




















CPW	La-ces

• Capacitive coupling of resonators  

• Photonic material 

• t < 0, constant function at high energy
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multiple of the identity graph adjacency matrix



Heptagon-Kagome	Device

• 2 shells 

• Operating frequency: 16 GHz 

• 4 input-output ports
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Conclusion	and	Outlook

• Outlook	

• Synthe5c	graph	systems	

• Fullerene	spectra

Kollár	et	al.	Nature	571	(2019)
Kollár	et	al.	Comm.	Math.	Phys.	376,	1909	(2020)	

• Circuit	QED	la-ces	

• Ar5ficial	photonic	materials	

• Interac5ng	photons	

• Hyperbolic	la-ces	

• On-chip	fabrica5on	

• Flat-band	la-ces	

• Op5mal	gaps	

• Mathema5cal	Connec5ons	

• Graph	spectra	

• Quantum	error	correc5on
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೺˨ᆀ ćĒ āĎčēÿćčăĂ ćč ࿁Ш೺˨ᆀЩܥ �ĆćĒ ĄĎċċĎĖĒ ĄđĎČ ೪ᆀ Āăćčą ÿČăčÿĀċăܥ �Ą ᆀ͏ ÿāēĒ ĄđăăċĘ Ďč
ēĆă ĕăđēćāăĒ ĎĄ ೺˨ᆀܡ ćܥăܥ ÿčĘ ăċăČăčē ྱ ܍ Ѳ ćč ᆀ͏ ʟėăĒ čĎčă ĎĄ ēĆă ĕăđēćāăĒ ĎĄ ೺˨ᆀܡ ēĆăč
ēĆă ĐĔĎēćăčē ೺˨ᆀФ ᆀ͏ ćĒ ÿ ČĔċēćąđÿďĆ ĖĆĎĒă ĒďăāēđĔČ ćĒ āĎčēÿćčăĂ ćč ࿁Ш೺˨ᆀЩܥ �Ą ᆀ͏ ÿāēĒ
ĖćēĆĎĔē ʟėćčą ÿčĘ ăĂąăĒܡ ēĆăč ēĆă ĐĔĎēćăčē ćĒ ÿ ąđÿďĆܥ �ă ăėÿČćčă ăÿāĆ āÿĒă ྯ Ҳ ೾И ೿
ćč ēĔđčܥ

�ΩΧζγΥ ܥމއ �ćčćēă ďċÿčÿđ ĐĔĎēćăčēĒ ĎĄ ೺˨ᅆܥ ÿܤ �Ćă ćčʟčćēă ąđÿďĆ೺˨ᅆܥ �ĎĔđ ĒÿČďċă ćčĕĎċĔēćĎč ĒĘČČăēđĘ ďĎćčēĒ ÿđă ćčĂćāÿēăĂ ĀĘ ĀċÿāĊ
ĂĎēĒܥ Āܤ �Ćă ĐĔĎēćăčē ĎĀēÿćčăĂ ĖćēĆ đăĒďăāē ēĎ ēĆă ÿĔēĎČĎđďĆćĒČ ࿁Ⴑܤ
đĎēÿēćĎč ÿĀĎĔē ೲ Ďđ ೲᆣ ĀĘ ྾ܥ �ăĖ ăĂąăĒ ćčĂĔāăĂ ĀĘ ēĆă ĐĔĎēćăčē ÿđă
ćčĂćāÿēăĂ ćč đăĂܥ �č ēĆćĒ āÿĒăܡ čĎ ċĎĎďĒ Ďđ ČĔċēćďċă ăĂąăĒ ÿďďăÿđܥ āܤ
�Ćă ĐĔĎēćăčē ĖćēĆ đăĒďăāē ēĎ ࿁ᄺ ܥ �č ēĆćĒ āÿĒăܡ ēĖĎ ċĎĎďĒ ÿďďăÿđܥ Ăܤ �Ćă
ĐĔĎēćăčē ĖćēĆ đăĒďăāē ēĎ đăʢăāēćĎč ÿĀĎĔē ēĆă āăčēđÿċ ÿėćĒܥ �čʟčćēăċĘ
ČÿčĘ ČĔċēćďċă ăĂąăĒ ÿďďăÿđܥ ăܡ Ą ܤ �Ćă ĐĔĎēćăčē ĖćēĆ đăĒďăāē ēĎ ࿁ᄹ
ÿčĂ ࿁ᄹኜ ܡ ĖĆăč ೲ ÿčĂ ೲᆣ ÿđă ĄĎĔđ Ĕčćē āăċċĒ ÿďÿđēܥ �ĆćĒ ĐĔĎēćăčē ćĒ ÿ
ďċÿčÿđ ąđÿďĆ ĖĆćāĆ ćĒ ШҭѲИ ѲЩ ąÿďďăĂܥ

