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Abstract 

Quantum informat ion and computat ion processing requires the contro l  of  
su i table resources by feas ib le operat ions and measurements on the composi te 
quantum system. The bui ld ing b locks (part ic les)  of  quantum networks are 
usual ly  ident ica l  subsystems (e.g. ,  phys ica l  qubi ts,  two- leve l  atoms, photons,  
e lectrons,  quasipart ic les) ,  which can be bosons or fermions [1–3] .  When the 
composi te system is made of  non- ident ica l  (or  d ist inguishable)  part ic les,  the 
wel l -establ ished operat ional  f ramework employed to explo i t  the i r  quantum re- 
sources,  such as entanglement or  coherence, is  based on local  operat ions and 
c lass ica l  communicat ion (LOCC) [4 ] .  Loca l  opera t ions w i th in the LOCC 
framework are meant as appl ied to each indiv idual  part ic le (part ic le- local i ty ) .  Of  
course,  th is is  not possib le for  quantum networks made of  spat ia l ly  over-  
l app ing i den t i ca l  pa r t i c l es wh ich a re i nd i s t i ngu i shab le and i nd i v i dua l l y  
unaddressable.  The di rect  ident i f icat ion and ut i l izat ion of  quantum resources in 
systems of  ident ica l  part ic les has therefore remained e lus ive and chal lenging.  
This issue has been h inder ing the desi red development of  quantum-enhanced 
technology based on ident ica l  part ic les.  
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The fundamenta l  quest ion whether spat ia l  ind ist inguishabi l i ty  by i tse l f  can be 
an explo i table resource for  quantum informat ion processing ar ises in th is 
context .  The problem assumes interest  when the spat ia l  wave funct ions of  the 
ident ica l  part ic les over lap,  so that  the part ic les share common regions of  
space where they can stay and be detected. A natura l  so lut ion to the problem 
would be suppl ied by an approach sui tably int roduced to harness ident ica l  
part ic les under genera l  condi t ions.  In th is ta lk,  we discuss at  an introductory 
leve l  our most recent resul ts about th is purpose and i ts  re lated pract ica l  con- 
sequences.  

In part icu lar,  we f i rst  expla in the or ig ina l  part ic le-based approach to deal  wi th 
states of  ident ica l  part ic les wi thout resort ing to f ict i t ious labels [5–7] .  Then, we 
descr ibe the operat ional  f ramework based on spat ia l ly  local ized operat ions and 
c lass ica l  communicat ion (sLOCC),  where the term “ local”  is  now meant l ikewise 
in quantum f ie ld theory,  that  is  as a local ized region of  space [8] .  The sLOCC 
framework (see F ig.  1)  a l lows one to address the internal  degrees of  f reedom of 
the part ic les and quant i fy  quantum tra i ts,  l ike entanglement,  due to a g iven 
d e g r e e o f  s p a t i a l  i n d i s t i n g u i s h a b i l i t y  u n d e r g e n e r i c s p a t i a l  o v e r l a p 
conf igurat ions [8,  9] .  We h ighl ight  that  th is operat ional  entanglement crucia l ly  
depends on both re lat ive spat ia l  over lap between part ic le wave funct ions and 
measurement regions.  This spat ia l  ind ist inguishabi l i ty  can be tuned, enabl ing 
any quantum informat ion task between separated nodes (e.g. ,  te leportat ion) ,  
as a lso reported exper imenta l ly  [10] ,  and protect ing quantumness against  
detr imenta l  local  noises.   
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These resul ts make i t  c lear ly  emerge that  spat ia l  ind ist inguishabi l i ty,  stemming 
f rom the spat ia l  over lap of  ident ica l  part ic les,  const i tutes a d i rect ly  contro l lab le 
operat iona l  resource.  They open the way to fu r ther quantum-enhanced 
appl icat ions in exper imenta l  contexts where ident ica l  subsystems are the 
const i tuents of  quantum networks,  f rom al l -opt ica l  setups [10–13] to quantum 
atomic c i rcu i ts [14] .   
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