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Band Inversion in half-Heusler compounds

Al-Sawai et al, PRB (2010)

Chadov et al, Nature Materials (2010)

Lin et al, Nature Materials (2010)

Feng et al, PRB (2010) Xiao et al, PRL (2010)

* Strong band 
inversion in YPtBi

the Heusler family of materials
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Band Inversion in half-Heusler compounds

Al-Sawai et al, PRB (2010)

Chadov et al, Nature Materials (2010)

Lin et al, Nature Materials (2010)

Feng et al, PRB (2010) Xiao et al, PRL (2010)

* Strong band 
inversion in YPtBi

the Heusler family of materials

~1,250 known intermetallics.
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→ first high-spin superfluid

Hyunsoo Kim

Phys. Rev. Lett. 116, 177001 (2016)

Dan Agterberg (theory)

U Wisconsin Milwaukee

Philip Brydon (theory)

University of Maryland

Science Advances  4, 4513 (2018)

superconductivity in YPtBi
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the Heusler family of materials

spin-3/2 pairing

• p-like states with j=3/2 

remain degenerate
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the Heusler family of materials

Hyunsoo
Kim

TDR Penetration Depth

• Linear penetration depth 

( ~ T1.2): line nodes

• Similar to d-wave SCs 

KFe2As2, CeCoIn5…

• Low carrier density –

extremely large  ~2 m!

• Scattering rate parameter 

T* ~ 0.07Tc

H. Kim et al, Sci. Adv. 2018

YPtBi



DOE-BESAC September 2024 Johnpierre Paglione 

the Heusler family of materials
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UTe2 – an evolving story!
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superconductivity in UTe2

arXiv:1811.11808 (Nov 28, 2018)

Sheng Ran

WU St. Louis

• first presented Nov 8, 2018:

• discovery in March 2018

• submission to Science Oct. 2018

• news to Japan Nov 19 2018:

• posted to arXiv Nov 28, 2018:
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superconductivity in UTe2

S. Ran et al, Science 365, 684 (2019).

• full volume SC, no NMR Knight shift • “diverging” Hc2 along (hard) b-axis
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I. Hayes et al, arXiv:2402.19353

Tristin Metz 

Tristin Metz

Ian Hayes

https://vector.cnam.umd.edu/people/item/11-tristin-metz.html
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superconductivity in UTe2

T. Metz et al, Phys. Rev. B 100, 220504 (2019).

• T2 penetration depth → point nodes

London penetration depth

Ishihara et al, ncomm (2023)

* T2 in Tc>2K sample also 
confirmed by Anlage group 
using microwave technique

Tc=2.1K

Seokjin Bae

Steve Anlage 

University of Maryland
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UTe2 in high magnetic fields

S. Ran et al, Nature Phys. (2019).

• Re-entrant superconductivity above 40 T
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• TRS breaking can be trained by c-
axis field, suggesting only four 
possible two-component 
combinations

• Spin-triplet narrows to first two

• Field dependence of specific heat 
consistent with #1 and #2

• Weyl nodes expected for either state

• 4+ Weyl nodes on kx=0 or ky=0 planes

• Consistent with point node gap structure 
measured experimentally

superconductivity in UTe2
Daniel Agterberg (theory)

U Wisconsin-Milwaukee

Hayes et al, Science 373, 797 (2021)

Finite Kerr effect: TRSB at Tc

Split transition: two-component OP

Aharon
Kapitulnik

Stanford

Ian 
Hayes
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high pressure + high field Sheng Ran

WU St. Louis
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Lazarus SC phase – more than meets the eye!! Corey Frank Nick ButchSylvia Lewin

UTe2 in high magnetic fields

arXiv:2402.18564

arXiv:2304.12392
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evidence of chirality
Vidya Madhavan (STM)

U Illinois-Urbana Champaign

L. Jiao et al, Nature  (2020)
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• Pair- and charge-density wave order 

superconductivity in UTe2

Vidya Madhavan (STM)

U Illinois-Urbana Champaign

Seamus Davis (STM)

Cornell/Cork/Oxford
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superconductivity in UTe2

F. Theuss et al, Nature Physics (2024)

ultrasound

Brad Ramshaw 

Florian Theuss

Cornell University
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o Nearly ferromagnetic superconductor
• Paramagnetic U sublattice, Kondo interactions

o High-field re-entrant pairing
• Field-polarized phase above 35 T
• Re-entrant SC near b-axis

o Point node gap structure
• New experiments point to single-component OP
• T2 penetration depth?

o Topological superconductivty
• Chiral bound states (STM)
• Anomalous normal fluid

conclusions

UTe2 – exotic spin-triplet superconductor

S. Ran et al, "Nearly ferromagnetic spin-triplet superconductivity“ Science 365, 684 (2019).

S. Sundar et al, “Coexistence of FM fluctuations and SC in UTe2” Phys Rev B 100, 140502(R) (2019).

S. Ran et al., “Extreme Magnetic Field Boosted Superconductivity”, Nature Physics 15, 1250 (2019) 

T. Metz et al., “Point Node Gap Structure of Spin-Triplet Superconductor UTe2”, Phys. Rev. B 100, 220504 (2019).

S. Ran et al., “Enhanced spin triplet superconductivity due to Kondo destabilization”, Phys. Rev. B 101, 140503 (2020).

W.C. Lin et al., “Tuning magnetic confinement of spin-triplet superconductivity," npj Quantum Materials 5, 68 (2020) 

S. Bae et al., “Anomalous normal fluid response in a chiral superconductor", Nature Communications 12, 2644 (2021).

I. Hayes et al., “Multicomponent superconducting order parameter in UTe2”, Science 373, 797 (2021).

D. S. Wei et al., "Interplay between magnetism and superconductivity in UTe2", Phys. Rev. B 105, 024521 (2022).

Y.S. Eo et al., "Anomalous c-axis transport response of UTe2", App. Phys. Lett (2023).

N.P. Butch et al., “Symmetry of magnetic correlations in spin-triplet superconductor UTe2", npj Quantum Matl. 7, 39 (2022).

F. Theuss et al., "Single-Component Superconductivity in UTe2 at Ambient Pressure", Nature Physics – to appear (arXiv:2307.10938).
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the team collaborators

Steve Anlage 
(microwave)

University of Maryland

Vidya Madhavan (STM)

U Illinois-Urbana Champaign

Daniel Agterberg
(theory)

U Wisconsin-Milwaukee

Andriy Nevidomskyy
(theory)

New York University

Aharon Kapitulnik
(Kerr)

Stanford University

Brad Ramshaw 
(ultrasound)

Cornell University
Dave Graf (35T)

John Singleton (65T)

NHMFL

Nick Butch 

NIST Center for Neutron 
Research 

Peter Hirschfeld 
(theory)

University of Florida

Sheng Ran

Washington U St. Louis

Philip Brydon (theory)

Cornell University Seamus Davis (STM)

Cornell/Cork/Oxford

Tristin 
Metz

Tristin Metz

Prathum
Saraf

John 
Collini

John Collini

Dan 
Sokratov

Shanta
Saha

Yun Suk 
Eo

Wen-Chen

Lin

Ian 
Hayes

Jarryd 
Horn

Rahul 
Sharma

Hyeok
Yoon

Atsutoshi
Ikeda

Keenan 
Avers

Yash Anand,  Ryan Dorman,  Jared Dans,  Lila Jirousek,  Elliot Fang

Sylvia 
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Frank

https://vector.cnam.umd.edu/people/item/11-tristin-metz.html
https://vector.cnam.umd.edu/people/item/15-john-collini.html

	INTRO
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26


