASE 0

SIXTY DEGREE NORMAL DIPOLE
SUPERCONDUCTING MAGNET CROSS SECTION

S/C Filament Diameter D units = micrometers

Page 5 af 31

Coll Current Density J units = Amps per millimeter squared
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Tp get a normal dipole Indt;cilc;n.o.f .1.0 T, multiply J by -0.11F6.
$ i . Ll 1 1 1

-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0
X DIMENSION IN RO UNITS

Figure 1. The sixty-degree dipole with normal magnet symmetry. The filament

diameters are 5 microns.



MAGNET MULTIPOLE DATA FOR CASE NUMBER 1

RESIDUAL FIELDS WITH AN IRON SHELL, NORMAL NN = 1
STARTING CENTRAL INODUCTION 5.5000 TESLA
INDUCTION AFTER FIRST FLUX CHANGE 9.0000 TESLA
INDUCTION AFTER SECOND FLUX CHANGE 1.90090 TESLA

M667G

MAGNETIZATION CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

N MULTIPOLE COMPONENT MULTIPOLE RATIO

REAL IMAGINARY REAL IMAGINARY

PART PART PART PART
1 0.020000 -9.090368 9.000020 1.900000
2 2.200000 9 .000004 9.080000 0 .200000
3 2 .800000 -0.0008272 2.200080 @.737842
4 @ .000000 9. 000000 9.080000 0.000020
& 0.000000 -2.000001 9.ee0000 8.803189
8 0.800082 2 .090000 5.000300 @.000000
7 #.000000 0.200004 @ .0e0200 -0.010843
-] 0 .200090 ? . 200000 @ . 026000 2 .2008000
9 2 .000000 -0.209001 2. 200000 9.092691
192 2 . 000000 ¢ . 000000 ¢ .900000 2. 800000
1 9.200000 5.000000 Q.000000 -9.000058
12 ? . 000000 ¢ .000000 0.d00e000 9.000000
13 0.e00000 9. 000000 ?.000800 0 .000002

TRANSPORT CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

N MULTIPOLE COMPONENT MULTIPOLE RATIQ
REAL IMAGINARY REAL IMAGINARY

PART PART PART PART
1 2.000000 1.008000 2 .000000 1.506000
2 2.920000 Q.00e000 2.000009 ? .000000
3 2.020000 9.900000 ?.000000 2.000000
4 0.200000 © . 000000 2 .000000 @ . 200000
5 2 .900000 -9.002808 3 .000002 -0.002808
8 0.200000 2.000000 0.060000 0.9000200
7 ©.000000 ¢.000331 2 .000020 0.0080331
8 8.000000 2.000000 2.000000 P .900200
9 9.900000 2.000000 0.060000 2.300000
10 0.000000 9.000000 ?.000009 0.200000
11 2 .200080 -0.000007 ?.020000 ~-0.200037
12 P.000000 9 .000009 o .000000 0 .30a8002
13 ?.000000 9.000000 S.000000 0.000200
Skew Normal Skew Normal

Term Term Term Term

Page 6 of 31

The multipole reference radius is 10.0 mm. The coil inside radius

is 20,0 mm. The coil outside radius is 40.0 mm.
inside radius is set at 55.9 mm.

The iron shell

Table 1. Multipoles and multipole ratios for Case 0, the sixty-degree dipole

with no asymmetries present.
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CASE 1

SIXTY DEGREE NORMAL DiPOLE
SUPERCONDUCTING MAGNET CROSS SECTION

S/C Fllament Diameter D units = micrometers

Coll Current Density J units = Amps per millimeter squared

=
™~

<

Tc] get a normal dipole induction of 1.0 T, multiply J by -0.1126.

RABIUS RO (CM) = 1.00
. o 0 0 FE RHDIUS (CM) = 5.58

R A

T
-6.0

Figure 2.

T T T T T
-4.0 -2.0 0.0 2.0 4.0 6.0

X DIMENSION IN RO UNITS

The sixty-degree dipole with unbalanced current top and bottom.
Fitament diameters are 5 microns.



Table 2.

MAGNET MULTIPOLE DATA FOR CASE NUMBER

1

RESIDUAL FIELDS WITH AN IRON SHELL, NORMAL NN = 1

STARTING CENTRAL INDUCTION
INDUCTION AFTER FIRST FLUX
INDUCTION AFTER SECOND FLU

CHANGE
X CHANGE

5.5000 TESLA
0.0800 TESLA
1.0000 TESLA

M667C

MAGNETIZATION CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS
MULTIPOLE RATIC

N MULTIPOLE €O
REAL
PART

9.000000
-0.900112
0 .080090
-0.000010
@.08eon0
-0.000001
2.000000
2.008000
0.0022000
1e 0.000000
11 0.008000
12 0 .e80000
13 0. eo0008

VO~-NBAA NN -

MPONENT
IMAGINARY
PART

-0.800371
2.00000¢
-9.090272
@.200002
-0.080a21
. d0doe
. 000024
. 000022
. 800201
. 000000
. 300988
. 200002
. 0000020

]
LR R X R ).

REAL
PART

Q02921
301598
200208
.028344
. 900008
.903118
. 292000
. B0B569
200000
.D00d18
. 0000008
. 000824
. 000000

AR aas

TRANSPORT CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS
. MULTIPOLE RATIO

N MULTIPOLE <O
REAL
PART

2 .00000¢2
2.9261569
¢ .oo000e
8.991573
0.0e0000
?.020000
0.008000
0.068021
0.000000
1P 9.000083
11 0.000000
12 0. oodene
13 ¢ .000000

OA~NA®O AW -

Skew
Term

The muitipole reference radius is 10.0 mm,

MPONENT
IMAGINARY
PART

1.e00000
¢.000000
G.000293
@.000000
~8.922808
3 .000000
8.000331
9.000000
0.dco002
0.900020
-8 . 000007
§.0000020
9.900009

Normal
Term

IMAGINARY
FPART

.0e00e0
.BP0000
. 734499
. 002000
.082700
. BoRo00
210848
. 090020
.002597
. 600000
.B090955
. 000200
. 000000

]
GG aenm-

EAL IMAGINARY
PART PART
0.000200 1.920000
©.025159 2.000060
@ .000000 2.000000
?.001673 2.000000
2.000000 -9.222808
?.000000 @ . 000000
3.200000 @.000331
&.008021 0 .300000
?.000000 @ .020000
¢.000003 2 .220000
2.009000 -2.000007
¢.009000 2 . 2000008
2 .000080 0.0¢2000
Skew Normal

Term Term

is 20,0 mm, The coil outside radius is 40.0 mm.

inside radius is set at 55.9 mm.

The iron shell

Page 8 of 31

The coil inside radius

Multipoles and multipole ratios for Case 1, the sixty-degree dipole
with top-bottom current asymmetry, but filament diameter is

consistent.



