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REBCO technical specs for MuCol magnets R&D 

Specification Target

Minimum Ic/width (4.2 K, 20 T) (A/cm) 600 1200

Benchmark Ic/width (4.2 K, 5 T) (A/cm) 1440

Minimum n value (-) 15

(Ic(4.2 K, 20 T)) (%) 5

Minimum Jnon-Cu (4.2 K, 20 T) (A/mm2) 3000

Minimum Jnon-Cu (20 K, 20 T) (A/mm2) 1200

Unit length UL (m) 200 1000

Minimum bending radius (mm) 10 5

Allowable non-Cu longitudinal non-Cu (4.2 K) (MPa) 800 1000

Allowable compressive transverse (4.2 K) (MPa) 300 600

Allowable tensile transverse (4.2 K) (MPa) > 5 50

Allowable shear  transverse (4.2 K) (MPa) > 5 50

Range of allowable longitudinal (%) -0.1…0.4 -0.1…0.5

Internal specific resistance transverse (n/cm2) 20

Procurement of 4 mm tape for R&D windings at 

Total 11 km of REBCO tape in house at CERN from 5 worldwide producers

modern REBCO tapes 
exceed these specs

Mechanics in UHF HTS solenoids is 
challenging. Few data on the 

conductors make hard to give good 
values for some specs 

Ongoing R&D on the 40 T/60 mm bore solenoids for the muon beam final cooling
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REBCO Type REBCO Thickness
Deposition 

Method
Pinning Type Ic(77K,s.f.)

EuBCO 2.5 m IBAD/PLD
BHO columns

(artificial)
380-650 A/cm

YBCO 2.5 - 3.1 m IBAD/PLD
Y2O3 particles

(native)
405-550 A/cm

EuBCO 2 - 3 m IBAD/PLD
BHO columns

(artificial)
428-645 A/cm

SCS4050-HM
YBCO 1.5 m IBAD/MOCVD

BZO columns
(artificial)

148 A/cm

YBCO 2.2 m IBAD/PLD
Y2O3 particles

(native)
410 A/cm

YBCO < 2 m IBAD/PLD
BHO columns

(artificial)
373 A/cm

What has been tested – Catalogue of the Tapes
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Comparison of the performance: Ic / width

T = 4.2 K T = 20 K

The best performing tapes from each manufacturer

The highest Ic at 4.2 K, 19 T is reached with the tapes having the highest and the lowest Ic(77 K, s.f.) 
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Comparison of the performance: Ic / width
Batch-to-batch variability in the material procured for MuCol
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This is what we get with the field perpendicular to the tape…

… but things get more complicated with the angular dependence



Measurement campaign on the angular dependence of Ic
Results on full-width tapes and microbridges

max current 20 A

T range 5 – 77 K

B range 0 – 24 T (15 T)

Bridge length 1 mm

Bridge width 30 m

max current 2400 A

T range 4.2 – 40 K

B range 0 – 19 T (21 T)

Sample length 150 mm

Sample width 2 – 12 mm

 = 0° 5° - 15° 80° 90°
Adapters with fixed orientation

A fresh sample is tested at each angle

Setup at Experiments in Sendai at 

Continuous rotation between -20° and 115°
Microbridges patterned by laser machining



Measurement campaign on the angular dependence of Ic
Comparison of the results:         vs 
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In both experiments Ic(77 K, s.f.) is measured on the actual sample mounted on the probe
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R. Babouche, et al., IEEE TASC 36 (2025) 6600206

DOI: 10.1109/TASC.2025.3617455

https://doi.org/10.1109/TASC.2025.3617455
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Parameterization of the critical surface of REBCO conductors from Fujikura – field intensity, orientation 
and temperature dependences

J. Fleiter and A. Ballarino, Internal Note 2014-24
EDMS Nr: 1426239

Scaling laws for the critical surface of practical superconductors
A practical fit for the critical surface of Nb-Ti – field and temperature dependences 

with and
L. Bottura, IEEE TASC  10 (2000) 1054-1057 
DOI: 10.1109/77.828413

Unified Scaling Law for flux pinning in Nb3Sn – field, temperature and strain dependences 

with and

where and J. Ekin et al., SuST 29 (2016) 123002
DOI: 10.1088/0953-2048/29/12/123002

https://edms.cern.ch/file/1426239/3/Internal_note_2014_24J.Fleiter.pdf
https://doi.org/10.1109/77.828413
http://dx.doi.org/10.1088/0953-2048/29/12/123002


Fitting the Ic(B,,T) surface with the Maximum Entropy Method

An empirical description of the Ic(B,,T) surface as a sum of Lorentzian and Gaussian functions
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IL0 : peak amplitude

L : peak sharpness,

L : center angle

IG0 : peak amplitude

G : peak sharpness

G : center angle

N. Long et al., Entropy  15 (2013) 2585-2605 
DOI: 10.3390/e15072585

N. Strickland et al., SuST 36 (2023) 055001
DOI: 10.1088/1361-6668/acbac6

N. Strickland et al., Superconductivity 4 (2022) 100025
DOI: 10.1016/j.supcon.2022.100025

doi.org/10.3390/e15072585
https://doi.org/10.1088/1361-6668/acbac6
https://doi.org/10.1016/j.supcon.2022.100025


