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TN, O :
Superconducting ver'V|ew

Magnet Division

» Design studies of Q1ApF coil for a possible 4.2 K operation.
» Q1BpF yoke optimization to reduce field in electron beam region.
» Q1BpF coil redesign to increase margin for 4.2 K operation
» Several cases examined; only one each of above will be presented.

> In all cases, peak field (margin), field quality and field in the
electron beam region are being optimized together.

» The design consider several fronts - geometric, mechanical,
magnetic design. Anis will continue on further optimization.

» Strand/wire used: dia =1.065 mm, Cu/Sc =1.3 and 1.6.
» Use this cable (and RHIC dipole type cable) for all EIC magnets.

» Some thoughts on system optimization
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BROOKHEUEN Q1 ApF Coil 2 Layers, Four wedges
Superconducting 41 turns/pole (18 inner, 23 outer)

Magnet Division____

» Poles of inner and outer layers aligned
» Coll poles have proper angles for collaring

» Two wedges in each layer to deal with keystone
Coll radius: 71 mm (QlB had 93 and Q2B had 140
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BROOKHFAEN

FROMMEI™. Field Harmonics in Q1BpF

Superconducting

Magnet Division

A reasonably good field
guality is obtained with a
good mechanical design

(coil radius 71 mm)
(all harmonics <1 unit)

REFERENCE RADIUS (mm)

Gradient

MAGNET STRENGTH (T/{m~(n-1))

NORMAL RELATIVE MULTIPOLES (1.D-4):

72.6 T/m b 1:

at ~9.3 kA Ej
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b19:
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-0.00000
-0.00000
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BROOKHFAEN

NATIONAL LABORATORY Ir'on YOke - Inifial DeSign

Superconducting

Magnet Division

Yoke: ir = ~131 mm; or = 550 mm (or 500 mm)

Hole@ x = 230.5 mm to 259 mm

Radius of hole = 44.6 & 58.4 mm (+20 mm for electron beam)
Collar width = ~20 mm

|Btot| (T)
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SIHEEEY. | Field Margin at 4.2 K

Superconducting

Magnet Division

eRHIC Quad Q1PF 2000714 O7:01

Very Good
Margin
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BROOKHFAUEN

NATIONAL LABORATORY
Superconducting

Field Margin at 4.2 K

Magnet Division

July 14, 2020

Margin to quench (%)
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NATIONAL LABORATORY

Superconducting
Magnet T =

Temperature Margin at 4.2 K
Over Different Blocks

Temperature margin (at Jop,Bop,Top)(K)

1
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July 14, 2020

3.258
3.105
2.951
2.798
2.644
2.491
2.337
2.184
2.030
1.877
1.723

Q1ApF Coil, Q1BpF Iron, Q1BpF Coil Redesign for 4K Operation

ER O TR

21.43 42.86 64.29 85.71 107.14 128.57 150

EIC IR Meeting

-Ramesh Gupta

8



BROOKHFAUEN

NATIONAL LABORATORY

Superconducting
Magnet Division
eRHIC Quad Q1PF

July 14, 2020

Field Margin

at 4.6 K, Cu/Sc =1.6

Margin to quench (3%)
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BROOKHFEAEN

AAAAAAAAAAAAAAAAAA

Superconducting
Magnet Division

Iron Optimization to
Reduce Field in the

electron Beam Region




BROOKHEVEN | Field in the electron beam region
Superconducting | Yoke OR = 550 mm, Hole@288.3 mm

Magnet Division

Shown a couple week ago (6/30/2020)

Field in electron Beam Region 0.02 T

UNITS
Length  mim
Flux density T
Field strength - A m~
0.02 Patential - Wb me

Conductivity :S m
Source density: A mm
0.018 Power v W
Force M
0016 Energy -
Mass - kg
0.014
MODEL DATA
0012 C:\Users\gupta\OneDrive - B
: rookhaven Mational Laborator
YAEIC\Q1BpF_Q2eFi\operalg
0.01 1BpF_Q2eF-g st
Linear elements
XY symmetry
8.0E-03 Vector potential
Magnetic fields
Static solution
6.0E-03 Case 2 of 2
Scale factor: 2.4
40E-03 75985 elements
38295 nodes
2 0E.03 71 regions
X coord 2250 2350 2450 2550 265.0 275.0 2850 2950 305.0 3150 3250 3350 3450
Y coord 0.0 0.0 00 0.0 0.0 00 0.0 0.0 00 0.0 0.0 00 0.0

Values of B

[300Juni2020 12:47:17 Page 17|
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BROOKHFEAEN

NATIONAL LABORATORY

Superconducting

Magnet Division

Several techniques from the
first principle examined.

