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BROOKHFEAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Overview

» Goal: Optimize the design of Q2B, Q1BpF and Q1Apf to allow
4K operation

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

» Q1BpF symmetric yoke design

» Q1ApF yoke optimization to reduce field in electron beam region
» Several cases examined; only one each of above will be presented

» Q1Apf & Q1BpF system optimization — tweak combination to
balance margin

> Next task?

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting

-Ramesh Gupta



SUANATAR. 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) ........ 36.0

MAGNET STRENGTH (T/(m™(n-1}) ... iiniiinirrnnnn 72.6821

Gradient

NORMAL RELATIVE MULTIPOLES (1.D-4):

726 T/m b 1: 0.77119 b 2: 100080.808008 b 3: -0.17439
b 4: -0.83551 b 5: -0.81187 b 6: -0.18329
at ~9 3 kA b 7: -0.00119 b 8: -8.80028 b 9: -0.00088
- b10: 9.17361 bll: -0.00001 bl2: -0.00000
b13: -0.00000 bld: 8.84157 bil5: -0.00000
b16: -0.00000 bl7: 5.00008 bl8: -0.00097

b19: -0.00000 b20: -0.00000 b
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BROOKHFAEN

anonesonion | Q] A Yoke (shown last time)

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
—
— T )
. 25 O ay S
— R
2.267 -
- 2111
presentation
1.759
1.583
1.408
1.232
Ry
0.880
= 0.704
— R
— R
— R
0.001
ROXIE 102
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BROOKHFAEN

Superconducting

NATIONAL LABORATORY Shielding solu-'-ion 1'ha1' Wor‘ked in QIB

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

U

200 —
-40.0 —

-60.0 —

-80.0 —

| | | | I I | | I
200.0 250.0 300.0 350.0 400.0 450.0 500.0 550.0 600.0
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|
650.0

!
700.0
X [mml
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Force N

Energy J

Mass “kg
MODEL DATA

C:\Jsers\gupta\OneDrive - B
rookhaven Mational Laborator
VIEICVWQ1BpF_Q2eFloperalg
1BpF_Q2eF-06-30-gi1 st
Linear elements

XY symmetry

Vector potential

Magnetic fields

Static selution

Case 2 of 2

Scale factor: 2.4

80713 elements

40666 nodes

82 regions

[140u1r2020 12:09:52 Page 60 |

.
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BROOKHRUEN  Two order of magnitude reduction
superconducting | in 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

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta 6



BROOKHFEAEN

anonar moron Quadrupole Symmetric Yoke of Q1B

Superconducting

Magnet Division

Enough space for holes for
tie-rods in low field region at pole

3.91958E-04 T
> It works. Field in the e-beam region ~10-
» But it may or may not be the best solution

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation

Component: BY
-1.3082E-04 1_305?|1E-O4
— I

Note: —
Hole coversa
larger area than

that of e-beam [
and the field is [~
even lower

eeeeeeeeeeeee
49897 nodes
115 regions

EIC IR Meeting

7000 800.0 [21du

-Ramesh Gupta 7



BROOKHFEAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Yoke Design of Q1A for

a low field e-beam region

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta



BROOKHIVEN  Optimized Q1A Yoke with Small Coil
superconducting | (sqme technique that worked in Q1B)

UNITS
Length ©mm

ngth :

tential Wb
Conductivity S m
Source density: A m

wer W
Force N
Energy J
Mass 1 kg

MODEL DATA
C-\Wsers\gupta\OneDrive - B
rookhaven Mational Laborator
VEIC\Q1ApF +\opera\g1APF
-c2 st

107384 elements

Small coils may be i
wound on a bobbin

120.0 140.0 160.0 180.0 200.0 220.0 240.0 260.0 280.0 300.0 320.0

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

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta




BROOKHFAEN o o .
NATIONAL LABORATORY Orilglnal 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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BROOKHFEAEN o o .
NATIONAL LABORATORY Orilg|na| Case ("Othlng 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}

E_43161E-O4 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

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta 11



BROOKHFIAEN o o o
NATIONAL LABORATORY Or‘lglnal 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

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta 12



BROOKHFEAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

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

2.0E-04

1.0E-04

Original Case (nothing done)

X coord 2305
Y coord 0.0

2305 2305
40 8.0
Values of BY

2305
12.0

2305
16.0

2305
20.0

2305
240

July 21, 2020

2305
28.0

2305
320

2305
36.0

2305

40.0

2305
440

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

[210Ju1r2020 01:42:33 Page 28 |

Opera

Very high field in electron beam region

Q1ApF and Q1BpF Designs for 4K Operation

EIC IR Meeting

-Ramesh Gupta
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BROOKHFEAEN o o .
NATIONAL LABORATORY Orllg|na| Case ("Othlng done)

Superconducting

Magnet Division

1200 140.0 160.0 180.0 2000 2200 2400 260.0 2800 300.0 3200
Component: B X mm]
0105375917 0_993%12953 1.8681049989
— | e ——

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

[2100u1r2020 02:17:17 Page 68 |

Opera

Yoke around electron beam region highly saturated

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta
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BROOKHFEAEN

