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We calculate the unpolarized and polarized two-loop massless off-shell operator matrix
elements in QCD to O(e) in the dimensional parameter in an automated way. Here we
use the method of arbitrary high Mellin moments and difference ring theory, based on
integration-by-parts relations. This method also constitutes one way to compute the QCD
anomalous dimensions. The presented higher order contributions to these operator matrix
elements occur as building blocks in the corresponding higher order calculations up to
four—loop order. All contributing quantities can be expressed in terms of harmonic sums in
Mellin—NV space or by harmonic polylogarithms in z—space. We also perform comparisons
to the literature.
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1 Introduction

The unpolarized and polarized anomalous dimensions of the local twist—2 operators in Quantum
Chromodynamics (QCD) play a fundamental role in the description of the scaling violations of
the deep—inelastic structure functions. Their measurement provides one of the safest ways to
measure the strong coupling constant o, (M%) = 4ma, [I]. While at first order, there is a wide
variety of possibilities to calculate the anomalous dimensions, see e.g. [2], at higher orders only a
few efficient methods are known. These are based either on the calculation of massless off—shell
operator matrix elements (OMEs) [3-20], the calculation of the forward Compton amplitude of
a space-like virtual gauge boson on a massless on-shell parton [21H25] and on massive on-shell
OMEs [26H41]. All these methods have advantages and disadvantages and form complimentary
ways to compute the anomalous dimensions.

To perform phenomenological analyses of the deep—inelastic world data also the process de-
pendent massless and massive Wilson coefficients have to be calculated [211,26] 33,39, 4TH70].
This is also necessary to account for the specific scaling violations implied by massive quarks,
such as charm and bottom.

In this paper we present the results for the unpolarized and polarized massless off-shell OMEs
up to two-loop order and to corrections of O(g) (at O(as) of O(g?)), with the dimensional pa-
rameter ¢ = D — 4, including non-gauge invariant contributions. A part of these expansion
coefficients of the various OMEs contribute to the physical OMEs up to four—loop order. Others
emerge due to the kinematic breaking of gauge invariance both in the unpolarized and polarized
off—shell case. One characteristics is the emergence of additional OMEs related to the breaking
of the equation of motion (eom) and of new non—gauge invariant OMEs, also with new unphys-
ical anomalous dimensions. These quantities play a role in the calculation of the unpolarized
anomalous dimensions due to mixing. We extend earlier work of Refs. [19,20] and perform the
calculation in an automated way, applying methods which have been developed by us solving a
series of massive three-loop problems and other applications during the last decade.

The theoretical basis for these calculations has been laid out in a series of papers describing
the situation holding in the off-shell case, breaking gauge invariance, cf. [4}[15][19] 20, 7TH7S].
Compared to the method of the forward Compton amplitude, the method of massless off-shell
OMESs needs no precautions as reference to Higgs and gravitational subsidiary fields. The use of
massive on—shell OMEs; as also the method of the forward Compton amplitude do not encounter
gauge invariance problems, on the other hand. However, the massive OMEs allow to derive only
the contributions o< T of the anomalous dimensions, except of going to one order higher in
the coupling constant. A new challenge in the present approach is to master the breaking of
gauge invariance to the respective perturbative order. We present the results in Mellin—-/N space,
because the expressions are more compact than in momentum fraction z space. We also perform
a detailed comparison to the literature [I5,[19,20,[79] and correct results given there, including
Feynman rules, and also all non—gauge invariant terms. A by—product of the present calculation
is the calculation of the (by now well-known) unpolarized physical anomalous dimensions to two—
loop order. We present all contributing expansion coefficients up to O(a?) to the depth being
needed in future four-loop calculations, extending the level previously attempted in Refs. [19,20].

The paper is organized as follows. In Section 2] we give a brief outline of the formalism,
including the renormalization, and the main steps of the calculation of the different off—shell
OMEs. We then turn to the calculation of the OMESs of the so-called alien operators in Section [3]
which also lead to additional anomalous dimensions. These operator matrix elements contribute
via mixing to the renormalization of the unpolarized singlet operators, which we discuss in
Section Ml In Sections BH7 we present the expansion coefficients of the unpolarized and the



polarized standard OMEs and those for transversity for non-negative powers in the dimensional
parameter €. In Section [§ we compare to and correct partial results given previously in Refs. [19]
20]. Section @ contains the conclusions. In Appendix [Al we provide Feynman rules for the
alien operators, if not previously being presented in Refs. [38,[80,&1], and list the contributing
polynomials appearing in the standard OMEs in Appendix Our results both in Mellin—N
space and z—space, are given in ancillary files in computer—readable form. In z—space we use the
decomposition given in [82], Eqgs. (45,46).

2 The Formalism
The massless off-shell OMEs are defined by

Al = GWIOii(p),  with i.j=4q,9, (1)

where [ further labels the type of the OME and p denotes the off-shell momentum with p? < 0.
The twist—2 local physical operatorsﬂ are given by

- N
O('I\ff;mmw = VIS z/rymDW...DﬂNEQ/;] — trace terms, (2)
Og;m...uzv = Vs @WlDM...DMNw] — trace terms, (3)

S - N — a a,a
Opnun = 2i"~2SSp F oDy Dy Fit | — trace terms, (4)

in the unpolarized case. In the polarized case the operators are

o NS By Dy Dy
ooy = 0 VY5V Dy - MN?@/) — trace terms, (5)
Og;m---uzv = VIS @ymeM...DuNw] — trace terms, (6)
1

Oﬁ;m..w = 2/""?SSp [§5u1aﬁvFB%aDuz---DuN1F;?jva — trace terms. (7)

For transversity [83] the following local non-singlet operator contributes

Ar

QT - N HN ?

ons = 'S [@amﬂDm...D @Z)] — trace terms, (8)

where 0, = (1/2) 7,7 =77, Here A denotes a light-like vector, A.A = 0. ¢ denotes the quark
field, \,, r € [1, N2 — 1] the SU(Np) matrices, 7, a Dirac matrix, D, the covariant derivative
and Aj the gluon fields, with F, the gluonic field strength tensor and €,s,5 the Levi-Civita
pseudo—tensor. For further notations we refer to Ref. [82].

!The unphysical local operators are defined in Section Bl below.



Furthermore, the relative normalization between the quark—singlet and gluon external states
has to be fixed. We adopt the same convention as in the massive on—shell case [80] by demanding
4-momentum conservation

/0 dex [X(z) + G(x)] =1, (9)

where X is the quark singlet distribution

Np

S(@) =Y lan(x) + @(2)], (10)

k=1

with ¢ the quark, ¢ the antiquark distributions and G is the gluon distribution. In this way the
operators are also fixed in the polarized case, replacing v, by 7,75, etc., cf. [81].

We apply the following projectors to determine the different contributions to the OMEs. For
external quark fields one uses in the unpolarized case

Ap - .
SLigr| o =g (1)

The quarkonic projections are obtained by

a1 (24
“ 4(A.p)N A.p "

Ay = |20+

(12)

) 1 [
A = ol . 13
1q <4Ap)N r _M q] ( )
For external gluons the decomposition is as follows [19)
A o Aphys(1 Aeom (2 Angi(3
Aigw = ADPTE) + AT 1 APTE), (14)
where
1 [ Puly + Aupy  ALAD?
7D = Z[14+ (=) |g,, — £ K K Ap)N 15
1 (pupy PuAL+ANup,  ALAP?
T(2) - 1 _1 N 12 _ Ly 12 M A N ].6
1 [ p AL Aup, ALAD?
TG = Z[14 (=D)V] |-~ 2 K Ap)V. 17
Later one more tensor structure is needed
1 pul, + Aup
T(4) = 1 -1 Ny |fp=v ' =plv A. N 18
e i e (0N (18)
with [19]
PTW =0, (i=1.2), PTY £ 0, (i=3,4) (19)

pprTy = 0, (i=1,2,3), pp'Ty) # 0.
This tensor decomposition implies the choice of a physical gauge for the external gluon lines,
with a propagator
A" (k)

. o KHEY ntEY 4 nV kR
k2 +40’

(k.n)? N k.n ’

D™ (k?) = dy (k) = —g" —n (20)



and n? < 0.
The resulting Ward identities are

A 1 A”p2 Angi
P g = 5[1 +(=1)"] {—pu + ] (Ap)NAZE,

A.p

p'p " Agg e = 0.

The gluonic projections are given by

. 1 p? AL+ DAL -
AP = g+ A A, - R A
"9 D—2|% +(A.p)2 : A.p 9
N p2 A
eom  __ 0%
A" = WAMAVA@H
i .y Ve (2R
g 4p? 2A.p g
Awi PuPv Apr
A = ALY
9 4p2 g

In the polarized case the OMEs AAL = q, g are given by

iq>

R A A. A
My = [ad A S ] )

iq 2
and the OMEs with external gluon lines read

o Aapﬁ

A phys .
AAig,uu - EuyaﬁA—.pAA?gy s 1=4q,49.

(27)

(28)

To treat 75 in D = 4+¢ dimensions we use the Larin scheme [20,/86] and perform the replacement

i 14 g
Prs = Geupal" V7,

while contracting the occuring e-tensors in D dimensions using

QAT

6/,L1/p0'6 - _Det [gg}7 /8:&7)\77-7/}/; w:M7y7p70-'

In this scheme the projections onto the different terms are given by

o 1 o
AARY = — PATtr | Py Adyy | (Ap) N
1q 4(D o 2)<D o 3) EﬂVPUp tr [}WY 7 ZQ} ( p)
- P €pupo D’ ATt [M’W”Afli } (Ap)y~ N2
4(D —2)(D —3) """ 1 ’
AAgm v €vpe D’ ATtr [A’Y“’VVAAi ] (Ap) N2
“a 4(D —2)(D —3) " a :
1

AAPYS €upa D7 (Ap) N TIAALY

(D-2)(D-3)

(29)

(30)

(31)
(32)

(33)

There is no mixing between the physical and the ngi and the alien operators, because no sym-

metric rank two tensor contributes.