Y DIMENSION IN RO UNITS

CASE 2
SIXTY DEGREE NORMAL DIPOLE

M6670  Page 2 of 3

SUPERCONDUCTING MAGNET CROSS SECTION

S/C Filament Diameter D units = micrometers
Coll Current Density J units = Amps per millimeter squared

[
~
RADIUS RO (CM) = 1.00
. » e o FE RADIUS (CM) = 5.59

<
-
S
-
c.__ . '4

: “
o, .
T '
S
o~
I
S
-
! L
Yo get a normal dipole Induction of 1.0 T, mulitiply J by -0.1126.
=
| T ki 1 T T
-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0

X DIMENSION IN RO UNITS

Figure 3. The sixty-degree dipole with unbalanced current left and right.

Filament diameters are 5 microns.



MAGNET MULTIPOLE DATA FOR CASE NUMBER

RESIDUAL FIELDS WITH AN IRON SHELL, NORMAL NN = 1
STARTING CENTRAL INDUCTION

INDUCTION AFTER FIRST FLUX

CHANGE

INDUCTION AFTER SECOND FLUX CHANGE

5.5000 TESLA
@.20000 TESLA
1.8008 TESLA

MAGNETIZATION CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

N MULTIPOLE CO
REAL
PART
1 9 .ed000e
2 2. 00000e
3 @ .000000
4 2 .000000
6 @ . 000000
8 0.000000
7 @ .000000
8 0.000000
g 0.220029
18 0.000000
11 6. 000000
12 @.000080
13 ¢ . 002080

MPONENT
IMAGINARY
PART

-3.893357
-9 .090059
-2.008270
-0.000001
-2.000801
.Doecooe
. 020004
. 029050
.dedos1
.Deaved
.80oeed
. 2o
. 002209

TRANSPORT CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

N MULTIPOLE COMPONENT
REAL IMAGINARY

PART PART
1 2.000000 1.900002
2 0.020000 2.014528
3 0 . 000000 8.2000029
4 ©.000000 -9.002508
5 2.000000 -9.002806
6 2.000000 2 .000000
7 ?.000000 8.900331
8 2.000000 ?.000012
9 0. 000000 9.000000
10 ¢.000000 -2.200002
11 2.00000¢ ~9 . P00007
12 0.900000 0.P00000
13 ¢ . 000008 2.000200

Skew Normal

Term Term

The multipole reference radius is 10.0 mm.

M6670
MULTIPOLE RATIO
REAL IMAGINARY
PART PART
2.000000 1.000000
2.000000 #.185913
?.000000 ?.755421
2.200020 0.002377
7 .000000 0.003380
?.000000 ¢.001038
8.200000 -0.811179
0.000000 @ .020284
2.000020 0.002680
2.080000 -8.000042
0 .200000 -2.000058
?.000000 ?.000000
0.000000 0.220000
MULTIPOLE RATIO
REAL IMAGINARY
PART PART
2.000000 1.000000
2.000000 ®.014528
¢.020080 2.020000
?.000000 -0.900908
9 .200000 -0.022806
0.200000 8. 000000
?.000000 #.00033)
2.900000 0.000012
0.000000 0.000000
0.230000 -0.200002
2.0200000 -2.9200067
0.200000 ?.008000
0.000000 0.000000
Skew Normal
Term Term

The coil inside radius

is 20.0 mm. The coil outside radius is 40.0 mm.

inside radius is set at

55.9 mm,

The iron shell

Pa

Table 3. Multipoles and multipole ratios for Case 2, the sixty-degree dipole

with left-right current asymmetry, but filament diameter is

constant.
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CASE 3
SIXTY DEGREE NORMAL DIPOLE
SUPERCONDUCTING MAGNET CROSS SECTION

S/C Filament Diameter D units = micrometers
Coll Current Density J units = Amps per millilmeter squared

=]
r~

RADIUS RO (CM)} = 1.00
. » e+ FE RADIUS (CM) = 5.59

Y DIMENSION IN RO UNITS

» & &

To get a normal dipole induction of 1.0 T, multiply J by -0.1126,

<
™~
| 1 T

—-6.0 -4.0 -—21.0 (;.0 2].0 4.0 6.0
X DIMENSION IN RO UNITS

Figure 4. The sixty-degree dipole with different current densities in the
four quadrants. Filament diameters are 5 microns.



MAGNET MULTIPOLE DATA FOR CASE NUMBER
RESIDUAL FIELDS WITH AN IRON SHELL, NORMAL NN

5.5000 TESLA

STARTING CENTRAL INOUCTION
INDUCTION AFTER FIRST FLUX CHANGE
INDUCTION AFTER SECOND FLUX CHANGE

1

2.0000 TESLA
1.0200 TESLA

MAGNETIZATION CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

N MULTIPOLE COMPONENT
REAL IMAGINARY
PART PART
1 9.200124 ~-9.00035¢%
2 -3.000185 @.00e0021
3 2.000911 -2.000249
4 -8.000019 9.000003
3 9.090001 ~-9. 2080801
8 -9 .200002 ¢ .000000
7 9.e200000 0 .900001
8 ¢ .000000 0 .000000
9 9 .9e0e00 @ . 000000
10 2.000000 @.6e0000
11 9.0000002 9.208000
12 . 000000 ¢ . 200000
13 0 .908002 2.000000

TRANSPORT CURRENT MULTIPOLE FIELDS AND MULTIPOLE

N MULTIPOLE COMPONENT
REAL IMAGINARY
PART PART
1 -08.0286887 1.000000
2 ©.038437 2.000000
3 -0.003407 2.000000
4 2.281888 0.000000
5 -%.900056 -3.001933
8 9.800000 ¢. 000209
7 -0.008004 2.000164
8 2.000012 ¢.000020
9 -0.002002 0.000000
18 2.000021 0.082000
11 0.090000 -3, 90980081
12 0.002000 2. 000200
13 2.000000 9.080020
Skew Normal
Term Term

The multipole reference radius is 10.0 mm.
is 20.0 mm. The coil outside radius is 40,0 mm.

inside radius is set at 55.9 mm.

