Superconducting Magne -Division

BHOOKHA\'ENY

NATION

a passion for discover y

& T 2

.@" Office of [ -3-
~d Science | / S

U.S. DEPARTMENT OF ENERQY O\ :5\‘



ettt O :
Superconducting ver'V|ew

Magnet Division

» Goal: Check and optimize the design of Q1BpF with
QleF to allow 4K operation

» Earlier we found a solution for Q2BpF 4 K operation
without the introduction of QleF

» The addition of QleF may force yoke at the critical
place more into saturation, possibly generating cross-
talk induced errors between Q2BpF and QleF

» Several cases examined; only one each of above will be
presented

> Next task?
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BROOKHFRAEN Shielding Solution that Worked in

NATIONAL LABORATORY

Superconducting Q1BpF (in the absence of QleF)

Magnet Division

Path of flux lines navigated with cutout in yoke and small
colils on the two side of yoke over e-beam region added to
further navigate flux lines (and reduce saturation) to
significantly reduce field in the e-beam region

iy
0

Values of B

Hole@ X =288.3 mm to 312 5 mm (with flat-top)
Radius of hole = 83 mm (63 mm for electron beam)
000 L 20E|)_O 250_0 300_0 350_0 400_0 450_0 500_0 550_0 600_0 650_0 ?OO_O [141uli2020 12:09:52 Page 60 |
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BROOKHRVEN QIBpF with QleF
Superconducting (need to remove fla-'-_.rop)

Flat-top creates non-allowed
harmonics and takes away
iron from the return yoke.
therefore, it is removed for
inserting QleF (see below)

Conductivity
[ |Source density: A mm-
| (Power W

MODEL DATA

1| C\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
YIEIC\Q1BpF_Q2eF\opera\g
1BpF_Q2eFf0-a1-0.st
Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.4

91805 elements

46250 nodes

96 regions

“U71600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 (28100112020 1007:32 Page 30 |
X [mm]
Component: B
0.094167225 0876129223 1658091221 pera
— I —
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BROOKHRWEN  QIBpF (QleF in flat-top yoke
Superconducting NOT GOOD)

Magnet Division

UNITS
Length  mm
Flux density T
Field strength : A m
Potential Wb m
Conductivity :Sm
Source density: A mnr

Power :
Force N
Energy J
Mass “kg
MODEL DATA

C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
VEIC\Q1BpF_Q2eF\operalg
1BpF_Q2eF-gi1-x1d.st
Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.4

92805 elements

46758 nodes

96 regions

[280Ju1r2020 11:58:23 Page 81 |

Opera

400.0 4200 440.0 4600

X [mm]

160.0 180.0 2000 2200 2400 25800 2800 3000 3200 3400 3600 3800
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NATION
Superconducting

L LABORATORY

Q1BpF (QleF with one polarity)

Magnet Division

280.0 3000 3200 3400 3600 3800 4000 4200 4400 4600

X [mm]

160.0

Component: BMOD
0.0 10 20

—:—

180.0 200.0 2200 2400 28600

Looks good as iron providing
the shielding is not saturated
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UNITS
Length L mm
Flux density T
Field strength : A m~
Potential Wb m
Conductivity :S m’
Source density: A mm*
Power W
Force N
Energy J
Mass “kg

MODEL DATA
C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
VEIC\Q1BpF_Q2eFl\operalg
1BpF_Q2eF-c-p-al.st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.4
91711 elements
46211 nodes
96 regions

[280Ju112020 12:02:08 Page 87 |

Opera




BROOKHFEAEN

Q1BpF (QleF with one polarity)

Superconducting
Magnet Division

UNITS
Length  mm
0.4 Flux density T
. Field strength : A m
Potential Wb m
Conductivity :Sm
0.35 Source density: A mm-
Power W
Force N
Energy J
0.3 Mass “kg
0.25 MODEL DATA

C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
02 VEIC\Q1BpF_Q2eF\operalg
1BpF_Q2eF-c-p-al.st
Linear elements

XY symmetry
0.15 Vector potential
Magnetic fields
Static solution
01 Case 2 of 2
Scale factor: 2.4
91711 elements
46211 nodes

0.05 96 regions
X coord 238.3 2483 258.3 268.3 278.3 288.3 298.3 308.3 318.3 328.3 338.3
Y coord 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Values of BMOD

[280Ju112020 12:04:30 Page 90 |

Opera

Looks good as gradient iIs symmetric
around the center of QleF (x=288.3)
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BROOKHFEAEN