Fitting the Ic(B,,T) surface with the Maximum Entropy Method
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Two examples of decomposition of the fit
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Calculated fits at T = 20 K for 
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Calculated fits at T = 20 K for 
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Ic vs. longitudinal strain
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• REBCO tapes are inherently strong, ~50% is a high strength alloy
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• Very low stress effect and irreversible stress limit well above 500 MPa

• But mechanical properties are very ANISOTROPIC, tapes are inherently prone to delamination 

REBCO tapes are robust against longitudinal tension
Results of the measurement campaign from 2015

http://dx.doi.org/10.1088/0953-2048/28/4/045011


Electromagnetic Delamination Strength measurement
A direct measurement of conductor degradation under I x B force

Magnetic field up to 19 T (along z axis)B

Lorentz Force (pointing outward)F
Currents up to 2 kA in the xy planeI

REBCO layer on the outside

hoop stress

Tape soldered on the entire length

delamination stress

delamination stress

Tape soldered only at the current injection

hoop stress

Simulations from Gianluca Vernassa, CERN



Electromagnetic Delamination Strength measurement
A direct measurement of conductor degradation under I x B force

Magnetic field up to 19 T (along z axis)B

Lorentz Force (pointing outward)F
Currents up to 2 kA in the xy planeI

REBCO layer on the outside

Simulations from Gianluca Vernassa, CERN

D c //

2 kA
J B t 20 T 10 MPa

 4 mm
 =     The delamination stress is



First measurement campaign on Fujikura FESC tape
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Electromagnetic Delamination Strength measurement

C. Lucas et al., in preparation
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First measurement campaign on Fujikura FESC tape
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Electromagnetic Delamination Strength measurement
First measurement campaign on Fujikura FESC tape

• This phenomenology was reproduced 
over a large number of experiments 
with a certain variability in Iq and 
extension of the damage

• Iq ranges between 380 A and 1750 A

• Ic after damage ranges between 30 A 
and 930 A

C. Lucas et al., in preparation



Forensic analyses

current injection current injection

Jc(77K) map of the sample before delamination experiment

Jc(77K) map after delamination

after Cu etching

Silver

after Silver etching

REBCO

C. Lucas et al., in preparation

Electromagnetic Delamination Strength measurement



A transverse stress of 10 MPa is sufficient to delaminate…

… is this the value of the delamination strength?



Electromagnetic Delamination Strength measurement
A method to tune the applied stress by varying the temperature

T = 4.2 K 

Ic(19 T) = 2 kA 

D = 10 MPa 

D //c4.2 K 10 
2 kA

J (4.( ) B t 19 T
 4 mm

2 ) P K M a =     

T = 20 K 

Ic(19 T) = 1 kA 

D = 5 MPa 

cD //( ) B t
1 kA

19 T
 4 mm

20 K J (20 K) 5 MPa =     
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Delamination occurs also at ~ 5 MPa !!!

0 200 400 600 800 1000 1200 1400
-1

0

1

2

3

4

5

6

7

8

9

10

T = 20 K

B = 19 T (B//tape)

 measurement with FL inwards

 measurement with FL outwards

Fujikura FESC-SCH04 26-0026 - 4 mm, 50 m Hastelloy) (Q2/2024)

Current [A]

El
e

ct
ri

c 
fi

e
ld

 [


V
/c

m
]

0 200 400 600 800 1000 1200 1400
-1

0

1

2

3

4

5

6

7

8

9

10

T = 20 K

B = 19 T (B//tape)

 measurement with FL inwards

 measurement with FL outwards

 measurement after damage

Fujikura FESC-SCH04 26-0026 - 4 mm, 50 m Hastelloy) (Q2/2024)

Current [A]

El
e

ct
ri

c 
fi

e
ld

 [


V
/c

m
]



Conclusions

• An effective description of the Ic(B,,T) surface can be produced with the empirical Maximum
Entropy Model

• The procedure for EDS tests is now consolidated and tests will be performed also on tapes from
other manufacturers.

• The performance gap between various manufacturers in perpendicular orientation is relatively small in
spite of the differences in process, composition and pinning landscape. But...

• The angular dependence of Ic is strongly influenced by process, composition and pinning landscape.

• Electromagnetic Delamination Strength (EDS) experiments show that REBCO tapes cannot sustain
transverse tension.

• There is still an important batch-to-batch variability of the properties.

• Investigations are ongoing on the correlation between the model parameters and the pinning
landscape
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Comparison of the performance: non-Cu Jc
The non-Cu Jc corresponds to the critical current divided by the tape 
cross-section area minus the Cu area
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Evolution of the performance: non-Cu Jc
Tapes procured between 2013 and 2017

The performance at 4.2 K of the tapes procured during                        (2013-2017) is achieved and 
surpassed in modern tapes at 20 K !! CS , WAMHTS-2

L. Rossi and CS, Instruments, 5 (2021) 8 

DOI: 10.3390/instruments5010008

T = 4.2 K

Tapes procured between 2019 and 2025

T = 20 K
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Electromagnetic Delamination Strength measurement
Forensic studies

non-slit edge

REBCO

C. Lucas et al., in preparation


