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NATIONAL LABORATORY a es
Superconducting

« Magnet designs based on the cables that
can be easily procured

» Two types of 36-strand cables
—Same width and mid-thickness for both
—Keystone #1 for BlapF and B1pF
—Keystone #2 for quadrupoles

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



BROOKHFIAEN

g Content

» These slides summarize the magnetic design work
performed in FY20 on EIC IR cable magnets

» The main goal of this exercise was to develop
magnetic designs such that all EIC IR magnets
can operate at 4.2 K rather than 1.8 K

 Since the electron beam is very close to the proton
beam, leakage field from the proton IR magnets
must be low In the path traverse by the e-beam.

« Another goal was to develop designs based on the
cables that can be easily procured (36-strand)

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Q2pF

November 2020

EIC IR Magnet Design Summary (FY20)

-Ramesh Gupta



BROOKHFIAEN

®
YATIOHEL LABOLATaR Overview

Magnet Division

» Design studies completed for now for Q2pF. Several cases
examined but only the chosen one will be presented.

» Operation at 4.2K/4.6K. Peak field (margin), field quality and
field in the electron beam region optimized.

» Strand/wire used: dia =1.065 mm, Cu/Sc =1.6.

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

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



SEONEIEN Chosen Cable Design (ROXIE)

Superconducting

Magnet Division

| @ Strand
| Ho|Hame | diam. | cufsc| RRR| Tref | Bref|  Jc@BrTr| dJc/dB | Comment | H|
STREIC1 1. 065 1.6/ 70 1.4 10 1501 £00. 34 EIC ERUKER-CERN SCALED, TRDEGERA | -
1 |5TROL 1.0k 1.6 T0 1.9 10 1433 3 500, 34 ME INNER
2 |STROZ 0. 825 1.9 an 1.9 9 1953 550,03 ME OUTEER, MO
‘& Cable Geometry
Ho | Hame | height | width_i | width 0| ns| transp. | degrd | Comment | =
1 EIC3IRdZa 18.4 1.788 2.012 36 115 3 |EIC 36 STRAND @4, 2K 2 Layers |_;_
T Cable Definition
| Mo | Hame | Cable Geom. | Strand | Ailament | Insul | Trans | Quench Mat. | T o/ Comment | =]
4% EIC3613 EIC3G1E STREIC1 NETII ALLPOLYTIL (WONE HONE 1.8 |EIC CABLE 36 STE&ND, 1.8E
43 EIC3ad 2 EICIG42 STREIC1 NETII ALLPOLYTIL (WONE HONE 4 2 |EIC CAELE 36 STRE&ND, 4. 2K
m 44 EIC36428 EICIE4Zn STREIC1 NETII ALLPOLYTIL (WONE HONE 4 2 |EIC CAELE 36 STRE&ND, 4. 2K
45 EIC36dEE EICIA42h STREIC1 NETII ALLPOLYTIL (WONE HONE 4 6 [EIC CABLE 36 STRAND, 4. 6E

Strand dia =1.065 mm; 36 strands in cable

Cu/Sc =1.6, width 19.4 mm (bare)

|:> Operating Temperature: 4.2 K /4.6 K

-Ramesh Gupta
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BROOKHFAEN o . o
sy || 1€l Harmonics in Q2pF
agnet Division

A good field quality can be
obtained with the restriction of
designing the cross-section for

a good mechanical design Egiggg
(all harmonics <1 unit) U |}
REFERENCE RADIUS (mm) ... ...ttt neennnns 83.
HAENET STHENETH iTIIm 1 T Jb.0373
NORMAL RELATIVE MULTIPOLES (1.D-4):
b 1: -B.066068 b 2: 1060060.000008 b 3: -0.000008
b 4: -B.84348 b 5: 0.00008 b 6: -0.36357
b 7: 0.00008 b &: -6.6808184 b 9: -0.000008
ble: 0.62176 bll: -B.6660668 bl2: -0.00007
bl3: 0.000808 bl4: -6.22463 bls: -0.000008
bl6: -0.000008 hl?: 0.00008 bls: B.01234

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 7



SIS Peak Fields in Q2pF

Superconducting

Magnet Division_
EIC 36 strand cable 4.6 K Q2pF Half Iron 20/06/26 16:19

1.862
1.556
1.250
0.943
0.637
0.330
0.024

XIE 102

o HNRNAER
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BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Field Margin at 4.2 K

EIC 36 strand cable 4.2 K Q2pF 20/06/22 17:32

Jsc{A/mm**2)[

1500

1000

November 2020

2 4 G 8 10 12 14
B(T)

EIC IR Magnet Design Summary (FY20)

Healthy Margin:
~47% over 36 T/m
at 4.2K

(68% on loadline)

-Ramesh Gupta



SIWHMBAEL  Field Margin at 4.6 K
Superconducting °
Magnet Division

18000

16000

I(A)
14000

Healthy Margin:
~38% over 36 T/m
at 4.6K

(72% on loadline)

1200

10000

0 2 4 B B 10 12 14
B(T)
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NATIONAL LABORATORY

Superconducting
Magnet Division

Temperature Margin at 4.2 K

Over Different Blocks

EIC 36 strand cable 4.2 K Q2pF

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

Y
F 4.666 7

4.517
4.368
4.220
4.071
3.922
3.774
3.625
" 3.476
3.328
3.179
3.030
2.882
2.733
2.584
2.436
2.287
2.139
1.990
1.841

ROXIE 102

In

20/06/22 17:32

EIC 36 strand cable 4.2 K Q2pF

20/06/22 17:32

Jsc(A/mm*2)[
3000 [—

1 2 3 4 5 6 7

November 2020
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SIWHMBAEL  Field Margin at 4.6 K
Superconducting °
Magnet Division

18000

16000

I(A)
14000

Healthy Margin:
~38% over 36 T/m
at 4.6K

(72% on loadline)

1200

10000

0 2 4 B B 10 12 14
B(T)
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SROMHME. Field Margin at 4.6 K

Superconducting

Magnet Division

Margin to quench (%)

o Margin across the coil:
b _ Minimum 28% on the
loadline at 36 T/m @4.6 K

e 94.82
= 91.28
= 87.75
— st
8068
s T7.94
73.61
— X
~ 66.53
63.00
59.46
55.93
52.39

48.86
45.32

i)
= 41.78
=
=
=

38.25
34.71
31.18
27.64

ROXIE 102

0 20 40 60 80 100 120 140 160 180 200
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BROOKHRVEN Temperature Margin at 4.6 K

Magnet Division

Superconducting Over Differ'erﬂ' BlOCkS

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

Jsc(A/mm**2)[
000 |—

4.266
4.117
3.968
3.820
3.671
3.522
3.374
3.225
3.076
2.928
2.779
2.630
. 2.482
e 2.333
2.184
2.036
1.887
1.739
1.590
1.441

ROXIE 102

a0 —
2000 —
1500 —

000 —

RN

1 2 3 4 5 6 7 8 8 10
T(K)

0 i

i

0 20 40 60 80 100 120 140 160 180 200
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BROOKHFIAEN

NATIONAL LABORATORY Field Mar‘gin 01' 4.2 K Over' 41 T/m

Superconducting
Magnet Division

3
1

15000

12500

10000

Significant
Margin: ~25%
over 41 T/m at
4.2K (9 kA)

(80% on loadline)

0 2 4 6 8 10 12 14
B(T)

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



NATIONAL LABORATORY Field Mar'gin over 41 T/m @4.2 K

Superconducting
Magnet Division

Margin o auench (9 Margin across the

coil: Minimum 20%
on the loadline at
41 T/m at 4.2K

95.47

e

ey
87.55

A Reasonable

- Margin: ~25% over

ROXIE «: - 41 T/mat4.2K
. B (80% on loadline)

0 20 40 60 80 100 120 140 160 180

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 16



NATIONAL LABORATORY
Superconducting

Magnet Division

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

4.680
4.497
4.314
4.13

ROXIE 12

November 2020

3.948
3.765
3.582
3.399
3.216
3.032
2.849
2,666
2.483
2.300
2.117
1.934
1.751
1.568
1.385
1.202

Temperature Margin over 41 T/m

EEEAr: i

AL
= '._El

Jsc{A/mm**2)[

100

120

140

EIC IR Magnet Design Summary (FY20)

at 4.2 K Over Different Blocks

1

5 6 7

-Ramesh Gupta
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NATIONAL LABORATORY

Superconducting
Magnet Division

Extra layer reduced the space for the
flux return and increased the field the
electron beam region.

