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» This presentation explains the unique and novel strategy
for reducing cross-talk between Q1BpF and QleF

> It tries to magnetically decouple the two quadrupoles by
creating conditions so that magnetic shielding can work
despite a high leakage field by reducing yoke saturation

> It uses correctors (a sort of) not to shape the field inside
the quadrupoles directly but to keep field in the iron at
the crucial places low enough so that it is able to shield

» The first defense against the cross talk is an air barrier
and then the additional coils, as and If needed

» This presentation explains the approach and
Implementation so that it can be properly used

April 6, 2021 Cross-talk - Q1BpF with Q1leF (new solution) EIC IR Meeting -Ramesh Gupta 2



BROOKHFAVEN o
smeaans |1 NE Basic Model (1)

-400.0 -300.0 -200.0 -100.0 : 100.0 200.0 300.0

Cutout in the yoke where other hardware can be inserted
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BROOKHFAVEN o
smeaans |1 € Basic Model (2)

Magnet Division

UNITS
Length mm
Flux density T
Field strength : Am"

Potential Wb m

Conductivity S m”

Source density: A mm?
W

Power

Force N

Energy oJ

Mass “kg
MODEL DATA

C\Users\gupta\OneDriv
e - Brookhaven National
Laboratory\EIC\Q1BpF_
Q2eF\opera\q1BpF_Q2e
F-aprb-a-x288_3 st
Linear elements

XY symmetry

Vector potential
Magnetic fields

Static solution

Case 2 of 2

Scale factor: 2.4

93110 elements

46919 nodes

96 regions

1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4 4400 4600  480.0 [05/Apr2021 08.4525 Pags 14

X [mm]
Opera

Cutout in the yoke where other hardware can be inserted
(with rounded corners for the cutout)
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BROOKHFAVEN o
smeaans |1 NE Basic Model (3)

Magnet Division

UNITS
k |Length Smm

. Flux density T
Field strength : Am"
Potential Wb m

Conductivity S m”
Source density: A mm?

Power W
Force N
Energy oJ

Mass “kg

MODEL DATA
C\Users\gupta\OneDriv
e - Brookhaven National
Laboratory\EIC\Q1BpF_
Q2eF\opera\q1BpF_Q2e
F-apr5-a0-x312_5.st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.4

The shape of g

. 96 regions
the cutout is
not unique
220.0 2400 260.0 280.0 3000 320.0 3400 360.0 380.0 400.0 420 440.0 460.0 480.0 500.0 [0B/Apri2021 01:00:13 Page 71 |

X [mm]
Opera

Cutout in the yoke where other hardware can be inserted
(with rounded corners for the cutout)
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BROOKHEVEN

“AHEAL Lasowston The Issue

Magnet Division

» Close proximity (leakage field) create cross-talk between
Q1BpF and QleF and distort the field quality at high

level of excitation

» It can be seen most prominently by looking at the
magnitude of the field on the x-axis of QleF
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(NOT symmetric at
the design field
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(symmetric @40%
of the design field)

[
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BROOKHAY

NATIONAL LABORAT
Superconductin

Magnitude of the Field in the Yoke

Magnet Division

Y 160.0 180.0  200. 240.0 2600 2800  300.0

Component- BMOD

0.0
_

320.0

400.0 420.0 4400

X [mm]

340.0 360.0  380.0

30

—

Large field
(saturation) on
the left side of
the yoke of

460.0

‘I‘u‘lass_- “kg ‘

MODEL DATA
C:\Users\gupta\OneDriv
e - Brookhaven National
Laboratory\EIC\Q1BpF _
Q2eF\opera\q1BpF_Q2e
F-apra-a0-fe-x288_3.st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.4
93110 elements
46919 nodes
96 regions

[08/Apri2021 00:01:04 Page 11 |

1 e I Y 180.0 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400
Component: BMOD
0.0 1.]5 23
———— i N ———