For transversity the tensor decomposition for the OME reads

ANStr ApdupAquS’tr + 1Ay + copy + eV + C4AM4A;¢ + C5pu4&]/?- (34)

94,

The physical OME can be extracted using the following projector

i i , . N
AN = ORI [(—p“ﬁp +Apyp+ 2p2Apa“”> Apr | (Ap) N2, (35)

In the following we will insert the wave function renormalization [84] and perform a partial
renormalization of the coupling constant [85] and the gauge parameter [84], cf. [R82] for details.
We will then denote the partly renormalized OMEs by (A)A

The following representations hold for Aza and (A)A” The different partly renormalized
OMEs are given by

N ke/2 ~
AP = 5”+Zsk( p) ak APYSK (36)

00 ke/2
Aeom —P Teom, k
Aij - Z f ( ) I;Aij (37)

oo ke/2

Angi Angik

ip = s (L) ke (39)
k=

with p the factorization scale and the spherical factor S. is given by

S. = exp |5 (v — n(dm)| | (39)

where v is the Euler-Mascheroni number. Analogous relations hold in the polarized case and
the OMEs, cf. [82/[83], and those of transversity, which are flavor non-singlet quantities. The
structure of the partial amplitudes up to two—loop order is

1

APt g%(f "t al? +eal)V + 2P + O(E®), i = qq NS, q9, 94, 9. (40)
At = b5+ ebl Y + e + 0(53) ij = qq NS, 49,94, 99 (41)
Angi 1 1,0 ..
At = A0 Y e+ PG H O0), i = g, (42)
. 1 1
A2 = a4 —ag ™V v ag? +eap? +0(),ij = g0 NS.qq PS,49.90.99,
(43)
. 1y
A2 = —b@»’ Db 4 eb®Y + 0(?),  ij = qq NS, qq PS, q9. 94, 99, (44)
. 1 1
ngi,2 (2 —2) (2 1) (2,0) (2,1) 2 S
A7 = gey T Cay ey ey +0(), i = 49,99 (45)

Here the contributions e*~1(=2) with e = a, b, ¢ contain the LO and NLO anomalous dimensions,

cf. [I920/8TL82]. Structures which lead to new anomalous dimensions are dealt with in Section Bl
In the polarized case there are no ngi contributions, but the eom terms for 15 = qq¢ NS, PS and
gq to two—loop order. All results in the polarized case are presented in the Larin scheme [20186].

There are also eom contributions in the transversity cases, which we will not deal with in the
present paper, since the tensor composition in this case is even richer, cf. [83], but the anomalous
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dimensions come only from the physical part, cf. [82]. Note that our definitions differ in part
from those in [T920]. The corresponding mapping is obtained by performing the renormalization,
which is carried out to 2-loop order in the present paper. The anomalous dimensions obey the
following expansion in the strong coupling constant

kl,
= Za% ) (46)

Let us now turn to technical aspects of the calculation. The Feynman diagrams for the
different operator insertions are generated by QGRAF [80,87]. The spinor and Lorentz—algebra
is performed using FORM [88]. The different operator insertions are resummed using generating
functions [89] either for even or odd integer moments, cf. [82], implied by the respective crossing
relations [00,01]. In this way the local operators reappear in terms of propagators and one
may derive the integration—by—parts relations [92] for the corresponding quantities, for which
we use the package Crusher [03]. For part of the calculation we performed the reduction using
Litered [94] and solved the differential equations by using the method of Refs. [05,96]. The
general solution followed the route described in Refs. [81,[82]. The relations between master
integrals obtained by the reduction using Crusher allow to generated a sufficiently large number
of Mellin moments by using the method of arbitrary high moments [97] for the different color
and zeta factors, which formed the basis for the method of guessing [98,99], implemented in
Sage [100,[101], to determine the corresponding recurrences. Those were solved by applying
difference-ring theory [102-HI11] as implemented in the package Sigma [112,[113]. The generated
recurrences in the present case factorize all at first order, unlike the case in a series of massive
higher order calculations. First one obtains solutions in terms of also cyclotomic harmonic
sums [I14] because of separating even and odd moments. All the results can be written in terms

of harmonic sums [T15,[116]

N
> Slg]jbl "Sulk), So=1. a.b € Z\{0), (47)
k=1

for which one maps first
2N +1 (2N +1 (2N 4

Su(2N + 1) = SN +1) + 5,,(21V) (18)

recursively and then applies the HarmonicSums [IT4H122] command Synchronize and finally the
command TransformToBasis[expr, Online — True] is applied. All results are now obtained
in terms of harmonic sums of argument N only.

In the following section we turn now to the calculation of the matrix elements of the so—called
alien operators, which contribute via mixing to the (ultraviolet) operator renormalization in the
unpolarized case and discusshh in a subsequent section the mixing relations to two-loop order
in explicit form.

3 The OMEs of the alien operators

These operator matrix elements contribute in the unpolarized case and have been discussed in
detail in Refs. [I5,[19,[79]. The OMEs containing gluonic operators mix with these OMEs. The
operators are given by

O,Zl,...,,uN — iNﬁQSSp Fa,mDaa;uma,uN—lAﬂN



N—-1
tigforerem ST ma&{(am...aw—zAgi-l) (8“2...8“N1A’;N)}

=2

+0(g*)| — trace terms , (49)

OH1BN  — iNQSSplfaa‘“ OHN-150

N-1

_Z'gfabf3£a Z n;OM {(aNQ.“aﬂiwa) ("2 ..o AQ‘N)}
i=2
+0(g*)| — trace terms , (50)

— trace terms, (51)

Ol W::#“%F%mAEWN“W%@ww+O@%

with
(=13 (n—2)! (n —2)!
T TR TS [(1—1)!(71—2'—1)! _i!(N—i—Q)!}’ (52)
(=" 1 (n —2)! (n —2)!
A {3(2'— Dn—i— 1) i!(N—i—Q)!] ’ (53)

and &, W denote the ghost and antighost respectively. The Feynman rules for these operator
insertions are summarized in Appendix [Al
To one loop order the OMEs are given by, after performing partial renormalization,

2\ /2 [
- — 1
Aff;ys = asS: ( P ) - /&00)1 + agq) + €agq) +e¢ afi(f)] ) (54)
Agm = a8, (7) b + b + 27 (55)
jiphys p 1 1,0 1,2
AR =4S (u—) ~ o +apy +eang” + ap ’], (56)
Agm = g8, (M—ﬂ) b + b + e | (57)
jiphys p 1 0 1,0 1,1 1,2
AR = (7) g%&g’ + a&g ) + 5a&g ) + EQaE%g )] , (58)
Aggm - = (M_Z;) b + bV + A7 (59)
Tngi p /7 1 (0) (1,0) (1,1) 2 (1,2)
Ay = 1+a.S. e fyAAcAg techg N | (60)
Ap = (u—z) dip? +edV + 2d\? |, (61)




€/2 1

APy = g8, —gfy/(fg) +al? +ealy + 52a§}g’2)] :

AZm = 8. +500 + ey + 202 |

o 2\ €/2 _1
AR = asse( p) gvi%c&f)+ecﬁi)+82cﬁi)],

112
~ i —p2 =/2 : 1,0 1,1 1,2
A = sy dip? +edLV + 2d\? |,
Arei — 422 "\’ 1 0.0 +l )10 1 (20) 4 (21)
g Us9¢ /~L2 22 TVag VeA gfng Aga a9 €Cqy ’
2\ /2
Tngi -p 1 (0) (1,0) (1,1) 2 (1,2)
Ag§ = 5 ( 112 ) [nggA T Cog T TECyy T T EC |

(62)

(63)

(64)

(65)

(66)

(67)

Here we listed also those contributions to the OMEs given in Section [2 for which new anomalous

dimensions contribute to two—loop order. The latter read

o _ SCF
Ta T (NN
16 + 46N + N2 — 12N° — 3N4
Ve 26 + 65
Ta4 AN S DNA T M@ EN) TR T
(0) _ QCA
T T TIE N2+ N)
NOR _Ca(N-1)(4+ N)(6+ N)
wA 6N(1+N)2+N)
7(0) _ 4C'y
94 (N -1)N’

The higher order expansion terms are given by

L , 1 (1—2N) Qo S
dhy = CA(f N TSINCDN (NS DN+ NECENE T M2 N
(—=142N)5
2(N— 1IN

alyy) = CA<—€2

N+l S|, 1— N+ N3
AN?Z AN 2(N — 1)2N\?

+

(68)
(69)
(70)
(71)

(72)

) , (73)

SlQQ Ql? S%

352 C2
AN N) A NeEN) )

ay) = Ca <§2

SNT T 8N2 16N 16N 16N 4(N —1)3N3
(-1+N-N°)S  (1-2N)S} 3(-1+2N)S; (=1+2N){
4(N — 1)2N2 S(N-1)N 8N —-1)N 8(N —1)N

1+N  (1+N)S S 39, @] §[1—2N+N2—N3

2N —1)N(1+ N)22+ N)2 (N —12N2(1+ N)3(2+ N)®  4(1+ N)(2+ N)

(74)



S%QQ 352@9
8(N—1)NA+N)2(24+N)2 8N —1)N(1+ N)2(2+ N)?

+ QZO + Ql?
2(N — 1)3N3(1+ N)"(2+ N)*  \ 2(N — 1)2ZN2(1 + N)3(2 + N)3

352 g S% 753
-2V ) Tagiyery) T ROIMer N

Qo S
SN DN+ NP2+ N? B3I+ N2+ ) =

7Gs
_12(1+N)(2+N))’ (75)

- o

+

~14+9N —6N2 3 2(4+ 7N +2N?) (=24 N)¢&2
2(N —1)N 2N T NI M2+ N) T AN ’

_ofe ~242N 4 6N? — 5N | (1+N)S,
8(N — 1)N? AN

(1-3N)S, 3., O Qs (4+ 7N 4 2N?) S,
IN-DN 8T 552] T NI+ NR2+NE T NI+ N2+ N) ) (77)

_ oy e Q1o (2-2N — N?)$, . (-1=N)S? 3(1+N)S,
16(N — 1)2N3 ' 16(N — 1)N2 16N 16N

Q7
5[4(N — 1)2N2

+

-Gl |, Qu (1 +8N — 13N? + 6N

+ 25 )s
32N 8(N —1)3N3 8(N —1)2N? 1672 )7
(—14+3N)SE 1 5 3(-143N)S, 7 1-9N 46N> 3
16(N — 1)N Tt 16(N — 1)N TSt 16(N — 1)N 1671 )%
S1Q3 X Q13 4 (_4_ TN — 2N2)S12
2N2(1+ N)2(2+N)2  N3(1+N)3(2+ N)3 AN(1+ N)(2+ N)
3(4+ 7N +2N?)S; ~ (4+ 7N +2N?)(,
AN(1+N)(2+N) 4AN(Q+N)(2+N) )’

= CA<§_2+£

_|_

—2 42N — N?
2(N — 1)N

(84 20N — N?2—=3N*)S; 3 _, 9
N DNITMEEN) 20 Tt (79)

2
= CA<_€_+§

Q16

— 5 12(N — 1)2N2%(1 + N)2(2 + N)?

+

2

—2+8N — 7N? +2N3 N (2—2N + N?)S,
4(N —1)2N? AN —1)N
Qa1 n Q15 - QS g
72(N —13N3(1+ NB32+ N3 \8(N —1)2N2(1+ N)2(2+ N)2 47271
(—8—20N + N2 4 3N?)S? 3(—8—20N+ N2+ 3N3)S, 7

1 3
RN DNO T NN 10 T SN SN MEE Ny 2

1 3 1
+ 1512 + 152 + ZCQ

2

+
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1,2
i)

d(lvo)

1,1
dyV

1,2
dy?