Field in the electron beam region can be
reduced by increasing the yoke size

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



BROOKHFAEN - .
NATIONAL LABORATORY Two POS'?'O"S Of HOleS iNn The YOke

Superconducting

Magnet Division
- 3.673
=
— 3.062
=4
2.044

IB| flux density (T) @X:366.8 m m IB| flux density (T) @X:423 m m
. 2o ;

=

- 2:654

s 1.433
1

- 1.229
% 1.025
0522
— B
I
— R

0.007

ROXIE 102

ROXIE 102

Lol 1 o W Lol e R | W

0 50 100 150 200 250 300 350 400 450 500 550 0 50 100 150 200 250 300 350 400 450 500 550

A total of five sets of files. 4.2 K and 4.6 K for two hole
positions. Also one case at 41 T/m for completeness.

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 19



BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Q1BpF

November 2020

EIC IR Magnet Design Summary (FY20)

-Ramesh Gupta



rchys sk O -
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.

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



BROOKHMRUEN | 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
=]
9

0 20 40 60 a0 100 120 140

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 22



BROOKHFAIEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Field Harmonics in Q1BpF

A reasonably good field
quality is obtained with a  EZ
good mechanical design i
(coil radius 93 mm)
(all harmonics <1 unit) =

Gradient
66.2 T/m
at ~10 kA

November 2020

J (Aimm?)

-----

REFERENCE RADIUS (mm) . 36 ..

MAIN FIELD (T) .. iii ittt i et e e e e mn e mnennenns Z2.3842384
MAGNET STRENGTH (T/(m™(n-1)) ..., 66.2301

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: -3.92024 b 2: 1l0600.00080 b 3: -0.40995
b 4: -0.88318 b 5: -0.082163 b 6: -0.29828
b 7: -0.801580 b 8: -0.886033 b 9: -0.00008
ble: B.02322 bll: -0.00861 bl2z: -0.00000
b13: -0.008000 bl4: -0.00054 bls: -0.00000
bl6: -0.00000 bl7: 0.00008 bls: -0.00000
b19: B.00000 b20: -0.00060 b

EIC IR Magnet Design Summary (FY20) -Ramesh Gupta




BROOKHFIAEN o
oo 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

November 2020

EIC IR Magnet Design Summary (FY20)

-Ramesh Gupta 24



NATIONAL LABORATORY

Superconducting
Magnet Division

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

UNITS
Length - mm
6.0 Flux density T
Field strength : A m
50 Potential Wb m
. Conducti\n’ty_ Sm
40 Sgtjvr;:re densny: A mm
Force M
N 30 Energy J
I— Mass kg
20
MODEL DATA
>\ 10 }\| C:\Users\gupta\OneDrive - B
rookhaven PMational Laborator
m 0.0 YEIC\Q1BpF_Q2eFlopera\g
1BpF_Q2eFfst
-1.0 Linear elements
XY symmetry
20 Vector potential
Magnetic fields
30 Static solution
. Case 2 of 2
Scale factor: 2.4
-4.0 75939 elements
38272 nodes
50 73 regions [Btot] (T)
6.0
X coord -600.0 -500.0 -400.0 -300.0 -200.0 -100.0 0.0 100.0 200.0 300.0 400.0 500.0 600.0 4.458
Y coord 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 i 4.994
Values of BY N |
: 3.989
: —
- 3.520
- 3.286
3.051
2.816
2.582
2.347
2113
1.878
— 1.643
g - 1.409
F L4 1.174
— [ |
g * A AR 5
m — el o1 ) W . Il
P omgusom:mmmmwm-'
& \e - 0.236
- \ﬁ% 0.001
_ i B ROXIE o2
November 2020 EIC IR Magnet Design suinimary (- v zv) -allESIH BupLd

pas)




BROOKHPIEN.  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 m-
Conductivity :S m’
Source density: A mm*
0018 Power SW
Force N
0016 Energy -J
Mass “kg
0.014
MODEL DATA
0.012 C:\Users\gupta\OneDrive - B

reckhaven Mational Laborator
VEIC\Q1BpF_Q2eF\operalg
0.01 1BpF_(Q2eF-8 st

Linear elements

XY symmet
8.0E-03 Vectgr potegial
Magnetic fields
Stati luti
6.0E-03 CaasnlaCESEfUQIDn
Scale factor: 2.4
4 0E-03 76985 elements
38295 nodes
2 0E.03 71 regions
X coord 2250 2350 2450 2550 2650 2750 2850 2950 305.0 315.0 3250 3350 3450
Y coord 0.0 00 0.0 0.0 00 0.0 0.0 00 00 0.0 00 0.0 0.0

Values of B

[300Juni2020 12:47:17 Page 17|

Opera

Initial Design. What is acceptable?

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 26



BROOKHFAIEN

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

Magnet Division

0.02

0.018

0.016

0.014

0.012

0.01

-100.0 300.0 200.0

\\. R St |
8.0E-03 o Vector potential
Magnetic fields
Stati luti
6.0E-03 CaasnlaCESEfUQIDn
Scale factor: 2.4
4 0E-03 76939 elements
38272 nodes
2 0E.03 73 regions
X coord 2250 2350 2450 2550 2650 2750 2850 2950 305.0 315.0 3250 3350 3450
Y coord 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00
Values of B
_ _Values of B [300uni2020 12:47:17 Page 17|

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 27



BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Field Margin at 4.2 K

Jsc{A/mm**2)[

1500 —

1000 —

Healthy Margin:
~20% over 66.2
T/m at 4.2K

For Cu/Sc of 1.6
(83% on loadline)

November 2020

6 8 10 12 14
B(T)
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NATIONAL LABORATORY
Superconducting

Magnet Division

Field Margin at 4.2 K

November 2020

Margin to quench (%)

ROXIE 102

20 40 60 80 100 120 140

EIC IR Magnet Design Summary (FY20) -Ramesh Gupta
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NATIONAL LABORATORY

Superconducting
Magnet Division

Temperature Margin at 4.2 K
Over Different Blocks

EIC Quad Q1PF 4.2K

4.529
4.342
4.156
3.970
3.784
3.598
3.412
3.226
3.040
2.854
2.668
2.482
2.296
2.110
1.924
1.738
1.551
1.365
1.179
0.993

ROXIE 102

S0 T

]|

20/06/29 "7

EIC Quad Q1PF 4.2K

20/06/29 09:13

Jsc(A/mm**2)[

1500

1000

1 2 3 4 5 6 7

November 2020

60 80 100 120 140

EIC IR Magnet Design Summary (FY20) -Ramesh Gupta
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BROOKHFAIEN

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

Jsc(A/mm**2)|
3000 —

1500 —

1000 —

November 2020

2 4 6 B 10 12 14

EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



ookt il Field Margin
Magnet Diision 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

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



NATIONAL LABORATORY

Superconducting

Shielding Solution that Worked in Q1B

Magnet Division

UNITS
Length ©mm
Flux density T

Field strength : A m~
Potential Wb mr
Conductivity :S m-
Source density: A mm*
Power W

