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Bose Hubbard model with bounded disorder at a commensurate filling

random on-site potential (or other integer)

Mott insulator (MI)

Bose glass (BG)

Superfluid (SF)

Q1: Does disorder change the phase diagram at                      ?

compressible insulator

gapped insulator
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Q2: Is disorder a relevant perturbation for SF-insulator transition?
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Small U/t: Falco, Nattermann, and Pokrovsky, 
Phys. Rev. B 80, 104515 (2009).
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Small U/t: Falco, Nattermann, and Pokrovsky, 
Phys. Rev. B 80, 104515 (2009).



Large numbers = fragile superfluidity !
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Eg /2 is the half of the gap in 
the pure system.

μlocal =

μlocal = +

The line = Eg /2



Theorem of Inclusions



Def.  Generic disorder: Probability density for any (local) realization is finite.



Theorem of Inclusions: Absence of SF-to-gapped-insulator transition

In the presence of generic bounded disorder there exist rare, but arbitrarily large, 
regions of the competing phase across the transition line.
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Enhanced version: Finite compressibility at the critical point

There exist arbitrarily large regions with actual bound smaller than the global one 
by a finite value.
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An exception implied by the rule: MI to BG transition is of the Griffiths type

The phase boundary line is generically vertical if, and only if, the transition is 
of the Griffiths type, i.e. driven by rare regions in which disorder emulates some 
regular external perturbation with the amplitude       . 
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Some important details on how disorder gets relevant in the 
vicinity of the SF-MI point
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1D  case:  vortex instantons  in (1+1) dimensions
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Shape of the SF-BG in the vicinity of the SF-MI point
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Main points

Exact numerics for Bose Hubbard model at unity filling in d=1,2, and 3. 

Theorem of Inclusions: Absence of SF-to-gapped-insulator transitions

Enhanced version: Finite compressibility at the critical point

Extended version: MI to BG transition is of the Griffiths type

Open question: Shape of the SF-BG curve in the vicinity of the SF-MI 
point in d=2,3.