MULTIPOLE
REAL
PART

. 3488230
.B21922
.Q310E5
052824
.0902318
.908E8D
.80e278
Q03780
.2f0ea]
- 000053
. 009923
. 200008
. 290000

RATIOS

MULTIPOLE
REAL
PART

-828887
.038437
. 093487
.291888
- 089058
. cosaee
.P00004
. 090012
. 000002
. 209001
Nl
- 900000
. 000029

Skew
Term

The coil inside radius
The iron shell

ME670

RATIO
IMAGINARY

PART

. 000006
.0509568
. 700892
-2.
.801867
. 900840
.003084
-8,
.0eos81e
-a.
-2,
. 200001
- 020000

2084886

220050

ogsd1o
Pd0a9s

RATIO
IMAGINARY

LA K1 X 3. X 7. X. ¥ ¥ 9

PART

. 200000
. 2dg00D
Nl
. 2O000
.901933
. 380200
.090154
. 00C000
. 000009
. 920020
.d0s0Q1
. oPedoe
. 80000

Normal
Term

Page 12 of 31

Table 4. Multipoles and multipole ratios for Case 3, the sixty-degree dipole
with each quadrant a different current density, but filament

diameter is constant.
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CASE 4
SIXTY DEGREE NORMAL DIPOLE
SUPERCONDUCTING MAGNET CROSS SECTION

S/C Fllament Dlameter D units = micrometers
Coll Current Density J units = Amps per millimeter squared

<@
N

RADIUS RO (CM} = 1.00
. « o« FE RROIUS (CM} = 5.58

L ]
‘QQ_P.O“

* 4 &
- & & & & -

To| get a normal dipole induction of 1.0 T, muitiply J by —0.11ﬂ6.
; 1 T

-6.0 ~-4.0 -2‘.0 0].0 2I.O 4.0 6.0
X DIMENSION IN RO UNITS

Figure 5. The sixty-degree dipole with normal dipole symmetry in the
transport currents. The filament diameter has a top-bottom

asymmetry.
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MAGNET MULTIPOLE DATA FOR CASE NUMBER 1

RESIDUAL FIELDS WITH AN IRON SHELL, NORMAL NN = 1
STARTING CENTRAL INDUCTION 5.5000 TESLA
INDUCTION AFTER FIRST FLUX CHANGE 0.02Q0 TESLA
INDUCTION AFTER SECOND FLUX CHANGE 1.092@ TESLA

MAGNETIZATION CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

N MULTIPOLE COMPONENT MULTIPULE RATIC
REAL IMAGINARY REA IMAGINARY
PART PART PART PART
1 @.220000 -9.909388 0.2000ee 1.922200
2 9.200076 9.200000 -9.202599 2 .9ese0d
3 8 .000000 -0.008272 0.000000 8.7376887
4 8.000202 @.000000 -2.0066802 9 .380000
13 ?.000000 ~9.680801 2.000909 @.203173
8 ¢.000001 0. 00000 ~2.8e1978 8.000200
7 0.080000 ¢.000204 92.0008282 -8.010848
8 ¢ . 000200 2 .0%0000 -%.001104 Q. 000000
9 8.0e2000 -0.0200021 2.000000 0.002691
10 0.000000 Q.200000 -0.200084 ?.000000
1 @.0a0000 2.000000 2.009000 -9.000058
12 9.002200 2.002200 -%.028217 9 .000020
13 Q.082000 2 .092000 @ .oooooe 2.000200

TRANSPORT CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

N MULTIPOLE COMPONENT MULTIPOLE RATIO
REAL IMAGINARY REAL IMAGINARY
PART PART PART PART
1 8.000008 1.000800 2.0600000 1.000000
2 0.000000 ¢. 000000 6.000000 2.000009
3 a.00080¢ 0.920080 2.2800080 @,200000
4 2.000000 0.020009 2.000200 0.800000
5 2.008000 ~9.002806 2, 000280 -0.022886
8 2.008000 ?.002000 2.200000 0.200000
7 2.000000 2.000331 2.290000 2.200331
8 8.082000 2.000208 @ .000000 0 .020020
9 ©.080000 2.080000 &.000000 0.000e00
10 é.000000 ¢.2e0000 ¢.000200 9.0e0200
11 ?.000000 -0.000807 ?.000200 -9.200007
12 £.000000 0.002000 2.200000 2.020000
13 0.000000 €.00e000 ?.200000 2.000000
Skew Normal Skew Normal
Term Term Term Term

The multipole reference radius is 10.0 mm, The coil inside radius
is 20,0 mm, The coil outside radius is 40,0 mm, The irgn shell

inside radius is set at 55,9 mm.

- le
Table 5. Multipoles and multipole ratios for Case 4, the sixty-degree dipo
e with gop-bottom asymmetry in filament d1ameter but the current

density is constant.



M6670 Page 75 of 31

CASE 5
SIXTY DEGREE NORMAL DIPOLE
SUPERCONDUCTING MAGNET CROSS SECTION

S/C Fllament Diameter D units = micrometers
Coll Current Density J units = Amps per miliimeter squared

&~
RACIUS RO (CM) - 1.00
.« « o FE RADIUS (CM) = 5.59

Y DIMENSION IN RO UNITS

¢ *
“ 2 & & & -

get a normal dipole Induction of 1.0 T, muiltiply J by -0.116.

T T T T
-8.0 -4.0 -2.0 0.0 2.0 4.0 6.0

X DIMENSION IN RO UNITS

Figure 6. The sixty-degree dipole with normal dipole symmetry in the
transport currents. The filament diameter has a left-right

asymmetry.



MAGNET MULTIPOLE DATA FOR CASE NUMBER

1

RESIDUAL FIELDS WITH AN IRON SHELL, NORMAL NN = 1

STARTING CENTRAL INDUCTION
INDUCTION AFTER FIRST FLUX CHANGE
INDUCTION AFTER SECOND FLUX CHANGE

6.5800 TESLA
2.0002 TESLA
1.988¢ TESLA

MAGNETIZATION CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS
MULTIPOLE COMPONENT

N

DONBEO AWM

REAL
PART

.poeeon
.Poo0ee
.gegoed
.Jo00ee
.02a008
Rl
.903aa0
. o000
. 000082
. 20082
. goooen
.goc0e0
. DD2PRR

SAAYRLADTVARGS

IMA

-@.
-2.
-2
~-@.
-8.

[}
SSanssan

GINARY
PART

o00368
20038

.000272

ooooos
20eedl

. 220001
. 800004
. 202002
.200091
. 2o20d0
.@d0ee0
. 020200
N1

MBB7 0 Page i6 or ¢

MULTIPOLE RATIO

REAL
PART

. P90091
.0800e01
.PB20e0
Nl
Nl
.Pegepe
. o000
. 200000
. 000000
. 200209
.009820
. gogoee
. Doedee

SoLLEGNERINeE

TRANSPORT CURRENT MULTIPOLE FIELDS AND MULTIPGLE RATIOS
MULTIPOLE COMPONENT

N

OO BM e W

REAL
PART

Nl
. 000000
. 092000
.odvove
Nl
. 002000
. 0PBede
20620

Skew
Term

IMA

[.-¥ X §. XN -F. X.-R.-FO

GINARY
PART

.2d0d0a
.pdocao
. 920000
. DOROOR
.022608
. 800002
.00@331
. SC0000
.deeded
. DPRRTY

00097
Lol
oPdee?

Normal

Term

IMAGINARY
PART

. dogooe
. 192098
.737¢688
817809
.083173
. 002282
.010848
. 008281
.8@2581
.0B0079
N
.20ea18
. 00000

)
VLTS T -

]

MULTIPOLE RATIO

REAL
PART

. D20V
.gdedea
. 000000
. 000000
200020
.0o00edQ
. 0P202%
. 202000
. 008200
.0e2R20
. 800000
N
. 380200

oS atanaas

Skew
Term

The muitipole reference radius is 10.0 nm. The coil in

is 20.0 mm,

inside radius is set at 55.9 mm,

Table 6.