Force N
Energy J
Mass kg

U

-200 —
-40.0 —

-60.0 —

-80.0 —

MODEL DATA
C:\Jsers\gupta\OneDrive - B
rookhaven Mational Laborator
VIEICVWQ1BpF_Q2eFoperalg
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
40666 nodes
82 regions

| |
200.0 250.0

November 2020

| | ] ] | |
300.0 350.0 400.0 450.0 500.0 580.0

EIC IR Magnet Design Summary (FY20)

]
600.0

|
650.0

|
700.0

[140u1r2020 12:09:52 Page 60 |
X fmm .
-Ramesh Gupta 33



BROOKHEUEN  Two order of magnitude reduction
superconducting | jn field in e-beam region of Q1B

Magnet Division

UNITS
Length L mm
Flux density T
4 0E-04 Field strength : A mr

Potential Wb me

Conductivity :S m’

Source density: A mm*
W

3.5E-04 Power :
Force N
Energy J
3 0E-04 Mass “kg
MODEL DATA
2.5E-04 C:\Users\gupta\OneDrive - B

reckhaven Mational Laborator
VEIC\Q1BpF_Q2eF\operalg

2.0E-04 1BpF_Q2eF-06-30-gi1 st
Linear elements
XY symmetry
Vector potential
1.5E-04 Magnetli?:: fields
Static solution
Case 2 of 2
1.0E-04 Scale factor: 2.4
80713 elements
40666 nodes
5 0E-05 82 regions
X coord 2250 2350 2450 2550 2650 2750 2850 2950 3050 3150 3250 3350 3450 3550 3650 3750
Y coord 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
Values of B

[140Ju1r2020 12:13:54 Page 61 |

Opera

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 34



BROOKHFIAEN

NATIONAL LABORATORY Quadr.upole Symmefr‘ic YOke Of QIB

Superconducting
Magnet Division

Enough space for holes for

tie-rods in low field region at pole Note: —
Hole covers a

larger area than

that of e-beam [
borator
= = peralg
and the field i1s |
even lower
uuuuuuuuuuuuu
49897 nodes
115 regions
%800 3000 -2000 -100.0 0.0 1000 2000 3000 4000 5000 6000 7000  800.0 [2141u112020 0255316 Page 39
) X [mm]
aohorar 1.30571E-04 3.91958E-04 Opera
— I —

» It works. Field in the e-beam region ~104
» But it may or may not be the best solution

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 35



BRODKHRUEN Q1BpF with QleF
Superconducting (need o remove fIGT'TOP)

Flat-top creates non-allowed
harmonics and takes away
iIron 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 —

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 36



BROOKHRVEN Q1BpF (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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SIMTRRETY  Q1BpF (QleF with one polarity)

Superconducting
Magnet Division

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

1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 28/Julf2020 12:02:08 Page 27 |
X
Component: BMOD [mm]
20 10 20 Opera
— | LLLLLLGLGLGLGYGYGYGYGYGYGYSGS

Looks good as iron providing
the shielding Is not saturated
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BROOKHFIAEN

NATIONAL LABORATORY QIBPF (QleF wi.rh one polar.ity)

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
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 BMOD

[280Ju112020 12:04:30 Page 90 |

Opera

Looks good as gradient is symmetric
around the center of QleF (x=288.3)
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BROOKHFIAEN

N oML RABO RATORT QIBPF (QleF with opp05|1'e pOle‘l"'Y)

Superconducting

Magnet Division

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

C:\Users\gupta\OneDrive - B
rookhaven Mational Laborator
02 Y\EIC\Q1BpF_Q2eFloperalg
1BpF_Q2eF-c-n-al.st
Linear elements

XY symmetry

015 Vector potential

Magnetic fields

Static solution

01 Case 2af 2

Scale factor: 2.4

91711 elements

46211 nodes

0.05 96 regions
X coord 2383 2483 2583 268.3 2783 288.3 2983 308.3 3183 3283 3383
Y coord 00 00 00 00 00 00 00 00 00 00 00

Values of BMOD

[2810u2020 12:03:40 Page 89 |

Opera

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

N oML RABO RATORT QIBPF (QleF with OppOSl"'C pOle‘lTY)

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

b

)

=]
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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BROOKHFIAEN
NATIONAL LABORATORY

Superconducting
Magnet Division

Solution

Use the technique that
we recently invented
(strengthen the coils

around the iron to
reduce saturation)

eeeeeeeeeeee EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



BROOKHRVEN | Q1BpF (QleF with opposite polarity
Superconducting AND stronger control coils)

Magnet Division

UNITS
Length L mm
Flux 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
ARRERS ! I | (rookhaven National Laborator
11 I| b ¥ | |[V\EIC\Q1BpF_Q2eFlopera\g
‘ | | RERAN '|| |l | |1BpF_Q2eF-fn-at.st
‘ | | | | | | '| R | [Linear elements
||||||||||||I XY symmetry
| | | | || | R |I || || '| }ufqector pmrer?éial
agnetic fields
| Ll | | | | | I| Static solution
NRERN
| | ‘ | Case 2 of 2
| | || | \ | || || Scale factor: 2.4
]

91725 elements
46218 nodes
96 regions

VA

1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 [284Ju112020 03:15:36 Page 9 |
{3:_8?%356%38 0_8?3?4?851 1739068695 o
Looks better as the iron providing the shielding

IS less saturated (1.7 T rather than over 2 T)
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BROOKHEUEN  QI1BpF (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 |

Opera

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

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)

November 2020
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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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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

UU [280Ju112020 09:26:55 Page 20 |

1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600
X [mm]
Component: B
0.056973058 0717385582 1377798106 Opera
— I —
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BROOKHRVEN | 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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BROOKHRVEN | 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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BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Q1ApF

November 2020

EIC IR Magnet Design Summary (FY20)

-Ramesh Gupta



rchys sk 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.

» QI1BpF 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

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



BROOKHRUEN | Q1ApF 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

Margin to quench (%)

94.75
91.36
B87.96
B4.56
B1.16
7177
74.37
70.87
67.57
64.16

60.78
57.38
53.98
50.59
47.1%9
43.79
40.4

37.00
33.60
30.20

ROXIE 1«2 ?
- T

0 21.43 64.29 85.71 107.14 128.57 150
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BROOKHFAIEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Field Harmonics in Q1ApF

A reasonably good field
guality is obtained with a
good mechanical design
(coil radius 71 mm)

(all harmonics <1 unit)

Gradient
72.6 T/m
at ~9.3 kA

November 2020

REFERENCE RADIUS (mm) ........ 36.0

MAGNET STRENGTH (T/im™(n-1}) ... iiniiinnnnnnn 72.6821

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: -8.77119 b 2: 10060.060080 b 3: -8.17439
b 4: -8.83551 b 5: -6.81187 b 6: -8.18329
b 7: -0.00119 b 8: -0.08828 b 9: -0.00008
ble: @.17361 bll: -0.008081 bl2: -0.00000
b13: -0.000608 bl4: 6.84157 bls: -g.00000
bl6: -0.00008 b17: 6.00086 bls: -8.006097
blo: -0.0008088 b20: -0.006808 b

EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



NATIONAL LABORATORY
Superconducting

Magnet Division

Peak Fields in Q1ApF

November 2020

eRHIC Quad Q1PF

Bl (T)

ROXIE 102

2000714 0707

EIC IR Magnet Design Summary (FY20) -Ramesh Gupta
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BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Field Margin

at 4.2 K

eRHIC Quad Q1PF

2000714 0701

15000 —

1500 —

10000 —

November 2020

4 b 8 10 12 14

EIC IR Magnet Design Summary (FY20)

Very Good
Margin

-Ramesh Gupta



SROOEEYEY | Field Margin at 4.2 K

Superconducting

Magnet Division

Margin to quench (%)