Only a couple of cases shown
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BROOKHEVEN Technique: Guide flux away
Superconducting from electron beam region

Provide circular shielding for electron and ion beam

UNITS
Length  mm
Flux density T
Field strength : A m
Potential Wb m
Conductivity :Sm
Source density: A mnr
Power 2V

Force N
Energy J
Mass “kg

MODEL DATA
C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
VEIC\Q1BpF_Q2eFl\operalg
1BpF_Q2eF-06-30-gc.st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.4
79994 elements
40302 nodes
73 regions

-400.0 -300.0 -200.0 -100.0 0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 [141Ju1/2020 11:57:29 Page 52 |

X [mm]
Opera
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BROOKHFAEN

NATIONAL LABORATORY

Superconducting r'edUCTion in fleld

Magnet Division

Over an order of magnitude

1.2E-03

1.1E-03

1.0E-03

9.0E-04

8.0E-04

7.0E-04

6.0E-04

5.0E-04

4 0E-04

3.0E-04

Moo -3000  -200.0 5000 © 6000  700.0

Component: B
‘1 88074E-04 2,107[}6503 4 OZGOSE—OS‘
T

X coord 2253 2353
Y coord 00 00

2453 2553 26563 2753 2853 2953 3053 3153 3253 3353 34563 3553 3653 3753
0.0 0.0 0.0 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
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UNITS
Length * mim
Flux density T
Field strength A m~
Potential Wb m-
Conductivity S m"
Source density: A mm*
Power :

Force N

Energy oJ

Mass :kg
MODEL DATA

C:\Users\gupta\OneDrive - B
rookhaven Mational Laborator
y\EIC\Q1BpF_Q2eFloperalg
1BpF_Q2eF-06-30-gc.st
Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.4

79994 elements

40302 nodes

73 regions

[130u2020 11:42:40 Page 21 |

Opera
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BROOKHFAEN -
NATIONAL LABORATORY Furt"‘her' RedUC"'lon

Superconducting
Magnet Division

UNITS
Length  mim
Flux density T
Field strength : A m
Potential Wb m
Conductivity :Sm
Source density: A mm’
w

Power

Force oM

Energy -J

Mass - kg
MODEL DATA

C:\Users\gupta\OneDrive - B
rookhaven Mational Laborator
YAEIC\Q1BpF_Q2eFioperalg
1BpF_Q2eF-06-30-gi1.st
Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2
Scale factor: 2.4
| 80713 elements

-20.0 40666 nodes
82 regions

400 —

600 —

800 — | | | | | | I | I I

2000 2500 3000 3500 4000 4500 500.0 550.0 600.0 650.0 700.0 [14/Juli2020 12:09:52 Page 60 |

Opera

X [mm]
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BROOKHFAEN

NATIONAL LABORATORY - s
Shielding

Superconducting
Magnet Division

UNITS
Length * mim
Flux density T
Field strength A m~
Potential Wb m-
Conductivity S m"
Source density: A mm*

W

Power

Force °N

Energy oJ

Mass :kg
MODEL DATA

C:\Users\gupta\OneDrive - B
rookhaven Mational Laborator
y\EIC\Q1BpF_Q2eFloperalg
1BpF_Q2eF-06-30-gi1. st
Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2
Scale factor: 2.4
| 80713 elements
-20.0 40666 nodes
82 regions
400 —
600 —
B00 — | | l | | | l l l 1
2000 250.0 300.0 3500 400.0 450.0 500.0 5500 600.0 650.0 7000 |1‘1"UL”“’2E'2D 12:09:52 Page 60 |
X [mm]

Opera

July 14, 2020 Q1ApF Caoil, Q1BpF Iron, Q1BpF Coil Redesign for 4K Operation EIC IR Meeting -Ramesh Gupta 16



BROOKHFEAAVEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Two order of magnitude reduction

4.0E-04

3.5E-04

3.0E-04

2.5E-04
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1.5E-04

1.0E-04

5.0E-05

T

I ——

—

225.0
0.0
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Y coord
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0.0
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0.0
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0.0
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EICIR
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0 00
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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_Q2eF\operalg
1BpF_Q12eF-06-30-gi1.st
Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.4

80713 elements

40666 nodes

82 regions

[140Ju1r2020 12:13:54 Page 61 |

Opera
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BROOKHFEAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Redesign of Q1B to

increase margin
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BROOKHATEN. New Q1BpF Coil 2 Layers, 4 Wedges
Superconducting 54 turns/pole (24 inner, 30 outer)

