Cross-talk Cor
between QI1BpF ¢

S-el Analysis elie

Alternare Lower Cost DeEsign




BROOKHFVEN

o
YATIONEL LABORATOR Overview

Magnet Division

« This presentation completes 3-d analysis:

— harmonics are examined in 3-d model along the axis as the
separation between the electron quad and ion (proton) quad changes

— different corrector strengths are examined for their impact along the
axis (same corrector with the same number of turns is considered for
simplicity — changing the number of turn along the axis is simple)

— Earlier we had done a more detailed optimization of the design with
at 2-d slices at different location along the axis

* This presentation also introduces a proposal for
Q1A/Q1B to lower cost by reducing the variety of colls,
Increase margin by reducing the dead space, and help
mechanical structure by reducing the Lorentz forces
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Nﬁﬁ?}!{'fﬂﬁgﬁﬁ 2-d Model (presented a couple of weeks ago)
Superconducting | 2-d slices examined at the two ends and in the middle

Magnet Division
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NATIONAL LABORATORY

Superconducting 3-d Model Presented Last Week

Magnet Division_____|
Near side view
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BROOKHEVEN Many 3-d Models examined

NATIONAL LABORATORY

Superconducting (select cases discussed)

Magnet Division

Several 3-d model of the optimized 2-d models examined:

Select cases presented for field and harmonics along the axis
1. Low field (iron not saturated, no cross-talk expected)
2. Design field with cutout only (no corrector)

3. Design field with corrector strength 50% of 2-d

»>expected value since we didn’t need any corrector on far side
4. Design field with corrector strength 100% of 2-d

5. Design field with corrector “-"ve polarity (to explain)

Computed but not to be presented: different excitation, etc.
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BROOKHFIAEN o
NATIONAL LABORATORY BGS'C MOdeI

Superconducting
Magnet Divisio

|
Near Side

Yoke is purposefully made longer to suppress art-effect of the end
» If yoke extends over the coil ends, there shouldn’t be any cross-
talk since the field is lower in the ends.
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BROOKHEVEN Field Superimposed over Iron (1)

NATIONAL LABORATORY

Superconducting [Low Field, 10% of the design]

Magnet Divisio
» Field in yoke very low, particularly around the e-quad

There shouldn’t be any cross-talk. Baseline!
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NATIONAL LABORATORY

Superconducting
Magnet Division

Field Superimposed over Iron (2)
[Low Field, 10% of the design]

» Field in yoke very low, particularly around the e-quad

3/May/2021 09:48:56

Near Side




BROOKHAVEN Field Superimposed over Iron (1)

NATIONAL LABORATORY

Superconducting [@design gradient, no corrector]

Magnet Division

» Compare field on two sides of the yoke around e-quad

™ Magnitude of the “B” unbalanced

Near Side
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BROOKHEVEN Field Superimposed over Iron (2)

NATIONAL LABORATORY

Superconducting [@design gradient, no corrector]

Magnet Division
> Compare field on two sides of the yoke around e- quad
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BROOKHRVEN Field Superimposed over Iron (1)

NATIONAL LABORATORY

Superconducting [@design gradient, 50% of 2-d corrector]

Magnet Division

» Compare field on two sides of the yoke around e-quad

Magnitude of the “B” balanced

Near Side
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N, Field Superimposed over Iron (2)
Superconducting [@design gradient, 50% of 2-d corrector]

> Compare field on two sides of the yoke around e-quad

Near Side




N, Field Superimposed over Iron (1)
Superconducting [@design gradient, 100% of 2-d corrector]

Magnet Division

» Compare field on two sides of the yoke around e-quad
aMay/2021 095603 e TTT———

| Magnitude of the “B” over-corrected

Near Side
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N, Field Superimposed over Iron (2)
superconducting | [@design gradient, 100% of 2-d corrector]

> Compare field on two sides of the yoke around e-quad

Near Side

Magnitude of the “B” over-corrected. Examine change in harmonics from the baseline



OIMpEN, Field Superimposed over Iron (1)
Superconducting [@design gradient, wrong sign of corrector]

Magnet Division

» Compare field on two sides of the yoke around e-quad
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OIMpEN, Field Superimposed over Iron (2)
Superconducting [@design gradient, wrong sign of corrector]

Magnet Division

» Compare field on two sides of the yoke around e-quad

3May/2021 11:58:18

Surface contours: B
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NATIONAL LABORATORY Field qu'monic CompUta'ﬁons