894.75
91.36
§7.96
84.56
81.16
TI.07
T4.37
T0.97
67.57
64.18
60.78
57.38
53.98
50.59
47.19
43.79
40.4

37.00
33.60
30.20

ROXIE 102

0 21.43 42.86 64.29 85.71 107.14 128.57 150

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



BROOKHRVEN Temperature Margin at 4.2 K
Superconducting Over Different Blocks

Magnet C°

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

ROXIE 102

ER O TR

0 21.43 42.86 64.29 85.71 107.14 128.57 150
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NATIONAL LABORATORY

Superconducting
Magnet Division

November 2020

eRHIC Quad Q1PF

Margin to quench (3%)

ROXIE 02

94.34
90.72
87.09
83.46
79.83
7621
72.58
68.95
65.32
61.70
58.07
54.44
50.81
47.19
43.56
39.93
36.31
32.68
29.05
25.42

Field Margin

at 4.6 K, Cu/Sc =1.6

2000714 O7:07

21.43 42.86 64.29 85.71 107.14 128.57 150

EIC IR Magnet Design Summary (FY20)

-Ramesh Gupta
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BROOKHFAIEN

NATIONAL LABORATORY Ir‘on YOke - Ini."ial 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)

3.342
3.166
2.990
2.814

ROXIE

2.638
2.463
2.287
2111
1.935

1.759
1.583
1.408
1.232
1.056
0.880
0.704
0.528
0.353
0.177
0.001

ROXIE 12

BT
X Py ¥
B | i
i
HRE e ¢ Ry £
N -
¥l %,
i
gy
‘ +
r 3
4

|||;_.l||||||'~!~'¢

0 50 100 150 200 250 300 350 400 450 500 550 600
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BROOKHFIAEN
NATIONAL LABORATORY

Superconducting
Magnet Division

Iron Optimization to
Reduce Field in the

electron Beam Region




BROOKHFIAEN

NATIONAL LABORATORY

Superconducting

Magnet Division

0.02

0.018

0.016

0.014

0.012

0.01

8.0E-03

6.0E-03

4. 0E-03

2.0E-03

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

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

Field in electron Beam Region 0.02 T

X coord 2250
Y coord 0.0

235.0
0.0

Values of B

November 2020

245.0
0.0

255.0
0.0

265.0

0.0

275.0 285.0 295.0 305.0 315.0
0.0 0.0 0.0 0.0 0.0

EIC IR Magnet Design Summary (FY20)

325.0
0.0

335.0
0.0

345.0
0.0

UNITS

Length  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_Q2eF-e st

Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.4

75985 elements

38295 nodes

71 regions

[300Juni2020 12:47:17 Page 17|

-Ramesh Gupta 61



BROOKHFIAEN

NATIONAL LABORATORY

Superconducting

Magnet Division

Several techniques from the
first principle examined.

Only a couple of cases shown

November 2020

EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



BROOKHFIAEN

NATIONAL LABORATORY
Superconducting

Technique: Guide flux away

from electron beam region

Provide circular shielding for electron and ion beam

-400.0 -300.0 -200.0

November 2020

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_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

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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BROOKHRUEN Over an order of magnitude
Superconducting reduction in field

Magnet Division

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

1.2E-03

1.1E-03

Power :
Force N
1.0E-03 Energy -
Mass :kg
9.0E-04
MODEL DATA

S 0E-04 C:\Users\gupta\OneDrive - B
rookhaven Mational Laborator
y\EIC\Q1BpF_Q2eFloperalg
1BpF_Q2eF-06-30-gc.st
Linear elements

7.0E-04

5.0E-04 U900 3000 2000 5000 ~ 6000 7000 XY symmetry
’ Componert: B Vector potential
1.88074E-04 2.10706E-03 4.02605€-03 Magnetic fields
5.0E-04 f Static solution
Case 2 of 2
Scale factor: 2.4
4.0E-04 79994 elements
40302 nodes
3.0E-04 73 regions
X coord 22563 2353 2453 2553 26563 2753 2853 2953 3053 31563 32563 3353 3453 3553 3653 3753
Y coord 00 00 0.0 0.0 00 00 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 00

Values of B

[130u2020 11:42:40 Page 21 |

Opera
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BROOKHFIAEN

NATIONAL LABORATORY Fur..rher. Reduction

Superconducting
Magnet Division

-20.0

-40.0
-60.0
-80.0

| | | | l l | | l | |
2000 250.0 3000 350.0 400.0 4500 500.0 550.0 600.0 650.0 700.0
X [mm]

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

Power :
Force N
Energy J
Mass “kg
MODEL DATA

C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
VEIC\Q1BpF_Q2eF\operalg
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

40666 nodes

82 regions

[140Ju12020 12:09:52 Page 60 |

Opera
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BROOKHFAIEN

NATIONAL LABORATORY

Superconducting

Shielding

Magnet Division

] |
200.0 2500

November 2020

| ] | | | | |
300.0 350.0 400.0 450.0 500.0 550.0 600.0

EIC IR Magnet Design Summary (FY20)

| l
650.0 7000
X [mm]

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

40666 nodes

82 regions

[1410u2020 12:09:52 Page 60 |

Opera

-Ramesh Gupta 66



NATIONAL LABORATORY

Superconducting
Magnet Division

Two order of magnitude reduction

4.0E-04

3.5E-04

3.0E-04

2.5E-04

2.0E-04

1.5E-04

1.0E-04

5.0E-05

T

I ——

—

225.0
0.0

X coord
Y coord

235.0
0.0

Values of B

November 2020

245.0
0.0

255.0
0.0

265.0
0.0

275.0
0.0

285.0
0.0

295.0
0.0

305.0
0.0

315.0
0.0

325.0
0.0

335.0
0.0 0

EIC IR Magnet Design Summary (FY20)

345.0

0 0

355.0

3650
0 00

-Ramesh Gupta

375.0
0.0

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

67



BROOKHFIAEN
NATIONAL LABORATORY

Superconducting
Magnet Division

Yoke Design of Q1A for

a low field e-beam region




BROOKHFIAEN

NATIONAL LABORATORY

Superconducting

120.0 140.0

Optimized Q1A Yoke with Small Coil
(same technique that worked in Q1B)

UNITS
Length ©mm
Flux density T
Field str ngth A m
tential Wb
Conductivity S m
Source density: A m
wer W
Force N
Energy J
Mass tkg
MODEL DATA
C Wse g pt O eDrive - B
kh n Mational La b ator

},EICQMpF p quF

aor potentia

Magnetic fields

tic solution
Case 2 of 2

Scale factor: 2.15
107384 elements

Small coils may be it
wound on a bobbin

160.0 180.0 200.0 220.0 240.0 260.0 280.0 300.0 320.0

Path of flux lines navigated with cutout in yoke and small \
coils 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

November 2020

EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



BROOKHFAVEN o o .
NATIONAL LABORATORY Or‘glnal Case ("Othlng done)

Superconducting
Magnet Division

UNITS
Length  mm
50 Flux density =T
Field strength : A m~
Potential Wb m
4.0 Conductivity :S m’
Source density: A mm*
Power :
3.0 Force N
Energy J
20 Mass kg

1.0 MODEL DATA
C-\Wsers\gupta\OneDrive - B
0.0 regkhaven Mational Laborator
- Y\EIC\Q1ApF +\opera\q1APF
-c00 st
10 Linear elements
: XY symmetry

Vector potential

20 Magnetic fields
Static solution
Case 2 of 2

3.0 Scale factor- 2.15

107398 elements
BA11T nodes

-4.0 110 regions
-5.0
X coord -f00.0 6000 -500.0 -4000 -3000 -2000 -1000 0O 1000 2000 3000 4000 5000 6000  700.0
Y coord 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 0.0
Values of BY

[210Ju12020 01:41:19 Page 26 |

Opera
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BROOKHFVEN o o .
NATIONAL LABORATORY Orl|g|na| Case ("O'I'hlng done)

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
regkhaven Mational Laborator
Y\EIC\Q1ApF +\opera\q1APF
-c00 st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.15
107398 elements
BA11T nodes
110 regions

