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Introduction

Motivation
ÅCurrentnon-superconductingmagnetsproduce3.2 Tς> Photonswith criticalenergy19keV
ÅNewhigh-energyx-raytomographybeamlineς> Needfor criticalenergyof at least39keV
ÅCNPEMis entering the field of superconductingmagnetsς> Designof a 6.4 T superconductingdipole

(CERN-CNPEMagreement)

Designgoals
ÅMatchthe integratedfield andintegratedgradientof the BCdipoles
ÅUseof warmborevacuumchamberfor NEG-coatingς>C-shapedmagnet
ÅUseof NbTiwiresς> well-knownanddocumented; widelyemployed; commerciallyavailable

Low field dipoles

Sirius arc layouts
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Electromagnetic Design

ÅDifferent coil designswere studied: SingleCoil,ToHCoils,ConcentricCoilsand ConicCoil -> Similarresultsbetween
designs-> SingleCoilchosendueto its simplerdesign

ÅSingleCoil -> dimensionsand materialsoptimized. BestdesignchosenbasedonŦƛŜƭŘΩǎintensity,ǇŜŀƪΩǎFWHMand
integratedfield

Electromagnetic Design Parameters

Magnetic gap 30 mm

Bare wire dimensions 0.80 mm

Cu/NbTi ratio 1.4

Engineering current density 254 A/mm²

Operating current 128 A

Critical current (Jc) @ 5 K, 7.6 T 772 A/mm²

Load-line margin 79% of Jc @ 5 K

Studied coils magnetic field profile
Studied coil designs
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Electromagnetic Design

BC Dipole Superbend (Single Coil)

Integrated Field [T.m] -0.7507 -0.7507

Integrated Gradient [T] 6.2508 1.8915

ÅPermanentmagnet low field dipoles added on each
sideof the superbendto match the integratedfield of
the BCdipoles

ÅMore studies are needed to match the integrated
gradient of the BCdipoles and suppressthe positive
portion of the field

ÅThe stronger peak field and different longitudinal
gradientwould requirea machineopticsredesign

Magnetic field along the beam axis
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Mechanical and Cryogenic Designs

Å Replaceone BC dipole -> smaller than
900mm

Å C-shaped topology -> warm and
disconnectedbeamchamber-> Goodfor
NEG-coating

Å LHetank -> buffer in caseof quenchand
speedscooldown

Å Vacuumpressure<=10-6 mbar

Half Sectionview of the magnet

Dimensions: 400mm length,740mm width, 1012mm height
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Mechanical and Cryogenic Designs: Structural Analysis

Yokeneckςthicknessopmization

ÅExternalvessel->12mm thicknesswith reinforcementbars20mm thick -> max. deformationof 0.7 mm
(lateralcovers)andstressbelowƳŀǘŜǊƛŀƭΩǎyield
ÅBarsalsoreinforceC-shapedregion-> 4 mm thick (spaceconstraints)->max. deformationof 0.7 mm

Å¸ƻƪŜΩǎthicknesschosento be180mm ->max. deformationof 0.3 mm towardsclosingthe gap

Externalvesselςtotal deformation

Reinforcementbars
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Mechanical and Cryogenic Designs: Thermal Analysis

YokeandCoilsςtemperaturedistribution

Inleak@ 50 K 
(W)

Inleak@ 4.2 K 
(mW)

Supports 1.60 200

Currentleads 16.22 35

Radiation 4.12 51

Total 21.94 286

Cryocooler 
capacity(x2)

90.00 3000

ÅSteadystateanalyzesto determinethe heat flux throughcomponents:
ÅThermalshield@50K->max. temperatureof 53.4 K
ÅLHetank positionedon the top presentedbetter results-> max. temperatureof 4.9 K (bottom

coil)

ThermalShieldςtemperaturedistribution
Summaryof calculatedheat loads
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Quench Protection Design

ÅUseof anexternaldumpresistorto promoteanactiveenergyextractionin caseof a quenchevent
ÅMonitor voltage acrossthe coil and comparewith pre-determined values-> imbalancebridge and

over-voltagecircuits-> further studyfor a final specification
ÅHot-spot temperatureduring quenchestimatedby the MIITScalculation-> two scenariosstudied ->

temperaturesbelow40K

Inom: 90 A
L = 14 H

Inom: 90 A
L = 7.7 H

Stored Energy (kJ) 56.7 40.1

Dump Resistor (Ҡ) 6.67 5.9

Time constant (s) 2.1 1.3

MIITS/cm4 (tdet = 0.1 s) 149.3 125.8

Max. Temperature (°C) <40 <40

Twoscenariosstudied
Active energyextraction concept
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Summary

ÅDifferent coil designswere studied -> Minor differenceswere found in the ǇŜŀƪΩǎFWHMand
integratedfield ->SingleCoilwaschosendueto its simplerdesign

ÅPermanentmagnetlow field dipolesaddedon eachsideof the superbendto matchthe integrated
field of the BCdipolesandsuppressthe positiveportion of the field

ÅMore studiesareneededto matchthe integratedgradientof the BCdipoles

ÅThe stronger peak field and different longitudinal gradient would require a machine optics
redesign

ÅMechanicaland cryogenicdesignsare successfulin maintainingstructural integrity while keeping
the temperatureof the superconductingcoilsbelow 5 K. Theestimatedheat loadsare within the
capacityof the cryocoolers,but further studieswith morecomponentswill be done. Basedon the
current results,the cryocoolerswill haveenoughcoolingpower for the system,andmaybeoneof
them canbeusedasa safeguard

ÅA first approachthat usesan externaldumpresistorwasproposedfor the quenchprotection,but
a deeperstudyneedsto bedonefor the final solution


