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Supplementary Figure 1. STM topographic images of the observed surface morphologies of (100) CeCoIn5. 
a-b, Constant current topographic images (Vbias = - 60 mV, Isetpoint = 100 pA and Vbias = - 100 mV, 
Isetpoint = 1.2 nA) of the two observed types of surface morphologies, which display the consecu�ve 
reconstructed surface R and atomically ordered surface S. c-f, Enlarged topographic images of surface R 
and surface S in the case of the two morphologies. Scale bars correspond to the following lengths 
(in order from panel a to f): 50 Å, 50 Å, 20 Å, 20 Å, 5 Å, 5 Å, while ver�cal color scales correspond to the 
following heights: 7 Å, 7 Å, 4 Å, 1 Å, 0.2 Å, 1.5 Å.
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Supplementary Figure 2. Iden�fica�on of the posi�on of the quasi-two-dimensional layers.
aj The InMterminated layer R on the b-c surface of CeCoIn5q Due to surface reconstruc�onj five In atoms
-highlighted with red circlesD form the circular objects observed in the STM imagesq The quasiMla�ce of
the reconstruc�on has zb x c quasiMperiodicityq bj When one In atom is absent -eqgqj due to the cleaving
procedureDj the corresponding reconstructed sphere is shi�ed by a la�ce constant in the b direc�onq
cj The center of the circular superstructures corresponds to the posi�on of layer A -black arrowsDj and
their edges correspond to layer B -blue arrowsDq dj Topographic image of R and S surfaces separated by
a single step edgej showing the iden�fied layers -blue lines and arrows correspond to layer Bj black
arrows to layer ADq The horizontal green lines indicate the la�ce in the b direc�onq
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Supplementary Figure 3

Supplementary Figure 3. Energy-momentum structure of the quasi-par�cle interference.
Fourier transform amplitude ,in the [010] direc�on6 of the conductance maps obtained at different
energies shows two pronounced features. At larger nega�ve energies ,from -10 meV to -80 meV6, the
Q1 vector ,around 0.16 r.l.u.6 slowly disperses, which indicates that it originates from the light conduc�on
band. Around the Fermi energy, a rapidly dispersing signal appears, which is the result of sca�ering
between the heavy bands.
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Supplementary Figure 4. Comparison of subtracted conductance maps in high magne�c fields. 
a, Topographic image of the 500 Å x 500 Å  large area on the b-c surface of CeCoIn5, where all the vortex 
maps presented in this work were obtained. Scale bar: 100 Å; color scale: 15 Å. b-d, Conductance maps 
at various magne�c fields. Color scale indicates the conductance and ranges from 15 to 45 nS. 
e-f, Subtracted conductance maps using H = 0 T and H = 13 T as reference fields; color scales indicate
subtracted conductance from -2 to 14 nS, and from - 9 to 7 nS, respec�vely.
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Supplementary Figure 5. Vor�ces at high magne�c fields on the b-c surface of CeCoIn5.
Subtracted conductance maps (Gsub) at various fields in the vicinity of the upper cri�cal field (Vbias = - 10 mV,
Isetpoint = 300 pA; reference field: H = 13 T). Scale bar corresponds to 100 Å; the color scale shows Gnorm,sub 
from -2 to 2. Red dots indicate the fi�ed center of mass of the vor�ces.  
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Supplementary Figure 6.  Energy structure of the vor�ces and bound states.
a-g, Subtracted conductance maps at different energies showing that the vor�ces are most visible at zero
energy. The red and white rectangles show the spa�al posi�ons where the averaged conductance values 
were obtained at each energy for inside and outside the vortex core, respec�vely (Fig. 5h). Scale bar: 50 Å;
color scale: Gsub from -2 to 4 nS. 
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Supplementary	Note	1.	Observed	morphologies	of	the	(100)	cleaved	surface	