The coil outside radius is 40.0 mm, The i

IMAGINARY
PART

. 020D
Nl
. 000900
, 000200
222808
.e0eRed
. 00331
.g00000
.222008
. 000020
. 000007
. 200020
< ORON00

R0 GREGEER G~

Narmal
Term

side radius
ron shell

Multipoles and multipole ratios for Case 5, the sixty-degree dipole

with left-right asymmetry f

density is constant.

n filament diameter,

but the current



Y DIMENSION IN RO UNITS
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CASE 6
SIXTY DEGREE NORMAL DIPOLE
SUPERCONDUCTING MAGNET CROSS SECTION

S/C Filament Dlameter D units = micrometers

Coll Current Denslty J units = Amps per mlilimeter squared

<
~
RADIUS RO (CM) = 1.00
e e e FE RADIUS (CM) = 5.59
<
m"!
S
g
< ] .
]
q *
T' ¢
S
g
I
S
=
Tq get a normal dipole Indu‘ct.lo.n .oi. {.0 T, multiply J by -0.1136.
=
l T T T T T
-6.0 ~-4.0 -2.0 0.0 2.0 4.0 6.0
X DIMENSION IN RO UNITS
Figure 7. The sixty-degree dipole with normal dipole symmetry in the

transport currents. The filament diameter is different in each
quadrant.



MAGNET MULTIPOLE DATA FOR CASE NUMBER

2

RESIDUAL FIELDS WITH AN IRON SHELL, NORMAL NN = 1

STARTING CENTRAL INDUCTION
INDUCTION AFTER FIRST FLUX CHANGE
INDUCTION AFTER SECOND FLUX CHANGE

65.5000 TESLA
5.0002 TESLA
1.2089 TESLA

MEE7Q

MAGNETIZATION CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS
MULTIPOLE COMPONENT

N

WO~ DT AN

REAL
PART

. ogoege
.900128
.209a11
. 0828056
.20080
.309091
. oood0R
. 200000
. 000000
. 000000
. 200000
.0908080
.J0eoed

] L]
LR LN L X-N-1 2. 0.3

IMAGINARY
PART

-2.008298
?. 000800
-2 .803228
@ .900000
0 .00e002
9 .2Q8290
0.292001
9.200000
?.000000
0.90peeoe
2 . 000000
0.e00000
9 .090000

MULTIPOLE RATIO

REAL
PART

@.330828
-0.426481
g.035660
-2.015925
@.9@1251
-3 .203268
0.000870
-0.800775
9.009088
-9.000038
9.000003
-0.200008
0.900000

TRANSPORT CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATICS
MULTIPOLE COMPONENT

The multipole reference radius is 10.0 mm,
The coil outside radius is 40,0 mm,

inside radius is set at 55.9 mm.

is 20.0 mm.

Table 7.

DONARAELWBN~

REAL
PART

. 022000
. 000902
. 000000
. 020000
. 00000
. 002000
. oedood
. 000000
. 009000

L E-R-X-X K R-K-L-R-X. ]

Skew
Term

IMAGINARY
PART

. 000090
. 590000
. pooeoe
. gedoe0
.991933
. 200002
. 208154
. 208000
. so0ee
. 000000
. 000001
. 2PeR00
0.000000

Sassesaaeaa~

Normal
Term

IMAGINARY
PART

1.000000
-0.0009238
8.770632
~-0.000034
-9.906890
@ .9902093
-8 .004885
0 .000000
0.030868
¢.000000
9.000023
2.930800
0.000002

MULTIPOLE RATIO

REAL
PART

0.000000
0.000000
9.200000
0.000000
0.8902e0
2.000000
2.900000
?.000000
@.299020
2. 000000
©.000000
0 .s00020
9.000080

Skew
Term

IMAGINARY
PART

1.290000
@ .0depoR
?.000002
¢ .000000
-8.081933
0.000000
0.000154
2. 008000
@ .000000
0 .00000¢
-9.080001
9. 000000
2 .000000

Normal
Term

The iron shell

Page 13 of 3%

The coil inside radius

Multipoles and multipole ratios for Case 6, the sixty-degree dipole
with each quadrant having a different filament diameter, but the

current density is constant.
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CASES 7 AND 8

SIX BLOCK COSINE THETA DIPOLE
SUPERCONDUCTING MAGNET CROSS SECTION

N
-
RADIUS RO (CM) = 1.00
. e e e FE RADIUS (CM} = 5.58

e

=

i

-
7p]
=
-
=)
o < .
m e W .
z | :

L
L 2

5| :
%2 X
Z7 ] y
23]
=
(=)
P~ 2

o -

|

<

&

|

T .‘ & & & &
The current density is proportional to the
= cosine of the block center angle,
| T !

-6.0 -4.0 -—21.0 (;.0 21.0 4.0 6.0
X DIMENSION IN RO UNITS

Figure 8. A six-block cosine theta dipole with a 10 mm useful aperture.



$SC DIPOLE CONFIGURATION CDSINE THETA TYPE

MAGNET SYMETRY NUMBER (NN}

NUMBER OF
NUMBER OF
NUMBER OF
NUMBER OF
NUMBER OF
NUMBER OF
NUMBER (F
NUMBER OF
NUMBER OF

COIL PARTS (KL)
MULTIPOLES (NX)
R DIVISIONS (MX)

CONDUCTOR TYPES (NSC)
IRON PIECE TYPES (NFE)
MAGNETIZED PIECES (NPM)
WMAGNETIZATION LOOPS (NMG)

MAGNET CASES (JA)

- N

NADANLAWND

CONDUCTOR J4C STEPS (LT) 12

IRTYP = 1, THIS MAGNET HAS CIRCULAR IRON,
IRON INNER RADIUS (RIIRON)

USEFULL APERATURE RADIUS (RD)
COIL APERTURE RADIUS (RC)
MEASUREMENT RADIUS (RA)

OPERATING

TEMPERATURE (TOP)

FIELD CHANGE RATE (BDQT)

Z
=

R1

2.0000
2.0000
2.e000
2.0000
2 .08d@e
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.900808
2.0000
2.0000
Z2.0000
2.9000
2.0909
2.0000

2.0000
2.0000
2.p000

L e e e g S W S S S SR

To get a normal dipole field

Table 8. The parameter for the

R2 Al

4,.0000 2.0002
4.0000 15,0000
4.0000  30.02Q0
4.0082 45,0000
4.0000 62.9200
4.0006 75.0000
.e0e% 185.2000
L0008 150.0000
9020 136,0000
8089 120.008¢
2029 125.0000
o008  90.0080
.0900 180.0000
.PROR 195.0000
.200C 218.2000
225.0000
o000 240.0000
.800@ 255.0000
L0008 345.0000
8000 339.0000
.20¢9 316.2000
.8020 300.0000
2000 285.0000
2000 270.0000

BRI AARAAMRALAARALLL
o
L]

Case 7 and Case 8.

