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Superconducting ver'V|ew

Magnet Division

> Initial design studies of Q1BpF for a possible 4.2 K operation.
Several cases examined but only one will be presented.

» Peak field (margin), field quality and field in the electron beam
region are being optimized.

» 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 (new) and 1.6.

» Cable: 19.4 mm wide (19.7 with insulation) with 36 strands, min
thickness: 1.788 mm, max thickness: 2.012 mm (same as before).

> As mentioned during the last meeting, we will “try” to use this
cable (and RHIC dipole type cable) for all EIC magnets.
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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
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BROOKHFAEN

FROMMEI™. Field Harmonics in Q1BpF

Superconducting
Magnet Division

J (Aimm?)

A reasonably good field
quality is obtained with a £=
good mechanical design i

(coil radius 93 mm) £
(all harmonics <1 unit) =

REFERENCE RADIUS (mm) . 36 ..
MAIN FIELD (T) tutencenee et e e ie e eaee 2.384284
MAGNET STRENGTH (T/(m™(n-1)) .....ouviurinnnnennn... 66.2301

Gradient

NORMAL RELATIVE MULTIPOLES (1.D-4):

66 2 T/m b 1: -3.92824 b 2: 10000.00088 b 3: -@.40995
* b 4: -@.08318 b 5: -@.02163 b 6: -@.29828
a.t ~1O kA b 7: -0.00150 b 8: -@.006033 b 9: -0.00008
b1 0.02322 bll: -0.0060601 bl2: -0 .00000
b13: -0.000600 bl4: -0.006054 bl5: -0 .00000
bl6: -0.000600 bl7: 6.00000 bl8: -0.00000

b19: 0.006060 b28: -0.00000 b
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BROOKHFAEN .
amwiiionion | Tron Yoke - Current Design

Magnet Division

Yoke: ir = ~150 mm; or = 550 mm (or 500 mm)
Hole@ x = 288.3 mm to 312.5 mm

Radius of hole = 83 mm (63 mm for electron beam)
Collar width = ~20 mm for 66.2 T/m

ROXIE
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NATIONAL LABORATORY

Superconducting
Magnet Division
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Field in the electron beam region
Yoke OR = 550 mm, Hole@288.3 mm
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UNITS
Length - mm
Flux density T
Field strength : A m

Patential Wb mr

Conductivity S m’

Source density: A mm*
ower :

Force M

Energy J

Mass kg

MODEL DATA
C:\Users\gupta\OneDrive - B
rookhaven Mational Laborator
Y\EICVQ1BpF_Q2eFloperalg
1BpF_Q2eFf.st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.4
75939 elements
38272 nodes
73 regions

|Btot] (T)

4.458
4.224
3.989
3.755
3.520
3.286
3.051
2.816
2.582
2.347
2.113
1.878
1.643
1.409
1.174
0.840
0.705
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0.471
0.236
0.001
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BROOKHEVEN | Field in the electron beam region
Superconducting | Yoke OR = 550 mm, Hole@288.3 mm

Magnet Division

UNITS
Length * mm
Flux density T
Field strength : A m”

0.02 Potential Wb me
Conductivity :Sm*
Source density: A mm*
0.018 Power W
Force :N
0.016 Energy -J
Mass 1 kg
0.014
MODEL DATA
0012 C:\WJsers\gupta\OneDrive - B

ragkhaven Mational Laborator
V\EIC\Q1BpF_Q2eFloperalg
0.01 1BpF_Q2eF-e st

Linear elements

XY symmetry

8.0E-03 Vector potential
Magnetic fields
Stati luti
6.0E-03
Scale factor: 2.4
4 0E-03 76985 elements
38294 nodes
2 0E.03 71 regions
X coord 2250 2350 2450 2550 2650 2750 2850 2950 3050 315.0 3250 3350 3450
Y coord 00 0.0 0.0 00 0.0 0.0 0.0 00 0.0 00 0.0 0.0 00
Values of B

[300Juni2020 12:47:17 Page 17|

Opera

Initial Design. What is acceptable?
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BROOKHFAEN

NATTCNAL LABORATORY Field in the electron beam region
Superconducting | Yoke QR = 550 mm, Hole@288.3 mm

Magnet Division
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6.0E-03 CaasnlaCESEfUQIDn
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_ _Values of B [300uni2020 12:47:17 Page 17|
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snookuven | Eiold Margin at 4.2 K
Superconducting g °
Magnet Division

ssc(mm 2" Healthy Margin:
=T ~20% over 66.2
=T T/m at 4.2K
mo0 For Cu/Sc of 1.6
o L (83% on loadline)
o Lol v b b PN e b

B(T)
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NATIONAL LABORATORY
Superconducting

Magnet Division

Field Margin at 4.2 K

June 30, 2020

Margin to quench (%)
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BROOKHAVEN Temperature Margin at 4.2 K
Superconducting Over Different Blocks

Magnet Division

EIC Quad Q1PF 4.2K 20/06/29 "7

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

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

NATIONAL LABORATORY

Superconducting
Magnet Division

Field Margin
at 4.6 K, Cu/Sc =1.3

EIC Quad Q1PF 4.2K, Cu'Sc 1.3, 46 K 20/06/29 09:35
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3000 —

1500 —

1000 —

June 30, 2020

2 4 b 8 10 12 14
B(T)

Q1BpF Design for 4K Option EIC IR Meeting -Ramesh Gupta

12



DRODIIIRVEN, Field Margin
Magmet Division. at 4.6 K, Cu/Sc =1.3

EIC Quad Q1PF 4.2K, Cu'Sc 1.3,4.6 K 20/06/29 09:35

Margin to quench (%)'_

ﬁﬁf" 13% Margin on the loadline
15% over the design field

-=' 4
-;.:_g{‘-‘"‘

92.76
H

88.57
84.37
80.17
75.97
nam
67.57
63.37
59.17
54.98

50.78
46.58
42.38
38.18
33.98
29.78
25.58
21.39
17.19
12.99

ROXIE 12

| [

0 20 40 60 80 100 120 140

June 30, 2020 Q1BpF Design for 4K Option EIC IR Meeting -Ramesh Gupta



TN, D - -
Superconducting 'SCUSS'O"

Magnet Division

» Initial run indicates a possible solution for a 4.2 K operation
(may not be yet fully acceptable)

» Field quality is good.

» Margin is marginal. Check with the machine physicist for some
tweaking In the optics. Such interactions produce an overall
optimized design for the machine, optimized for the budget and
performance (not just for one component of the machine)

» What is the acceptable value of field in the electron beam region?
Some tricks and use of special material may be able to reduce the
field further.

» Peak field (margin) and field in the electron beam region are still
being optimized.
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