2800 3000 [21/Ju1r2020 02:08:41 Page 57 |

X [mm
Component: B [mm}

ZASIB1EA 7.96999E 03 0.015696827 Ope ra
I —

120.0 140.0 160.0 180.0 200.0 2200 240.0 260.0

Very high field in electron beam region
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BROOKHFAEN o o .
NATIONAL LABORATORY Or‘glnal Case ("Othlng done)

Superconducting
Magnet Division

UNITS
Length  mm
Flux density T
5.5E-03 Field strength : A m
Potential Wb m
Conductivity :Sm
5.0E-03 Source density: A mnr
Eower :N
J orce :
4 5E-03 Energy J
4.0E-03 Mass ko
3.5E-03 MODEL DATA
C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
3.0E-03 VEIC\Q1ApF +\opera\gi1APF
-c00 st
Li | t
25603 Lpeardemers
Vector potential
2.0E-03 Magnetic fields
Static solution
Case 2 of 2
1.5E-03 Scale factor: 2.15
107398 elements
1.0E-03 54117 nodes
110 regions
5.0E-04
X coord 1855 1905 1955 2005 2055 2105 2155 2205 2255 2305 2355 2405 2455 2505 2555 2605 26565 2705 2755
Y coord 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 0.0 0.0 0.0 0.0 0.0
Values of BY
[210Ju1r2020 01:42:02 Page 27 |

Very high field in electron beam region
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BROOKHFAEN o o .
NATIONAL LABORATORY Or‘glnal Case ("Othlng done)

Superconducting
Magnet Division

UNITS
Length  mm
Flux density T
Field strength : A m
11E-03 Potential : Wb m
Conductivity :Sm
1.0E-03 Source density: A mm-
Eower :m‘u’
orce :
9.0E-04 Energy J
Mass “kg
8.0E-04
MODEL DATA
7.0E-04 C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
6.0E-04 YEIC\Q1ApF +\operatiq1APF
-c00 st
Linear elements
o.0E-04 XY symmetry
Vector potential
4 0E-04 Magnetic fields
Static solution
Case 2 of 2
3.0E-04 Scale factor: 2.15
107398 elements
2.0E-04 54117 nodes
110 regions
1.0E-04
X coord 2305 2305 2305 2305 2305 2305 2305 2305 2305 2305 2305 2305
Y coord 0.0 40 8.0 12.0 16.0 20.0 24.0 28.0 320 36.0 40.0 440
Values of BY
[210Ju1r2020 01:42:33 Page 28 |

Very high field in electron beam region
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BROOKHFVEN o o o
NATIONAL LABORATORY Orl|g|na| Case ("Oth'"g done)

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
regkhaven Mational Laborator
Y\EIC\Q1ApF +\opera\q1APF
-c00 st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.15
107398 elements
BA11T nodes
110 regions

120.0 140.0 160.0 180.0 200.0 2200 240.0 260.0 280.0 300.0 320.0 [211Juli2020 02:17:17 Page 68 |

X [mm]
Component: B
0105375917 0.993212953 1881049989 Ope ra
— I —

Yoke around electron beam region highly saturated
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BROOKHFIAEN

NATIONAL LABORATORY Cu"'ou‘r in the YOke Of Q].A

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
regkhaven Mational Laborator
Y\EIC\Q1ApF +\opera\q1APF
-c0.st

Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.15

107398 elements

BA11T nodes

110 regions

1200 1400 160.0 1800 200.0 220.0 240.0 260.0 280.0 300.0 [21/3u12020 02:08:05 Page 5 |
X [mm]
Component: B
1.13048E-04 7.7356E-04 143317E-03 Ope ra
— I —
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NATIONAL LABORATORY
Superconducting

Cutout in the Yoke of Q1A

Magnet Division

I|I'|||||||I|II ||I|| |
120.0 140.0 160.0 180.0 200.0 220.0 240.0 260.0 2800

Component: B
8.96861E-05 289444368 5. 788797674

—:—

November 2020 EIC IR Magnet Design Summary (FY20)

Force ‘N

UNITS
Length L mm
Flux density T
Field strength : A m~
Potential Wb m
Conductivity :S m’
Source density: A mm*
Power :

Energy J
Mass “kg
MODEL DATA

C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
Y\EIC\Q1ApF+\operalqg1APF
-c0.st

Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.15

107398 elements

BA11T nodes

110 regions

[210Ju12020 01:57:22 Page 50 |

Opera

-Ramesh Gupta 76



BROOKHFAIEN

Cutout in the Yoke of Q1A

Superconducting
Magnet Division

UNITS
Length  mm
Flux density T
Field strength : A m~
Potential Wb m
5.0E-04 Conductivity S m~
Source density: A mm*
Power :
4 5E-04 Force N
Energy J
Mass “kg
4.0E-04

MODEL DATA
C-\Wsers\gupta\OneDrive - B
3.5E-04 regkhaven Mational Laborator
Y\EIC\Q1ApF +\opera\q1APF
-c0.st
3.0E-04 Linear elements
XY symmetry
Vector potential
Magnetic fields
2.5E-04 Static solution
Case 2 of 2
Scale factor: 2.15
2.0E-04 107395 elements
BA11T nodes
110 regions

1.5E-04

X coord 1855 1905 1955 2005 2055 2105 2155 2205 2255 2305 2355 2405 2455 2505 2555 2605 2655 2705 2755
Y coord 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 0.0 0.0 0.0 0.0 0.0
Values of B

[200Ju1r2020 23:35:05 Page 19|

Opera
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BROOKHFAIEN

Cutout in the Yoke of Q1A

Superconducting
Magnet Division

UNITS
Length  mm
Flux density T
2.0E-04 Field strength : A m~
Potential Wb m
1.98E-04 Conductivity S m~
Source density: A mm*
1.96E-04 power :
orce N
1.94E.04 i
1.92E-04
MODEL DATA
1.9E-04 C:\Users\gupta\OneDrive - B
rookhaven Mational Laborator
1.88E-04 y‘LUEIC‘LQ1ApF+‘t0pera‘tq1AF'F
: -c(.st
Linear elements
1.866E-04 XY symmetry
Vector potential
1.684E-04 Magnetic fields
Static solution
1.82E-04 Case 2 of 2
Scale factor: 2.15
107398 elements
1.8E-04 A4117 nodes
110 regi
1.78E-04 egions
X coord 2355 2355 2355 2355 2355 2355 2355 2355 2355 2355 2355 2355
Y coord 0.0 40 8.0 120 16.0 200 240 280 320 36.0 400 44 0
Values of B
[200Ju1r2020 23:35:45 Page 12(|
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BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Cutout in the Yoke of Q1A

November 2020
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BROOKHFIAEN

NATIONAL LABORATORY Cu"‘ou‘l' in "'he YOke Of Q].A

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
regkhaven Mational Laborator
Y\EIC\Q1ApF +\opera\q1APF
-c0.st

Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.15

107398 elements

BA11T nodes

110 regions

1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 [21/3u12020 12:00:25 Page 10 ]
X [mm]
Component: B
0.027698477 0799849583 157200069 Opera
— I —
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BROOKHFIAEN

NATIONAL LABORATORY Cu"‘ou‘r and sma” COiI in Q].A

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
regkhaven Mational Laborator
Y\EIC\Q1ApF +\opera\q1APF
-c2 st

Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.15

107384 elements

54110 nodes

110 regions

[2100u12020 02:13:43 Page 62 |

Opera

120.0 140.0 160.0 180.0 200.0 2200 240.0 260.0 280.0 300.0 3200

X [mm]
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NATIONAL LABORATORY
Superconducting

Cutout and Small Coil in Q1A

Magnet Division

|II'|'-

N I'"lll

el
1200

Component: B
4 19459E-06

November 2020

140.0

UNITS
Length L mm
Flux density T
Field strength : A m~
Potential Wb m
Conductivity :S m’
Source density: A mm*

| |Power :