5.59@ cm

1.009
2.230

cm
cm

1.25Q cm

4,20

B.0088 T par sec

A2

15. 2090
g .0000
45 .3002
80 .9ee0
75.0000
90.0000
180 .2009
185.0002
160.0e00
135.2020¢
120.00008
195 . 0000
195. 9090
210.0009
22E.2000
240.8900
255.0909
279.0000
38%.0000
345 .0000
330.0000
315.0000
300 .0000
2086 .0000

deg K

YANG

1790 .9009
1790 .a0e00
1760 .2002
1700 . 2000
1729, 0000
1700.0000
1700.0000
1790.2000
1700.0000
1722 . 2000
1720 . 0000
17e9. 0000
1720.9200
17d¢ . 000
178¢ . ¢0gd
17¢0.0000
1790 .0280
1709 .0028
1709 .2000
1720.8000
1700.0000
1708 .000¢
1708 . 0002
1720 .2e09

xXJ

60209 .
48593,
42018,
397081,
19299.
8583,
~-50008.
-48593.
-40010,
-307e1.
-15299.
=-8683.
-50000 .
-486593.
-49818.
-32791.
-19299.
-8583.
toeee.
48693,
49010,
3d7el.
19299.
8583,

Mob /U

A3

2.2000
0.2000
?.2000
2.2¢00
¢.2000
@.2e09
9.2000
@.2000
9.2000
e.2000
2.2000
9.2000
9.200¢
9.2000
2.2008
?.2000
S.2000
9.2000
2.2000
@.2000
8.2000
@.2000
2.20e0
2.2022

Page 20 of 34

=
x

Ll el e e R L T E T T Sy P

of 1.0 tesla, multiply XJ by -0.1228.

six-block cosine theta dipole magnet for



MAGNET MULTIPOLE DATA FOR CASE NUMBER
RESIDUAL FIELDS WITH AN IRON SHELL, NORMAL NN =

65.5008 TESLA
9.0020 TESLA

STARTING CENTRAL INDUCTION

INDUCTION AFTER FIRST FLUX CHANGE
INDUCTION AFTER SECOND FLUX CHANGE

MULTIPOLE COMPONENT

MAGNETIZATION
N
REAL
PART
1 ?.000002
2 9.002000
3 9 .ec0gee
4 9.080020
5 9 .0080002
8 9 .08000e
7 @.000020
8 9.20000e
9 0.200000
12 2.000920
11 9.000000
12 9.0300020
13 9.002000

IMAGINARY
PART

-2.001717
2 .080080
-2.000100
0.000000
-2.820007
@.eooe00
@ .0000e0e
3.0000020
& .ood002
o . ovo00e
¢.ed000e
2. 200000
2.002002

aSesesasanaan

TRANSPORT CURRENT MULTIPOLE FIELDS AND MULTIPOLE

N

DWBNOO AWM

The multipole reference radius is 10.0 mm.
The coil outside radius is 40.0 mm,

inside radius is set at 55.9 mm,

is 20,0 mm,

Tahle 9.

MULTIPOLE COMPONENT

REAL
PART

. 220020
Nl
.020p00
. 262000
. 002090
. 20eDo0
.2ospoe
. G008
.cooeoe
. 009000
. 000000
000000
. OP0000

Skew
Term

IMAGINARY
PART

1.009000
@.9e2000
2.900002
2 .920008
0 .900009
0 . 000000
9 .002009
9.900000
0.9208090
0.000000
0.000000
9. ddoo0R
8.000000

Normal
Term

1

1.0002 TESLA

MBE7 0 Page 21 of 31

CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

MULTIFOLE RATIO

REAL
PART

. 000000
. 009230
. 0620002
. 002000
. 202000
. Q0BA0R
o20eR
.Qeoede
. o0eor
. 002000
. 202000
N1
N

RATIOS

IMAGINARY
PART

.ooeeoe
.20g00e
.958239
. 020208
083928
. 000000
.002246
. 800000
.00215
.000000
.0P0001
.BO0200
. 000000

AWV HERe~

MULTIPOLE RATIO

REAL
PART

. D000eR
N L.l
003D
. 200220
. 200000
. 200000
. 200002
.Sesde
KLl
. 000000
Nl
. 200020
N

Skew
Term

IMAGINARY
PART

. QOR¢dR
.poe0oe
. Q000802
. 230000
.gopooe
Q2200
. odoe0R
. 60020
. D20
. ooeoee
. 202000
. 000020
. 202000

eGSO EHH G0 6~

Normal
Term

The ¢coil inside radius

The iron shell

Multipoles and multipole ratios for Case 7, the six-block cosine

theta dipole with no asymmetries.



MAGNET MULTIPOLE DATA FOR CASE NUMBER

RESIDUAL FIELDS WITH AN IRON SHELL, NORMAL NN = 1

STARTING CENTRAL INDUCTION

INDUCTION AFTER FIRST FLUX CHANGE
INDUCTION AFTER SECOND FLUX CHANGE

5.5000 TESLA
0.2002 TESLA
1.9200 TESLA

M6670 Page 22 of gi

MAGNETIZATION CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

MULTIPOLE COMPONENT
IMAGINARY

N

b et
WNRNHBODNBO M WA -

REAL
PART

. BBe200
.000030
. 209200
. 0000086
. 0200
.880221
. egeev0
. 202280
.20ove?
. 200200
. 200200
. 200000
. 200209

-8,
-2,
2.

-R-R-R- R0 1.1 ]

PART

Q21718
soooae
oo8102
ecoDe

. 02087
.Jeo0ed
- 200000
. ooo0ee
. 020000
. O0eede
.R0dgoe
. 200000
. 2o

MULTIPOLE RATIQ

REAL
PART

o .000e02
-2.917838
2 .000000
9.993255
@.008029
2.008612
9 .00000¢
-8.0008117
0.029000
2.000022
0.000000
0 .000024
@ .oeoeee

TRANSPORT CURRENT MULTIPOLE FIELDS AND MULTIPOLE RATIOS

MULTIPOLE COMPONENT
IMAGINARY

The multipole reference radius is 10.0 mm.
The coil outside radius is 40.0 mm,

inside radius is set at 55.9 mm.

is 20.0 mm.

