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Using the quasilinearized formulation of CC theory in terms of recursively computed intermediates,
we present the detailed equations and implementation of coupled-cluster theory with single, double,
triple, quadruple, and pentuple excitations, CCSDTQP. We illustrate its results by comparison with
several full Cl results in double zeta, polarized basis $B%P), at different geometries. The
maximum error compared to full Cl occurs for@ at twiceR, which is 0.026 mH. For all other
cases, HF, Sikl, and CH in its singlet state, the largest errors are 0.001 mH. The magnitude of the
connectedr 5 contribution is as large as 0.35 mH, but usually less than 0.1 mH for these examples.
© 2002 American Institute of Physic§DOI: 10.1063/1.1445744

I. INTRODUCTION for (Qy), the same asT). Demonstrating the efficiency, the

_ former, built upon the full CCSDT, has been applied to basis
In the search for a method to provide benchmark result§ et |imit calculations for M and G, where the number of
for the electronic correlation energy of molecules too large,,qis functions was-20016:17

for full Cl, we present the initial, general purpose implemen-
tation of the full coupled-cluster method through F:f_nlt‘r)uplelation contribution due to the operator responsible for con-
excitations, CCSDTQP. The coupled clust€C) metho nected pentuple excitation§s. We began with its approxi-
has been recognized as an essential tool in the treatment gf,:o treatment resulting in the CCSDIRD) method?® in
electron correlation calculations since its introduction into,yhich we solve the full CCSDTQ equations and ’then we
quantum chemistry by Cizek and PalduShe first general  oyajyate the noniterative contributions due to the lowest or-
mplemen}atlon at the level of CCRCC Doubleg soon  ge T, gperator computed on the basis of the converGed
appeared!” followed by the CCSD approach with the full T, and T, amplitudes. The role of pentuples was demon-
inclusion of the single and double excitatichd.The higher  ¢i 210410 be essential in achievingl cm™* accuracy in the
. . —-11

rank approaches with apprOX|m§1t§CSDT-1, and fuf vibrational frequency of B. Now, in the current work we
inclusion of connected triple excitations, CCSDT, were sub—report the results of the rigorous, full CCSDTQP method.
sequently coded and tested, and its noniterative triples ap-" There are two main barriers to the successful realization
proximations, CCSPI] and par;g:;slarly its CCSON) vari- ot the project. The first corresponds to the very complex
ant, have become quite poputar.” The next step in the ¢4 of the amplitude equations that define the CCSDTQP
development of the CC method was the formulation andy,qqe| which makes the coding of the scheme rather cum-

implementation of connected quadruple excitations, Ta¢  persome. The second pertains to the high rank of the com-
operator. This was first done in an approximate f8rand putational procedure)*?, which makes the fullls calcula-

then followed by its full CCSDTQ realizatiofi. The first o, quite costly. We know how to partially circumvent the
applications of the CC method with inclusion of_tﬂ;‘g OP-first difficulty. Although theTs equation consists of 99 anti-
erator Were.comparle7d. to FCl results in small basis Sellbe symmetrized diagram@r, equivalently, 205 diagrams if we
recent applicatiort !nvolve_ larger basis sets, e.g, for the choose to work within a Goldstone formalistthe method

C, molecule, calculations with the cc-pVTZ basis Seln-  can sl be implemented very efficiently. Following the ap-
dicated that the full CCSDTQ method is definitely appllcableproach introduced in Refs. 15, 20 we may formulate the
to larger systems than the FCI approach. In addition, thescgpTQp equations in a quasilinear form replacing the
detailed analysis of possible approaches involvinglthep- .o mpjicated 99 diagrammatic terms with 14 linear diagrams
erator resulted in the new a}gproxmate methods deno_ted 8r 205 with 20, for the Goldstone formulatiprobviously,
CCSDT(Q) and CCSD(TQ ™ in which theT, operator is iy order to reduce thds equation to its linear form, the
treated in a factorized way. Both methods havanascaling proper intermediates must be defined and computed. How-
ever, most of them are already constructed at the CCSDTQ
dAuthor to whom correspondence should be addressed. level > When adding thél; operator, only three new inter-

Following a similar philosophy, we evaluated the corre-
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TABLE I. Schematic form of the quasilinear CCSDTQP equations.