" ||Force N
Energy J
Mass “kg

MODEL DATA

C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
Y\EIC\Q1ApF +\operalq1APF
P ||[c2.st

Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.15

107384 elements

54110 nodes

110 regions

[2100u12020 02:03:49 Page 52 |

Opera

160.0 180.0 200.0 2200 2400 260.0 280.0 300.0

X [mm]

2.891125965 5.782247736
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BROOKHFIAEN

NATIONAL LABORATORY Cu"‘ouf and sma” COiI in Q].A

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
regkhaven Mational Laborator
Y\EIC\Q1ApF +\opera\q1APF
-c2 st

Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.15

107384 elements

54110 nodes

110 regions

120.0 140.0 160.0 180.0 200.0 2200 240.0 260.0 280.0 300.0 [2110u172020 02:07.05 Pags 55 |
X [mm]
Component: B
4.19459E-06 7.84786E-05 1.52763E-04 Ope ra
— I —

November 2020 EIC IR Magnet Design Summary (FY20) -Ramesh Gupta 83



BROOKHFAIEN

NATIONAL LABORATORY Cu"‘o”"' and Sma” COiI in Q].A

Superconducting
Magnet Division

UNITS
Length  mm
Flux density T
9.0E-05 Figlxd S?p;r:g;h CAme
Potential Wb me
Conductivity :S m’
8.0E-05 Source density: A mm:*
Power W
Force M
7.0E-05 Energy -J
Mass “kg
6.0E-05
MODEL DATA
C-\Wsers\gupta\OneDrive - B
50E-05 rookhaven Mational Laborator
Y\EIC\Q1ApF +\opera\q1APF
-c2 st
N Li | t
4 0E-05 ﬁes?n'emigg] 5
‘Fu-"qector potﬁer?éial
agnetic fields
3.0E-05 Sta%ic solution
Case 2 of 2
Scale factor: 2.15
2.0E-05 100?3%4agleorrnems
54110 nodes
1 0E-05 110 regions
X coord 1870 1920 1970 2020 2070 2120 2170 2220 2270 2320 2370 2420 2470 2520 2570 2620 2670 2720
Y coord 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Values of B
[210Ju12020 02:11:46 Page 59 |
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BROOKHFAIEN

NATIONAL LABORATORY Cu"‘o”"' and Sma” COiI in Q].A

Superconducting
Magnet Division

UNITS
Length  mm
Flux density T
0 8E-05 Field strength : A m~
Potential Wb m
N Conductivity :S m’
9.6E-05 Source density: A mm*
Power W
9.4E-05 Force N
Energy J
9.2E-05 Mass “kg
9.0E-05
MODEL DATA
8.8E-05 C:\Users\gupta\OneDrive - B
rookhaven Mational Laborator
8.6E-05 VEIC\Q1ApF +\opera\gi1APF
-c2.st
8.4E-05 Linear elements
XY symmetry
Vector potential
8.2E-05 Magnet?c fields
Static solution
8.0E-05 Case 2 of 2
Scale factor: 2.15
7.8E-05 107384 slaments
54110 nodes
7 6E-05 110 regions
T 4E-05
X coord 2305 2305 2305 2305 2305 2305 2305 2305 2305 2305 2305 2305
Y coord 0.0 40 8.0 12.0 16.0 20.0 24.0 28.0 320 36.0 40.0 440
Values of B
[210Ju12020 02:12:39 Page 60 |
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BROOKHFIAEN

NATIONAL LABORATORY Cu"‘ouf and sma” COiI in Q].A

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
regkhaven Mational Laborator
Y\EIC\Q1ApF +\opera\q1APF
-c2 st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.15
107384 elements
54110 nodes

q

110 regions
o 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 [21/Ju12020 021536 Page &7 |
X [mm]
Component: B
0.012050979 0455817314 0.899583649 Ope ra
— I —
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BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

BlpF

November 2020

EIC IR Magnet Design Summary (FY20)
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BROOKHFIAEN

NATIONAL LABORATORY
Superconducting

Cable for BlpF and BlapF

» Cross-sections of B1pF and BlapF are based on
the cables that can be easily procured

« BlpF and BlapF are designed with 36-strand
cable which is a fully keystone cable for BlapF.
The same cable is used in BlpF

* Present designs retain the rectangular yoke as
before; however, can be changed to circular

November 2020
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BROOKHIAEN Good Field Quality

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Division

 All field harmonics small (3.4 T @ 8.1 kA)

MATN HARMONIC ..t ittt i et it s s s s sncnnnsasnnensnnssnns 1
REFERENCE RADIUS (IMM) & o v v vt v v s snnnnnsonnsnsansnssas 73.0000
X-POSITION OF THE HARMONIC COIL (mMIN) &+ eeuveenenenns 0.0000
Y-POSITION OF THE HARMONIC COIL (mMm) ...cuoeeeeeeeenn 0.0000
MEASUREMENT TYPE ... i i i e s nnnnnas ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...ciieiieieenennns 0.1501E-04

SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MATN FIELD (T) o e e e e e e e e e e e e e e e e e e e e e e e e e e 3.390620
MAGNET STRENGTH (T/ (0™ (N=1)) e v e et ee e ee e e eee e a 3.3906

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 10000.00000 b 2: -0.00000 b 3: 0.00574
b 4: 0.00000 b b5: -0.00729 b 6: 0.00000
b 7: -0.01287 b 8: —-0.00000 b 9: -0.12301
bl0: 0.00000 bll: —0.11449 bl2: 0.00000
bl3: 0.02768 bl4: 0.00000 bls: 0.00780
ble: —0.00000 bl7: 0.0031e bl8: 0.00000
bl9: 0.0007e Db20: 0.00000 b
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BROOKHEAVEN Good Margin (B=3.4T, T=4.6K)

NATIONAL LAB
Supercondu

Magnet Division

ORATORY

cting Bi1pF with Keystoned Cable

* Very healthy margin in cross-section @4.6 K
v’ >78% field margin, >2.2 K temperature margin

BLOCK NUMBER . ... i i it sessasnnnssssansnssssnnnsss

PEAK FIELD IN CONDUCTOR 280 (T) v euueumeeneeenanns 4,
CURRENT IN CONDUCTOR 280 (B) v v ee vt me e eeeeeeeenenns ~-8050.
LOWEST FIELD IN CONDUCTOR 276 (T) v oeeeeeeannnn. 2.
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) . vveennen.. ~652.
COPPER CURRENT DENSTITY (A/MM2) v v oe e oeeeeeeeee e -407.
PERCENTAGE ON THE TLOAD LINE &« vt oee e eee e eee e eee e 54,
QUENCHETELD (T)  « e e e e e e e e e e e e e e e e e e e e e e e e 7.
TEMPERATURE MARGIN TO QUENCH (K) + v ouvoeeeeeeeeeenn. 2.
PERCENTAGE OF SHORT SAMPLE CURRENT .« v v vveevnnnnnnnn 20.
MAXIMUM LOADLINE IN BLOCK 15 (%) tvvuuneeeennnnnn 56.
MINIMUM TEMPERATURE MARGIN IN BLOCK 4 (T) wuuun.. 2.

November 2020

20
0120
0000
3731
6459
9037
9393
3026
21778
8573

3052
1593
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NATIONAL LABORATORY

Superconducting
Magnet Division

Peak Fields B1pF

Peak field
enhancement

~18%

November 2020

Bl (T)

1\ §
e 3

3.285
3.070

2.854 i
2.639 "

fis.