April 6, 2021 Cross-talk - Q1BpF with QleF (new solution)

EIC IR Meeting

-Ramesh Gupta




BROOKHEVEN

NATIONAL LABORATORY Development Of The DeSign

Superconducting

1. Starting design: yoke between the
two quad for maximum shielding

2. Cut out (to guide field lines away)
and an iron ring around e-quad

3. Special corrector to reduce field in
the iron ring (see reduction from
~2.3 Tesla max to ~1.6 Tesla. Yoke

Shleldlng Works mUCh better nOW 180.0 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200  440.0

115 23

Component: BMOD
0.0

|

“Y 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 TY480.0 2000 2200 2400 260.0 280.0 3000 3200 3400 360.0 380.0 4000 4200  440.0

Component: BMOD Component: BMOD
0.0

0.0 1.5 23
{ ? 1?5 2.3
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BROOKHEVEN

NATIONAL LABORATORY

Superconducting
Magnet Division

The Results: Compare the symmetry of
the field on x-axis around the center

With cutout and corrector

UNITS

Length smm

0.45 Flux density T
Field strength : Am-
Potential Wb m
04— Conductivity S m*
Source density: A mm?
Power :
0.35 Force °N
Energy o
Mass - kg
0.3
MODEL DATA
0.25 C-\Users\gupta\OneDriv
e - Brookhaven MNational
Laboratory\EICVQ1BpF_
02 Q2eF\opera\q1BpF_Q2e
F-apr5-a-x288_3.st
Linear elements
0.15 XY symmetry
: Vector potential
Magnetic fields
Static solution
0.1 Case 2of 2
Scale factor: 2.4
93110 elements
0.05 46919 nodes
96 regions
0.0
X coord 238.3 2483 258.3 268.3 278.3 288.3 298.3 308.3 318.3 328.3 338.3
Y coord 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Values of BMOD
__ __Values of BMOD
_ _ Values of BMOD
_ _ _ Values of BMOD

[06Apr2021 00:26:40 Page 38 |

Note: Symmetry with cutout and corrector

April 6, 2021

Cross-talk - Q1BpF with QleF (new solution)
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BROOKHEVEN

NATIONAL LABORATORY
Superconducting

The real action is in reducing the
maximum field in the iron around QleF

Magnet Division

With cutout

Original

UNITS
Length s mm
L N Flux density T
24 L 4 N Field strength :Am*
' N Potential Wb m'
29 { 4 —— Conducti\.rity_ :Sm’
ource density: A mm
L/ A " Source density: A mm-
20 . / Power W
o — F N
1 (a bit of over - poce 2
il R . . - Mass kg
.| A~ correction, still ok) /
B S e MODEL DATA
14 - # C-\Users\gupta\OneDriv
),‘ e - Brookhaven Mational
192 . Laboratory\EICVQ 1B pF_
’ . / Q2eF\opera\q1BpF_Q2e
N e PE N . ‘ F-apr5-a-x288_3.st
1.0 [ s = 5 N 7 Linear elements
. e e N / XY symmetry
0.8 N R . . Vector potential
: \ / Magnetic fields
[ ~ With cutout \
/ . s \ . l( . Case2of 2
0.4 L ™, L Y i / ‘ Scale factor: 2.4
’ < ~. P : : 93110 elements
. - and corrector Ly 3019 nodes
02 o NAX 96 regions
0.0
Angle 0.0 100 200 300 400 500 600 70.0 80.0 900 1000 1100 1200 130.0 1400 1500 160.0 170.0 180.0
Radius: 90.0, center: (288.3,0.0)
Values of B
- _gz:ﬂgz EIE A n g I e [06/Apri2021 00:45:04 Page 55 |
_ _ _ Values of B

Note: Reduction in the maximum field

(2.2 Tto 1.6 T) in the yoke at a radius of 90 mm

April 6, 2021

Cross-talk - Q1BpF with QleF (new solution)