(DHOFH 1 T+ 13T+ 12T +152T,+15T5) Do) =0

(DO (15+ 11T o 13 Tat 12T+ 152 T+ 15To 4 15T,) ([ @) =0
(DI IT o+ 15T 4+ 12T+ 15To+ 13T, +13T5) | Do) =0
(DAY (T4 13T+ 12 Ta+ 15T+ 15Ts+113T,+153T3) Do) =0
(PR (T s+ 15T 44 1 3Ts 13T g+ 15T+ 11*To) | Do) =0

mediates need to be defined, while two others require a sm
modification.

There is no immediate remedy to the second difficulty

connected with thd 5 operator, barring further approxima-

tion of some type. One observation to be made is that th
number of combinations of the hole indices to be considere
when solving theTs equation is comparable with those oc- .

curring for theT5 and T, amplitudes. Within the formalism
we present for constructing tig, amplitude the hole indices
should fulfill the condition:i=j=k=I=--- and no more

than two indices can have the same value. Due to this wi

have:
for ng=3: n(T3)=7,n(T,4)=6,n(Ts)=3;
for ng=4: n(T3)=16,n(T,)=19,n(Ts)=16;
for n,=5: n(T3)=30,n(T,)=45,n(T5)=51;
for n,=6: n(T3)=50,n(T,)=90,n(T5)=126, etc.,

where byn(X) we mean the number of the hole index com-

binations for theX operator;n, is the number of occupied
orbitals. Thus, the computational steps responditaee.g.,
T,=T, and Ts=Ts;) differ—for low numbers of the occu-

alf
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pied levels—only by the summations over the virtual levels
which scale asnS and nZ, respectively, for theT, and Tg
equations.

The second promising route to more general purpose cal-
culations involving higher cluster operators is indicated in
Refs. 21-23, where the higher excitation operatamsthe
cited worksT; andT,) may be defined within an active sub-
space of the full one-particle space, the size of which is
significantly smaller than that of the full space. This allows
for the inclusion of the higher cluster operators in a very
efficient way, presumably retaininglue to the properly se-
lected active spageall their important effects. The same
scheme can be easily extended to Theoperator, and since
éhe active space corresponds to a small number of one-
article states, th&g operator can be treated very efficiently.
third route is to explore our factorized ansatz, namely writ-
ing the CC wave function as expiexp(T,), where theT;
indicates diagrams which may be factorized in the new way
we discuss elsewhet®and T, are those that do not permit

uch factorization. If the numerical effects of the latter can
e proved to be bounded, this ansatz offers a very powerful
one that can be applied to quite high-order cluster operators.

In the next section we give a short description of the
CCSDTQP method with definitions of the amplitude equa-
tions and required intermediates. This will be followed by
the results of the test calculations.

Il. THEORY

General coupled-cluster equations are obtained by insert-
ing the wave function, expressed through the exponential
Ansatz

TABLE Il. Coupled cluster equations for the CCSDTQP method in quasilinear form.

Expressiof
Dftf = TR 1T =01 R+ R St P+ St g+ athiSols
byab _ . 1 , 1
D] = v+ P(a/b) I #t[P = P(i/]) ITt3P+ 5t[01 20+ 5tabie
+P(a/b) P(i/])tN17°3P (a/b) 1 13t [9P
1,.,. s y ’ 1
— 2P/ + P T+ PG/ 12— P(a/b) "+ 3t g
DR = P(a/bc) I3/~ P(i/jk) 1300+ SP(a/be) 3015+ 2P(i/jk) 120
+P(ablc)P(ij /K)t3nI e+ P(a/b) P(ij /)t 1 2¢ — P(ablc) P(i/jk)tiy 1 0
+ AR+ 3P(a/b o) FtoRe— P(i/jK) 150+ FtaRetfs
b bcd _
Dkt~ = P(a/bed)I3tihsd— P(i/jkI)IMtEBs™+ P (abl/cd)tabla 8o+ 5P (ij /K1)t i
+P(abd/d)P(ijk/I)t3ps 1"+ P(ab/cd) P(ijk/)t5e 15— P(aba/d) P(ij /kI) i
+P(a/bed)P(ij kN1 20— P(ablcd) P(i/jkI) [+ P(ab/cd) P(ij /kI)tanl e
+ %P(abdd) P(i/jKI) 51 00+ tfabed 1+ 2P (a/bed) | 1t ghe
— 2P(I/ikDI e
bcdgabcde _
Dfikim tikim = P(a/bcdg) 3/Bsde— P(i/jkim) 1 "t25sder SP(abc/de)tasrd e+ 3P(ijk/Im)tapsaq o

f
+P(abcde)P(ijkl /m)t3Pediie 1 p(abc/de) P(ijk/lm)t""%”l ynde

ij ijkn ' flm

1 .. , 1 o ’
+3P(abcde)P(ij /kIm);Scﬁfgjek{‘n?e-s- zP(ab/cde)P(ijk| /arbnc)dtagfgl fon
+P(abc/de) P(ijkl /m)tipeI {e— P(abcd/e) P(ijk/Im)tied i