2.424 : :
2.208 ' ?
AN T T N T NN N A N O M

3.716 fa
3.501 o

1.993
1.778
1.562

1.347 %
1.132

0.916 =
0.701

0.486 it
0.270 :

¥,
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BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

BlapF

November 2020

EIC IR Magnet Design Summary (FY20)
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NATIONAL LABORATORY

Superconducting
Magnet Division

BlapF with Keystone Cable

(keystone chosen for BlapF)

November 2020

EIC Dipole B1APF fully keystone cable 4.6K

1Bl (T) ’ ‘
3.447
3.269 5
3.081
2.914 ,/
2.736 i
2.558
2,381 &
2,203 [
2.026
1.848
1.670
1.493
1.315 !\

En.‘“'-

5

1.137
0.960

0.782 "
0.605 L T
0.427 .

0.249

0.072 .::F)
ROXIE 2

20/09/21 17:39

‘'
<
\

20 40 & & LT - R S I |- | !}
oy
T

‘a
1 ¢
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BROOKHIAEN Good Field Quality

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Division

 All field harmonics small (2.7 T @ 7.3 kA)

MAIN HARMONIC ...t ittt ittt assnennsnsasnsnsnnneens

REFERENCE RADIUS (IMM) @t i v vt it ceeee s ecnnennenenas 80.0000
X—POSITION OF THE HARMONIC COIL (mm) ....ueeeeeeeeonn 0.0000
Y-POSITION OF THE HARMONIC COIL (mMIm) ..« ueeuueunneann 0.0000
MEASUREMENT TYPE .. i i it st i e nnnnns ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...ciieiuieennsnnens 0.9843E-06

SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MATN FIELD (T) & ie ittt it e e st asseseenassanseansnasas 2.7126009
MAGNET STRENGTH (T/(Mm™(n—-1)) .o eeeeanennnn 2.7126

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 10000.00000 b 2: 0.00000 b 3: 0.00437
b 4: 0.00000 b 5: 0.00488 b 6: —0.00000
b 7: 0.02281 b 8: -0.00000 b O9: 0.07717
bl0: —0.00000 bll: 0.15408 bl2: 0.00000
bl3: —0.00641 bl4: 0.00000 blb: 0.00157
ble: —0.00000 bl7: 0.0001le bl8: —-0.00000
bl9: —0.00021 Db20: -0.00000 b
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BROOKHEVEN | Good Margin (B=2.7T, T=4.6K)

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Divis

* Very

ion

healthy margin in cross-section @4.6 K

v’ ~110% field margin, >2.5 K temperature margin

BLOCK NUMBER . ... ittt i s ssassnnsssssnsnssssnnssss 20
PEAK FIELD IN CONDUCTOR 320 (T) v v ueeneninnnnnnnas 3.4471
CURRENT IN CONDUCTOR 320 (A) it inte e eentannnneans —7300.0000
LOWEST FIELD IN CONDUCTOR 316 (T) .. ciieinennnnennn. 2.1835
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) .......c..... —-591.8404
COPPER CURRENT DENSITY (A/MM2) ... i eieeenenannenns —-369.9003
PERCENTAGE ON THE LOAD LINE .....ieeuierennnnnnnsnnns 47.8841
QUENCHFETIELD (T) « v iuuseneeesennnsenssesoassannnssess 7.1989
TEMPERATURE MARGIN TO QUENCH (K) ... iiieinininennn. 2.5238
PERCENTAGE OF SHORT SAMPLE CURRENT ................. 16.3463
MAXTIMUM LOADLINE IN BLOCK 0 T ) 47.8841
MINIMUM TEMPERATURE MARGIN IN BLOCK 5 (T) ....... 2.5238

November 2020
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BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

BlpF

November 2020

EIC IR Magnet Design Summary (FY20)
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BROOKHFAIEN

NATIONAL LABORATORY

Superconducting
Magnet Division

BlpF - pCDR parameters

Table 6.8: Parameters of the B1PF magnet.

Parameter Value
Magnetic length [m] 3
Maximum dipole field [T] 3.4
Aperture [m] 0.262
Required field quality [%]  0.01
Coil width [m] 0.34
Coil height[m] 0.34
Superconductor Type NbTi
Current density [A/mm?] 241
Cu:Sc ratio 1.3
Temperature [K] 42
Peak field wire [T] 4.37
Magnetic energy [M]] 1.36
Ampere turns [MA -t] 1.16
Margin loadline [%] 58

November 2020

Rel. field errors (units 107)

1.894
1.789
1.684
1.578
1.473
1.368
1.263
1.157
1.052 =
0.947 —
0.842 =
0.736 =
0.631
0.526
0.421
0.315
0.210
0.105

(b) Shielded region

el = = .
B 100 120 140 EEE- M0 0

Figure 6.34: Vertical magnetic field on the center plane for the hadron beam (a). Figure (b)

shows the good field region.
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BROOKHIAEN Good Field Quality

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Division

 All field harmonics small (3.4 T @ 8.1 kA)

MATN HARMONIC ..t ittt i et it s s s s sncnnnsasnnensnnssnns 1
REFERENCE RADIUS (IMM) & o v v vt v v s snnnnnsonnsnsansnssas 73.0000
X-POSITION OF THE HARMONIC COIL (mMIN) &+ eeuveenenenns 0.0000
Y-POSITION OF THE HARMONIC COIL (mMm) ...cuoeeeeeeeenn 0.0000
MEASUREMENT TYPE ... i i i e s nnnnnas ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...ciieiieieenennns 0.1501E-04

SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MATN FIELD (T) o e e e e e e e e e e e e e e e e e e e e e e e e e e 3.390620
MAGNET STRENGTH (T/ (0™ (N=1)) e v e et ee e ee e e eee e a 3.3906

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 10000.00000 b 2: -0.00000 b 3: 0.00574
b 4: 0.00000 b b5: -0.00729 b 6: 0.00000
b 7: -0.01287 b 8: —-0.00000 b 9: -0.12301
bl0: 0.00000 bll: —0.11449 bl2: 0.00000
bl3: 0.02768 bl4: 0.00000 bls: 0.00780
ble: —0.00000 bl7: 0.0031e bl8: 0.00000
bl9: 0.0007e Db20: 0.00000 b
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BROOKHEAVEN Good Margin (B=3.4T, T=4.6K)

NATIONAL LAB
Supercondu

Magnet Division

ORATORY

cting Bi1pF with Keystoned Cable

* Very healthy margin in cross-section @4.6 K
v’ >78% field margin, >2.2 K temperature margin

BLOCK NUMBER . ... i i it sessasnnnssssansnssssnnnsss

PEAK FIELD IN CONDUCTOR 280 (T) v euueumeeneeenanns 4,
CURRENT IN CONDUCTOR 280 (B) v v ee vt me e eeeeeeeenenns ~-8050.
LOWEST FIELD IN CONDUCTOR 276 (T) v oeeeeeeannnn. 2.
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) . vveennen.. ~652.
COPPER CURRENT DENSTITY (A/MM2) v v oe e oeeeeeeeee e -407.
PERCENTAGE ON THE TLOAD LINE &« vt oee e eee e eee e eee e 54,
QUENCHETELD (T)  « e e e e e e e e e e e e e e e e e e e e e e e e 7.
TEMPERATURE MARGIN TO QUENCH (K) + v ouvoeeeeeeeeeenn. 2.
PERCENTAGE OF SHORT SAMPLE CURRENT .« v v vveevnnnnnnnn 20.
MAXIMUM LOADLINE IN BLOCK 15 (%) tvvuuneeeennnnnn 56.
MINIMUM TEMPERATURE MARGIN IN BLOCK 4 (T) wuuun.. 2.