EIC IR Meeting -Ramesh Gupta 10



BROOKHEVEN

LABORATORY

NATIONAL

Superconducting
Maanet Division

Even more dramatic is in reducing or
shifting "By” in the iron around QleF

] Original
Length mm
2.5 [ ] Fluxdensity T
[ ] 7 ¥
20 [~
15 = S Power ‘W
’ ] Force N
_.___/_,_— Energy oJ
1.0 — Mass “kg
| — o
= -
B 05 - —— s MODEL DATA
- e Ty C:\Users\gupta\OneDriv
’ -~ - T, e - Brookhaven National
00 T — - Laboratory\EIC\Q1BpF_
— 1 Q2eF\opera\q1BpF_Q2e
L F-aprb-a-x288_3 st
0.5 | Linear elements
~ XY symmetry
10 Vector potential
; . Magnetic fields
L Static solution
15 - Wlth Cutout Case 2 of 2
— gl Scale factor: 2.4
I 93110 elements
20 d t 46919 nodes
ana corrector dg018 nod
-25
Angle 0.0 10.0 20.0 30.0 400 500 60.0 70.0 80.0 90.0 100.0 1100 1200 1300 1400 1500 160.0 170.0 180.0
Radius: 90.0, center: (288.3,0.0)
Values of BY
__ __Values of BY
_ _ Values of BY n g e [0B/Apri2021 00:39:56 Page 50 |
_ _ _ Values of BY

Note: Change or Shift in By (angle=0 on right side)

April 6, 2021

Cross-talk - Q1BpF with QleF (new solution)

EIC IR Meeting -Ramesh Gupta 11



BROOKHEVEN

oenneee? Situation at the other end

Superconducting
Magnet Division

Field in the yoke around QleF appears to be low
enough (~1.8 T) that we may get by with just cutout

UNITS
Length s mm
Flux density T
Field strength :Am*
Potential Wb m?
Conductivity S m”’
Source density: A mm?

Power W
Faorce °N
Energy oJ
Mass - kg
MODEL DATA

C-\Users\gupta\OneDriv
e - Brookhaven National
Laboratory\EICVQ 1B pF_
QZeF\opera\q1BpF_Q2e
F-apr5-a0-x312_5.st
Linear elements

XY symmetry

Vector potential
Magnetic fields

Static solution

Case2of 2

Scale factor: 2.4

93212 elements

46961 nodes

96 regions
YY 4800 200.0 2200 2400 260.0 2800 3000 3200 3400 3600 380.0 4000 4200 4400 460.0 4800 [06iApri2021 08:50.35 Page 20|
X [mm]
Component: BMOD
0.0 1.15 23 Opera
—— I ——
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BROOKHEVEN

LABORATOR]

NATIONAL

Superconducting
Magnet Division

04

0.35

0.3

0.25

0.2

0.15

0.1

0.05

X coord 2625

Situation at the other end

Y coord 0.0 0.0

Values of B

2725

UNITS
Length s mm
Flux density T
Field strength :Am*
Potential Wb m?
Conductivity S m”’
Source density: A mm?

Power W
Faorce °N
Energy oJ
Mass - kg
MODEL DATA

C-\Users\gupta\OneDriv
e - Brookhaven Mational
Laboratory\EICVQ 1B pF_
QZeF\opera\q1BpF_Q2e
F-apr5-a0-x312_5.st
Linear elements

XY symmetry

Vector potential
Magnetic fields

Static solution

Case2of 2

Scale factor: 2.4

93212 elements

46961 nodes

96 regions

[06/Apri2021 00:58:56 Page 69 |

Field on the x-axis Is symmetric around the center

(x0=312.5). We can get by with just with cutout In
the yoke (no corrector needed)

April 6, 2021

Cross-talk - Q1BpF with QleF (new solution) EIC IR Meeting -Ramesh Gupta
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NATIONAL LABORATOR]
Superconducting

Situation in the Middle

Magnet Division

2200 2400 2600 280.0 3000 320.0 3400 360.0 380.0 4000 4200 4400 4600 480.0 500.0
X [mm]

Component: B
0.0 1.0 20

—:—

UNITS
Length mm
Flux density T
Field strength : Am"
Potential Wb m
Conductivity S m”
Source density: A mm?