We	 cleaved	 several	 samples	 along	 the	 [100]	 direction,	 approached	 multiple	 different	 areas	 on	 each	

cleaved	 sample,	 and	consistently	 found	 two	distinct	 surface	morphologies	 (Supplementary	Fig.	1).	 For	

most	 regions	we	approached,	 the	 topographic	 images	 revealed	morphology-I	 (Supplementary	Fig.	1a),	

whereas	in	rare	cases	morphology-II	(Supplementary	Fig.	1b)	was	observed.	In	both	cases,	we	found	two	

surface	terminations,	one	of	which	(surface	R)	is	reconstructed	(Supplementary	Fig.	1c-d).	We	associate	

this	surface	with	the	 layer	containing	 In	atoms	(In3	 layer)	because	previous	measurements	on	CeCoIn5	

cleaved	along	the	(001)	direction	(1)	also	showed	a	reconstructed	In2	surface.	Surface	S	in	the	second	kind	

of	 morphology	 shows	 a	 rectangular	 lattice	 with	 lines	 running	 in	 the	 high	 symmetry	 directions	

(Supplementary	 Fig.	 1f),	 whereas	 in	 the	 first	 kind	 of	 morphology	 it	 shows	 a	 mixture	 of	 rectangular	

(Supplementary	Fig.	1e)	and	hexagonal	order	(Supplementary	Fig.	1c).	The	topography	in	the	hexagonal	

regions	is	 inverted	relative	to	the	reconstructed	surface	but	has	identical	 lattice	spacing.	We	therefore	

believe	that	it	either	reflects	the	influence	of	a	subsurface	In3	layer	or	results	from	the	detailed	atomic	

arrangement	after	the	cleave.	On	surface	S,	not	all	atoms	in	the	unit	cell	are	visible,	but	the	structural	

modulation	resembles	the	(100)	unit	cell,	and	the	position	of	the	two-dimensional	layers	can	be	indirectly	

determined	(see	Supplementary	Note	2).	Although	the	origin	of	the	two	different	morphologies	is	unclear,	

the	normal	 vector	of	 the	 surfaces,	 the	 in-plane	atomic	modulations,	and	 the	 step	heights	are	 in	good	

agreement	with	the	expected	crystal	structure	of	the	(100)	plane	of	CeCoIn5.	We	also	note	that	both	types	

of	morphologies	have	been	observed	on	a	single	cleaved	sample.	

	

Supplementary	Note	2.	Origin	of	the	reconstructed	In	surface	and	determination	of	the	position	of	the	

2D	layers	

The	Ce,	Co,	and	In	atoms	are	not	all	visible	on	the	(100)	cleaved	surfaces,	so	we	use	an	indirect	method	to	

determine	the	position	of	the	2D	atomic	layers	based	on	the	unusual	structure	of	the	reconstructed	In3	

surface.	As	Supplementary	Fig.	2a	shows,	two	inequivalent	In	atoms	exist	on	surface	R:	In(1)	(from	layer	

A)	and	In(2)	(from	layer	C).	By	examining	the	quasi-ordered	reconstructed	surfaces	observed	in	our	STM	

topographic	images,	we	conclude	that	the	simplest	model	to	explain	the	pattern	involves	a	superstructure	

containing	one	In(1)	atom	and	four	surrounding	In(2)	atoms.	This	assignment	matches	well	to	both	the	

size	and	the	orientation	of	the	features	on	the	reconstructed	surface	of	the	more	common	morphology.	

Supplementary	Fig.	2b	shows	that	the	superstructure	lattice	can	shift	by	half	of	its	unit	cell	in	one	direction,	



corresponding	to	a	shift	by	one	unit	cell	in	the	b	direction;	this	may	occur	spontaneously	or	in	response	

to	a	missing	In	atom	on	the	surface.	As	a	result,	we	observe	superstructures	running	in	the	b	direction	

with	frequent	instances	of	shifts	within	these	lines.		

Since	the	In(1)	atom	is	part	of	layer	A,	we	determine	that	layer	A	is	located	along	the	midpoint	of	the	large	

circular	superstructures,	whereas	layer	B	is	located	between	them	(Supplementary	Fig.	2c).	By	following	

these	2D	planes	through	a	step	edge,	we	can	also	identify	the	layers	on	surface	S	(Supplementary	Fig.	2c-

d).	The	assignment	of	the	2D	layers	based	on	the	reconstructed	surface	is	consistent	with	the	assignment	

based	on	spectroscopic	features	that	we	observe	on	each	layer	(double	peak	or	gap	in	the	spectrum	in	

Figs.	2e-g).	

