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‘’ future CR detection in space ‘’ 

https://doi.org/10.1016/j.nima.2019.162561 https://doi.org/10.3390/instruments6020019
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solenoids

Y. Makida et al., IEEE Transactions on Applied Superconductivity, 
TASC.2009.2017946

A thin superconducting solenoid for BESS-Polar I 
(2004, 8.5 days) and II (2009, 25 days ultra-thin). 
Technological breakthrough. June 20th

3

mailto:roberto.iuppa@unitn.it
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5067034
https://inspirehep.net/files/2b93c35ba0f7675a548e24ee0a0bb19d
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5067034


Roberto Iuppa

solenoids

NIAC, S. Westover, MAARSS, 2012
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magnetic shields to protect astronauts

NIAC, S. Westover, MAARSS, 2012

NIAC, E. D’Onghia, Crew-HaT (Halbach torus), 2022
Pumpkin configuration - SR2S project (Battiston 2016)
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3-D artist view of the AMS-02 magnet system.
AMS-02 magnet 

configuration producing a 
dipole field

B. Blau et al., "The superconducting magnet system of AMS-02 - a particle physics detector to be operated on the International Space Station," in IEEE 
Transactions on Applied Superconductivity, vol. 12, no. 1, pp. 349-352, March 2002, doi: 10.1109/TASC.2002.1018417.

AMS-02 superconducting magnet

The AMS-02 detector in the cargo bay of the 
space shuttle for the flight to ISS
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3-D artist view of the AMS-02 magnet system.
AMS-02 magnet 

configuration producing a 
dipole field

B. Blau et al., "The superconducting magnet system of AMS-02 - a particle physics detector to be operated on the International Space Station," in IEEE 
Transactions on Applied Superconductivity, vol. 12, no. 1, pp. 349-352, March 2002, doi: 10.1109/TASC.2002.1018417.

‘’Since the magnet design is optimized with respect to very low heat losses, the magnet is intended to be operated for 
3 years without refilling.’’

AMS-02 superconducting magnet

The AMS-02 detector in the cargo bay of the 
space shuttle for the flight to ISS

B. Blau et al., NIMA (2004) 518,139-142, https://doi.org/10.1016/j.nima.2003.10.043.

‘’With Obama administration plans to extend International Space Station operations beyond 2015, the decision was 
made by AMS management to exchange the AMS-02 superconducting magnet for the non-superconducting magnet’’

https://en.wikipedia.org/wiki/Alpha_Magnetic_Spectrometer, link visited on July 10th 2022
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”High-temperature”

liq. He

liq. H2

liq. N2

liq. CF4

27C

1900 1940 1980 1985 1990 1995 2000 2005 2010 2015 2020

Readapted from https://en.wikipedia.org/wiki/High-temperature_superconductivity, visited on July 10th, 2022

Robustness, efficiency and 
lifetime of the cooling 
system are among the most 
limiting requirements for 
the use of SC magnets in 
space. They all depend on 
the difference Tenv-Top.

“easy” cooling
(even just with cryocoolers)

“difficult” cooling
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High-Temperature Superconductors

Zeitschrift für Naturforschung B, vol. 75, no.
1-2, 2020, pp. 3-14.
https://doi.org/10.1515/znb-2019-0103

https://nationalmaglab.org/magnet-development/applied-superconductivity-center/plots, link visited on July 10th, 2022
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https://nationalmaglab.org/magnet-development/applied-superconductivity-center/plots, link visited on July 10th, 2022

High-Temperature Superconductors

AMS-02
Nb-Ti/Cu

3000 A/mm2
at 5T at 4.2K

(specs from 
doi:10.1109/TASC.200

2.1018417)

Zeitschrift für Naturforschung B, vol. 75, no.
1-2, 2020, pp. 3-14.
https://doi.org/10.1515/znb-2019-0103
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https://nationalmaglab.org/magnet-development/applied-superconductivity-center/plots, link visited on July 10th, 2022

High-Temperature Superconductors
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https://nationalmaglab.org/magnet-development/applied-superconductivity-center/plots, link visited on July 10th, 2022

High-Temperature Superconductors

WP10 Future Magnets for 
post-LHC colliders (study, test 
and design solutions using Bi-
2212 and YBCO for HTS dipole 

magnets)
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HTS Demonstrator Magnet for Space (HDMS)

HDMS project goals (Jun. 2018- Feb. 2022)

• Conceptual design of a toroidal HTS 
magnet for a spectrometer in space

• Design and manufacture a demonstrator 
coil for the toroidal magnet

• Test and make it ready up to TRL 6
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HTS Demonstrator Magnet for Space (HDMS)

HDMS project goals (Jun. 2018- Jun. 2022)

• Conceptual design of a toroidal HTS 
magnet for a spectrometer in space

• Design and manufacture a demonstrator 
coil for the toroidal magnet

• Test and make it ready up to TRL 6

Supercond. Sci. Technol. 33 044012 (2020)
June 20th
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HTS Demonstrator Magnet for Space (HDMS)

HDMS project goals (Jun. 2018- Feb. 2022)

• Conceptual design of a toroidal HTS 
magnet for a spectrometer in space

• Design and manufacture a demonstrator 
coil for the toroidal magnet

• Test and make it ready up to TRL 6

• Focus of the next part of this 
presentation

• Other useful links:
• https://knowledgetransfer.web.cern.ch/aero

space/hdms
• M. Dam et al., PoS ICRC2021 498 (2021)
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AMaSED:
Advanced Magnetic Spectrometer Experimental Demonstrator

• Two pancake coils
• Racetrack-like shape
• No-insulation coil
• Two-tape-stack SuperPower HTS cable (face-to-

face)
• Tape width: 12 mm
• Total HTS tape length: 724 m
• Inductance: L = 46.6 mH
• Center magnet constant: α0 = 1.125 T/kA
• Peak magnet constant: αm = 3.75 T/kA

Coil design 10K
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AMaSED full design

Total mass 80kg
(50kg coil assemblies, 30kg 

mechanical structure)
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Conductor and cable configuration

• No-insulation winding 
technique

• Two-tape stack
• Dry wound with first and 

last turns soldered

SuperPower 2G HTS tape

Cable configuration
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Coil assemblies
Inner and outer copper bands

Opening in outer 
copper band and 

clamping.
June 20th
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Coil insulation and mechanical structure

• 1.5 mm–3 mm thick G11 fiberglass
• Break down voltage greater than 1000 V 

(largest voltage measured over coil was 0.1 V).

Single-piece magnet former in 
Aluminum 2050-T84
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Magnetic critical current measurements
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Coil parameter estimation
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Achieved performance for AMaSED-2
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Next steps

Beam test layout scheme

ASTROTOR project just funded by Italian ministry for research, targeting:
• thermal design of a toroidal magnet for different scenarios  (ball. 

pathfinder/LEO mission /L2 mission)
• possibly very high-field beam tests

INFN LASA laboratories (Milan)
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Conclusions
• Large acceptance and long operation time spectrometers 

require HTS magnets
• The HDMS team constructed and successfully tested an 

HTS demonstrator magnet for space
• AMaSED-2 features important innovations:

• No-insulation winding technique
• Self-protection against quenches
• Copper-bands to transfer current 

• AMaSED-2 performs better than expected in the range 
10-77K

• All solutions adopted are space-compliant and 
immediately scalable

• Cooling system design not been addressed by the HDMS 
team

• HDMS delivered the most advanced HTS magnet 
prototype for space applications, an essential starting 
point for any future enterprise to detect high-rigidity 
antimatter in cosmic rays.
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