Principle design demonstration of the Twin
Solenoid Detector Magnet, option 2, for a
100 TeV proton-proton collider
Herman ten Kate
Content
1. Principle of the Twin Solenoid
2. Field plots illustrating the design
3. Crucial observations
4. Int B.dl plot
5. Shielding effect, stray field plot
15 Febr 2014

1

1a. Introduction: Twin Solenoid Detector Layout

Sketch of a detector layout using a Twin Solenoid comprising:
1. Inner (main) solenoid: 5-6 T class, sized for example Ø12 m x 23 m
2. Outer (shielding) solenoid: 2-3T class, sized for example Ø22 m x 28 m
What is the gain?
+ Muon tracking space: nice new space with 2- 3 T for 4 layers muon tracking.
+ Very light: 2 coils + structures, ≈5 kt, only ≈4% of the option with iron yoke!
+ Smaller: outer diameter can be less than with iron, gap + shielding coil is
thinner than iron yoke thickness required
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1b. Twin Solenoid: 6T in 12m bore, 23m long

•
•
•
•
•

Main solenoid: 6 T in 12 m bore, 23 m long, 6.3 T peak field, 19 A/mm2.
Shielding solenoid: 3 T in 3.5 m gap, 22 m bore, 28 m long, 19 A/mm2.
Stored energy 65 GJ.
Shielding: 5 mT line at 34 m from center.
Field in gap can be tweaked by splitting or adding coils, many options.
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1c. How does it work? Principles
• The net magnetic field is the vector summation of the magnetic fields
of the inner coil and the outer shielding coil.
• Let’s view the magnetic field of the inner coil and the outer coil
separately and then add them to see the net effect.
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Inner, main, coil only,
making +8.3 T in bore
and -0.8 T in the gap
when charged alone!
Peak field 8.6 T
Stored energy 92 GJ
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Outer, shield coil only,
making -2.3 T in bore
and -2.4T in the gap
when charged alone!
Peak field 2.9 T
Stored energy 27 GJ
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Twin solenoid,
making + 6.0 T in bore
and -3.2 T in the gap
when charged together!
Peak field 6.3 T
Stored energy 65 GJ
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2a. Twin solenoid: inner (mail) coil alone

• The inner coil alone has the ampere turns for making 8.6 T
• However, the 8.6T will never be seen since the peak field in the twin
solenoid is 6.3T.
• Thus 30% more coil turns of a conductor optimized for 6.3T !
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2b. Twin solenoid: outer (shield) coil alone

• Outer, shielding coil has 2.9 T peak field when stand-alone.
• The peak field is increased to 3.1 T when operating in twin-solenoid
configuration.
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2c. Twin solenoid: inner + outer coil energized

•
•
•
•

Inner and outer coil anti-series connected.
Main field is 6 T, gap field is 3.2 T.
Peak field is 6.3T in the end section of the windings in the main coil.
The superconductor, forces, strain needs to be designed for this 6.3 T,
like in the solenoid in the case of solenoid + yoke.
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2d. Twin Solenoid: Peak Field at inner coil edge

• More detailed calculation: peak field inner coil 6.5T, outer coil 3.13 T
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2e. Twin Solenoid: Bx component

• Bx = 6 T in main bore and 3.2 T in the gap
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3a. How does it work? Crucial observations
• The inner and outer coils must be anti-series connected and must have the
same operating current.
• The inner coil is not designed for its stand-alone peak field of 8.3 T, but for
the peak field in this coil of 6.3 T when operated as twin solenoid!
• Of course it must have the ampere-turns for generating 8.3 T and thus requires
roughly 30% more conductor (but at 6.3 T).
• In other words: the inner coil has just 30% more conductor but the essential
superconducting properties as critical current and temperature margin are
those of the peak field of 6.3 T in the twin solenoid (most crucial
observation).
• In other words one can say that the 120 kton iron in the 6T+yoke solenoid is
replaced by a 2 kton outer coil + 30% more conductor in the inner coil, but still
at 6 T level + extra structures to connect both coils mechanically.
• Note: This principle is not new and applied in all modern actively shielded MRI
magnets. The challenge here is to maximize the advantages when used for
detector magnets.
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3b. How does it work? More issues
Position of peak field and forces distribution
• The magnetic field in the coil ends of the inner solenoid is high; the forces
distribution in the winding pack is different from a standard solenoid. Often we
see a large tensile axial force while in the standard solenoid they are all
compressive, so the coil design has to be adapted for this, very well-possible.
• Also position, value and direction of the peak field can be tweaked by playing
with the local coil dimensions.
Options for different combinations of gaps size and field in the gap.
• When requiring zero-field far outside the twin solenoid, the gap size and field in
the gap (and thus the extra ampere-turns in the inner coil) are linked. In
general, enlarging the gap size, also means a lower gap field, to be optimized
depending in the BL2 required.
Options for tweaking the magnetic field in the end-of-coil areas.
• Shown here is the most simple layout of a continuous inner and outer coil on
single coil formers. The layout can be optimized if necessary for certain areas in
the coils by allowing more free parameters, i.e. spitting the single shielding coil
in multiple coils, spaced and eventually on different radii; to be optimized.
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4. Twin solenoid: ʃ B.dl distribution, star from (0,0)

• B-field line integral on straight trajectories starting at collision point (0,0)
• Most trajectories see 22-27 Tm.
12

5. Twin Solenoid: shielding effect, stray field

• Shielding works 10 mT at some 23m and < 5 mT at some 30 m.
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