Power W
Force N
Energy oJ
Mass “kg
MODEL DATA

C\Users\gupta\OneDriv
e - Brookhaven National
Laboratory\EICVQ1BpF_
Q2eF\opera\q1BpF_Q2e
F-apr5-a2-x300_0 st
Linear elements

XY symmetry

Vector potential

Magnetic fields

Static solution

Case2of 2

Scale factor: 2.4

93187 elements

46951 nodes

96 regions

[06/4pri2021 01:01:43 Page 73 |

Field in the yoke around QleF with reduced strength

of the corrector

April 6, 2021 Cross-talk - Q1BpF with QleF (new solution) EIC IR Meeting -Ramesh Gupta
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BROOKHEVEN

coattoony - Situation in the Middle

Superconducting
Magnet Division

UNITS

Length mm
04 Flux density T
’ Field strength : Am"
Potential Wb m
Conductivity S m”
0.35 Source density: A mm?
Power W
Force N
Energy oJ
0.3 Mass “kg
0.25 MODEL DATA

C\Users\gupta\OneDriv
e - Brookhaven National
02 Laboratory\EIC\Q1BpF_
’ Q2eF\opera\q1BpF_Q2e
F-apr5-a2-x300_0 st
Linear elements

0.15 XY symmetry

Vector potential
Magnetic fields
0.1 Static solution
’ Case 2 of 2
Scale factor: 2.4
93187 elements
0.05 46951 nodes

96 regions

X coord 250.0 260.0 270.0 280.0 2900 300.0 3100 320.0 3300 3400 350.0

Y coord 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Values of B

[06/4pri2021 01:03:03 Page 75 |

Field on the x-axis Is symmetric around the center
(x0=300 mm) with cutout & reduced strength of corrector

April 6, 2021 Cross-talk - Q1BpF with Q1leF (new solution) EIC IR Meeting -Ramesh Gupta 15



BROOKHEVEN

NATIONAL LABORATORY
Superconducting summary

» A novel technigue is being developed to reduced cross-
talk on tight space (cutout and controlling iron
saturation with small additional colls).

> It 1s based on controlling the yoke saturation (experience
from RHIC magnets - now standard around the world),
where we reduced saturation from 40+ unit of sextupole
to just a few units.

» The corrector strength (or number of turns) needs to be
adjusted in going from the one end (maximum) to the
other end (none).

April 6, 2021 Cross-talk - Q1BpF with QleF (new solution) EIC IR Meeting -Ramesh Gupta



BROOKHEVEN

NATIONAL LABORATORY
Superconducting

Magnet Division

Backup Slides
(from last year)

April 6, 2021

Cross-talk - Q1BpF with QleF (new solution) EIC IR Meeting -Ramesh Gupta
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Ty Q1BpF with QleF
Superconducting (need to remove flat-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 —
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BROOKHEVEN

NATIONAL LABORATORY

Superconducting
Magnet Division

Q1BpF (Q1leF with opposite polarity
AND stronger control coils)

VA

Component: B

UNITS

Length L mm

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

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

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

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

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

X [mm]

8.62701E-03

0.8?32}4?851
|

1.739068695

—

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

April 6, 2021
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BROOKHEUEN | Q1BpF (QleF with opposite polarity
Superconducting AND stronger control coils)

Magnet Division

UNITS

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

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

0.05

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

[280Ju112020 09:17:04 Page 10 |

Opera

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

April 6, 2021 Cross-talk - Q1BpF with Q1leF (new solution) EIC IR Meeting -Ramesh Gupta 20



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

b

)

91725 elements
46218 nodes
96 regions

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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