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Abstract 
The genera l  topic of  the ta lk concerns the Reduced Densi ty Matr ix  Funct ional  
Theory (RDMFT) where the object  of  interest  is  the RDMFT funct ional .  The 
exac t RDMFT func t iona l  depends on l y on the i n te rac t ion te rm o f  the 
Hami l tonian and is  universa l  for  a l l  the s ingle-part ic le terms such as the k inet ic 
energy or the external  potent ia l .  The RDMFT funct ional  is  found v ia the Levy-
Lieb constrained search [1]  in  mult ipart ic le systems with a f ixed part ic le 
number.  The domain of  th is funct ional  is  the set  of  a l l  one-particle reduced 
density matrices .    The funct ional  is  rea l-va lued and whi le looking for  the 
ground-state energy of  the system at hand, one has to min imise the tota l  va lue 
of  the funct ional  p lus the energy of  the s ingle part ic le terms which can be 
summar ised in the formula Tr ( \gamma h)+F_W(\gamma),  where h are the s ingle-
part ic le terms of  the Hami l tonian,  F_W is the RDMFT funct ional  and \gamma is 
a one-part ic le reduced densi ty matr ix .  
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Because of  th is min imisat ion procedure,  the knowledge of  the gradient of  the 
RDMFT func t iona l  i s  c ruc ia l .  I n pa r t i cu la r,  Ch r i s t i an toge the r w i th h i s 
col laborators (Car los Benavides-Riveros,  Ju l ia  L ieber,  Rol f  Schi l l ing and others)  
has d iscovered that  in many quantum systems the gradient of  the RDMFT 
funct ional  is  repuls ive and divergent at  the boundary of  i ts  domain ( the set  
one-part ic le reduced densi ty matr ices which is  a compl icated geometr ic 
object ! )  – a phenomenon dubbed the “Bose-Einste in condensat ion force” ( for  
bosons)  or  the “exchange force” ( for  fermions) .  This means that  the min imiser 
can never l ie  on the boundary of  the domain – a rea l ly  remarkable fundamenta l  
fact  for  quantum physics.  I t  has been conjectured that  th is is  in fact  a gener ic 
phenomenon occurr ing in mult ipart i te quantum systems. However,  due to the 
compl icated nature of  the Levy-L ieb constra ined search, i t  is  of ten impossib le 
to f ind the formula for  the exact RDMFT funct ional ,  so some other methods 
have to be found in order to prove the universa l  nature of  th is repuls ive ly 
d iverg ing gradient.  My approach to th is problem re l ies on f inding appropr iate 
upper bounds on the exact funct ional  which bear some informat ion about i ts  
gradient on the boundary of  the funct ional ’s domain.  In my ta lk,  I  wi l l  int roduce 
the re levant construct ions in the case of  the Bose-Hubbard dimer and compare 
them with the known resul ts for  the exact RDMFT funct ional  in th is system [2] .  
Then, I  wi l l  show how th is is  genera l ised to considerably more compl icated 
h igher-dimensional  quantum systems us ing some tools f rom group theory [3] .  
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