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 Network: composed of interacting or related 
units, e.g. social network of scientists  

 Graph: skeleton of a network, abstract 
mathematical object, e.g. collaboration graph 

𝑳 = 𝑫 − 𝑨,  
𝐿𝑖𝑗 = 𝛿𝑖𝑗𝑑𝑖 − (1 − 𝛿𝑖𝑗)𝑎𝑖𝑗 



Given the 
eigenvalues of 𝑳, 
what can be said 
about 𝑑𝑖? 





 Let 𝜆𝑖 be the eigenvalues ordered from largest 
to smallest 

 Also bounds on 𝑑𝑚𝑖𝑛, 𝑑𝑚𝑎𝑥  

 Mean and variance of bounded sequence 
𝒅 = 𝑑1, 𝑑2, … , 𝑑𝑁  determined 
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Spectra of graphs 
(Springer, New York, 2011) 



 Finite number of 
possible sequences 

 The one closest to 
their mean is the 
estimate 𝒅′ 

 Unique solution: 
chain, regular, 
completely 
connected  
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 Figure of merit:  𝑑𝑖 − 𝑑′𝑖 /𝑁
𝑁
𝑖 = 𝒅 − 𝒅′ 1/𝑁 
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𝑘 𝜔𝑆 

𝐻𝐼 = −𝑘𝑞𝑆𝑞𝑗 𝐻𝑆 = (𝑝𝑆
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2𝑞𝑆
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Ω𝑖 

 𝜆𝑖 = Ω𝑖
2 − 𝜔2 /𝑔 

 Generic network → 
probe interacts with 
and resolves all 
modes 

 Weak 𝑘 → sensitivity 
to Ω𝑖 

∝ 𝑘 

𝜔𝑆 



Continuous regime Discrete regime 



 Suppose 𝑔 unknown 

 𝑔𝜆𝑖 = Ω𝑖
2 −𝜔2 

 2(𝑁 − 1) ≤  𝑑𝑖 ≤ 𝑁(𝑁 − 1) 
→ bounds on 𝑔 

  𝑑𝑖 ,  𝑑𝑖
2 must be even → 

finite set of possible 
values for 𝑔, integer 
fractions will work too → 
choose largest possible 
value as estimate 

 Guaranteed to work for 
trees, regular networks 





 Now 𝐻𝐸 =
𝒑𝑇𝒑

2
+

𝒒𝑇(𝜔𝟐𝑰 + 𝑳𝑤)𝒒, where 
𝑳𝑤 the weighted 𝑳 

 In general, scheme 
not applicable 



Ω𝑖 

∝ 𝑘 

𝜔𝑆 

 Coupling strengths 
to eigenmodes give 
the mapping back to 
network picture 

 Can be extracted 
from, e.g., rate of 
energy exchange 

 Single and pairwise 
couplings needed 

𝑘 𝜔𝑆 
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 𝒅 and a uniform 𝑔 
can be estimated 
from any single node 

 Full access, full 
reconstruction 

 Proposal for an 
experimental 
implementation of 
quantum networks in 
preparation 
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