+P(abl/cde)P(ijk/Im)tapiycde—

nde

i P(abd/de)P(ij/kIm)tipei pite

+P(albcdeP(ij /kIm)t] 1 {pet— P(ab/cde) P(i/jkIm)tiPl iod®

aSummation over repeated indices assunggd;., run over occupied one-particle statagy,..., run over virtual one-particle stateR(i/j) or P(a/b) implies
sum of two components differing by permutationi gf anda, b indices, respectively?(ab.../ef...) indicates that in addition to the identity permutation the
summation should include all possible permutations exchanging labels between gabsgtand (ef..). The same refers t@(ij.../mn...). Thely
intermediates are defined in Table IV.
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TABLE lIl. Interrelations between various forms of intermediates and contributing standard diagrams.

13 17 It 13 13 12 1;2 12 12 142 152 12 142 12 153 173 153 153 154
OAI? 1 2 2 1 1 2 2 2 3 1 3 2 2 1 2 2 2 3 2
OGR 1 2 2 1 1 2 2 2 4 2 4 2 2 1 2 2 3 4 2
AP 1 10 8 2 1 26 8 24 13 1 12 4 2 1 23 30 2 3 17
G° 1 13 16 3 1 48 9 45 20 2 19 4 2 1 44 63 5 6 36

aNumber of oriented-line antisymmetrizé@oldstong intermediates corresponding tp arrowless intermediate.
PNumber of standard antisymmetrizé@oldstong diagrams contributing toy arrowless intermediate.

V=e'd, (1) T,LCCSDTQB=T,CCSDTQ+R,(F\Ts
into the Schrdinger equation which then takes the form +Wr(Ts+T1Ts))e, (14)
H Nequ)o> = ECCeT| CI)0>, (2

T5(CCSDTQR=Rg(Fn(T5+TT5+T5T4+ T§/2)
e THye'|®,)=(Hne )| o) =Ecc| Do), 3

where the normal ordered Hamiltoniah, is defined as
HN:H_<CI)0|H|(I)0>

W (T + T+ T1T,
FT e+ ToTa+ToT+ T T+ T5/2

FTaTa+ TT 24 T5T5/24+ T, T,T,

1
_ T T fot
_Z efr r}JrrEs fifrfsy+ Z;u vis{ristut} T T T ToTER
=HO+Fy+Wy. 4) +T3/6+T3To/2+ T5T 6+ T2T,T4/2
The e, are one-particle eigenenergies aRg and Wy, are +T,T5/6))c. (19

one- and two-body operators withy disappearing for the
canonical Hartree—Fock reference statf=(rs||tu) is an

antisymmetrized two-electron integrdt . is the coupled-
cluster correlation energy and the subscdpécognizes that
in the commutator expansion & "Hye" only connected (D3| X|D,)
terms (i.e., those which show common indices amdFig R,(X)=(n!)"2>, e °
andH) survive, as any independently summed term will can-

cel from the commutato®,) is the reference determinant. to ensure the presence of the required denominator and the

The working equation for the CCSDTQP amplitudes areproper projection subspace for tfig operator.

Here T,(X) represents the set of terms occurring in e
equation of the X methoc{f}?;j'| is ann-tuply excited deter-

minant and theR,, operator is defined as

Tht
ei+ej+...—eb—eaab"'JI (16)

obtained by projecting Eq3) onto the subspaces of excita- The quasilinear form of the CC equations for the current
tions. As the cluster operator is expressed as model is defined in the most compact way in Table |. We see
T=Ty+ Tyt T+ T4+ Ts, (5) that in each term only one cluster operator occurs; all others