	

Supplementary	Note	 3.	 Energy-momentum	dispersion	 and	 lifetime	of	 the	 quasiparticle	 interference	

signal	

In	Supplementary	Fig.	3,	we	show	the	amplitude	of	the	Fourier	transform	of	differential	conductance	as	a	

function	of	energy	and	momentum	in	the	[010]	direction.	The	data	illustrate	that	Q1	is	slowly	dispersing	

(𝑣 ≈ 0.8	eVÅ)	 at	 energies	 far	 from	 the	 Fermi	 level	 and	 can	 be	 associated	 with	 the	 light	 part	 of	 the	

hybridized	 band	 structure.	 We	 also	 observe	 a	 flat	 band	 around	 zero	 energy	 corresponding	 to	 the	

enhanced	scattering	of	heavy	excitations	similar	 to	measurements	on	CeCoIn5	cleaved	along	the	 [001]	

direction	(1-4).	The	measured	decaying	QPI	signal	(Fig.	3e)	and	the	dispersion	relation	allow	us	to	extract	

the	lifetime	of	the	quasiparticles.	As	discussed	in	the	main	text,	fitting	the	amplitude	of	the	modulation	

to	an	exponential	decay	function	yields	a	decay	length	𝜉QPI = 52	Å.	Based	on	the	measured	dispersion	

relation,	 this	 results	 in	 a	 lifetime	 of	 𝜏QPI = 𝜉QPI/𝑣 ≈	40	 fs.	 This	 value	 is	 in	 good	 agreement	with	 the	

quasiparticle	lifetime	obtained	from	the	∆𝐸 =	10	meV	width	of	the	spectral	function	measured	on	surface	

B	(1),	from	which	𝜏 = ħ/∆𝐸 ≈	65	fs.				

	

Supplementary	Note	4.		Conductance	maps	in	magnetic	field	

As	we	discuss	in	the	main	text,	we	use	a	background	subtraction	scheme	to	enhance	the	visibility	of	the	

vortices.	We	define	the	subtracted	conductance	maps	as	Gsub(x,	y,	E,	H)	=	G(x,	y,	E,	H)	 -	G(x,	y,	E,	Href),	

where	G(x,	y,	E,	H)	is	the	real	space	conductance	value	acquired	at	energy	E,	magnetic	field	H	at	spatial	

position	of	(x,	y),	while	Href	corresponds	to	the	reference	magnetic	field	(5).	As	a	reference,	we	choose	



conductance	maps	obtained	at	Href	 	=	13	T	 (Href	 >	H*)	 instead	of	 zero	 field	because	 the	magnetic	 field	

dramatically	 reduces	 some	 of	 the	 impurity	 scattering	 resonances	 (6).	We	 note	 that	 using	H	 =	 0	 T	 as	

reference	 leads	 to	 qualitatively	 similar	 results.	 Finally,	 we	 choose	 E	 =	 0	 because	 the	 sharpest	 vortex	

imaging	 contrast	 is	 achieved	 at	 the	 Fermi	 energy	 (Fig.	 5h	 and	 Supplementary	 Fig.	 6).	We	 use	 a	 drift	

correction	code	to	compensate	for	the	small	displacements	of	the	acquired	conductance	maps	at	different	

magnetic	fields.	

In	Supplementary	Fig.	4,	we	plot	the	raw	conductance	maps	(Supplementary	Fig.	4b-d)	and	the	subtracted	

maps	(Supplementary	Fig.	4e-f)	obtained	on	the	surface	shown	in	Supplementary	Fig.	4a.	The	maps	show	

that	 the	 average	 conductance	 varies	 significantly	 on	 the	 different	 R	 and	 S	 surfaces.	 Nonetheless,	 the	

subtraction	allows	us	to	image	the	vortices.	Choosing	the	H	=	0	T	map	as	a	reference	leads	to	dark,	circular	

regions	associated	with	impurity	scattering	resonances	(Supplementary	Fig.	4e),	which	are	absent	in	the	

subtracted	map	where	H	=	13	T	is	the	reference	field	(Supplementary	Fig.	4f).		

In	 addition	 to	 the	 data	 presented	 in	 the	main	 text,	 we	 show	 subtracted	 conductance	maps	 at	 other	

magnetic	fields	(Supplementary	Fig.	5)	and	at	other	energies	(Supplementary	Fig.	6).	
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