(1 0)
@ aq

(L,1)

Q1 3
+<16(N— 1)N(1+ N)(2+ N) +151><2>’ (80)

e Qs 2 —8N +7N2—2N3 3 7

_ 2| = _ = -
= Ca <§ > 16| "¢ 8(N — 1)3N3 ( 8(N — 1)2N? 552 |51 1%
(—2+2N-N?)Sf 3(2-2N+N?)S 2—2N+N2+§ C_isy)
16(N — 1)N 16(N —1)N 16(N—1)N ' 8 | 2471

LN 352Q15 n (23

12°%]  32(N —1)2N2(1+ N)2(2+ N)2 ' 432(N — 1)*N4(1+ N)4(2+ N)*

Q1o 3(—8—20N + N? 4+ 3N?) 5, 7o\

6V 1PV NP2+ NPE - 160N —DNI+ M2+ ) 178

N Q15 L9 sy (8 + 20N — N? — 3N?) 53
32(N —1)2N2(1+ N)2(2+ N)2 167 48(N —1)N(1+ N)(2+ N)
7(—8—20N + N?+3N?)S; 45

1 27
*@Sf * 3_2523 24N —=1)N(1+N)(2+N) i 554
O (-8—20N+ N2+43N*)S; 3,
U RN T MR N T I6(N - DN(LE M@+ N) 16
9 Q1 7
_E52> o <_48(N ~1)N(I1+N)2+N) ZSl> C?’)’ (81)
Ca
-, (82)
15
Calswe ™ 8—N>’ -
1 Sh S? 355 G2
Cal “Tons ~ TonE 32}\[ I 32N) =
2(—2+ N)(—1+3N) (—4+N) 45
Cr{ =~ (N —1)2N? 2(N —1)N ' (N — 1)N> (85)
(1-3N +N?) s, (N —2)(—1+4N —6N? + N3)
Cr| (N —4) A(N —=1)2N2>  4(N-1N| (N —1)3N3
(N=2)(-1+3N)$% S8 3% . G (86)
(N — 1)2N? (N-1)N (N-1)N (N-1)N
(= 144N —6N2+2N?) (1 -3N+ N?)S, St
= CF(&(N_ZL) - 8(N — 1)3N3 - 8(N — 1)2N?2 16(N11)N
I 352 CQ (N ) 352
16(N —1)N  16(N o= )4N4 2(N-1)N

(—1+3N)S? S}

51— —1)2N2 6(N —1)N

+

(N—2)(—1+4N - 6N2+N3
2(N — 1)3N3
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by
byt
by
(1,0)
(1,1)

G,Bq

(1,2)

a0
g

i)

(1,2)
g

3(N — 2)(=1+4 3N)S, 755 (N —2)(=1+ 3N) S
B TR T

4(N —1)2N? 3(N -1 N—1)2N2  2(N—-1)N
G
XGo — m>7 (87)
C
_gﬁF’ (88)
€Cr (% ' 25_N> (59)
N—-1 (N-1)S S* 38
SCF< e ! 4N2) 1—8—];—8—]\;+;—]2V>, (90)
(1 — 3N + N?) 45,
<§ (N—-1)2N2  (N-1)N (91)
o 1—3N+N2 S 2(1 — 4N +6N? — 2N?)
(¢ 12N2 (N —1)N (N — 1)3N3
2(1=3N+N?)S, St 35, G2
N-—1N TN —11)N TN ON T (V= 1)N> (92)
1 —4N +6N? —2N3 (—1+3N—N?)S S? 35,
- CF<5 AN—1PN® | 2(N—1PN? +4(N—11)N+4(N—1)N
Co Qs —1+4+4N —6N? +2N3 35, s
TIN-—DN| TN (N —1)3N3 C2(N—1)N )
(1—3N + N?)S? S3 3(1 = 3N + N?)S, 7S;
N—12N?  G6(N—1)N  2(N—12N>  3(N-DN
—1+3N — N? S, °e
+< 2(N—12N2 2N = 1)1\])C2 3N 1)N>’ (93)
—4— N + N2 S
CA<(1+N)2(2+N)2 a (1+N)(2+N)>’ (94)
o 8+ 5N —3N2 —2N%  (4+ N —N?)5; S?
AN T VPEINE 20 NPRINE AL F N2 N)
352 CQ
TS IO _4(1+N)(2+N)>’ (95)
c oF —8 — 5N + 3N? + 2N3 35, 5
(1+ N)42+ N)* 20+ NP2+ N)B  81+N)2+N) )™
(—4—N+N?)St S3 3(—4— N+ N?)S,
TRII NI NE U1+ N2+ N) | BIL NP2+ NP2
7S5 44 N — N2 S
TROTMETN) AT NPeNE T sarMET ) |
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bl
1,1

biY

1,2
b

(1,0)
wg

L)
Cug

0(1’2) _

wg

A0

wg

A1)

wg

d(1:2)

wg

7G3
I N e N))’ (96)

20,
I+ N2+ N (7)
—4 — N + N? S,
CA<(1+N)2(2+N)2 - (1+N)(2+N)>’ (98)
o 8+ 5N —3N2 —2N3 (44 N —N?)5S; 52
AN TTrNPQINE NP N? AL E N2 N)
G ) (99)
4(1+N 2+N) 41+ N)2+N)
Q12 (—4+4 2N+ N?)S,
( 36N2(1+ N) (2+N)2Jr 2N(1+ N)(2+ N) ) (100)
51Q8 N Qs L ([4-2N - V)85
8N N)2(2+ N)2 216N3(1+ N)3(2+ N)3  8N(1+ N)(2+ N)
3(- 4+2N+N2)52 (N-1)(4+N)(6+ N)G (101)
8N(1+ N)(2+ N) ABNI+N)(2+N) )
c SQs n 35208 n (22
32N2(1+ N)2(2+ N)2 ' 32N2(1+ N)2(2+ N)2 ' 1296N4(1 + N)*(2 + N)?
Q14 3(—4+2N + N?)S, (—4+2N+ N?)S}
NI NP+ N T I6NI - N2+ N) BNITN)21N)
7(—4+2N 4+ N?)S; Q12 (4—2N - N?)S,
TINITMETN) SV AL NPEE NE N+ M2+ ) |
T(N —1)(4+ N)(6 + N)Gs
~ 144N(1+ N)(2+N) ) ’ (102)
Ca
Ca (103)
1S
CA(—W—8—];), (104)
1 Sh S? 355 G2
Ca (16N3 ETRE 32}\] HET 32N>’ (105)

with the polynomials

Q1
Q2
OF
Q4
Qs
Qe

= —3N'—12N? 4+ N? + 46N + 16, (106)
= —3N*+13N? —19N? + 10N — 2, (107)
= —N*—13N? - 30N? — 24N — 8, (108)
= 2N* —10N® + 10N? — 5N + 1, (109)
= 3N*—10N? + 10N? — 5N + 1, (110)
= 3N'+ 10N® +4N? — 17N — 16, (111)
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Q7

(OF

Qo
Q10
Qll
Q12
@13
Q14
@15
Q16
Q17
@13

Q1o

@20

Q21

Q22

Q23

12N* — 30N? + 25N — 8N — 1, (112)
—3N® — 14N* — 11N? — 24N? — 60N — 16, (113)
—2N® —13N* — 40N® — 53N? — 28N — 8, (114)
12N — 26 N* + 17TN? — 6N? + 4N — 2, (115)
—24N® + 72N° — 64N* — 3N® 4 20N? — TN — 1, (116)
—8N® — 21N® + 22N* + 3N? + 184N? + 540N + 144, (117)
N® —6N° — 38N* — TIN? — 66 N? — 36N — 8, (118)
—3N" —23N® — 15N° + 7TN* — 194N? — 372N? — 168N — 32, (119)
—3N" + 12N°® + 94N®° + 16N* — 231N? — 164N? — 44N + 32, (120)
—16N® — 55N7 — 68N® — 154N° + 64N* + 629N? + 428 N? + 132N — 96,  (121)
—N® — 7TN7 4+ 3NS + 69N® + 148N* + 154N> + 78N? — 4N — 8, (122)
—52N? — 468N® — 1635N7 — 2655N° — 3027N° — 2061 N* + 4822N*

+10044N? + 4536 N + 864, (123)
1IN + 34N? — 157N® — 422N7 + 69N + T98N® + 1025N* + 670N?

—308N? — 56N + 64, (124)
—3N" — 33N —85N? — 7TN® + 363N7 + 897N + 1085N° + 527TN* — 96 N?
—88N? + 16N + 16, (125)
92N + 552N + 729N — 1226 N? — 1623 N® + 3246 N7 + 2599 N

—5526N® — 10329N* — 6766 N* + 2772N? + 504N — 576, (126)

320N"2 4+ 3840N" 4 19840N'° + 57357N? + 99480N® + 114390N"

+103660N® + 40845N° — 103420N* — 176904 N3 — 103680N? — 34992 N

—5184, (127)
—544N' — 4352 N1 — 10880N + 513N + 43712N'2 + 41684 N 1!

—67480N" — 119386 N? — 6592N® + 133644N" + 221992N° 4 105361 N°
—75664N* — 1512N3 + 21600N2 + 1296 N — 3456. (128)

The eom part of Ap, vanishes. In the above expressions the QCD color factor are Cp = (N? —
1)/(2N,),C4 = N.,Tp = 1/2 for SU(N,) and N, = 3 for QCD; Np denotes the number of
massless quark flavors. (x, k£ € N, k > 2 are the values of Riemann’s ( function at integer

arguments.

4 The operator mixing in the unpolarized singlet case

In the calculation of the off-shell OMEs in the unpolarized singlet case mixing between the
physical and alien operators occurs, which we discuss in the following. In Mellin N—space the
Z~factor for the (ultraviolet) renormalization of the local operators up to O(a?) reads

+0(a?) . (129)

vy INENONG! ) L
_ 1] 2 2
—= 52,] + CLSS€ c + O“SSE g (5721 fylj + 6(]72] ) + 2_&‘72']
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The renormalized physical OMEs are obtained byﬁ
A%hys = (Z3) Ay,

Wiﬂﬁ

iPS  _ jPS,phys
A = ALY (131)
R = A (132
Agg = APE® 4(Ag, + Apy), (133)
= ~ s "’] ~ ~
Agg = AEEY - 5(14149 + Aug), (134)
and
’V(O)
n = —assgg‘ +0(d?). (135)
The individual contributions Al-j are given by
iPS vl 1 oo L o a0, Y PS, (2,0 PS, (2,1 3
A = aise 2—52%("’)7‘59) + - YOl 4 5| T B0 4 2aqlSEUN 4 0(a?),  (136)
i 732) 1,0 1,1 2 (1,2 2c2| 1 0 0
Ay = as5 e T aég’ '+ eaég’ 'te a((197 |+ ayS; 2—82759) 75(19) T 7§q) + 26
L( 0410 4 0400 , 20 20 1 2@ | 4 043 137
T Vag B T Vag g 5 | T gy Ty |+ (a3) , (137)
i %(72) 1,0 1,1 2 (1,2 2c2| 1 0 0
Agg = as5 e T agq’ '+ eagq’ 'te agff |+ ayS; 2—5275(1q) 75(19) T 7§q) + 26
L 000 0 00 , 20\ L 85 | o) 5O 1 2a@D 4 50| 4 068
+g Yag %gq Tt Vgq Pqq +7 + c tagg” 05 T Qg +E0g | F (a3) ,
(138)
7 ’Yg(rg) (1,0) (1,1) 2 (1,2) 2q2| 1 (0) (~(0)
Agg = 1+as5 ?4_%97 Teag T +etayy T agS; 9222 Vg9 (Vgg +2ﬁ0)
(0)~,(0) Lo, o (0),(1,0) 79(’;) 55(7571) (2,0) (0)
Y90 Vag | T B Ygg Qg9 T Vgq Cqg T 9 + c T agg” + 599
+eallt + 20l | +0(a?) . (139)

In the flavor non—singlet cases, including transversity [82], and in the polarized singlet case [81]
no mixing with the alien operators occurs. To two—loop order, these terms contribute in the

?Note that we focus on the physical projection of the OMEs in this section, since the QCD anomalous

dimensions are extracted from them. Similar relations can also be derived for the other projections.

