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i F i ' Po1Qoy_ t t
Ina rec'ent series of papéré Kutzelnigg and Mulfherjee' VRZis:;_<‘I’|apalaRalaQozasz|‘l’>
have described the cumulants of the reduced density matrices
as well as their interesting properties in many-body theory. —<‘lf|a§,01asgz|‘lf)5Q02Ral. (1)

These authors have also set out the problem of defining the
spin-free version of the cumulant of the second-order reThe first term of the right-hand sidghs) of this equation
duced density matri%.The aim of this note is to reinforce can be evaluated through the cumulant, or covariance, of
one of the proposals given by these authors through a diffethe expectation value of the product of operators
ent approach involving the cumulant of the expectation valud@ps, ars,) (8,,3s-,), Which will be denoted as
of the products of creation and annihilation operators, whick(‘I’IaﬁglaRglaggzasgzl‘I’f:
leads to a more compact formulation.

According to previous works* we will adopt the (‘I'Ia;,,laR(,lag,,zas(,zl‘w
following notation: ¥ is the state of arN-electron system,

oy, op=a, B are spin coordinates?,Q,R,Sare orbitals, :<\If|a’£,olaRr|\If>(\lf|aggzasgz|\lf>
Poq, Qoy,... arespin orbitals,a‘,;g and ag, are standard !
creation and annihilation fermion operatorsER +<\I,|a1|;(rlaR(rlag(rzaSU'2|\I,>c' 2

=E,,aI,UaRU are spin-free first-order replacement operators,

PO PR o ) I . o
ERS_zvl,UZaPUIaQuzaSUzaR(rl are spin-free second-order The substitution of this expression in E4) as (\g/\(/gll asQErr;e

replacement operatorsggl‘;:(\[ﬂa;r,ga%hlf) are first-order formulation of the Kronecker deltédq, r,,= 7R01+ Ra,
reduced density matrix elements;S7=(¥|ag,ah,|¥) leadsto

aLF:;l C;‘:Trzst—orderT hoTIe reduced density matrix elements, PoiQus__Poy Qs _Poy Qs Py Qo
Rols(,z:<‘P|apglaQ,,2asgzaRgll‘I’) are  second-order YRo,Soy ~ YRoy YSoy ~ VSo, YRoy  VSo, TRo,

reduced density matrix elementy=(¥|EL|¥) are spin- +(Wab, any,aby,as, V)", 3)

free first-order reduced density matrix elementdl
=<\If|20a&ragg|\lf> are spin-free first-order hole reduced in which
density matrix elementsI'R3=(W|ELS W) are spin-free
. . g1Qo> PO’lQo'z_ _ P(Tl QU’2

second-order reduced density matrix elememgdislrz2 is )\Rolsgz— so, TRo,
the cumulant of the second-order reduced density matrix el- 4
ements, and\ 52 is the cumulant of the spin-free second- .

RS P turns out to be equivalent to the cumulant of the second-

order r_educed density matnx_elements._ . order reduced density matrix reported by Kutzelnigg and
Using the well-known anticommutation rules of fermion Mukherjee®

operators, the second-order reduced density matrix elements |t is not trivial to express the corresponding spin-free

: P
can be expressed as conceptARS by a simple sums,, GZAR?S;’Z because the
’ 1°%2

+ <\I’ | a;alaRalagozaSa'zl v > ¢

0021-9606/2002/117(11)/5497/2/$19.00 5497 © 2002 American Institute of Physics
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term 21,1,0272(‘:; 773512 is not independent of the spin coordi- TES=TErS—iTirS+ARS. (8)
nates. However, the sum in the spin coordinates of (Bg.
leads to This expression constitutes one of the proposals of Kut-
2 Po1Qoy E Poy_ Qo zelnigg and Mukherjee for the definition of the spin-free
o, | RO1S02 - Ry VSo, second-order reduced density matrix cumulant. We have also
used successfully this definition in relation with the studfy
Poy Qop, Poy Qo the matrix of effectively unpaired electrons within statistical
= 2 [ar Yroo+ Yeor Tre ) - : i
01,02 2 "Roy 2 1 population analyses. In conclusion, the cumulants of the ex

pectation values of products of fermion operators provide a
+ E (\If|a;r,l, ar, agg as, |¥)° (5) compact formulation in the study of the _partitior_lings of _the
01,0 17 =T =2 elements of second-order reduced density matrices, as in the

. . spin-free case as when spin coordinates are explicitly used.
in which the sum 201’02[;/2(‘:213/2514 72521778:12] turns P P plcitly

out to be a spin-free quantity that can be expressed in This note has been supported financially by Projects No.
terms of the spin-free counterpart concepts and3QU2000-0216(DGI Spain, No. 00039.310-EB7730/2000
S0 02<qf|a‘g, ag 1a25 as 2|\II>C is identical to (Universidad del Pais VasgoNo. PIP 02151/01(CON-
) (Tl a (7'2 T . . .
(\If|EEE§|‘I’)°. Hence, Eq/(5) can be written as EETi Argenting and No. X-119(Universidad de Buenos
ires).
TR=TRIE— TSR+ T HR]+(W|ERES|W)®. ()

Consequently, from this equation the spin-free cumulant 0?Author to whom correspondence should be addressed. Electronic address:

gfplapel@lg.ehu.es
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