�ĎčĒćĂăđ ʟđĒē ೺˨ᅆܥ �ēĒ ÿĔēĎČĎđďĆćĒČ ąđĎĔď ćĒ ąăčăđÿēăĂ ĀĘ ĄĎĔđ ēĘďăĒ ĎĄ ăċăČăčēĒܥ
ܱćܲ �đÿčĒċÿēćĎčĒ ഓШ഍Щ ĀĘ č Ĕčćē āăċċĒܥ �Ćă ĐĔĎēćăčēĒ ೺˨ᅆФ়ഓШ഍Щু ĄĎđ ഍ ܔ ѳ ÿđă ēĆă

ĆÿČĀĔđąăđ ąđÿďĆĒ೺ᅆШ഍Щ ĒĆĎĖč ćč �ćąܥ ܥĀފއ
ܱććܲ �Ćă ćčĕĎċĔēćĎč ࿁ᄹ đĎēÿēćčą ÿĀĎĔē ÿ āăčēđÿċ ďĎćčē ೲ ĀĘ ྾ܥ �ĖĎ ăėÿČďċă ďĎćčēĒೲ ÿčĂ ೲᆣ ÿđă ĒĆĎĖč ćč �ćąܥ ܥÿމއ �Ćă ĐĔĎēćăčē ೺˨ᅆФ়࿁ᄹু ćĒ ēĆă ąđÿďĆ ĒĆĎĖč ćč

�ćąܥ ܥĀމއ
ܱćććܲ �Ćă ćčĕĎċĔēćĎč ࿁ᄺ đĎēÿēćčą ÿĀĎĔē ÿ āăčēđÿċ ďĎćčē ೳ ĀĘ ྾ܥ �ĖĎ ăėÿČďċă ďĎćčēĒ ೳ

ÿčĂ ೳᆣ ÿđă ĒĆĎĖč ćč �ćąܥ ܥÿމއ �Ćă ĐĔĎēćăčē ೺˨ᅆФ়࿁ᄺু ćĒ ÿ ČĔċēćąđÿďĆܡ ĒĆĎĖč ćč
�ćąܥ ܥāމއ
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FIGURE 2 | A selection of different 3D shapes for regular fullerenes (distribution of the pentagons DP are set in parentheses). ‘Spherically’ shaped
(icosahedral), for example, (a) C20-Ih, (b) C60-Ih, and (c) C960-Ih (DP = 12× 1); barrel shaped, for example, (d) C140-D3h (DP = 6× 2); trigonal
pyramidally shaped (tetrahedral structures), for example, (e) C1140-Td (DP = 4× 3); (f) trihedrally shaped C440-D3 (DP = 3× 4); (g) nano-cone or
menhir C524-C1 (DP = 5+ 7× 1); cylindrically shaped (nanotubes), for example, (h) C360-D5h, (i) C1152-D6d , (j) C840-D5d (DP = 2× 6). The fullerenes
shown in this figure and throughout the paper have been generated automatically using the Fullerene program.35

properties, not least of which is their deep connections
to algebraic geometry.19

Fullerenes have the neat property that the graphs
formed by their bond structure are both cubic, planar,
and three-connected, for which all faces are either
pentagons or hexagons. Because of this, the math-
ematics describing them is in many cases both rich,
simple, and elegant. We are able to derive many prop-
erties about their topologies, spatial shapes, surface,

as well as indicators of their chemical behaviors,
directly from their graphs.

Planar connected graphs fulfil Euler’s polyhe-
dron formula,

N − E + F = 2 (1)

with N = || being the number of vertices (called the
order of the graph), E= || the number of edges, and
F= | | the number of faces (for fullerenes these are
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