3The occurence of the factor of —1/2 in ([[34) is due to a convention used in Ref. [19], which is, however, not

correctly implemented in Ref. [19].

15



renormalization of A,, and A,,, since one has to consider the combinations (33, [34) in this
case. Because of this the additional contributions

O ) = (aixq) + a, ’)) , 120, (140)
(0)
(-1 _ JgA (1 i) (1 ) :
8 = A (al) +a i>0 (141)

are present. The anomalous dimensions are obtained from the pole terms of (I36HI39).

5 The unpolarized OMEs

We now turn to the calculation of contributions to the unpolarized off-shell OMEs for non—
negative order in the dimensional parameter €. They are gauge dependent in general and are
given b

R S e R I,
<_(N— 1])\7(2<—11+—NJ;TQ+N2) +352>51 ~ ﬁimj%s%_ ﬁsjm
s (e -s)d]
BN~ [§<_1 +4]>[\,3_ W, (JZ];; + 3?) Si + WS_TUS% + 2—145?
+( 2]\;<25V+_JV'2)N3+N4) ’ 4N<?15j N) ZS3>S
( N +N)2N2) +ZSQ>S%+ﬁf+N) 5t
SEZDLNANDS 9 75
4N2(1+N) 872 6N(1+N)
Tt (szv%ﬁ N2 4N(fl+ N 3512 ' 252>§2
(i T )s)

4The polynomials are listed in Appendix [Bl
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17



40 4(—2 + N) (2 + N + NQ)SQJ 16572,1
+<_N(1 TN +6451> S=s F 505 = T R v N+ N)

(243N +3N%)*  4(2+ 3N +3N?)S5,
2N2(1+ N)? N(1+N)

—16572,2 — 4857371 - 325—2,1,1 + <_

) A8N
_851>C2 - +N)(2+N)C3]’ (143)

(2,1),NS  __ 2
Ggq - 5

1-N4+3N2 [1-2N{3N2 55, (3-2N)S2 1
2 1

(5—2N)S, —1—2N—13N? [ —245N2 55,
+ N S3 | +C4CF e + e + S Sh

(=3+4N)S2 1., (-5+7N)S, 1 15
ey tEdit ey et s %)

+¢

6 + 3N + 10N? + 42N3 SoPi7 S9.1 Pz
CaCr AN3 + 2 7+ 2 2
8N2(2+ N) N(1+ N)?(2+ N)

+ SBP183 ( 52P176 P180

NI+ NP2+ N2 \BN(I+ NP2 N2 N2+ N)?
3(N—1)NS;  2(N —1)NSs, ) (6 — 23N — 31N?
) S1+

(1+N)2+N) (1+N)(2+N SN(2+ N)

3(N —1)NS, > D
4(1+N)(2+N)>S1 g1t

(2+ 7N —=3N?)S51 (N —=1)NSy,, 5 55
T+Me2rN) arme+rN) | Tsv TR ¢

9(N — 1)N(2 < 3 Pyyyr 6(1+ N + N2)51> )
3

(-1-N-N?)5; (—4-13N+5N?)S,
I+M2+N) | a0+ Me+N)

S+ M2+ N)  \2NO L N2+ N? - I+ N2+N)

Lo S Pi3 Pyg Pagy (=70 — 25N 4+ 19N?)S;
FA4N2(1 + N)2 * 2N4(1 + N)3 2N3(1+ N)3 AN(1+ N)

52 P , T(=6-N+3N%)S} 7,
i . S——' z

15, (66— T3N—45N?)S; (-2 3N —3N? (647N +3N)S,
et 6N(L+ N) NP N) | 2N+ )
3(2+ 3N + 3N?)
J— 2 _
251>c2 + ( NN 1251>g3>

2551 P35 S3 Py

TCr|Ca <_ N1+ NPEQ2 L N2 2TN(1+ N2(2 + N)?

18



P432 + S2P373 P550 + 552
2592N4(1 + N)4 36N2(1+ N)2(2 + N)? 162N4(1 + N)4(2 + N)? 2
2( — 184+ 29N + 57N? + 28N?3)S; 49

(=2 + 3N) Sy,
SN+ N)2+ N MR T G R

Pjas (12 + 104N + 147N? + 58N®) S, )
S 25
+<108N3(1+N)3(2+N) o 6N(1+ N)(2+ N) 25 )5
—198 + 491N +491N? 1 L, )sp+ 1 54 Piss
108N (1 + N) 2 108N3(1 + N)3(2 + N)2

— 96 4 106N + 231N? + 65N?) 53
1 4551 — 8521 | 52 +
185 + 4521 24) 2t 12N(1+ N)(2+ N)

(—324 — 64N + 147TN? + T0N?).S, 2P
+6255 4+ | -
6N(1+ N)(2+ N) N3(1+ N)3

+<8(—1—3N+N2)

N2(1+ N)2

852 8 165, 64
1695 | S) — —— 1 4 263 - 2 +55
- 2) NN 3T NN 3R

4 2(—2—15N + 5N?)
_ - +4 ’
+85271>S 2 _'_ ( N(l +N) _'_ Sl) 572 + ( N2(1+N)2

325,

42
T 11657 4+2 165_ _ _ _ 45_
N(1+N)+ 651—0— 05y + 16S 2)5 3—|—< N(1+N)+56SI>S 4+ 545 _5

2(—2—-7N —-9N% + N3)S
16555 + 2055 5 — ( )55

NIV — 1354,
5 2
4 QNQ?()iv;NJ\)fz)SQ,l . Nl(lfjj\f) 125, 4 % 285 4,
_2( -6 ;]?Ei\f;r]\%\(f; Jt?\]]\)ﬁ%)szl,l — 851,92 — 185391 — 65311 + %
—8S5 991 —245 311 — 352111 — 165 2111 + (310 . 7937];[]\4]_(11158]\][\; R

11(—6+23N +23N%)S; 11, 11 2
- ey B . t_45)s.
36N(1+ V) 6o T g T 2 a5 5

18(2— N+ N?) 18 Dass
—25_3+ 45—24) G + < 5N(2+ N) )CQ <2N2(

1+ N)(2+ N)?
2(22 + 33N + 8N?) S,

S, P,
. 92 246
A+ M@y oortsht 125‘2> g”) Nl <27N2(1 TN

Pygs 2Py 5(—6+ 13N + 13N?%)S, 16
T RBNI(L + V) 8IN2(1+ N)3 IN(1+ N) 370
P 105 18 — 31N — 31N2)S3 1
xS) + S - 252 ( ) N
2TN2(1+ N)2 3 27TN(1+ N) 3 3

19



8( —9+28N +28N?%)S; 10 —14 — 53N — 96N? — 45N*
27TN(1+ N) 37 I8N(1 + N)2

(=6+17TN+17N%)S; 2, 2 2(2+ 3N + 3N?)
ON(I 1 N) R Tl L R e T T G R
XC3>

n So Psso n Psyy
2N2(1+ N)?2(2+ N)2 N1+ N)4H(2+ N)?
2(76 4+ 60N + 45N? + 11N?)S; 1985 16N S5, g
N(1+N)(2+N) YA+ N)@2+N) !

e 4551 Paro . S3Psg4 . Psog
PANQ+N2@2+N)? " 3N2(14+ N)2(2+N)?2 ' 32N3(1+ N)5

— 4752

N Py N (116 + 80N + 45N? + 11N?).S,
2N3(1+ N)3(2+ N) 2N(1+ N)(2+ N)

Plos 565\ o3 (10 N+ N?)St . 232
- S — S+ [ =285+ 165
* <6N2(1 TNE 3 ) T AN R

— 6053> S7

N Piso . (388 + 416N + 361N? 4+ 111N?%)S,
ON3(1+ N2+ N2 |72 IN(1+ N)(2+ N)

(204 + 196N + 125N? + 47N?) 52 1085s + 4Py
AN(1+ N)(2+ N) T\ N3(1+ N)3
16( —1—3N + N?) 1657 16 325, 128
- — 328, |8+ Pt S T2 g
+< NZ(1+ N2 2) PNy 30U TNOEN) 3
8 4(—2—15N +5N?)
—16S,, | S- — 85, | 5? -
24) 2+ (N(l ) 1) -+ ( N1+ N
645, 84
3252 — 408, — 325, | S_ — 1125, | S_4 — 108S_
+N(1+N) 1 2 2) 3+<N(1+N) 1) 4 5
2(—12—7TN?+3N%)S;; 8(—2—-3N+N?)S_a;1 85 5,
—40S,, 5+ + — :
N(1+N)(2+N) N2(1 + N)2 N(1+N)
245 54 4(—4+4N+N2)5211
U8 g5 — ———2_ 4 565 41655,
+245 53 NI+ N) + 4,1+ NZ1N) + 21,2
165_21,1 Psgo Psg
- 1165 48S_ 325_
N(L+N) T o022 St otz <8N3(1 I ER TR
3(2+ N + N?)S3 4(24 3N +3N?)5,
165y | S — 483 — 48
* 2) ! NA+N) NO+N)
4 T2N(2
|~ 851 | Sy +4S 3 -85 +
( N(1+N) 1) ? ’ 24) ¢ 5(1+N)(2+N)
P 8(14 + 37N + 36N? + 15N3)S; 92
+ o 8 )5 + 2082 126,
3N2(1+ N)2(2+ N)2 3N(1+ N)(2+ N) 3

20



1,0),NS
b

1,1),NS
g

1,2),NS
by

2,0),NS
b

2,1),NS
b

- Cp

2452> @,) : (146)

Cr| -1 +g%], (147)
((N-1 s AN —1) 25,
CM(W—N)*(‘(HN)ﬁHN) ’ Y
. [ [1-N (1-NM)S $2 35 G\ 2AN-1) (N-1S,
FlEl s T e Tan T an T an ) Tas Ny T as e
S? 395 (o
™ N taiem | (149)
16( — 146N +4N?)  8(N —1)S, 85,
NFTF( ONOI+N)? 3N(1+N)) +CA<<(1+N)(2+N)

2(—12+8N+65N2+23N3)> 4(— 8+ 102N + 7T7N?)
_ -

+

_ CF2

3N%(1+ N)(2+N) ON(1+ N)?

