Field quality in WP3 magnets - episode I

E. Todesco, L. Fiscarelli
Magnets, Superconductors and Cryostats Group (CERN)

Cw 17 June 2019 - WP2 meeting




SUMMARY

= HO correctors

= D2 correctors

= Nested correctors
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HO CORRECTORS

Test reports

https://edms.cern.ch/document/1909064 (sextupole at
CERN)

https://edms.cern.ch/document/1978472 (octupole and
decapole at CERN)

Dodecapole is in the pipeline of measurements at SM18 —
test in June

Skew quadrupole shall be measured at LASA in summer
(first magnetic measurements in LASA)
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https://edms.cern.ch/document/1909064
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SEXTUPOLE CORRECTOR

Some 1terations in the design from the prototype

Increase 1n integrated strength (50%)

Increase 1n number of turns to decrease current <120 A

Transter function within 2% o 0%
Saturation of 18%

Multipoles within target
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OCTUPOLE CORRECTOR

One 1teration in the design from the prototype

Increase 1n integrated strength (50%)

° Octupol
Transfer function 3% larger oo
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Saturation of 47% P
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DECAPOLE CORRECTOR

One 1teration in the design from the prototype

Increase 1n integrated strength (50%)

Decapole

Transfer function 10% larger

Order bn an
1 0 2
Saturation of 39% : =
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SUMMARY

= HO correctors

= D2 correctors

= Nested correctors
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MCBRD (CCT CORRECTOR)

We first built a short model (MCBRDSI)

FirSt a Single aperture AP1 vertical field newest-built aperture
TF
TF not significant (0.5 m long) : 199 ——Tme
2 -4.10 -2.97
Multipoles within target of 10 units | 3 329 0.74 _
4 -0.59 -0.16 £
https://indico.cern.ch/event/738022/ : oo PO G
Test report draft : 001 005 E
https://edms.cern.ch/document/1856625 190 ggg 333

atnominal field level and 1.9 K

AP2 horizontal field first-built aperture

TF
1.698 Tm kAl
n bn an
2 -2.05 1.70
3 -2.69 -0.01
4 0.35 1.17 g
5 -1.77 0.23 0
6 0.54 0.23 =
7 0.28 0.09 8
8 0.28 0.05 5
9 0.01 0.05
_ ’—’ Cﬁw 10 0.07 0.01
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https://indico.cern.ch/event/738022/
https://edms.cern.ch/document/1856625

MCBRD (CCT CORRECTOR)

We then built a long model (MCBRDP1)
https://indico.cern.ch/event/773207/ (1.9 K)

Transfer function in line with the model within 1% (after
some clarification on the model)
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https://indico.cern.ch/event/773207/

MCBRD (CCT CORRECTOR)

= We then built a long model (MCBRDP1)
= https://indico.cern.ch/event/773207/ (1.9 K, one aperture)

= -10 units of by/a; at room temperature and at 1.9 K

2 137 -068 -0.06 018 -219 -380 512
3  -1013 -9.79 -11.18 -10.11  -1093 -11.18 -11.19
4 0.19 0.07 007 009 -017 -013 -0.13
5 257 226 210 229 001 009 0.9 P
6 004 0.02 -0.13 002 -006 002 -0.06 £
7 096 -098 -1.20 -1.02  -038 -031 -0.33
8 007 0.01 -0.02 002 -002 003 -002
9 031 0.13 042 022 -002 000 001
10 000 001 0.9 0.04 000 001 0.0
A
2 1307 -6.34 -31.48 741 480 -323 -4.78
3 441 -059 2.15 079 -018 -035 -0.87
4  -133 006 125 002 -035 -026 -0.28
5 028 025 0.33 0.17 0.17 017 022 "
6 053 -026 -0.28 031 -006 -006 -0.04 £
7 -0.08 0.00 -0.01 -0.02 004 -001 0.1
8 006 001 -0.24 -0.02 000 001 -0.02
m o 9 -0.06 -0.03 -0.15 006  -0.03 -003 -0.04
L e Shosker \ 10 011 -002 041 0.04 000 001 0.0
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https://indico.cern.ch/event/773207/
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MCBRD (CCT CORRECTOR)