NATIONAL LABORATORY

Superconducting

Cutout in the Yoke of Q1A

Magnet Division

1200 1400 160.0 180.0 200.0 220.0 240.0 260.0 280.0 300.0
X [mm]
Component: B
1.13948E-04 7.7356E-04 1.43317E-03
I
July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta

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

[210Ju12020 02:08:05 Page 56 |

Opera

15



NATIONAL LABORATORY
Superconducting

Cutout in the Yoke of Q1A

Magnet Division

160.0

120.0 140.0 180.0 200.0 2200 2400 260.0 280.0

Component: B
8.96861E-05 289444368 5. 788797674

—:—

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta

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

16



BROOKHFAEN

NATIONAL LABORATORY CU?OU? in fhe YOke Of QIA

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

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta 17



BROOKHFAEN

NATIONAL LABORATORY CU?OU? in fhe YOke Of QIA

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(|

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta 18



BROOKHFEAEN

Cutout in the Yoke of Q1A

Superconducting

Magnet Division

July 21, 2020

Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta
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BROOKHFEAEN

NATIONAL LABORATORY

Superconducting

Cutout in the Yoke of Q1A

Magnet Division

1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200
X [mm]
Component: B
0.027698477 0.?996?49583 1.57200069
I —
July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta

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

[2100u1r2020 12:00:25 Page 10 |

Opera

20



BROOKHFEAEN

NATIONAL LABORATORY Cutou"’ and Small COiI in Q].A

Superconducting

Magnet Division

120.0 140.0 160.0 180.0 200.0 2200 240.0 260.0 280.0 300.0 3200

X [mm]

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta

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

21



NATIONAL LABORATORY
Superconducting

Cutout and Small Coil in Q1A

Magnet Division

|II'|'-

N I'"lll

el
1200

Component: B
4 19459E-06

July 21, 2020

140.0

Q1ApF and Q1BpF Designs for 4K Operation

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

EIC IR Meeting -Ramesh Gupta 22



BROOKHFEAEN

NATIONAL LABORATORY

Superconducting

Cutout and Small Coil in Q1A

Magnet Division

1200 140.0 160.0 180.0 2000 2200 2400 260.0 280.0 300.0
X [mm]
Component: B
4 19459E-06 ?_84?§6E—O5 1.52763E-04
I
July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta

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

[210Ju12020 02:07:05 Page 55 |

Opera

23



BROOKHFAEN

NATIONAL LABORATORY CutOU"' and Sma” COiI in QlA

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 |

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta 24



BROOKHFAEN

NATIONAL LABORATORY

Superconducting
Magnet Division

9.8E-05
9.6E-05
9.4E-05
9.2E-05
9.0E-05
8.8E-05
8.6E-05
8.4E-05
8.2E-05
8.0E-05
7.8E-05
7.B6E-05
T 4E-05

Cutout and Small Coil in Q1A

X coord 2305
Y coord 0.0

2305 2305
40 8.0
Values of B

2305
12.0

2305
16.0

2305
20.0

2305
240

July 21, 2020

Q1ApF and Q1BpF Designs for 4K Operation

2305
28.0

2305
320

2305
36.0

EIC IR Meeting

2305

40.0

2305
440

-Ramesh Gupta

UNITS
Length  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
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

[210Ju12020 02:12:39 Page 60 |

Opera
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BROOKHFEAEN

NATIONAL LABORATORY

Superconducting

Cutout and Small Coil in Q1A

Magnet Division

q

1200 1400 160.0 180.0 2000 2200 2400 2600 2800 300.0 320.0
X [mm]
Component: B
0.012050979 0.4556?1?314 0.899583649
I —
July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta

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

[210Ju12020 02:15:36 Page 67 |

Opera
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N, MOU Deliverables
SR A Magnetic Design Tasks

Magnet Division

Summary of MOU Deliverables required by 09/30/20:

Optimization of the Interaction Region’s Forward direction hadron magnets starting with the magnets
Q2pF, and Q1BpF and Q1 ApF. A goal of this work shall be to optimize the IR’s present two 2K
magnets, Q1 ApF and Q2pF, to run at 4.2K.

An evaluation of the viability of the present lattice in the EIC Interaction Region - with the magnet
designs and space allocations as they are presently shown. This is to start with magnets in the
rear/forward direction close to the IP (forward: BOApF. Ql1ApF. Q1IBpF. ... rear: QlApR/QleR.
....), as changes here will likely have a larger impact on the lattice. The evaluation shall also identify
anything that shall cause major magnet and lattice redesign. If a problem is found it shall be discussed
immediately with the 6.06 WBS level 2 and 3 managers to determine a path forward.

The viability of 4 K operation is demonstrated. The coil cross-

section Is made with the desired cable. It is good for winding and
collaring. Moreover, field in electron beam region is also low.

July 21, 2020 Q1ApF and Q1BpF Designs for 4K Operation EIC IR Meeting -Ramesh Gupta 217
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TS inporator Discussion

Magnet Division

» Good results for 4.2 K option for all magnets

» Q1A/Q1B adjust gradient for balanced margin

Q1A has much bigger margin than Q1B (though new
Q1B is in acceptable range). Both have the same polarity

L Re-optimize optics for increasing design gradient of Q1A
(say 5%) and reducing gradient of Q1B

> Next task?

= 3d-design of above magnets?
= Examine other magnets?
= |nsert electron quad coils and other features that Brett gave
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