A(=2+ N)S, 855 16551 48
NR2+N) "(1+N)(2+N) (A+N)2+N) (1+N)(2+N)

2 8P72 4P114 1652 245%

C2 | - - Si+—L

N2(1+ N)3 N2(1+N)22+N) (1+N)2+N) 1+ N
8(24 7N + 2N?)S; 1655 3255,

NOI+M2+N) (1+NMe+N T 0+Me+y

96 , (233 + N)(2+ N + N2 + 4N?)
(1+N)(2+N)C3> 6 CF( N3(1+ N)?

2(—4+3N+9N2)S, 1252 129 2+ 3N 24+ 7N
( )Si 1257 2>+CACF<+ ( +

N1+ N) N N N\ NeT N

2(N —1)5, 65, 2(N —1)Ss 4(N —1)Sy,
(1+N)2+N))7" 24N (QA+N)2+N) (1+N)2+N)

12(N -~ 1) Cg) 2| 0,0 <_% - %) LR (—% T %)] . (150)

(1+N)(2+N)
B 853 Py n S Pag n 2Ps0,
BN(1+ N)22+N)?2 N1+ N)?2(2+N)2  N3(1+N)*

N(I+N)?2+N)2 N3(1+N)32+N)?2 (1+N)(2+N)

32554 g 4 Pra7 n 125, 2
(1+N)2+N) )"\ N2+ N)2@2+N)  (1+N)2+N))
2853 853 16(—4+2N+5N2+N3)52,1

3(1+N) (1+N)(2+N) N(1+N)2(2+ N)?

21



Trvery)  aaNerN) armery liew

2(2+ 3N + 3N?) 144¢3 485,
N(1+ N)? T514+N)2+N)  \(1+N)2+N)

24(4 — 12N — 13N? + N4 P
— ( )>C3 NFTF< 5%

285, 6455, 165511 < 89,

N(1+ N)2(2+ N)? +Cr C27TN2(1+ N)3

C4(=3-TN 433N+ 13N°)S) 2N -1)SF  10(N —1)5,

IN2(1+ N)? N(I+N)  3N(I+N)
2N — 1 2P P
( )§2> + CA( 155 SQ 262

3N(1+N) 2TN?(1+ N)® ' 6N2(1+ N)2(2+ N)2

_ 255 Fss I Pyas 2453
NOI+N2Q2+N2Z ON3(1+NB2+ N2 (1+N)2+N)

TTrMesm N1+ N2+ N) A+ MeLm 7

N 452 4(342N)(—4—2N 4+ N* 4+ N*)S; 145,
(1+N)(2+N) N(1+N)2(2+ N)? (1+N)(2+N)
8( — 44+ 2N + 5N? -+ N3)5271 325371 8527171

NITNERINE 01N+ N) 1+ ME+N)
(5 — 17TN)G 722 <_ 12Py

1655, )S . (—12 + 8N + 65N? + 23N3 65, ) ,
1

6N(1+N) 5(1+N)2+N) N(1+ N)2(2+ N)?

245, , Pagr 225,
_(1+N)(2+N)>§3> Cr <N4(1+N)3 *( N

(N—1)(—4—15N — 11N2+2N3)> (16 — 3N — 21N?)S? 1453
1

+¢

+

N3 (11 N)? NI+ N) | 3N

(8 —13N —27N?)S; 28593 [2+3N +3N? 4_SIC
2N2(1+ N) 3N N2(1+ N) N )

—6 - 3N - 10N2 + 452,1P66 253P103
2N3 N(I1+N)?2(2+N)2 N(A+N)2(2+N)?

+CsCF (

52P40 P59 6(N — 1>S3 4<N — 1)52,1
NO+ NP2+ NP 22+ NE T 0+ NM2+N) (+NM2+N)

3247N)  BN-1S ).  (1-N)S2
xSt (“4]\7(2 V) 20 +N)(2+N)>S1 TS SICENY

(—48 — 4N — 84N? — 35N?) S, N 7(N —1)S, 8(N —1)S3,
4AN2(24 N)? 20+N)2+N) (1+N)2+N)

2(N = 1)S11 | 56 18(N —1)¢3 12Pg7

(1+N)2+N) 4N " 5(1+N)2+N)  \ N1+ N)32(2+ N)?

22



4(2:0).PS
qq

o(2D:PS
qq

b(Q,O),PS

b(2’1)’PS

1,0)
q9

1,1)
qg

1,2)
ag

6(N — 1)S, )
TN +N)><3>] ¢

o 1+N+(—1+2N)Sl 35} 58,
AT N2 N2 IN

1+2N S 352 58, (G
+CACF< iNz o TaN TaN AN )|
851 Pys6 4 P57y
CyNpTr | —
FNFLR | T N 12N (1 + NP+ N2 | (N —1PN(1+ N)'(2 - N)
8(2+ N+ N2)*s? 16(2 + N + N?)*S,

(N —1)N2(1 + N)2(2+ N)
42+ N+ N?)°¢,
(N—=1)N2(1+ N)?(2+N) |’

45%P,
CFNFTF 1° 456

(N—1)N*(1+ N)2(2+ N)

852 Pys6

2 P06
(N —=1)*N5(1+ N)>(2+ N)*

+

(N—1)N>(1+ N2+ N

16(2 + N + N?)*S, )S
_ .

3(N — 1)N?(1 +
4(2+N+N2) S

TN N2 (2+N)>< 2 S NN (I NP2 AN |

16 P
CpNpTy 226

(N—1)PN3(1+ NP2+ NE

(N —=1)2N3(14+ N)3(2+ N)?

4 P74
T (N —1)3N4(1+ N)4(2+ N)3

8(2+ N+ N?)°s3

—1)N2(1+ N)2(2+ N)

52(2—|—N+N2 2 2Py56
2+N N —1)2N3(1 + NP2+ N)2

64(2+ N + N?)°¢,

32(2+ N + N?)S,

165, P
CpNeTr 117226

N3(1+NB2+N)?

N2(1+ N22+N) |

4P461

16(2+ N + N?) 53

CN3(1+ N)3(2+4 N)?
32(2+ N + N?)S,

NI+ N2+ N)3

8(2+ N+ N?)(,

N2(1+ N)2(2+N) " N2(1+N)2(2+ N)
4P194 4(2+N+N2)Sl

NpT
FEIN2(1+ N2 (24 N)?

25, P
NpTp | — 147194

+ )
N(1+N)(2+ N)
2Pso; (2+ N+ N?) St

N2(1+ N22+N) |’

N2(1+ N)2(2+ N)?
3(2+ N+ N?)S,

C N3(1+N)3(2+ N)3
(2+ N+ N?)G

" N(A+N)2+N)  NI+N)2+N)|

ST Py

3SQP194

NI+ N)2+N)

NpT,
FEELON2(1 4 N)2(2 + N)2

TN N+ V)

23

TN IV eE N

(151)

(152)

(153)

(154)

(155)

(156)

(157)



Psgy 3(2+ N + N?)S, (24+ N + N?)S}
N\ Marvper g TaNa e ) ) T eNa I N+ )

7(2+ N + N?)S; Proy +(_2_N_N2)Sl
3N(1+N)(2+ N) 2N?(1+ N2+ N)? " 2N(1+ N)(2+N) )™
T2+ N+ NG (158)
SN+ N2+ V) |
P (2+ N+ N?)S,
(20 _ ) 193 _
g CaNpTrE N2(1+N22+ N2 N(I+N)2+N)
451 Pagr 4P317 6(2+ N+ N?)S¢
FONRE | P NP N T N NPT N T NI M@ N)

10(2+ N + N?)S, o 16 Pasg 80(2+ N + N?)S;
+ + Np™Tp" | — —
N(1+4+ N)(2+ N) 2TN2(1+ N)2(2+ N)2  9N(1+ N)(2+ N)
8(2+ N + N? 45, P: 4S2P.
+ )CZ + CFNFTF 24250 + 14252
3N(1+ N)(2+N) N2(1+ N)2(2+ N)2  N2(1+ N)2(2+ N)2
i 2P536 4 4P462 28 (2 + N + NQ)SQ
N1+ N)4 2+ N)3 N3(1+ NP2+ N)?® NOA+N)2+N) |

28(24+ N+ N?)S}  64(24+ N+ N?)S;  16(2+ N 4 N?)S,,
"3N(1+N)2+N) 3N(1+N)2+N) N(1+N)2+N)
224+ N+ N?)(2+3N +3N?)  8(2+ N +N?%)S,
<_ N2(1+ N)2(2+N) N(1+N)(2+N)> ?
48(24+ N + N?)¢;
N1+ N)(2+N)

SS%PH]? 852P398

AN T (N— DN (L + NP2+ NE (N DN+ NP2+ NEB+N)
N 4 P4 4(114 + 87N + TON? + 17N?) S,

27T(N —13N*(1+ N)*(2+ N)4(3+ N) N(1+N)2+N)B3+N)
N 4Psg4 S 28(2+ N + N?)S3

9(N —1)2N3(1+N)3(2+ N3P@B+N) )" 3N(1+N)2+N)

8(258 + 203N + 163N* + 40N?) Sy 16 Prg

BN(1+N)2+N)(3+N) N1+ N)Z22+N)?(3+N)

32(2+ N+ N?) S, 40(24+ N+ N?)S_3  16(12+ 6N + 5N? + N?) Sy,
N(1+N)2+N) )72 NO+N)2+N) N(1+N)2+N)(3+N)

(
16(2+ N + N?)S_p, (_ 2(2+ N + N?) Py 8(2+N+N2)51)

NS ICENY 3N _DNP(LF NP2+ NE  NIIM2LN)

24



24(6 + 7N + 3N?) (3
N(2+ N)(3+N)

B Sy Pros N Pys1 N (24 N + N?)S?
2N2(14+ N)2(2+ N)?2  2N3(1+N)3(2+N)3 4AN(1+N)(2+N)
3(2+N+N2)52 (—2—N—N2)C2 SaPigo

AN(1+N)(2+N) 2N(1+N)(2+N) N2(1+ N)2(2+ N)?