We then built a long model (MCBRDP1)

https://indico.cern.ch/event/773207/ (1.9 K, both apertures)

ay from -10 to -15 units
b, from -6 to -7 units

a, of max -11 units

Saturation within 0.1%

Recent measurements at r.t. without yoke give b at 3 units

(ﬁnment slot responsible of large b,/a;)
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AP VERTICAL CORRECTOR at nominal level

other AP 0A +393 A -393A
n bn an bn an bn an
1 0.00 10000 0.00 10000 0.00 10000
2 3.95 -5.85 0.06 -11.36 -0.07 -0.56
3 0.43 10.94 -1.44 14.54 2.34 14.57
4 0.17 -0.35 -0.23 -1.14 -0.25 0.4
5 0.13 0.23 0.46 -0.13 -0.2 -0.15
6 -0.08 0.14 -0.08 0.25 -0.08 0.03
7 -0.01 0.4 -0.05 0.43 0.03 0.43
8 -0.01 -0.03 0.01 -0.05 0.01 -0.02
9 -0.04 0.01 -0.03 0.01 -0.04 0.01
AP HORIZONTAL CORRECTOR at nominal level
other AP 0A +393 A -393A

n bn an bn an bn an
1 10000 0.00 10000 0.00 10000 0.00
2 -0.05 3.37 -3.23 5.79 3.23 5.81
3 -7.14 -0.05 -6.35 2.51 -6.10 -2.51
4 0.59 -0.24 0.68 -0.32 0.52 -0.32
5 0.88 0.01 0.69 0.11 0.71 -0.16
6 0.03 -0.09 0.05 -0.06 0.01 -0.06
7 -0.30 -0.06 -0.28 -0.10 -0.30 -0.03
8 -0.01 -0.04 -0.01 -0.05 0.00 -0.04
9 0.02 0.03 0.02 0.04 0.02 0.03



https://indico.cern.ch/event/773207/

SUMMARY

= HO correctors

= D2 correctors

= Nested correctors
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MCBXFB (NESTED CORRECTOR)

We first built inner dipole MCBXFBP1)
https://edms.cern.ch/document/1856617 (r.t. and 1.9 K)

Transfer function 6% larger

b, about 30 units larger than expected

About 20 units explained by 0.6 mm shimming on the
pole

Measurements Model Measurements Model
Room Geometric  Nominal  Nominal Room Geometric  Nominal ~ Nominal
temperature Roxie 2D temperature Roxie 3D
b, -1.36 147 1.92 b, -1.59 0.21 0.66
bs 21.73 20.06 19.73 -13.0 bs 22.16 29.88 29.28 -10.85
bs -0.55 -0.44 -0.28 o -0.26 -0.60 -0.40
bs -3.17 -4.27 -5.30 0.28 bs -1.13 -1.16 -1.75 -1.64
b -0.21 -0.01 -0.06 bs 0.17 -0.02 -0.04
b, 1.68 1.63 1.68 1.78 by 1.24 1.55 1.48 2.19
bg -0.12 -0.07 -0.04 bg 0.01 -0.05 0.02
by 1.80 1.77 151 258 by 0.80 0.66 0.47 0.87
bio 0.12 0.17 0.18 by 0.19 0.11 0.13
b1y 3.56 411 4.28 3.09 by 3.53 2.85 2.99 2.00
a 0.95 -2.30 2.72 a 1.73 -0.95 0.93
as 0.15 0.14 0.00 as 0.01 0.55 0.37
=N 0.29 0.12 0.16 N 0.81 -0.45 0.39
as 0.02 0.13 0.08 as 0.06 0.08 0.03
as 0.07 -0.27 -0.27 as 0.16 -0.10 -0.09
ar 0.00 0.10 0.11 ar 0.05 0.06 0.05
ag 0.07 0.18 0.15 ag 0.17 -0.20 0.17
ag -0.07 -0.15 -0.18 ag 0.13 0.04 0.03
aio 0.18 -0.62 -0.65 aio 0.22 -0.50 -0.51
an -0.08 -0.62 -0.62 an -0.21 -0.42 -0.41
Central part measurements [L. Fiscarelli] Integral measurements [L. Fiscarelli]



https://edms.cern.ch/document/1856617/0.1

MCBXFB (NESTED CORRECTOR)

We first built inner dipole (MCBXFBP1)
https://edms.cern.ch/document/1856617 (r.t. and 1.9 K)

Strange feature of b, integral, 10 units increase from r.t. to
1.9 K — being understood