SIOREISINCS - Q1BpF (QleF with opposite polarity)

Superconducting

Magnet Division

UNITS
Length * mm
04 Flux density T
. Field strength : A m
Potential Wb m
Conductivity :Sm
0.35 Source density: A mm-
Power W
Force :N
Energy J
03 Mass 1 kg
0.25 MODEL DATA

C:\WJsers\gupta\OneDrive - B
rookhaven MNational Laborator
02 V\EIC\Q1BpF_Q2eFloperalg
1BpF_Q2eF-c-n-al.st
Linear elements

XY symmetry

015 Vector potential

Magnetic fields

Static solution

01 Case 2 of 2

Scale factor: 2.4

91711 elements

46211 nodes

0.05 96 regions
X coord 2383 2483 258.3 268.3 2783 2883 2983 308.3 3183 3283 3383
Y coord 00 00 00 00 00 00 00 00 00 00 00

Values of BMOD

[280Ju12020 12:03:40 Page 89 |

Opera

Does NOT looks good as gradient is not
symmetric around the center of QleF
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BROOKHFEAEN

SIOREISINCS - Q1BpF (QleF with opposite polarity)

Superconducting
Magnet Division

UNITS
Length  mm
Flux density T
Field strength : A m
Potential Wb m
Conductivity :Sm
Source density: A mnr
Power :
Force N
Energy J
Mass “kg

MODEL DATA
C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
VEIC\Q1BpF_Q2eF\operalg
1BpF_Q2eF-c-n-al.st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.4
91711 elements
46211 nodes
96 regions

=]
Y1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 460.0 [281Juli2020 12:05:19 Page 91 |

X [mm]
Component: BMOD
0.0 1 22 Ope ra

Does not look good as the iron providing the
shielding is highly saturated on one side (>2T)
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BROOKHFEAEN

AAAAAAAAAAAAAAAAAA

Superconducting
Magnet Division

Solution

Use the technique that
we recently invented
(strengthen the coils

around the iron to
reduce saturation)
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BROOKHFEAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Q1BpF (QleF with opposite polarity
AND stronger control coils)

VA

Component: B
8.62701E-03

UNITS

Length L mm

ux density T
Field strength : A m
Potential Wb m
Conductivity :Sm
Source density: A mme
Power W
Force N
Energy J
Mass kg

MODEL DATA
C:\Wsers\gupta\OneDrive - B
MW | (rookhaven National Laborator
(N | |\EIC\Q1BpF_Q12eFloperalq
\ W | |1BpF_Q2eF-fn-a1 st

| |[Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.4
91725 elements
46218 nodes
96 regions

160.0 180.0 200.0 2200 2400 2600 2800 3000 3200 3400 3600 380.0 4000 4200 4400 4600

[28/Jul/2020 09:15:36 Page 9 |

X [mm]

0.8?32}4?851
|

1.739068695

—

Looks better as the iron providing the shielding
IS less saturated (1.7 T rather than over 2 T)

July 28, 2020
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BROOKHRVEN | Q1BpF (QleF with opposite polarity
Superconducting AND stronger control coils)

Magnet Division

UNITS
Length  mm
04 Flux density T
) Field strength : A m
Potential Wb m
Conductivity :Sm
0.35 Source density: A mm-
Power W
Force N
Energy J
0.3 Mass “kg
0.25 MODEL DATA

C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
02 VEIC\Q1BpF_Q2eF\operalg
1BpF_Q2eF-f-n-al.st
Linear elements
XY symmetry
0.15 Vector potential
Magnetic fields
Static solution
01 Case 2 of 2
Scale factor: 2.4
91725 elements
46218 nodes
96 regions

0.05

X coord 238.3 248.3 258.3 268.3 278.3 288.3 298.3 308.3 318.3 328.3 338.3
Y coord 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Values of B

[280Ju112020 09:17:04 Page 10 |

Still looks good as gradient iIs symmetric
around the center of QleF (x=288.3)

July 28, 2020 Design of Q1BpF with QleF for 4K Operation EIC IR Meeting -Ramesh Gupta 12



BROOKHFEAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Q1BpF (QleF with opposite polarity
AND stronger control coils)

