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The early days of acc. superconducting magnets

A In 1911 KammerlingOnnes discovered superconductiviiZERO resistance of mercury
wire at 4.2 K)

AFor4a050 vyearTgoeboslupgerficonducA asrssona@ele kno
superconductors became available (IN6Zr and NQSn, therNbTi which rapidly became
the option of preference) researchers and engineers tried to make magnets for protor
accelerators (se&. S Gilbert, 1973)

A At the end of the 70s, the first superconducting magnet was installed in an accelerato'

A Large aperturd-m-long quadrupolesabout 5 T peak field, placed in the ldw g
insertion region of the Intercepting Storage RiN§R] at CERN (the grandfather of
the LHC) [1]

A 8 units in total, the first SC magnet series industrially manufactured for accelera

A Despite the success of the ISR quadrupoles, CERN focused on the development of tty
resistive Super Proton Synchrotron (SPS) and the Large Eldotsitton Collider (LEP)
in the 80s and 90s. The US took the relay for the development of superconducting
accelerator magnets with two new large projects:

A Isabelle at BNL, a 3.8 km ring based 4fT dipoles(project was cancelled in 1983)
2]

A Tevatron at FNAL, 2TeV collider in a 6.9 km ring with 4.3 T dipoles. The first large j
superconducting machine in history! [3]

a—

&) The ISR quadrupoles, R. Perin et al.
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https://accelconf.web.cern.ch/p73/PDF/PAC1973_0668.PDF

Tevatron

19832011 19912007 2000running 2008 running
‘Bore: 76 mm. Bore: 75 mm Bore: 80 mm Bore: 56 mm
Field: 4.3 TNDTI Field: 5.0 TNbTi Field: 3.5 TNbT Field: 8.3 TNbT
J =375 A/mm J =296 A/mm J =375 A/mm J = 349/430 A/mrh
F, = 0.5 MN/m F. = 0.6 MN/m F, = 0.3 MN/m F.=1.7 MN/m
F,=78kN F, = 87kN F, = 48kN F, = 265kN

@ J overall §c+ cu + ins)F, per quadranF, per aperture
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Tevatron (FNAL)

A 774 x 4.3 T dipoles, 76 mm aperture, 6
long.

IRON YOKE LAMINATION

O

A All in house, R&D, tooling, prototyping,
series, construction and testing

O

€

Tevatron
19832011
Bore: 76 mm
Field: 4.3 T,NbTi
J =375 A/mmM
F, = 0.5 MN/m
F,= 78kN

F, per quadranF, per aperture
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HERA (Desy)

A416 x 5.1 T dipoles, 75 mm aperture, 8.8 m long.
A Cold iron collared coil (selupporting aluminium collars)
A The He containment is provided by two half shells welded together. The weldir
process provides also the sagitta (17 mm over 9 m length).

A Designed and short prototypes in the laboratory, manufactured all by
iIndustry, opening the way for RHIC and LHC

HERA

19912007
Bore: 75 mm
Field: 5.0 TNbTi
J =296 A/mm
F, = 0.6 MN/m
F,= 87kN

F, per quadranF, per aperture
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RHIC (BNL)

A 264 x 3.5T dipoles,80 mm aperture, 9.5 m lonigw cost was a challenge!

A The coil is surrounded by glafifed phenolic insulators that provide the alignment, insulation
to ground and separation of the colls from the iron to reduce saturation effects.

A The iron yoke clamps the caitsulator structure like a collar.
A Stainless steel shell halves are welded around the yoke to provide He containment, a 48.5 mm
sagitta, and to increase rigidity.

A Industry as assembler, saving money by keeping responsibility

HELIUM CONTAINMENT SHELL IRON YOKE

ELECTRICAL BUS SLOT —
HELIUM PASSAGE

STAINLESS STEEL
SHEAR PIN

RHIC ) AP e
20006running oo e — R Y R, ...
Bore: 80 mm e tm@®|

Field: 3.5 TNbTi ‘ q
J =375 A/mm
F, = 0.3 MN/m
F, = 48kN
e F, per quadranF, per aperture ,
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L HC MB (CERN)

A 27 km machine, 1248 x 8.3 T MB dipoles built, 14.5 m length. By L. RossI
A R&D started in industry. CERN lab for 1 m operative 1991. CERN magnet facility competed only in 2C

2008 running
Bore: 56 mm

Field: 8.3 TNDbTI
J = 349/430 A/mm
F.=1.7 MN/m
o F,=265kN
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