Magnet Division____

» Poles of inner and outer layers aligned
» Coll poles have proper angles for collaring

» Two wedges in each layer to deal with keystone
Coll radius: 93 mm (Q1A has 7a and Q2B has 140 mm)

P

July 14, 2020 Q1ApF Coil, Q1BpF Iror; QWIDpr Cuil Reuesigil 101 4 Opei atlol . For — g -Ramesh Gupta 19



BROOKHRVEN | Coil 2 Layers, Three wedges (2+1)
Superconducting 54 turns/pole (24 inner, 30 outer)

Magnet Division___|

» Poles of inner and outer layers aligned
» Coll poles have proper angles for collaring

» Two wedges in the inner to deal with keystone
Coll radius: 93 mm (Q2B had 140 mm)

EIC Quad Q1PF 4.2K 20/06/29 09:13

[Bl (T)

NN
L=1]
9

0 20 40 60 a0 100 120 140
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BROOKHFAEN

st Field Harmonics in QprF

Superconducting

Magnet Division

A reasonably good field
guality is obtained with a
good mechanical design

(coll radius 93 mm)
(all harmonics <1 unit)

(L] ] ]
58828

£8R2BIIBRBE

8882882RRI A

NhEBRess52
82

o HHnnn

EIC Quad Q1PF 4.2K 20/07/14 10:59

FlEFEF'LEI"-.ICE F!ADIUE- I:mm]l J6 ..
MAGNET STRENGTH (T/(m™{n- l” ....................... bo.33408
Gradlent NORMAL RELATIVE MULTIPOLES (1.D-4):
b 1: -4.01552 b 2: 10000.00008 b 3 -@.42580
66 2 T/m b 4: -0.08594 b 5: -0.02245 b 6 -@.37287
. b 7: -0.00156 b &: -0.006835 b 9 -3.000088
at ~9 8 kA blo: -@.083587 bll: -0.006001 bl2: -0.000886
. b13: -0.00000 bl4: 9.001129 bls: -0.000886
blG: 0.0p0000 bl7: -0.00000 blE: -B.00082
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AN, Field Margin at 4.2 K
o Cu/Sc = 1.3

eRHIC Quad Q1PF 2000714 0707
4000 |
S MAXIMUM LOADLINE IN BLOCK 23 (%) i 78.4529
MINIMUM TEMPERATURE MARGIN IN BLOCK 23 (T) ....... 1.2764
Jsc(A/mm**2)|
3000 —
2500 |—
2000 —
1500 —
1000 —
m —
0 II|III|III|III|IIIIII|III|I
0 2 4 6 8 10 12 14
B(T)

vuly +T, evev WLAPE CUIL, WLDPE 1HUL L WLDPE UL INTUTIYI T 1UL 41\ \J T AUl | EIC IR Meeting -Ramesh Gupta 22



SROMKHSMEY | Field Margin at 4.2 K

Superconducting

Magnet Division

eRHIC Quad G1PF 2000714 0707

Margin to quench (3:)

94.34
90.72
87.09
B83.48
b )

79.83 Wy
76.21 ,I'l'
72.58 Ak ;

£8.95

65.32
61.70
58.07
54.44
50.81

47.19
43.56

e /’

32.68 g
29.05
25.42
ROXIE - E’ ;
N B &
42.86 64.29 85.711

0 21.43

107.14 128.57 150
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BROOKHFAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Temperature Margin at 4.2 K
Over Different Blocks

eRHIC Quad G1PF

Temperature margin (at Jop,Bop,Topl(K)

4.239
4.086
3.932
3.779
3.625
3.472
3.318
3.165
3.011
2.858
2.705
2,551
2.398
2.244
2.091
1.937
1.784
1.630
1.477
1.323

ROXIE 102

l

wa

2000714 0707

0 21.43 85.7 107.14 128.57 150
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TN, D - -
Superconducting 'SCUSS'O"

Magnet Division

» Good results for 4.2 K option
» Q1A and Q1B have the same polarity

» Q1A has much bigger margin than Q1B (though
new Q1B is in acceptable range)

» Re-optimize optics for either increasing length of
Q1B (reduce length of Q1A) or increasing design
gradient of Q1A and reducing that of Q1B

» Next task — Q1A iron

July 14, 2020 Q1ApF Coil, Q1BpF Iron, Q1BpF Coil Redesign for 4K Operation EIC IR Meeting -Ramesh Gupta
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