All other multipoles within 5 units

Measurements Model Measurements Model
Room Geometric  Nominal ~ Nominal Room Geometric ~ Nominal ~ Nominal
temperature Roxie 2D - templege;ture i — Roxie 3D
b, -1.36 147 1.92 2 -1 . .
b3 21.73 20.06 19.73 -13.0 gs Zgg-g zggg Zgig -10.85
by -0.55 -0.44 -0.28 4 -0. -0. -0.
bs -3.17 -4.27 -5.30 0.28 Es '(:)l-]:? -éég -égi -1.64
b -0.21 -0.01 -0.06 6 . . -0.
b, 1.68 1.63 1.68 1.78 27 -1.24 -1.55 -1.48 -2.19
bg -0.12 -0.07 -0.04 8 0.01 -0.05 -0.02
bo 1.80 1.77 151 2.58 by 0.80 0.66 0.47 0.87
bio 0.12 0.17 0.18 b1o 0.19 0.11 0.13
b1y 3.56 411 4.28 3.09 by 3.53 2.85 2.99 2.00
a, -0.95 2.30 2.72 a -1.73 -0.95 -0.93
az 0.15 0.14 0.00 as 8 gi %5455 %3379
=N 0.29 0.12 0.16 a
as 0.02 0.13 0.08 as 0.06 0.08 0.03
s 0.07 0.27 0.27 as 0.16 0.10 0.09
az 0.00 0.10 0.11 az 0.05 0.06 0.05
as 0.07 -0.18 -0.15 ag 0.17 0.20 0.17
a9 -0.07 -0.15 -0.18 Qg -0.13 -0.04 -0.03
ao 0.18 -0.62 -0.65 aio 0.22 -0.50 -0.51
a -0.08 -0.62 -0.62 a -0.21 -0.42 -0.41
Central part measurements [L. Fiscarelli] Integral measurements [L. Fiscarelli]
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https://edms.cern.ch/document/1856617/0.1

MCBXFB (NESTED CORRECTOR)

We then built inner ad outer dipole (MCBXFBP1b)
https://indico.cern.ch/event/810843/ (r.t. and 1.9 K)
Transfer function: 6% larger for both in/out dipoles
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https://indico.cern.ch/event/810843/

MCBXFB (NESTED CORRECTOR)

We then built inner ad outer dipole (MCBXFBP1b)
https://indico.cern.ch/event/810843/ (r.t. and 1.9 K)

Transfer function saturation: 4% for inner dipole, 3% for
outer dipole
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https://indico.cern.ch/event/810843/

MCBXFB (NESTED CORRECTOR)

Inner dipole only: 24 units b;, rest <5 units

+600 A 1400 A
0A 160 A
rral field (422 mm)
b an bn an
7 10000 980 10000
0.05 -0.41 1.13 -0.48
-0.67 -7.32 4.58 -11.66
0.2& 046 0.14 0.47
0.20 0.30 0.04 0.81
0.47 -0.68 0.53 -0.67
-0.36 -3.89 -0.14 -3.98
-0.12 0.15 -0.11 0.19
0.11 0.77 0.30 080
0.00 0.01 0.09 0.07
0.00 -0.05 0.41 -0.07
eiral field (2113 mm]
n b an bn an
1 12 10000 1032 10000
2 1.32 1.48 1228 4027
3 -0.39 -12.19 3.52 -21.490
i -0.10 0.31 -0.39 0.75
5 0.1& 1.41 0.26 2.a2
& 0.37 -0.50 0.17 -1.05
T -0.25 -2.85 -0.4a4 -2.57
B -0.09 010 0o.17 020
L 0.07 0.57 0.34 0.09
0 -0.01 0.02 -0.67F -0.372
0.02 0.02 1.568 -0.13
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MCBXFB (NESTED CORRECTOR)

Outer dipole only: 12 units a;, rest <5 units
Quter 0OA 1400 A
Inner +600 A 160 A
n bn an bn an
1 10000 1 980 10000
2 2.4 -0.86 1.13 -0.48
3 231.35 -0.89 4.58 -11.66
i -0.41 -0.61 0.14 0.47
5 -d4.50 -0.27 0.04 0.81
o 0.32 0.1&a 0.53 -0.67
T 138 -0.24 -0.14 -3.98
B 0.26 0.32 -0.11 0.19
L 181 -0.04 0.30 080
0 1.05 0.82 0.09 0.07
11 4.20 -0.85% 0.41 -0.07
n bn an bn an
1 10000 1 1032 10000
2 1485 0.01 1228 4027
3 2444 -0.6% 3.52 -21.490
i -0.36 -0.91 -0.39 0.75
5 -1.46 -0.30 0.26 2.a2
& -0,13 -0.359 0.17 -1.05
T -1.25 -0.06 -0.4a4 -2.57
B 0.05 0.02 0o.17 020
L 0.72 0.06 0.34 0.09
0 0.79 0.53 -0.67F -0.372
2.91 -0.67 1.568 -0.13
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Field quality measurements [L. Fiscarelli] E. Todesco



CONCLUSIONS

HO correctors
Field quality ok
We have to find the match of TF model vs measurements
within 1%
D2 correctors
Field quality at the limit, but understood (comong from
iron)
Good match of TF
Nested correctors
Field quality ok except b, (due to shimming)

We have to find the match of TF model vs measurements
within 1%
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