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The YBCO D-wave Gap Symmetry Problem: 
Low Jc (Current Density) Across Grains 
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The Tc of a D-wave YBCO Phase versus an 
S-wave YBCO Phase 
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What	We	
Believe	

We	try	to	“Push	Down”	the	D-wave	Tc	in	
order	to	expose	the	S-wave	phase	

Tc	



Hence,	we	add	Non-Magnetic	Disorder	to	YBCO	
Pair-Breaking	Strength	(Units	of	Tc0)	
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A	D-wave	Tc	drops	
with	non-magnetic	

disorder	

Pushing the D-wave Tc Down by “Pair-Breaking” with 
Non-Magnetic Disorder 

An	S-wave	Tc	is	stable	
vs.	non-mag	disorder	
(Anderson’s	Theorem)	



(Y1-x-yCaxCey)Ba2Cu3O7-δ	

Substitute	Ca	(+2)	and	Ce	(+4)	
for	Y	(+3)	atoms	

Tahir-Kheli, arXiv 1702.05001 Further	discussion	

Add Non-Magnetic Ca (+2) and Ce (+4) Disorder 



Good	Single-Phase	Poly-Crystalline	Samples	
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X-ray	Diffraction	(XRD)	on	(Y1-x-yCaxCey)Ba2Cu3O7-δ	
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D-Wave	and	S-Wave:	The	Three	Differences		

Experiment D-Wave S-Wave 

Gap Magnitude 
Tc vs. Ca and Ce 

Disorder 

Tc falls with 
increasing        

non-magnetic 
disorder 

 

Tc weakly 
dependent on 
non-magnetic 

disorder 
 

Gap Phase 
Point-Contact 

Andreev-Reflection 
(PCAR) 

Has a Zero-Bias 
Conductance Peak 

(ZBCP) 

No ZBCP 
 

Gap Nodes 
Penetration Depth 

Linear T 
dependence 

~T2 dependence 



(Y1-x-yCaxCey)Cu3O7-d	

Ca	+	Ce	disorder	(%)	

Tc
	(K

)	

D-Wave	Theory	
(Simple	Pair-Breaking)	
(Dipole	Pair-Breaking)	

“S-Wave-like”	
Tc	Saturation	

Expt #1: Gap Magnitude, Tc vs. Ca and Ce Disorder 
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Experiment	by	Mike	Osofsky,	Naval	Research	Lab	(NRL)	

Expt #2: Gap Phase, PCAR (ZBCP Search) 
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Expt #3: Gap Nodes, Penetration Depth vs. Temperature 
(Y1-x-yCaxCey)Cu3O7-d	
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A D-wave + Impurity Scattering Does NOT Explain the T2 

Scattering	Strength	c	
[Resonant	(c	=	0),	Born	(c	>>	1)]	(Dimensionless)	

D-
w
av
e	
T2
	to

	T
	C
ro
ss
ov
er
	T
em

pe
ra
tu
re
	(K

)	

(36,16)	

(26,26)	

Max	T	for	Penetration	
Experiment	(=	26	K)	

Peter	Hirschfeld	and	Nigel	Goldenfeld,	PRB	48,	4219	(1993)			

Ca/Ce	out-of-CuO2	plane	=	
Born	scattering	è	c	>>	1	



What	We	Found		
Experiment D-Wave S-Wave Result 
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KILLER	APP	=	FUSION	MAGNETS	

Wire	can	be	made	by	the	
same	production	process	
used	for	Nb3Sn	







Relay
Switch

Sample

Coil

Coax

CoaxVNA

HP8753D

50 Ohm Load

Open

Short Inside Cryostat

Coaxes same length 
and twisted together