Table 10.

L1 R N A Y S R

REAL
PART

. 000008
.gddvee
.00a2ae
. o000
.ooddoe
. agegoR
. 000000
. 900020
. go000Q
. G0ee0d
9.000000
Q.000200
0.020209

Skew
Term

1,
2.
@.
a.
9.
2.
a.
@.
8.
8.
0.
8.

PART

oeovon
202000
223209
200000
o020
oeoo0e
oo
o000
godaooe
280000
860000

Normal
Term

IMAGINARY
PART

.20e00e
.foooo0
.058165
. 2oo0oR
. 203909
. 006000
. 200243
.ogece
. 020215
. 020000
000051
.Bo22o0
.dgee00

SOGGANANGA DD

MULTIPOLE RATIO

REAL
PART

. D000
. googea
.2a3eee
. 000000
. 000000
00900
. dooeoe
.Bedd00
- 200300
. 0232002
0.000000
#.00e200
2 .220000

LKL F-K.- 3. %%

Skew
Term

IMAGINARY
PART

1.020000
2 .22o000
¢ .200e02
0. 00000
©.000200
¢.000000
0 .900800
0.000000
9.00e000
2.e90000
0.000000
2. edooee
2.002000

Normal
Term

The coil inside radius

The iron shell

Multipoles and multipole ratios for Case 8, the six-block cosine
theta dipole with top-bottom filament diameter asymmetry.
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CASES 9, 10 AND 11
SSC DIPOLE, LBL NC-7

SUPERCONDUCTING MAGNET CROSS SECTION

[
~
Useful Radius = 1.00 cm
. ron Radius =5.59 cm

©
-
e
=
2. -

) L}

& *

. o

L 4 *
O_ 'Y *
T_ _ 4
o
05_
}

Lower Quter Coll
iron boundry
<
ﬂ-—
¥
[}
- & & & & -
<
T~
I T ] 1 ] T
-6.0 -4.0 -2.0 0.0 2.0 4.0 6.0

X DIMENSION IN RO UNITS

Figure 9. The LBL NC-7 SSC dipole cross-section (the shaded regions are
regions of variable filament diameter for Case 10 and Case 11).



Page 24 of 31

Mbo78

[eNpPLS3J JO SOL}es pue piaiy uoijeziiaubew jo juduodwod ajodig

*SWA3] [ PUOU daP

020020 0@
Q00000° 0
0RO
200000 &
200000°'0
oe00de" 0
[l
aov0p 0
2002000
000000 2
020008 °0
Q20000 0
8220000
202000 D
2060000
20020000
000000 0
2000002
200000 @
200000 2
2000000
0000000
%0000 2
200000° 0
900000 0
2000000
200900 0
2000000
0000000
200000 @
P20000° 0
-

0Ilvy
EI= N

2000000
200200 @
200000 0
eoeded 9
200000 0
000002 0
0800000
oodd0e- @
00000 0
poe0e0 2
2000000
eo0uoR @
0200000
0000000
000200° 0
200000 P
000900° 0
0000200 0
o00000° 0
000000 0
1000000
900000 '@
esoove° 0~
2000000
2000000
evoeed e
oed0e0 2
o2e00e" 9
o000 "2
290000 @
200003'0
200000 @

0llvy
Tt= N

‘Ka1jouwwAse ou y3im ajodip £-IN 3yl
Ut § 3se) 40J) Pl [eLIJUSD Judrand juodsuedl yiLm sajodijinuw prats

31qe} 2y1 ul uaAlb suusl ay3y jo |y

200000° 3
200000° @
200000 @
000000° 9
220000 ' 0
000000 0
900000° 0
000000° 0
190000° 9
1000000
100000° 0
100000° 0
1000000
Z00009’ @
700000 0
Z00000° 0
£00000° 0
Y00000 ' 0
900000 0
1000000
210000°0
Z10000° 0
90L108° 0-
190000 9-
Zooeoo " o-
100000 0-
100000 8-
000000 @
000000° 9
0000000
2000000
2000009

oILvy
6 =N

120000 6~
100008 ° 6~
100000 0~
o000 "0~
190000 0~
100000’ 0-
200000 9~
200000 9~
E00R0a°0-
EQo000 " 0~
r2oo00 0-
S20000° 0-
900000 0~
G000’ 0~
Q10002 0~
110020 0~
clooe0 0~
910000 0~
120000° 0~
ézoooe’o-
9v0000° 0~
290000 90—
ZrsSso0°9
rEODOQ O
110000°'Q@
roQooe o
E29009 '@
Zoooee°0
to0000° 0
1020002
0900000
Pevpoe- 9

0ILvY
L SN

1900000° 0
200000 ¢
200000° 0
£02000" 0
rooeoR° 9
S00000° @
900000°0
8002009
0100000
2100000
910000° 0
oZocRe "9
1200009
1ro0000" o
190000° 02
092000 0
992900 &
L00000° 2
ZzZlpoo- o
981¢00°0
L1E000° @
80rP00 "9
ZrZive - o-
rrides°o-
9r0000 "0~
rio000° 0~
ologoe” o-
LOdR00" 9~
ro00200e° 2~
00000 9~
190000 0~
2200000

OILlvy
9 =N

9€0002 ' 0~
Zro000" 0~
Z50000° 8-
1920000~
€LO000 8-
2600000~
riioee o~
091000 0-
9L 1000 9~
90Z000° ' 8-
erZone -
COER0D 0~
roEQ00 0~
€1S000° 0~
909000° 0-
LS9000° o~
9Elo0e” o-
t18000" 0~
ol "0~
989100° 0~
eo1IZoR 0~
Sorine @-
BrLELVF D
196190°9
998000°9
e9Zevo’9
{81000 9
1rioee e
o60000° 9
orpdvd " @
atoooe o
810000° 9

0ILYY
€ =N

ZHIR0e "D~
$61000° 0~
Z1Z000° 0~
6ZZ000 "0~
trZooo - o-
09200 0~
282000 0~
LOc000 "0~
ELEQOD "B~
BECOOQ" O~
ESE0R0° B~
1LERDD " B~
{8E022° 2~
Zlreoe o-
9Tr20e "0~
1EroR0 "2~

‘Trroon°o-

89rR00 " 0-
oLr000 o~
LivOO0 " O-
09r000 " 0-
18ipe0°"0-
0090000
E1roRd o
9yco0d @
8- 14-I" - M- |
lrived @
912000 @
ca8love 0
Zrigao’o
ritego 9
E6R00D" 0