November 2020

20
0120
0000
3731
6459
9037
9393
3026
21778
8573

3052
1593

EIC IR Magnet Design Summary (FY20) -Ramesh Gupta



NATIONAL LABORATORY

Superconducting
Magnet Division

Peak Fields

Bl (T)

Peak field over 3.5 T 1

Peak field
enhancement

~18%

November 2020

4.147 ’
3.931

3.716

3.501 <

3.285
3.070 = /
2.854 i
2.639 "

2.424 : :
2.208 ' f
| ] | | | | | |

1.993
1.778
1.562

1.347 %
1.132
0.916 -

0.701

0.486 )

0.270 :

0.055 )
ROXIE 102
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BROOKHFIAEN

NATIONAL LABORATORY
Superconducting

Very Good Overall Margin

Magnet Division

Over 70%

field margin -

November 2020

eRHIC Dipole B1PF with B1aPF keystone cable 20/09/21 14:45

Jsc{A/mm**2)[
000 —

1500 —
1000 —
500 —
o cao e b e b v b by
o 2 4 6 B 10 12 14
B(T)
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BROOKHF

o bl Temperature Margin over 4.6 K

Superconduct
Magnet DivisiG

Over 2.1 K
Temperature
Margin

November 2020

eRHIC Dipole B1PF with B1aPF keystone cable

Jse(A/mm**2)[

1500

1000
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NATIONAL LABORATORY

Superconducting
Magnet Division

BlapF - pCDR parameters

Table 6.10: Parameters of the BLAPF Dipole Magnet.

0.55

Parameter

Value

Magnetic length [m]

Maximum dipole field [T]

Aperture front [m]
Aperture rear [m]
Design field quality
Physical length [m]
Physical width [m]
Physical height [m]
Superconductor type

Conductor

Current density [A/mm?]

Cu:Sc ratio
Temperature [K]
Peak field wire [T]
Magnetic energy [M]]
Ampere turns [MA-t]
Number of turns
Current [A]
Inductance [H]
Margin loadline [%]

0.3360 03
0.3360 025
1x 104

Cable 20x2mm*

0717

0.024376

1.5 0.4
2? 0.35

1.6
.41
0.41 o
MbTi -0.05

¢ 0.1 0.2 0.3

148

Surface: Magnetic flux density narm (T) Max/Min Surface: Magnetic flux density norm (T)

35

25

15

0.5

04 05 0.6 0.7 m

Figure 6.39: Magnetic field equivalent to the magnetization in the BIAPF magnet.

1 3 U.3% m

0.5 |

42
3.5

025

0.x ‘

Field-free region

1.16 " S

0.1

154
7670

0.05

&0 % 0.l
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BROOKHAVEN BlapF with Keystone Cable

NATIONAL LABORATORY

Superconducting (keystone chosen for BlapF)

Magnet Division

» Mechanically good cross-section

» Collar angle
»\Wedge angles

Part of the coll
missing because of
the choice of scale

EIC Dipole B1APF fully keystone cable 4.6K

[B| (T)

3.447

3.269 5
3.081

2,914 #
2.736 L
2,558 **

2.381

2,203 i
2.026
1.848

1.670
1.493
1.315
1.137
0.960

0605 *
0.427 "
0.249
0.072 £ )
ROXIE 102 }
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BROOKHIAEN Good Field Quality

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Division

 All field harmonics small (2.7 T @ 7.3 kA)

MAIN HARMONIC ...t ittt ittt assnennsnsasnsnsnnneens

REFERENCE RADIUS (IMM) @t i v vt it ceeee s ecnnennenenas 80.0000
X—POSITION OF THE HARMONIC COIL (mm) ....ueeeeeeeeonn 0.0000
Y-POSITION OF THE HARMONIC COIL (mMIm) ..« ueeuueunneann 0.0000
MEASUREMENT TYPE .. i i it st i e nnnnns ALL FIELD CONTRIBUTIONS
ERROR OF HARMONIC ANALYSIS OF Br ...ciieiuieennsnnens 0.9843E-06

SUM (Br(p) - SUM (An cos(np) + Bn sin(np))

MATN FIELD (T) & ie ittt it e e st asseseenassanseansnasas 2.7126009
MAGNET STRENGTH (T/(Mm™(n—-1)) .o eeeeanennnn 2.7126

NORMAL RELATIVE MULTIPOLES (1.D-4):

b 1: 10000.00000 b 2: 0.00000 b 3: 0.00437
b 4: 0.00000 b 5: 0.00488 b 6: —0.00000
b 7: 0.02281 b 8: -0.00000 b O9: 0.07717
bl0: —0.00000 bll: 0.15408 bl2: 0.00000
bl3: —0.00641 bl4: 0.00000 blb: 0.00157
ble: —0.00000 bl7: 0.0001le bl8: —-0.00000
bl9: —0.00021 Db20: -0.00000 b
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BROOKHEVEN | Good Margin (B=2.7T, T=4.6K)

NATIONAL LABORATORY

Superconducting B1pF with Keystoned Cable

Magnet Divis

* Very

ion

healthy margin in cross-section @4.6 K

v’ ~110% field margin, >2.5 K temperature margin

BLOCK NUMBER . ... ittt i s ssassnnsssssnsnssssnnssss 20
PEAK FIELD IN CONDUCTOR 320 (T) v v ueeneninnnnnnnas 3.4471
CURRENT IN CONDUCTOR 320 (A) it inte e eentannnneans —7300.0000
LOWEST FIELD IN CONDUCTOR 316 (T) .. ciieinennnnennn. 2.1835
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) .......c..... —-591.8404
COPPER CURRENT DENSITY (A/MM2) ... i eieeenenannenns —-369.9003
PERCENTAGE ON THE LOAD LINE .....ieeuierennnnnnnsnnns 47.8841
QUENCHFETIELD (T) « v iuuseneeesennnsenssesoassannnssess 7.1989
TEMPERATURE MARGIN TO QUENCH (K) ... iiieinininennn. 2.5238
PERCENTAGE OF SHORT SAMPLE CURRENT ................. 16.3463
MAXTIMUM LOADLINE IN BLOCK 0 T ) 47.8841
MINIMUM TEMPERATURE MARGIN IN BLOCK 5 (T) ....... 2.5238

November 2020
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NATIONAL LABORATORY
Superconducting

Peak Fields at 2.7 T

Magnet Division

Peak field enhancement ~25%

(peak field
cana be
reduced In
design
Iteration but
already a very
high margin)

November 2020

Bl (T)

3.447
3.269

3.0,

2.914
2736
2.558
2.381 ?3.
2.203

2.026
1.848
1.670
%
1.493

s
1.315 .
1.137
0.960

0.782
0.605
0.427

= Peak field over 2.7 T i
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BROOKHFIAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Very Good Overall Margin

About 110%
field margin -

November 2020

EIC Dipole E1APF fully keystone cable 4.6K 2000921 17:39

16000

I[A)

12000

0 2 4 b 8 10 12 14
B(T)
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wmnrood T emperature Margin over 4.6 K

Superconduct

Magnet Division

Over 25 K
Temperature
Margin

November 2020

EIC Dipole E1APF fully keystone cable 46K 20/09/21 17:39

4000 T

Jsc(A/mm**2)|
3000 —

1500 —

1000 —

-\

1 2 3 4 5 6 T B 8 10
T(K)
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NATIONAL LABORATORY
Superconducting

Magnet Division

Coldmass
can be
circular even
If yoke really
has to be
rectangular.

Put extra
warm iron
outside the
coldmass

November 2020

Some thoughts on the
non-circular iron yoke

1.604
1.519
1.435
1.351
1.266
1.182
%: 1 .097

= 1.013
0.928
0.844
0.760
0.675
0.591
0.506
0.422
0.338
0.253
0.169
0.084
0

ROXIE 102
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OROBIaIEN, s

Superconducting ummar.y

» Initial cross-section of cable all magnets developed for
4 K operation

» All cross-sections are based on the superconducting
wire and cable designs that can be easily procured

» Two types of 36-strand cable used (a) Quad cable that
IS fully keystone for Q2BpF and (b) dipole cable which
Is fully keystone for BlapF

» Technigues developed to minimize fringe field from the
proton/ion quad on the path of the electron beam,
Including cases when the quadrupole for electron beam
were also present
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