St Pigs Piog n 258
N2(1+N) (2+ N)? N4(1+N) 2+ N)3 N3(1+N)3(2+ N)3

13(24+ N + N?)5, 7(24+ N+ N?)S§  38(2+ N + N?)Ss
 NA+N)2+N) 7" 3N(1+N)(2+N) 3N(1+N)@2+N)

(2(N—1)(2+N+N2) 2(2+N+N2)Sl> 12(2+ N + N?) ¢

(159)

X (o +

)

@D — Oy NpTpe?

a9

+ CaNpTpE

N)(1+N)2+N) ' N{I+N)2+N) N(1+ N)(2+ N)

851 Pasg N 8Pyrr L0+ N N?)S}
2TN2(1+ N)2(2+ N)2  8IN3(1+ N)3(2+ N)3>  9N(1+ N)(2+ N)

20(2+ N + N2) 5, ( 4(3+ N) Proo 424 N + N?)S, )C
- - 2

+NF2TF2 [

3N(1+ N)(2+N) IN2(1+ N)2(2+N)2  3N(1+ N)(2+N)

56 (2 + N+ N2)C3 16551 Paos
IN(1+ N)(2+ N) N2(1+ N)2(2+ N)2(3+ N)
_ 2 P59 g3 _ 2Py
3N2(14+ N)2(2+N)2"1 3N2(1+ N)2(2+ N)2(3+ N)
P597 + P509
N3(1+NP2+N)*B3+N) N3(1+NP2+N)33+N)
- 255 P34z B 2 P57
N2(1+N)2(2+ N)2(B3+N) N1+ N2+ N3+ N)
+4(2+J\f+1\f2)53 16(2+ N + N?)S5, S Pyrs
NA+N)24+N) " NO+N)2+N) J7" T \N3(1+N)32+ N)3
L1 2+ N+N?)S\ , 52+N+N?)ST 15(2+ N+ N?)S?
N 1+ N)(2+ N) 2N(1+ N)(2+N)  2N(1+ N)(2+ N)

(
(
5T(2+ N+ N?)s, N 48(2+ N+ N?)S31 8(2+ N+ N?)Sh14
N(I+N)(2+N) " N(1+N)2+N)  NI+N)2+N)

2P P 6(24+ N + N2)S?
+< 245 Sy + 394 ( ) 1

+ CpNpTr( —

S3

So

+

PEINE ) T MIINPRI N NI+ N2

22+ N+ N2)52 72(2+ N + N3 16 P339
N(l +N)(2+ N) SN(1+N)(2+N) "\ 3N2(1+N)2(2+ N)2(3+N)

16(2+ N + N?)5; 453 Pyg,
NI M2 N G | + CaNeTr “3(N—1)N2(1+ N)2(2+ N)2

25



8P394.5%1 - 453 Pygs

N2(1+N)2(2+N)2(3+N)2  3(N —1)N2(1+ N)2(2+ N)2(3+ N)2

Ps71.5,
3(N —1)2N3(1 4+ N)3(2+ N)3(3 4 N)?
- 2Ps19

81(N — 1)AN3(1 + N)>(2+ N)3(3 + N)2
4 Py49S5 8(102 + 73N + 59N? + 14N?) S,

C\N(N-DN2(1+N2Q2+N2(B3+N)2  NA+N)2+N)B+N)

2Psor 8(18 + TN +6N? + N3)52,1>
1

+

+

+

3TN —1PN(I+ N2+ NIBINE NI+ NMEZINBLN)

* <9(N TN+ NPRINPBEN) | NI NMCENB+N)

e 5(24 N+ N?)St (426 + 387N + 308N? 4 TIN?)53
" 2N(1+N)(2+N) 2N(1+ N)(2+ N)(3+ N)
(1182 + 929N + 746N? + 183N?) S, 325 Paog
N(1+N)(2+N)3+N) <N2(1+N)2(2+N)2(3+N)

Psss (246 + 181N + 146N? + 35N3)52>

+

M1+ NP2+ NPBINE T NI+ ME2+N) NI NME+N)

8(2+ N + N2)s2, ( 8Pyso +64(2+J\f+1\f2)51>
N(1+N)(2+N) NY(1+N)22+N)23+N) N(1+N)(2+N)
84(2+ N + N?)S_y  4(102+ 53N + 44N? + 9N?) S5,
N(1+N)2+N)  NOA+N)2+N)(3+N)
16(—4—12N —5N?2 + N*)S_ 5, 8(24+ N+ N?)S_5,

N2(1+ N)2(2+ N)? N(1+N)(2+N)
242+ N+ N?)S_31 4N —=1)(6+3N+N?)S11  16(2+ N + N?)
 NAI+N)2+N)  NA+N2+N)B+N) NI+N)2+N)
XS,Q et < P33651 + P542
. 3(N —1)N2(1+ N)2(2+ N)2 = 9(N — 1)2N3(1 + N)3(2+ N)3

6(2+ N+ N2)S?  14(2+ N+ N?)S, 4(2+J\f+z\72)52>C
- - 2

8 Psos 16(2 + N + N?)S? 32(2+N+N2)Sz>
-2

XS_g +

NI1+N)2+N) NA+N)2+N) N(1+N)2+N)

36(6 + TN + 3N?)(3 2Pys5
- 5N(2+ N)(3+N) 9(N —1)N2(1+ N)2(2+ N)2(3+ N)?

8(96 + 116N + 91N? + 25N3) S, (160)
3N(1+ N)(2+ N)(3+ N) R
16NgT,
b(l,O) — FLF 161
09 TESSCESY) (161)
8(—4— N+ N?) 85
(L) — N.T — ! 162
bag PO+ N22+ N2 (1+N)2+N)| (162)

26



= NgTp|—

8( —8—5N +3N?+2N?%) 4(—4— N+ N?S; 257
TrNPCINE (T NPT N? A NErN)
6.5; 2¢2

(1+N)2+N) (1+N)2+N)|

n (163)

4CANpTpg?
TAxMet Ny T CalNETE

8(—2—-3N+N?)S, 320N T5”
(N—1)N(1+N)2+N)| 9(1+N)2+N)
16 Pyy3 L 32 (4 — 4N + 11N% + 9N3) S,
N2(1+ N)3(2+ N)? N(1+N)2(2+ N)?

2 P53
(N—=1)2N(1+ N)?(2+ N)?

+

+CFNFTF (—

B 96,57 B 325,
(I+N)(2+N) (1+N)2+N)

[ 8Py . (_ 16(—2 + N) Pgs
N2(

) + CaNpTp

"IN I+ NP2+ NP3+ N) 1+ N)2(2+ N)2(3+ N)

16(N —1)S, 16(9 + N)S,
CA1+N)2+N)B+N))TT A+ N)(2+N)(B+N)
16(7 + N)Ss 32(6 + 7N + 6N? + N*¥) 645
TV NGB N  \TNOT NI NBIN) i M2 N
325 4 32(N —1)Sy, 645 5,
(1+N)2+N)  (1+N)2+N)3+N) ({1+N)2+N)

192(3
24+ N)B3+N)|
2(8+ 7N + N?) N 25,
(1+N)?2(2+ N)?2  (1+N)(2+N)

251 Pos: Ps3g
(N— 12N+ NP2+ NE 2N 1PN(1+ NP2+ N)?
8(—1—2N + N?)53 4(—4—T7N +3N?)S,
(N—1)N(1+N)2+N) (N—1)N(L+N)(2+N)
2(2+ N+ N?)( o o 32(116 + 99N + 13N?)
NoDNGT NNy | T ( 271+ NE2+ Ny

XS,Q -+

(164)

CyNpTpe?

+COANpPTFRE | —

1605, 16¢,
I EMe+N) 3L N2+

8505 B 1655 P30
TN+ N2+ NPB+N) NI+ NP2+ NEB+N)

16 Pyou 16(17 + 11N) S, )S
1

R T A G g T N v N G o N Y B

27



= CANFTF —

32(2— 5N + 6N? 4+ 6N?) S} 11259 64(15 4+ N)Ss
TTONAINPEINE 30 N2EN) 301 NEiMBLN)
64(—5 + N)Sa1 8(2+ 3N + 3N?) 325,
" (1+N)2+N)3+N) (N(l +N2(2+N) (1+N)2 +N))C2

192(1 4 3N)(s 4 OANWT 4G Praz
(1+N)2+N)(3+N) AT 3N2(1+ N)2(2+ N)?
I 853P214 + 4SQP327
N1+ N2+ N)2(3+ N)2  N2(1+ N)%(2+ N)2(3+ N)?
B 2 Psg9 4 - 8Ps11
2TN4(1+ N)*(2+ N)*(3+ N)? IN3(1+ N)2(2+ N)3(3+ N)?
16( — 64 — 47N — 3N? + 2N?) S, 32(=3+ N)S;

TN NPBLN)? I+ NM2+NE+N)

645271 IS 4P235
Ter VM ) T\ A E NP2 NGB+ N
A4(3 + 5N)S, ) , 8(5 + 3N)S2

(1+N)2+N)B+N) /™' (1+N)(2+N)3+N)

4(85+ 19N)S, 32(12+ 2N + N? +4N3 + N*) S,
T (1+N)(E2+N)(B+N) N1+ N2+ N)2(3+N)

32Py4 3252 645, S
N2 1+ NP@2+N2B+N2 (1+N)(2+N) (1+N)@2+N)) 72

168, ( 32 Prg 1S, ) 5
(1+N)(2+N) N1+ N)22+N)2(3+N) (1+N)(2+N))
__ues, 16( — 74 — 43N + 8N? + 5N?) Sy L 965 3
(1+ N)(2+N) (1+N)(2+ N)2(3+4 N)2 (1+ N)(2+N)
16(—1+ 5N)Ss, 64(3 +2N)S_5, 325 54
C(A+N)2+N)B+N)  (1+N)22+N)2 " (1+N)2+N)
N 645511 N 645 1. 288(32
(1+N)3+N) (1+N)2+N) 52+N)3+N)

48 Pygo 48(]\7 . 1)51
+ <_N(1 TN NEBINE T M2+ NB+ N)>C3>, (165)

851 P33 4 P53
(N —12N3(1+ N)2(2+ N)2 (N —13N4(1+ N)3(2+ N)3
8(2+ N + N?)S? 16(2+ N + N?)5S,
(N—1N2(1+N)2+N) (N—1N2(1+N)(2+N)
424 N+ N?)G
TN O IE M2 N |

CaNpTp

(166)

451 P323 . 8SQP323
(N—12N3(1+ N2+ N)2 (N —1)2N3(1 + N)2(2 + N)2

28



1,0)
99

171)
99

172)
99

270)
99

= ¢

P598 4P531
TN )TN+ N 2E N\ (N 1PN+ NP2+ NP

16(2+ N + N?)S,
TN NN

8(2 + N+ N?)S}

S SN TN AT M2+ )

52(2+ N + N?)Ss

. n 2 P393
3(N-1)N?2(1+N)(2+ N) N —1)2N3(1+ N)2(2+ N)?
42+ N+NYS ¢ 64(2+ N + N?)¢3 (167)
(N—1N2(1+N)2+N) ) 3(N—-1DN2(1+N)2+N)|’
i 2Py, L 22N+ N2)51
C 168
P SN N TN S DN N | %)
ol 1P Pu (24N +N?)S?
T IN 12N+ N2 T (N IPN(L+ NP 2(N— DN+ N)
32+ N+ NS, (2+ N+ N?)G (169)
20N —1)N(1+N) " 2(N—1)N(1+N) |’
c S7Pigy n 359 Prgo n Psag
FIA(N —12N2(1+ N)2 "~ 4(N —1)2N2(1+ N)2 ' 2(N — 1)*N4(1 + N)
- Pz N 3(2+ N+ N?)S, (24 N+ N?)53
2(N —1)3N3(14+ N)? " 4(N —1)N(1 + N) 12(N —1)N(1 + N)
7(2+ N + N?)S; B Pig 2+ N+NYS, ¢
6(N — 1)N(1+ N) A(N —1)2N?(1+ N)?  4(N—-1)N(1+N) )™

