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This iteration addresses the technical requirements/guidance mentioned by Brett.

Assure good field quality while allowing the use of the standard codes (including
legacy programs) to cross-check and iterate the design, as necessary.

« Field quality is easier to optimize in a separated function design rather than in a
combined function

» Symmetry helps - 3 out of 4 in quad and 1 out 2 in dipole harmonics are zero

 The nominal design has six quad layers and one dipole layer. Dipole layer will
have its own (or a trim) power supply to provide better flexibility in matching
quad to dipole ratio in various cases, such as if two more quad layers are to be
added/replaced later, or if we go from cold iron to warm iron design.
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« Each quadrupole and dipole layer is optimized so that each has <1 unit of field
harmonic at a reference radius of 220 mm (~2/3 of coil radius).

Two quadrupole layers will be wound as a one coil set with no splice in between.
Each coil set can be divided between upper and lower halves for quench
protection, if desired.

Electron and hadron beams will have an angle of 25 milli-radian between them.
Center of hadron beam is at -126 mm and electron beam at +34 mm.

Integral field for the hadron beam is 1.56 T.m and electron beam is zero (there are
correction coils for fine tuning).

Variation in the field along the electron beam is less than 0.02 T.

« Design has a good load line margin at 1.92 K and a respectable margin at 4.2 K.
» Design is almost ready for checking with other persons and by other codes, etc.
(always desirable before winding a coil for a potential machine magnet) and for
mechanical and quench protection analysis.
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220 mm Radius
<1 unit in each layer
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Techniques used in the optimum integral design code do rapid calculations and optimization.

Takes ~1 minute for creating a 3-d optimized design, along with creating many files (including OPERA 3d input).
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Generally, fields falls slower axially in dipole ends than in the quad ends.
Approach to overcome: Make ends compact for dipole and spread out for quad.

» Note the difference in distribution of turns between body and end
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Expected Performance of 6 Quad + 1 Dipole Layer Design

BOpF with 6 Quad and 1 Dipole Layers (yoke ir=370 mm)

1600
1550
1500
1450
1400
1350
1300
1250
1200
1150
1100
1050
1000

950

900

850

800

——4 5K fit 6-around-1(0.47)
——1.9K Fit 6-around-1(0.47)

——6Q+1D

Current (A)

36 38 4 42 44 46 48 5 52545658 6 62646668 7 |
Field (T)

Electron-lon Collider
Updated Design of BOpF with Separate Dipole and Quad Windings Ramesh Gupta

Design currrent: 860 A
Iss(1.9K): 1480 A
> 58% on load line

Iss(4.5K): 1100 A
» 78% onload line
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No-splice OID Winding Experience

Incoming lead Ready to wind the second layer of the 4th quadrant
Outgoing lead wiII —
| be next to it N

4

-
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Leave 1 turn gap (1/2 turn per
§ quadrant) at the midplane
(1 out of ~200) of 1st layer.

Leave 1 turn gap at the two ends of l‘
the second layer (~4 mm out of bz \
~1200 mm) for winding over the 1st. = }

Iterated design includes above and a \

small ajustment fo spproximating
the round section of the bend. - % |

£
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No-splice OID Winding Just Completed
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A pos
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Note: =
Packing of turns in the
body of the magnet and
spread out at ends

A gap at midplane for a better allowance of transition from the
1st quadrant of the 29 layer to the 2"d quadrant of the 1st layer
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Iterated Design of the 2"d Layer (on the top of the 1st)

2nd Jayer made one turn shorter in the end to allow better support for winding
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I Design of Quad layers 3 & 4 (like layers 1 & 2)

Electron-lon Collider
Updated Design of BOpF with Separate Dipole and Quad Windings Ramesh Gupta May 21, 2026 13



Optimum Integral Design allows a single layer winding.

The two leads come out at the
pole. Allowing gap in the next
\ layer will avoid leads taking
extra radial space.

It happens naturally if the
next layer is quad with
some midplane gap.

Turns are distributed in the body and compact in the end.

' Turns are distributed in blocks, rather than individually to _
L : Next slide:

minimize filling gaps by either spacers or blue epoxy. How 1o do it | bust

Should also create a relatively more robust winding pack. OW 10 do Itin a robust way.
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Layer 5 (dipole), Layer 6 & 7 (quadrupole)

More on next slide for

assuring a good support
Layer 5,6 & 7 for leads and turns
without any bump

(0025 Layer 5 & 6
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All Seven Layers Together with Strategically Included Gaps
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