Superconducting
Magnet Division

» First “Integral Harmonics” are computed for various cases

» Then Harmonics along the length are examined

{integral)
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Mesh is reasonable to get results in ~24 hours in a single core machine.
A denser mesh can be used for the final case.
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NATIONAL L
Supercon

Magnet Division

Goal is that in change in 2 (m)
i I -4 10.0
harmonics is 10, not L s
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Integral Field Harmonics

Low Field Harmonics

Order
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NATIONAL LABORATORY
Superconducting

Magnet Division

Next few slides on the change

In harmonics along the axis
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BROOKHFVEN o .
wionar tworatory |y o Along the Length in Various cases

Superconducting
Magnet Division

60 .

b3 Vs Z (different cases)
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Compare various cases to the low field case (#4).
» 14 strength corrector case (#3) may be ok !
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BROOKHFEAEN o .
wonar tworatory | by, Along the Length in Various cases

Superconducting
Magnet Division

> b4 Vs Z (different cases)

0
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Compare various cases to the low field case (#4).
» 14 strength corrector case (#3) may be ok !

May 4, 2021 Cross-talk control between Q1BpF with QleF — 3-d Analysis & Alternate Design  EIC IR Meeting -Ramesh Gupta 21



BROOKHFVEN o .
wonar tworatory | by Along the Length in Various cases

Superconducting
Magnet Division

25

b5 Vs Z (different cases)

@
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b5 (units)

08 -06 -04 -0.2 0 0.2 0.4 0.6 0.8
Z(m)
Compare various cases to the low field case (#4).
» 14 strength corrector case (#3) may be ok !
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BROOKHFVEN o .
wonar tworatory | by - Along the Length in Various cases

Superconducting
Magnet Division

20 b6 Vs Z (different cases)
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Compare various cases to the low field case (#4).
» 14 strength corrector case (#3) may be ok !
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BROOKHAVEN An Opportunity for

NATIONAL LABORATORY

Superconducting Q1A/Q1B Integration

Magnet Division

» Lower cost by reducing the variety of colls
» Increase margin by reducing the dead space

» Help mechanical structure due to lower Lorentz forces
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BROOKHFEAEN

NATIONAL LABORATORY A Compar‘ison of QlA and QIB COiIS

Superconducting
Magnet Division

» Both Q1A and Q1B use the same Rutherford cable
» Gap between Q1Aand Q1Bis 0.4 m

Q1A Q1B
Inner coil id: 71 mm Inner coll id: 93 mm
Outer coil id: 91.2 mm Outer coll id: 103.2 mm
Coil length (cable): ~1.6 m Coll length (cable): ~1.61 m
Magnetic length: Magnetic length:
Design current; ~9.3 kA Design current: ~9.8 kA

Integrated design of Q1A and Q1B (more in next slides):

» Make Q1A outer coil the same as Q1B inner. Exact id need adjustment.

» Make a common Q1A+Q1B coldmass. Separation between the two coil
packs: two end-saddles (~15mm) and a SS plate (~20 mm?). This means
we should gain ~0.35 m in magnetic length to increase margin margin.

» The Lorentz forces between the two quads should be small. Tie rods
would go across the combined coldmass.
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NATIONAL LABORATORY Field in Irton Only (4)

Superconducting
Magnet Division

Present Design

_XI_
12 08

Proposed Design

I

Longer length, means lower operating current, means gain
In margin. Allow most of the gain in margin to go to Q1B

Expect ~20% gain in Q1B margin and ~40% reduction in Lorentz forces

May 4, 2021 Cross-talk control between Q1BpF with QleF — 3-d Analysis & Alternate Design  EIC IR Meeting -Ramesh Gupta 26



NATIONAL LABORATORY Pr‘oposed DeSign

Superconducting
Jas

Magnet Division
Present Design
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Proposed Design
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g auEN, 5
Superconducting ummar'y

Magnet Division

» 3-d harmonics analyzed. Cross-talk harmonics can be
controlled in a 4 K design

» Q1A outer coll i1s almost the same as Q1B inner coll.
Making the two identical saves a significant amount on
tooling, etc. Q1A inner id may need to increase slightly.

» Integrating Q1A and Q1B coldmass gives a significant
and crucial gain in margin. Mechanical structure needs
to be examined but it looks promising in many ways.

» Update designs for increased angle or anything else to
match with the latest parameters at the same time.
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