UNITS
Length  mm

04 Flux density =T
Field strength : A m
Potential Wb m
Conductivity :Sm
0.35 Source density: A mnr
Power :
Force M
Energy J
03 Mass kg
025 MODEL DATA
C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
02 VEIC\Q1BpF_Q2eF\operalg
1BpF_Q2eF-f-n-al.st
Linear elements
XY symmetry
0.15 Vector potential
Magnetic fields
Static solution
01 Case 2 of 2
Scale factor: 2.4
91725 elements
46218 nodes
0.05 96 regions
X coord 288.3 2883 2883 288.3 288.3 288.3 288.3 2883 2883 2883 288.3
Y coord 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 450 50.0

Values of B

[280Ju112020 09:17:50 Page 11 |

Field (gradient) on vertical axis looks good as
well around the center of QleF (x=288.3)
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BROOKHRVEN | Q1BpF (QleF with good polarity AND
Superconducting stronger control coils)

Magnet Division

UNITS
Length  mm
Flux density T
Field strength : A m
Potential Wb m
Conductivity :Sm
Source density: A mnr

Power :
Force N
Energy J
Mass “kg

MODEL DATA
C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
VEIC\Q1BpF_Q2eF\operalg
1BpF_Q2eF-f-p-al.st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.4
91725 elements
46218 nodes
96 regions

b

)

160.0 180.0 2000 2200 240.0 2800 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 [281Juli2020 09:26:55 Page 20 |

X [mm]
Component: B
0.056973058 0717385582 1377798106 Ope ra
— I —

Looks good as the iron providing the shielding is
less saturated (1.3 T)
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BROOKHFEAEN

NATIONAL LABORATORY

Superconducting

stronger control coils)

Q1BpF (QleF with good polarity AND

Magnet Division

3400 360.0 380.0 4000 4200 4400 4600

X [mm]

160.0 180.0 2000 2200 2400 25600 2800 300.0 3200

Component: B

0.056973058 0_?1?‘31185582 1.377798106
|
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UNITS

Length  mm
Flux density T
Field strength : A m
Potential Wb m
Conductivity :Sm
Source density: A mnr
Power :
Force N
Energy J
Mass “kg

MODEL DATA

C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
VEIC\Q1BpF_Q2eF\operalg
1BpF_Q2eF-f-p-al.st

Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.4

91725 elements

46218 nodes

96 regions

[280Ju112020 09:26:55 Page 20 |

Opera
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BROOKHEVEN | Q1BpF (QleF with good polarity AND
Superconducting stronger control coils)

Magnet Division

UNITS
Length  mm
04 Flux density T
. Field strength : A m
Potential Wb m
Conductivity :Sm
0.35 Source density: A mm-
Power W
Force N
Energy J
0.3 Mass “kg
0.25 MODEL DATA

C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
02 VEIC\Q1BpF_Q2eF\operalg
1BpF_Q2eF-f-p-al.st
Linear elements
XY symmetry
0.15 Vector potential
Magnetic fields
Static solution
01 Case 2 of 2
Scale factor: 2.4
91725 elements
46218 nodes

0.05 96 regions
X coord 238.3 2483 258.3 268.3 278.3 288.3 298.3 308.3 318.3 328.3 338.3
Y coord 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Values of B

[280Ju12020 09:21:50 Page 15 |

Field (gradient) on vertical axis looks good as
well around the center of QleF (x=288.3)
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BROOKHEVEN | Q1BpF (QleF with good polarity AND
Superconducting stronger control coils)

Magnet Division

UNITS
Length  mm
04 Flux density T
) Field strength : A m
Potential Wb m
Conductivity :Sm
0.35 Source density: A mm-
Power W
Force N
Energy J
0.3 Mass “kg
0.25 MODEL DATA

C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
02 VEIC\Q1BpF_Q2eF\operalg
1BpF_Q2eF-f-p-al.st
Linear elements
XY symmetry
0.15 Vector potential
Magnetic fields
Static solution
01 Case 2 of 2
Scale factor: 2.4
91725 elements
46218 nodes

0.05 96 regions
X coord 288.3 288.3 288.3 288.3 288.3 288.3 288.3 288.3 288.3 288.3 288.3
Y coord 0.0 5.0 10.0 15.0 20.0 250 30.0 35.0 40.0 45.0 50.0

Values of B

[280Ju112020 09:21:08 Page 14 |

Field (gradient) on vertical axis looks good as
well around the center of QleF (x=288.3)
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BROOKHFAEN . o 2
amanwon - Bjgcyssion and Conclusions

Superconducting
Magnet Division

» More detail analysis and further optimization
needs to be performed; however, it appears
that we have a solution.

»\We are still good for 4 K operation

> Next task?

= 3d-design of above magnets?
= Examine other magnets?
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