Cpeab et o are “hidden” in the properly defined intermediateky,
where T,=(n!) ““2tjj~a'b"...ji, we obtain five sets of \wheren andk indicate that this is am-body intermediate
equations for single, double, triple, quadruple, and pentuplgith k annihilation lines. Since the annihilation lines origi-

excitation amplitudes, respectively, nate exclusively from the two-electron integral, tiedex is
(D3|(HpeT) Do) =0 (6)  hever greater than 4. For example, tendicates the two-
' e body intermediate with one annihilation line

(PFI(HyeN o ®o) =0, v
<q>ﬁﬁ°|(HNeT)c|q)o>:o, (8 ( diagrammatically denoted as Fn,k/ );
(DFRFI(HyeT)d Do) =0, 9 2

thel; (two-body with four annihilation lingsrepresents just
(DT (HeT)c|Po) =O. (10 4 (two-body gsrepresents |

the two-electron integral

The more detailed form of the above equations can be
obtained by expanding the exponential Ansatz. For the sake (diagrammaﬁc form: /N N\ )
of compactness we explicitly list only those terms which do

hot occur in the CCSDTQ approa&ﬁ: The intermediates introduced in Table | occur either in their

T,(CCSDTQR=T,(CCSDT), (11 complete form(not primed or in their incomplete one

_ (primed and double-primedThe complete form tells us that
To(CCSDTQR=T,(CCSDTQ, (12) the intermediate can be identified with the terms occurring in

T3(CCSDTQR=T3(CCSDTQ+R3(W\T5), (13 theﬁexpansion:
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TABLE IV. Algebraic expression for the intermediates used in the CCS-different form in either of the two equations; hence in The
DTQP equations. equation we usé;?, and in theT, equation,l 2.

Intermediate Expressién - We should be aware that _the |nterm9d|ates denoted as .
in Table | correspond to the diagrammatic terms expressed in

i i f in i i ) ) )
:Z :aH?U:L atno_qapn arrowless form(sometimes this kind of diagram is referred to
+
If’ l,.+tthf BB 1E as a skeleton diagrah. On the other hand, th . inter-
f

mediates, used in the CC equations, see Table Il, refer to the
regular(i.e., with oriented linesdiagrammatic expressions.

|" f+tf -+ 3ti%ln

be Xbc tavﬂic For example thel] intermediate, see Table | can be ex-
al . .
Xbe Ve~ ztavB'c pressed diagrammatically as
lka XkaJr 'tkaa
XL‘; vkaJr‘tkv
'zdb Iéaajf+ 330008 i, ——
I’ cdfP(a/b)Xcdt
I;(Jl Uk|+P(k/I)X t Jrztklvfg
|L’°§ X//Ia+U taf | t i X .
ia b7 btin T2 bEl in fact, it corresponds to two terms in Table If:
ij vbj %vbjt +)1(bft
ria
ija Up, 2Ub]ta 2betf
Xb) v'bj—vbJ n I N
13 v ,b+v P(a/b)tﬁx’c‘,b—Iﬂtﬁ,b-s-P(a/b)l nbf g 2yabjno (P~ ) and Iz ( ),
tafb no
2 noiVcf
1 02+ 3v2Pt! - P(a/b) iy
o |~Ia+| tfk e with the diagrammatic forms in parenthesis. In general the
e ' VI P X pR+ PR EN+ 3112t intermediated} (one annihilation lingand!5 (three annihi-
gvfgtjfgg lation lines,n>1) correspond to two regular diagrammatic
i — olntd terms, and the intermediaté§ (two annihilation lines,n
g ZP(alJl/c)Ig'f’th°+ P(a/bc)l 3fthe’+ RGN dabe >1) correspond to three regular diagrammatic terms. To
Juaftatee clarify this point, we give following the definition of thi
nab . . . .
K P(abIC)IS?t.ff+ F’(bcl'all)P(I/J)l“at*n’,-c+ 3(i7)150ea8e intermediates expressed through their regular forms as used
» +F>(a/bc)ldft.t]ﬁf vitthon S in the T5 equation of Table II.
ik 2P(Jk/|) ihap P(a/b)P(kl/J)l',j.‘tkl+P(J/k|)|;? abf
+3P(a/b) I AtISP+ JuintidaP :
X 2 2V fgtjnkl ; 1_ ast n.t
54 —P(Jk/|)|;ﬂtzlb P(a/b)P(kI/j)I Stir+ PRI TR 11=2 1#a'f+ 2 IMfi,
- ZP(a/b)IfgtJflglb+l Jflflb+ fgt]fr?l?lb
im  Foitida
m
|2 taé’c w 12= 19dfefmf+ >, 1"n'efml,
noi e
|(’:}ib 1 pingabf
|”ivﬁb 2 thal%an
cJ jk
X2 g;zb+P(a/b)|'§ft}£ P(j/k) 120 2= 1%&dTelgf+ > 1MonTo ml+ > 17enTe mf,
rabcd
lefik” P(bcd/a)lfe [’Jﬁﬂf+2P(|/Jk)b|"°tﬁgff o
+2P(abdd)P(|/Jk)Ié,a, ng?tﬁmfk 113 ucde totat tat ot
g 1% dfe'mif+> 11%nfd e mlk,
lide® PkIm/)It ﬁFns;+2P(a/bc)|fgt[glﬁ$ =2 2 Iiim

