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Efficient Calculation of Energy Expectation 
Values in the Path Integral I~ormalism 
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AbslTllCt. A newly developed analytical mcthod has madc it possible to systcmaticall) 
accelerate numcrical calculation 0 . generic transi tion nlnplltudcs in the path intep.ral [()rrnn Iism 
by mallY orders o[ magnitude by eonstrUl:ling a hierarchy or clTcctivc actions SN(p) [(ll' N-ru'ld 
discrcti7.ed theory where level p enel:live !1ctiOIl imprm'cR COl1\ngcl1cc ordiscrctiL.cd \rnn~ition 

mnplitudcs to the continuum limit from I to I .I P II\. BogOlevic. /\. Dalai., ,Belie. Phys, 
Rcv. Lett. 94 C:~005) 180403. PI1\'s. Rcv. B 72 C:~O()5) ()(i4302, Phv~, Ll:lt. A 344 (::'005) 114], 
Here we cxtend the applicability' [the abovc iTll:lhou tu the ealcuiatioll or ener")' expectatio'n 
valucs b e nstructing analytical expressions [or cncrg\' estimators of a general thcory for caeh 
level p. As a result or this, cnergv expectation values converge to the continuum HS I/Np I3y 
performing a series ofMontc Carlo simulations 011 se\'Cwl dilTerentI1lodels we demonstrate that 
thc analytical results do indeed hold, 
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