(1)
(NN) MG

3704IG 3IHL ¥Od

209°2 2000
882°Z 0000
200°Z 209" 0
2081 000°9
0091 200°0
FYTaR ¢ 000°0
eez'1 200°0
009" 1 000°0
o06°0 o00°0
[~ 8 ] "] ]
032 @ 200 Q@
209°0 [ ]
009°0 200°0
PoY'Q 000’0
ese 9 Po0° 0
eEE 0 0000
30E°0 9009
89z°'0 poo°'Q
20Z°'0 200°0
291°'0 o000
0010 LT
090°0 0009
o290 0999
I 009°g
29Z°0 909°9
203°'0 0099
200" 9Q 209°'9
99.°0 209°9
0001 009°9
209" 1 209°9
0002 P09'9
099°2 903" 9
(1) (1)
IYNIJQ ¥3ILNIG

‘i1 81qel

2999
209°9
209°9
299" 9
909°39
P09°9
205°9
299" 9
203°9
oe9'9
9099
oe9°9
9099
Pe9°9
ee9°s
289°3
209°3
2089
229°9
e09°9

(1)
Lyviss

Q71314 IYNAIS3¥ JO0 ON3

wWiNmMYTOLDO~RD0

3sY)

..... L'S'€'T=N 'LINOYN 310410 IWNHON ‘T = NN
97314 NN 0L $31041LWW WWNAIS3¥ 40 OILvH



ME6&70 Page 25 of 31

RATIO OF RESIDUAL TO TRANSPORT FIELDS
WITHOUT PASSIVE SUPERCONDUCTOR AND
WITHOUT SMALL PASSIVE IRON PIECES AND

WITHOUT ORIENTED MAGNETIZED MATERIAL . ,cg g

25.0

f MULTIPOLE N 3 3 NLmnal Sextupole
MULTIPOLE N 5§ 5 Nbrmal |Decapole

15.0
_______.-—"C

5.0
"

-5.0

RESIDUAL FIELD RATIO (PARTS IN 10000)

J Temp raturl =4,

o * ) No Pr;xlmlt Coupling
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] Eddy Current Coupling |is SmLII

'\ Inner{Coll Copper to SiC l-'lqlo = 1’F4
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o
:'o;' Fllamrnt DITmeto1 in bo!th Colis = 5/00 migrons
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MAGNETIC INDUCTION AT RADIUS RO (TESLA)

Figure 10. Magnetization field ratio versus field for a symmetric NC-7 dipole
with 5 micron filaments.
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$SC DIPOLE CONFIGURATION NC-7, @.81 MM STRANDS INNER, @.85 MM STRANDS OUTER

MAGNET SYMETRY NUMBER (NN) )
NUMBER OF COIL PARTS (KL) 48
NUMBER OF MULTIPOLES (NX) 13
NUMBER OF R DIVISIONS (MX) 1
NUMBER OF CONDUCTOR TYPES (NSC) 4
NUMBER OF IRON PIECE TYPES (NFE) @
NUMBER OF MAGNETIZED PIECES (NPM) @
NUMBER OF MAGNETIZATION LOOPS (NMG) @
NUMBER OF MAGNET CASES (JA) 8
NUMBER OF CONDUCTOR JC STEPS (LT) 12
IRTYP = 1, THIS MAGNET HAS CIRCULAR IRON.
IRON INNER RADIUS (RIIRON) 6.592

USEFULL APERATURE RADIUS (RO) 1
COIL APERTURE RADIUS (RC) 2
MEASUREMENT RADIUS (RA) 1.250
OPERATING TEMPERATURE (TOP) 4
FIELD CHANGE RATE (BDOT) -]

NT R1

HU-IHHLL&AHHMHHHHI—DAAAL.—'HO—‘HHMuﬂb&AAHnHMﬂHHHLAAAwHuH

2.0308
2.4980
2.8300
2.4980
2.0300
2.4980
2.93¢00
2.4980
3.0140
3.5040
3.0140
3.6040
2.0300
2.4580
2.0300
2.4980
2.0300
2.49080
2.0300
2.4988
3.0140
3.5040
3.0140
3.65040
2.0300
2.4980
2.0389
2.4980
2.8388
2.4990
2.8300
2.4980
3.0140
3.6040
3.0140
3.6042
2.0300
2.4980
2.0300
2.4980
2.0300
2.4980
2.0300
2.49890
3.0140
3.5048
3.6140
3.6040

Table 12.

. 009
.03

.28

R2 Al A2

2.4980 0.2600 20.1100
2.9852 @.220@ 18.2900
2.4980 22.4200 42.2600
2.9860 22.5708 42.4200
2.4500 54.7000 2.3878
2.966€ £3.8629 @.3352
2.4986 72.830¢ ©.1539
2.9660 72.0000 9.1876
3.6040 9.1000 11.6400
3.9940 0.1600 19.9209
3.5040 13.2000 47.8800
3.9940 14,3200 48.8400
2.4980 159.8900 179.7400
2.9860 161.910¢0 179.7808
2.4980 137.7400 157.580¢
2.9868 139.68€¢ 157.4300
2.4980 126.3000 @.3@78
2.9850 128.15090 9.3360
2.4980 107.1700 #.1639
2.9850 107.9100 8.18756
3.6040 168.3800 179.8200
3.9948 169.0800 179.8400
3.5040 132.3200 186.7200
3.9940 133.38090 185.88002
2.4980 180.2600 200.11902
2.9850 109.2208 198.0900
2.4980 202.4200 222.2600
2.9868 202.5700 220.4200
2.40880 234.7000 9.3078
2.9680 23).8500 9.3350
2.4900 262.8300 @.1639
2.9658 252.8000 9.1875
3.6049 180.1800 151.0400
3.9940 180.1800 190.9200
3.6040 193.2800 227.5800
3.9940 194.3200 226.8400
2.4980 -20.1100 -9.2800
2.965¢ ~-18.09900 -0.220@
2.4980 -42.26000 -22.4200
2.96560 -40.4200 -22.5790
2.4980 -54.7000 9.3078
2.9650 -53.08680 @.3350
2.4980 -72.8300 9.1539
2.9860 -72.0000 @.1876
3.6840 -11.6400 -0.1800
3.9940 -196.0208 -0.1882
3.6040 -47.680¢ -13.2800
3.9940 -48.8400 -14.3200

cm

cm
cm
cm

deg K

.O068 T per sec

YANG

1708 . oooe
1700 . 0200
1720.0000
1780 .0000
17092. 0000
1709 .0008
1728 .e00e
172@.e0000
1790. 0000
1790 .00
1700 .0000
1720 . 2020
1700 .0000
1700.23000
1700.8020
1700 .0000
1780.0000
1700 .2000
1700 . 0000
1780 .90
1790.9080
1708 .20020
1700 ,0000
1700 .0000
1700 .0000
1720 .2000
1720 .20000
1720.8002
170¢.0000
1700 . 0020
179¢.0000
1700 .0000
1729.0000
170¢. 0000
1790 .0000
1700 .2000
1700.0000
1700.0008
1780 . 0080
1700 .0000
1700, 0000
1700.0000
1708 .0002
1790 . 0002
1790.08000
1702 .9000
1700.9009
1709.90020

xJ

41999.
42907.
41810,
429E68.
42847 .
42847,
42847,
42847,
49883,
48961 .
48953,
48868.
-41999.
-42987,
-41819.
-42958,
~42B847.
-42047,
-42847.
-42847,
-48883.
-48061.
-486853.
-48898,
-41999.
-42907,
-41810.
-42958.,
-42847,
-42847.
-42847.,
-42847.
-48883,
-48951,
-48863.
-48888.
41599.
42997,
41819.
42968,
42847 .
42847,
42847,
42847,
48883.
48951,
48863.
480888.