7(2+ N+ N?)¢s

“6(N—1)N(1+N) |’ (170)

o2 251 Pyoo 2Ps0 3(2+ N+ N?)St

AT S0P+ N2 (N— 1PN+ N T (N— DN+ )
5(2+ N+ N?)S, e P 25,
(N —1)N(L + N) AN T2(2+ N) (N —1)3N2 (N —1)2N

2(=3+ N)S_, 851200

(—2+ N)(N —1)(1+ N)) +Cr | NeTr (‘9(]\1 —1)2N2(1+ N)?
8(2+ N + N?)S, 8 Pys4 42+ N+ N?)(
T3IN-DONILN) 2N — 1PN+ NP BN —DNI+ )

Lo 455 Pys4 N 257 Pssy
MNBN=1)N2(1+ N22+N) ' (N—12N2(1+ N)22+ N)

P603 2P540
I T V(N N 1+ N2+ Np <_9(N —1)3N3(1+ N)3(2 + N)2

29



2(12 + 28N + 23N? + 9N?) S, 4(—32—8N —3N*+ N?%)S,
~ (N—1)N(I+N)2+N) 'U3(N=1)N1+N)2+N)
14(2+ N + N?) 53 4 Psy 16(24+ N + N?)S,
3(N-1)N1+N) \(-2+N)(N-1)N(L+N)*> (N—1)N(1+N)
20(24 N + N?)S_3 16(6 + 2N + N?) S, 8(24+ N+ N?)S_y,

S T TN TONAE N (V= DNIF NN T (NS DN+ N
(2+ N+ N?) Pyy; 4(2+ N+ N?)S;
N3 eveasvee+ ) TV DN E ) )@
12(12 + 8N + 3N?)(; 02 257 Py 255 Pyos
~ N(1+N)2+N) O N SOV T (N DML V)2

Psor N 4 Psss B 2(38 4+ 23N + 15N?) S,

(N—1P2NH 1+ NP\ (N=1PN3(1+N)P (N-DN(I+N) |7
14(2+ N+ N?)S7  4(74+ 43N + 31N?)S; 3255,

3(N —1)N(1+ N) 3(N —1)N(1+ N) (N-1)N

(_ (24 N + N?)(2+ 3N +3N?) 4(2+N+N2)Sl> 48

+

(171)

Y

(N = )N?(1 £ N)? N-DNI+N) J2 TN

e ese ( S Ps . Paor L St 425,
A N 2(C2 4 N)(N = 13N2 " 8(=2+ N)2(N — 1)4N3 ' (N —1)2N
(3— N)S, Pso
TSIV D)0+ N)  \ (21NN DN+ Np?
_ 2(—3+N)S1 B 4(—3+N)S_3 _ Co
(—2+N)(N=1)(1+N) )" (=24 N)(N=1)(1+N) 2(N—1)N

3(_3+N)C3 C 2 S%P224
S TN R O P T

Sy P, P, P
n 217238 n 500 459

2N 12N (1+ NE T (N—1PN'(1 - NP ((N 1PN+ N)
13(24 N + N?)S, 7(2+ N+ NS} 19(2+4 N + N?)S,
2(N=1N(1+N) 7" 6(N—1)N(1+N) 3(N—1)N(1+N)

( 9 N N? (2+N+N2)Sl> 6(2+N+N2)€3>]

B EN R R R NN+ N)
2SQP215 2512P220
ON —12N2(1+ N2 T (N — 12N2(1 + N)?
4 Psgo 4Pys4 4(2+ N + N?)S,
TRIN )N N\ 2T(N 1PN+ NP BN )N+ ) )
16(2+ N + N?)S; 2Py 2(2+ N+ N?)5;
3(N-1)N(1+N)  \9(N—-12N2(1+N)? 3(N-1)N(1L+N) />

+Cp (NFTF <—

+

30



9(N —1)N(1+ N) IN2(1+ N)2(2+ N)
. 4591 Pos - 253 P74

(N —1)2N2(1+ N)?2  3(=24+ N)(N —1)2N2(1+ N)2(2+ N)?
B 45271P332 + 52P543

(N —=12N2(1+ N)?2(2+ N)2  18(N —1)3N3(1+ N)3(2+ N)?

P13

324(—2+ N)2(N —1)°N5(1 + N)>(2 4+ N)*

- 255 P19 n Pz
3(N—=1)2N2(1+ N)2(2+ N)2 ~ 27(=2+ N)(N — 1)*N*(1 4+ N)4(2+ N)3

4(—16+8N +9N? +5N3)S;  4(28+ 12N + 7TN? + N*3)S,, S
N-DNOTN2+N) | (N—DNa+Me+N) 7

100(2+ N + N?) ¢ S3 Pagg
- +Cy
3(N —1)

+

2
1

Pass (20 + 68N + 57N? 4 23N?) S,
BV P+ NP+ NE - 2(N—DNI - N2+ N)
5(2+ N+ N?)St (188 + 124N + 85N + 23N%) S
AN -DONOEN) T AN DNOIE N2+ N)
(=124 — 12N +5N? + 11N3) S, ( 85, Paos

2(N —1)N(1+ N)(2+ N) (—2+ N)(N —1)2N%(1 + N)?

AP, 8(2+ N + N?)s2 16(2+N+N2)52>
TR NN 1INV NP (N DONOEN) T (N—DNI+N) )7
4(2+ N+ N?)S52, 2 Pso9 32(24+ N+ N?)S,
(N —1)N(1 + N) <_ (=2+ N)(N —1)2N2(1+N)2 (N —1)N(1+ N) )
42(24 N + N?)S_y  2(108 + 44N + 25N? + 3N?) S5,
S TN TN T ) (N )N+ N2+ N)
42+ N +N?)Spy 122+ N+ N?)S 3,
~ (N—1)N@+N)  (N—-1)NQ+N)
2(36 + 20N + 13N? + 3N?%)S511 8(24+ N + N?)
~ (N—1NOA+N)2+N)  (N—1)N(1+N)

xS n SIP35O + P537
211 6(N — 1)2N2(14+ N)2(2+ N) ' 18(N —1)3N3(1 + N)3(2+ N)2

32+ N +N?)S?  (—-2-N-N?)S, 2(2+N+N2)52>
- 2

N—ONO+N) T (N—D)NI+N)  (N—D)NI+N)
18(12 + 8N + 3N?)(3 Piao
TENT M2 N) (2 NN 12N S NP2 - NP

4(—64 48N + 15N? +11N3)S S3P.
+ ( ) 1>C3>>+C}27<3(N_ 14732

3(N-1)N(1+N)(2+ N) 1)N2(1+ N)?

+ SBP17O + S2P465
3(N —1)N2(1+ N)2(2+N) ' 2(N —1)2N3(1+ N2+ N)

31



p(1,0)

99

p(L:1)

99

p(L:2)

99

2,0
b

= ¢

+ P573 + S2P179
2(N —13N5(1+ N)> * \ (N —1)N2(1+ N)2(2+ N)
B 2Py N 2(62 + 43N + 19N2)53 3255, s
(N —1)3N4(1+ N)*(2 + N) (N—1)N(1+N) (N—1)N ]!
Pigo (86 455N + 31N?)S, . 5(2+ N + N?)5¢
2N 1IN NP T 2N DN+ ) HN-DNI+N)

(110 + 39N + 7TIN?)S3 (286 + 171N + 115N?) S,

AN —-1)N(1 + N) 2(N —1)N(1 + N)
8(26 + N + 3N?) Sy, 6453 16551 1 S Py
(N—1)NA+N)2+N) (N—1)N  (N—1)N '\ (N —1)N%(1+ N)?
Paig 32+ N+ N?%)Sf  7(24+ N+ N?)S,
N DM+ NE (N—DNI+DN) (N—DNI+N)
2 Pags 8(16 — N + 17N?)S; 72¢2 179
oD+ V22N B3V —DNI+N) )% 50N ) (172)
ACE
 N(1+N)’ (173)
[ 2(N —1)(1 +2N) 25,
Cr N1+ NP N(1+N)|’ a7)
. [ (N—1)(—1-3N—=3N2+N%) (N —1)(1+2N)S, S?
il N3(1 1 N)? TN A NE 2NN
35, (o
TON(LEN) 2NN | (175)
02 4Py 4(4+ 3N+ N?)S,
AT S+ N T (N )N £ )
Py 45, AN = 1)S_y
+CACF((—Q FN)(N—1)PNE T (NS )N (2 NN(L 1 N))]
16( — 9 — 19N + 2N?) 165,
TCr | NeTr <_ INZ(1+ N)? "IN N))
. 2Pyqs 4(—=24 N)S,
B T o TG S YE TG B Y Sy v G W RN YO Ry

- 4 Pygs )S L2482 4(=245N +5N7)S,
3(N—1)N3(1+N)2(2+N) """ NO+N)  N21+N)2+N)
4(=2+ N)S; 8(—=3+ N)S_, 8(—2+ N)Ss
" N(1+N)2+N)  (=2+N)NA1+N)  N@A+N)2+N)

02 4P243 _4(—4+9N+3N2)Sl
F\(N —1)2N2(14 N)3 (N —1)N2(1 + N)

24(—2 4+ N)Gs
" N(1+N)(2+N)

32



i N(11652N) ) : (176)

o2 251 Payo _ 2Pye0 B (8+7N + N?)S}
FA(N —12N3(14+N)2 (N —-1)3N41+4+N)3 (N —-1)N2(1+ N)

(—16—13N —3N?)S,  2(2+ N + N?)(, )

p2l) — ¢

99

(N—DN(I+N)  (N—DN(1+N)

S1 Py n Psg2 _ 257
(=24 N)(N —1)2N3 ~ 4(—=24 N)*(N —1)3N* (N —1)N?