%P(a/bc)P(jkl/m)lj’k;f‘”tbc
+P(C/ab)P(|m/]k)Xla thc
infgabe et 153=>" 1109 tdTemIf+ >, 110t mIk

+ vag jnkim

a8Summation over repeated indices assumed, summation indices belong to g
the set{f,g.n.d. +2 1isaectdTe mgf,

o 174=>0 110 fetdTefmIkf
H=e THe'. (17)

We see, e.g., that in thEs equation the first three interme- +2 1o cfdfemikj.

diates (1,1,13) occur in the complete form, while in the last

three terms their incomplete form should be applied Thus, although we have only six terms contributing to

(173153, the T equation in Table I, when writing down the interme-
The two incomplete intermediates of the same type usuediates in their regulafi.e., oriented-ling diagrammatic form,

ally differ, i.e., a different number of standard diagrams conthe number of relevant terms increases to 14; see the last

tribute to them, hence we use prime and double-prime t@equation in Table II.

distinguish between them. For example, the incomplete in-  We should mention also that there exists a very simple

termediatelf occurring in theT, and T3 equations takes a formula to evaluate the rank of the computational procedure
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TABLE V. Correlation corrections with various CC methods relative to®R@lues[mH].

ccsb ccspT CCSDTQ CCSDTQP
R, 3.006 0.266 0.018 0.000
HF(DZP) 1.5R, 5.099 0.646 0.041 0.000
2.0R, 10.181 1.125 0.062 0.001
Re 4122 0.531 0.023 0.002
H,O(DZP) 1.5R, 10.158 1.784 0.139 0.025
2.0R, 21.404 —2.472 —0.015 0.026
Re 2.843 0.100 0.002 0.001
SiH,(DZP) 1.5R, 6.685 0.058 -0.015 0.001
2.0R, 14.869 —3.689 —0.346 0.001
Re 3.544 0.206 0.007 0.000
CH,(DZzP) 1.5R, 6.961 0.310 0.026 0.000
2.0R} 14.648 ~1.900 ~0.050 0.000

&The FCI values, basis sets and geometry taken from Ref. 27 for HF; Ref. 28@rRef. 29 for SiH and Ref.
30 for CH,.
bFor CH, system the FCI R, result is not available; the CCSDTQP value was used as the reference.

for each term in Table I. Namely, for the general teifif,,  antisymmetrized diagrams contributing to figequation(in
the rank of the computational procedysealing is equal to  case ofT; theli1 consists of 8 diagrams
n2(n+m-—k 25 In Table Il we give the detailed algebraic expressions of

The relationships between thgintermediates in Table | the terms occurring in the CC equation ftf, tf}b, f}ﬁc
and their oriented-line counterparts are presented in Table lIL3p ? andtfpi® amplitudes. To each term the proper permu-
The secondthird) row of that Table indicates the number of tation of the external indices should be applied. The interme-
regular, i.e., with oriented lines, antisymmetrizé@old-  diatesl;>. . are defined in Table IV. Note that we adopted in
stong forms corresponding to the given intermediate listedthe last two Tables the tensor notation with implied summa-
in the first row. The fourth(fifth) row gives the number of tion over repeated indices. Throughout the paper the usual
standard antisymmetrizé@oldstong diagrams contributing notation convention is assumed with letteash, ... (i,j,...)
to the I} intermediate. For instance, by summing the num-representing the particléhole) indices, and the,s,...-the
bers (10-26+13+30+3+17=99) corresponding to the general indices. The annihilation operator is represented by
intermediates occurring in theTs equation (},IZ, the presence of the hole index as the superscript or the par-
12,172,15%,11%) we obtain the full number of antisymmetrized ticle index as the subscript. Thus e.g., th intermediate
diagrams contributing to th€; equation written in the stan- corresponds to two annihilation operators, : indicated with
dard form. This can be done for each CC equation. Similarlythe indicesi (hole and superscripandb (particle and sub-
the last row of Table Il helps us to evaluate the total numbeiscrip?.
of the Goldstone diagrams contributing to the given CC  The intermediates collected in Table IV are defined in
equation, although in this case one should keep in mind thahe recursive wayRGI—recursive generation of intermedi-
certain intermediatehaving two annihilation lines: particle ates, see Ref. 20i.e., the lower rank intermediate can be
and hole can be contracted witfi, in more than one way. used in the definition of the intermediate of higher rank.