A3

#.1839
#.1875
@.1539
Q.1875
©.153¢9
@.1878
@.1639
9.1875
$.1293
9.1398
8.1293
@.1398
9.1539
0.1876
@.1539
P.1875
B.1639
9.1875
5.1539
6.1875
9.1293
€.1398
2.1293
2.1398
@.1539
@.1875
9.1539
@.1875
9.1639
@.1878
#.163¢9
9.1875
0.1293
9.1388
8.1283
9.1398
2.1539
6.1875
2.1539
0.1875
@.1539
2.1875
@.1539
@.1875
@.1203
9.1398
#.1293
9.1398

=
3
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The parameters for the SSC-LBL-NC-7 coil with unbatlanced

superconductor T, and bottom for Case 10 and Case 11.
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COIL AND SUPERCONDUCTOR MATRIX PROPERTIES
COIL NUMBER 1 2 3 4
$/C TO NORMAL METAL RATIO 1.400 1.802 1.400 1.800
S/C NUMBER OF FILAMENTS 987¢ 5441 12057 6647
S/C FILAMENT DIAMETER (micr) 5.250 5.250 4.750 4.750
S$/C LAYER THICKNESS (micr) 2.625 2.625 2.375 2.375
S/C INTERFILAMENT DISTANCE (micr) 1.299 1.200 1.200 1.200
$/C INTERFILAMENT RHO (ohm-m) @.15QE-09 0.150E-09 9.159E-09 9.150E-29
S/C COIL PACKING FACTOR e.7890 0.720 2.782 8.722
S/C STRAND DIAMETER (mm) 2.808 0.648 2.808 0.848
$/C EFFECTIVE STRAND DIAMETER (mm) 0.727 #.583 2.727 8.583
$/C FILAMENT REGION THICKNESS (mm) @.226 g,.141 2.243 0.150
S/C STRAND OUTSIDE RHO (ohm-m) @.150E-29 ?.150E-09 &.158E-89 @.150E-29
S/C TWIST RATE (twists/cm) a.508 ?.598 2.502 ®.509
S/C COUPLED MAGNETIZATION FACTOR 1.009 1.000 1.0020 1.920
BASIC SUPERCONDUCTING MATERIAL PROPERTIES
CONDUCTOR NUMBER 1 2 3 4
HC1 at @ K (tesls) 2.014 2.014 0.014 8.014
HC2 at @ K (tesls) 14.180 14,100 14.100 14.100
TC at @ T (deg K) 9.508 9.500 9.500 9.500
COHERENCE DIST. (ang.) 100.280 100.000 100.200 1082 . 000
PENETRATIAN DIST. (ang.) 2500. 200 2500 . 200 2500 . 000 2500 . 200
SUPERCONDUCTING MATERIAL PROPERTIES AT 4.20 K
CONDUCTOR NUMBER 1 2 3 4
HC1 (tesla) 9.911 8.911 2.211 2.211
HC2 (tesla) 10.858 19.858 10.858 19.858
4.20deg K

SUPERCONDUCTOR JC VERSES B PROPERTIES AT A TEMPERATURE OF

CONDUCTOR NUMBER 1
B (tesla)

8.08 2690000 .
8.06 2290000 .
8.10 1880000 .
8.30 1420000 .
6.60 1110000,
1.08 784000
2.08 492000,
3.00 393008.
5.00 242000 .
7.00 147000,
9.00 52000.
18.08 4320,

Table 13,
used in Case 10.

2 3 4
CRITICAL CURRENT DENSITY (A/cmse2)

2690000 . 2890000 . 2690020 .
22900020. 2290000 . 2290009 .
1880000, 1880000, 1882900
1439000, 1430000 . 1432000 .
111e0d9. 111¢008. 1112900.
784200 . 784000 784000.
AS2008 . 452008 . 492020 .
393090. 393000 . 393000.
242009 . 242008 . 242000 .
147000, 147000, 147009.
52000, 52000. c2000.
4290, 4390 . 4300.

The superconductor parameters for superconductor in the NC-7 dipole
Case 11 has the same parameters except the

5.25 micron filament diameter is 21 microns and the 4.75 micron
filament diameter 1s 19 microns.
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RATIO OF RESIDUAL TO TRANSPORT FIELDS
WITHOUT PASSIVE SUPERCONDUCTOR AND

WITHOUT SMALL PASSIVE IRON PIECES AND

WITHOUT ORIENTED MAGNETIZED MATERIAL

Page 2% of 3]

o CASE 10
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: MULTIPOLE N =| 3 Nprmal |[Sextupole
B
= - Tem&erature = 4,2 K
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RESIDUAL FIELD RATIO (PARTS IN 10000)

MAGNETIC INDUCTION AT RADIUS RO (TESLA)
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Figure 11. Magnetization field ratio versus field for up-down asymmetry with

5 + 0.25 micron filaments.
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RATIO OF RESIDUAL TO TRANSPORT FIELDS
WITHOUT PASSIVE SUPERCONDUCTOR AND

WITHOUT SMALL PASSIVE IRON PIECES AND

WITHOUT ORIENTED MAGNETIZED MATERIAL CASE 11

TemporaturL = 4.4 K

No Proximity Coupling

o
S
': -‘ f MULTIPOLE N 3 2 SkKew Qiadrupole
': ‘.‘ MULTIPOLE N = 3 Ngrmal $extupole
T
-] ¥
ol 3
=) :
c% : 3
> | >
pod Y ‘-i
mol
[a RS b
«< ! + | b qTveal
& L Ty
= O/CF"'O"O"O“O" B-FO 0 0 o I ----- d ;-—--. —_—
= s d— o—F% 3 .-
m O /C)’-‘— ) ‘-‘_ - ---- "'-
- (/ O S
= i “1!‘1#
=
-
<
-
2
2
=
o

Eddy Curr1nt Coupling|is Small

— --—“L""--L
‘—'-“.&R"— -
r
\‘.‘
]
a2

~15.0
)
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Figure 12. Magnetization field ratio versus field for up-down asymmetry with
20 + 1 micron filaments.
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