The important thing is that once a given intermediate is
constructed it can be used in all equations. For example, the. RESULTS AND DISCUSSION
I intermediate is composed of 10 antisymmetrized dia-  In order to verify the correctness of the program as a first
grams, and in each equation, thing term represents 10 step we reproduced the CCSDTQP results of Hirata and

TABLE VI. Net correlation effects due to particular cluster operafonsi].

AE(CCSD) AE(T,) AE(Ty) AE(Ts)

Re —200.876 —2.740 —0.248 -0.018

HF(DZP) 1.5R, —222.066 —4.453 —0.605 -0.041
2.0R, —253.355 —9.056 -1.063 -0.061

Re —211.960 -3.501 —0.508 -0.021

H,O(DZP) 1.5R, —260.753 -8.374 —1.645 -0.114
2.0R, —348.579 —23.876 2.457 0.041

Re —114.008 —2.743 -0.098 -0.001

SiH,(DZP) 1.5R, —137.469 —6.627 —0.073 0.016
2.0R, -210.241 —18.558 3.343 0.347

Re —137.342 —3.338 -0.119 —0.007

CH,(DZP) 1.5R, -172.173 —6.651 —0.284 -0.026
2.0R, —242.752 ~16.548 1.850 0.050
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Bartlett?® obtained with a FCI program for HF and,&  same which means that the CCSDTQP curve stays parallel to

molecules at the 6-31G basis set level. To investigate théhe exact one.
performance of the method for larger basis sets we selected
four moleculegHF, H,O, SiH,, and CH) for which the FCI
values are available at the DZP level. The results are coII-V' CONCLUSIONS
lected in Tables V and VI. The values in Table V represent  We have shown that with the proper factorization of the
the deviations of the calculated correlation energies from theliagrammatic terms the implementation of the full CCS-
exact(i.e., FC) results. Table VI provides the net correlation DTQP method is feasible. The program requires coding of
corrections due to the particular cluster operators. fourteen terms contributing to th; equation supplemented
For the HF molecule the CCSDTQP results are right atvith small modifications for th@, and T5 equations. Three
the FCI values for all three bond lengths: equilibrium ( new intermediates have been defined; two of them are rep-
=R,), intermediate (= 1.5R,) and stretchedr(=2R,). Itis  resented by thé;* type, the third ondf’ggf" belongs to the
interesting to observe the improvement in the correlation ent;* type. A small modification was required also in the case
ergy due to each cluster operator. We see that the CCSB¥ the I3 intermediate, in thd s equation referred to ag>.
method generates errors of ca. 3, 5, and 10 mHartree for the Computationally, the method is not yet as efficient as it
three considered geometries. An inclusion of Theoperator  can be, since although it scales inherentlynéusz, some of
(CCSDT methogireduces the error by approximately an or- the terms contributing to th€; equation require quite a large
der of magnitude to ca. 0.3, 0.6, and 1.1 mHartree. The moraumber of permutations. In this, the program can be substan-
sophisticated approach, CCSDTQ, brings the errors dowtially improved by eliminating permutations among the hole
again by somewhat more than one order of magnitude tindices of the same value and applying appropriate symme-
0.02, 0.04, and 0.06 mHartree. Finally, the full inclusion oftrization procedures, as is currently being done.
the T operator reduces the error below the accuracy of the  The results obtained with CCSDTQP generate an accu-
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the error rounds up to 0.001 mHartje®/e see from the net cases studied. This indicates that the approach is a good can-
values of the correlation corrections connected with eachlidate as a method that can provide high accuracy bench-
cluster operator collected in Table VI, that for the HF mol- mark values for small molecular systems.
ecule the CC method behaves in a quasivariational manner
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