+cAcF(_

455 2(N —1)S; 2Ps04
A S I A S S S e (SN

AN-1s g 8(N — 1)S_s G
(2NN ) T 2 MNO LN (NS )e

6(N — 1)¢s )

B 8 P39
2TN3(1 + N3

(—2+ N)N(L + N)

8(-9—19N+2N?)S, 48 285 LG
IN2(1+ N)? BN(L+N) 3N(1+N) N(1+N)

+ CF(NFTF<

+C o 4S3P258 + SQP365
A T3(C2 - NN E NR2E2 N ' 3(N - 1)N3(1+ N)2(2 + N)?
. Prsgo L= 255 Psg
54(—2 4 NN — N1+ N)' (2 + N)? N2(1+ N2(2 + N)?
2P L _12=2+ NS,
N2+ NN -DN I+ NP2 NE NI+ N2+ N)

8(N — 2)S5, Pors 3(N — 2)5, ,
Narveem ) T B o oMmae ey Nas e+~ )
2853 2(—2+ N)S3 7(—2+ N)S,
"3N(1+N) NQA+N)2+N) N@I+N)2+N)
) (( 4(—3 + N) P 8(—3+ N)S; ) S,

—2+ N2(N —1)N2(1+N)>2 (=2+ N)N(1+N)
16(—3+ N)S_3 8( — 14— 23N —3N?+3N*)So;  16(—2+ N)Ss;,

(=24 N)N(1+ N) N(1+ N)?(2+ N)? N(1+N)(2+N)
4(=2+ N)Sy1, ( P, 85, ) ;

Ni+Me+N) oM+ vee+Ny) TNy

36(—2 + N)¢2 24 Py
SN(I+N)2+N) "\ (=2+ N)N2(1+ N)2(2+ N)>

N 12(-2+ N)S, o)) e S2Pss
N1+N)2+N) )™ F\ (N =1)N?(1+ N)2(2+ N)

33



TNV N\ T (NSNS F NP2+ N) NI+ N2+ N)
(— 12+ 7N+ 32N +5N%)Sf 24(4 4 N)Ss 16(—4 + N)Sa,

9Py ( 9Py, 485, )

O T N TN+ V) NO+NEZ+N) NOA+NE+N)
42+ N+ NG 96(N — 1)¢3
_ (177)
(N—1N(1+N)2 " N(1+N)(2+N)
C &2 -1+ N P
(1,0) _ A N 442
(g 1 +CA§( N +S1> +CA< (N — 112N2(1 + N2 (2 + N)?
8(1+ N + N?)S; 20NpTr
— 257 — 65, | — : 178
(N—1)N(1+N)(2+N) ? (178)
Ca&? 1+N (1-N)S; 1 3
aé;’l) = 1 + CAf( N2 + oN — ZS% — ZSQ + CA
Ps7o Psgs
2ﬂN—1PN%1+NP@%]W3+<UV—1PN%1+NV@+JW2+3&>
2(1+ N + N?)53 1, 6(1+ N+ N?)S, 14
xS — +-88 + 5,
(N-1)N(1+N)2+N) 3 (N—l)N(1+N)(2+N) 3
P115 56 CZ
* (12(N “ONAI N2 N) >C2) + Nrlr (2_7 - 5)’ (179)
12 _ e ~N—-1 [-1-N 35, (N-1)S 1 4
“ag Cal®| =7+ 55 +CA§[ AN? +< e s )t TEN . T
3N—-1)S, 7 1-N 5 1,
TRV +12S3+< 8N )CQ A( 21
+ P608 o 352P395
162(N — 1)*N4(1 + N)42+ N)*  4(N —1)2N%(1 + N)2(2 + N)?
Psso 3(1+ N+ N?)S, 7
+ + — -85 |5,
2(N —13N3(1+N)3(2+N)? ' (N—1)N(1+N)(2+N)

(1+ N+ N?)S3

* <_4(N —1)2N2(1+ N)2(2+ N)? 152> Si+ 3(N —1)N(1+ N)(2+ N)

P395
9SQJr 14(1+ N + N?)S;
8% 3(N-1)N(1+N)2+N)

(-1-N-N?S5,

+

Ca%¢

023
16 +Cx%€

16N 4

P442

204 NpTp

T (72(1\] —1)2N2(1 + N)2(2 + N)2

TP15

s2 435
N—DONOT N2+ N) a1 73> Gt “36(N —1)N(L+N)(2+N)

164 5
— NpT sy 22
Sl>C3>+ F F< 1 +18+

4-3N ﬂ] e

(180)

9 S1Pios
A\V4AN2(1+ N)(2+ N)



Pss6 3, 3
2T (N 1M F NEE T NG N) a2
(4— N+ N?)S_, 1 2(18 4+ 16N + TN?)
T2 NN INBIN) g% || T&|CalrTr IN?
A(-34+8N)S, 2, 14 , S3Pys
ON 3 3S2> O\ NG T e BN
B So,1Pag n S Pssg
NI+NM2+N)(B+N)  12(N—DHN2(1+N)2+N)(B3+N)
+ P577 . 3C3P88
I8(=2+ N)(N —1)3N3(1+ N)2(2+ N)?2(3+N) 2N(1+N)(2+N)(3+N)
. Sy Py . Psy7 g
INI+N)2+N)(B+N) ' 18(N—12N3(1+ N)22+ N)2(3+ N) |

(142 4 323N + 2N? — 35N?%) 5%

DV DI Mer Nt

(-1-15N — N2+ N®)S_,
(—2+ N)(N — 1)N(1 + N)(3+ N)

851P401 + P572
(N—1)N3(1+ NP2+ N)?  3(N—1)Ni(1+ N) 2+ N)?
8(2+ N + N2)*s? 16(2 + N + N?)*S,
- — +
(N—-1)N2(1+ N)?2(24+N) (N —-1)N2(1+N)?(2+ N)
4(2+ N + N?)°
645, C+NENG §3>

+CrpNpTk <—

TN CONOE N2+ N) (N )N1+ NP2 LN

252P, 255 P,
+CANFTF< 1144 n 2P145

IN—DN(1+N)2+N) ' 3(N=1)N(1+N)2+N)

o 4P583 + 4P476
BL(N —1)3N3(1+ N)B2+ NP \ 9(N — 1)2N2(1 + N)2(2 + N)?

Sy 4+ —S3 —
2—|—N 1+ 1+

8(3 +2N)S, 16 .,  8(47 + 28N)S; 325_,
9 92+ N) (N=1)N(L+N)2+N)

16(N — 1)5s.1 AP35 16 8(8 + N)(s
T2y \aN—DNO+MeEN) 3! ©T TN

o 453 Pig S3 P63
Tl Ty S NI e N IV DN E N2+ M) BN

25271P255 SQP433
AN —DNILN2ENMB+N) 6N — DN 1+ NP2+ N2B+N)

Prsi16 (238

+

P Ta(—2 T NN NI+ N T NG T\ 5

+ S2P174 + P585 S
9(N —1)3N3(1+ N3(2+ N3P@B+N) |7

(N—-1)N(1+N)2+ N)(3+ N)

35



P434
* <18(N T12N2(1+ NP2+ N2

14
+ 4952> S 4 ?Sf + 2453 + 198,

2P0s 8(10 + 9N + 6N? — N*) S,

* <(_2 TN - DNY(1+ NE2+NEB+N) (NN + N) 2+ N)

— 22 — 21N — 18N? 4+ N3)
N —-1)N(1+ N)(2+N)
8(6+ 5N +2N? — N3)S_o,
(N—1)N(1+N)(2+N)
48, Pyys P25

—16S_911 + <3(N —1)N(I+N)(2+N) 18(N —1)2N2(1 + N)2(2+ N)?

—72 — 24N — 83N2% — 25N3
_8512> G+ ( N2+ N)(3+N) * 1251) @’)

4
+85% + 1652> S o+ 45%, + ( (( + 3251> S_s

—|—28574 + 65371 -+ — 857272 — 24573,1 + 65271,1

99

848 8¢,
Np?Tp? | — — ==
+Np F<81 9>> (181)
1 —4—12N —N? (=1+3N)S; 1 3 1
2,1) - _ 2 ¢4 2 ¢3 1 Q2 -~ o
gCas T Cas 322 * 8N T 6% T 167 T g
+€2 CQ S3P25 + C3P46
AN 242+ NNI+N)B+N)  24(-2+ N)N(1+ N)(3+ N)
+ 512P187 + 52P191
8(N—-1)N2(1+N)(2+N) 2(N—-1)N2(1+N)(2+ N)
+ P609
144(=2+ N)2(N —13N4(1+ N)3(2+ N)3(3+ N)?
Pssr 5 S
* (8(—2 +N)(N—12N3(1+ N)22+ N)2(3+N) 152> 1 91
A4(—24+ N)22(N —1)N2(1+ N)2(3+ N)?2 ' 4(=2+ N)N(1+N)(3+N) )" 2
n (—4+N—N2)S—3 Pigy
2(=2+ N)N(1+N)3+N) "\ 24(N —1)N2(1+ N)(2+ N)

3 3 9 2 G
+§51> G+ %@) + CaNrTE <—§ + E)

+¢

—126 — 144N — 50N? — 53N3 2( — 27 — 24N + 25N?
CANFTF< +< ( )

27N3 27N?

78 —34+8N)S? 1
+§>Sl+@+—sf+

7(—3 4+ 8N)S, . 62 ¢ 41-3N 25
9N 9 s

9N 9 6N 3

5371P43 S4P54
INITN2-NBEN) BN+ N2+ MBL V)

><§2—4§3> + C5%(

36



9<22P88 SQ,I,IPQI
NI+ MCZENMBLN) NI+ N2+ N)B+N)
S5 Piss S9,1 P52
TINOIT M2+ NB+N) 2N —DONI+ NP2+ N2B+ Ny
S3P525
36(—2 + N)(N — DN?(1+ N2(2 + N)2(3 + N2
S P53
72(N —12N3(1 1 N2 + N2(3 + N)?
P613
TR+ NPV — ) N (L - NP2+ NPB L N)?
S9.1 Py S5 P53
NNV NMBEN) NI+ M2+ BN
P605
TR+ V(N — 1PN (1 - NP2+ NP3+ V)
52P508 S 52P150
AN DN+ V22N e+ ) T SN T e+ B+

P524 2 7 4
RN 1IN F NP2 F V2B N))S1 T

+

+

+

+

(370 4+ 773N — 34N? — 101N?) 5§ N Pi1
2(N—-1)(1+N)(2+N) (=2+ N)?2(N —1)N%(1+ N)?(3+ N)?

(1+15N+N2 N3)5, S+ 2(14 15N + N? — N*)5_3
V)

(2+ JIN=1)N(1+N)3+N N —-2)(N—-1)N(1+N)(3+ N)
13351 (26 + 181N + 70N? + 11N®) S, 0g?
N N S R S I R R A
P534
+< "2+ N)(N — DNZ(1 + N)2(2 + N)2(3 + N)?
351 Py 453 Py
“2N(1+N)(2+N)(3 + N)) Cf"’) + CrNFTr <_3(N —1)N2(1+ N)2(2+ N)
4(3 P43 457 Py
3N DN+ NP2+ N) (N )M+ NP2 TN
852P401 P610
TN DM+ NPEINE 36N —2)(N - 1M1+ NP2+ NI B+ N)
4Pssy 16(2 + N + N2)*S, 5
TN DM+ NP NN+ N2+ N) )
8(2+N+N2)25i” 8 P399
3NN AN+ N) (NN DN+ NP2+ NEB )

- 645, o 1285 5
(N—1N(1+N)2+N) /"2 (N=1)N1+N)(2+N)

37



_|_

Pso 4(2+N+N2)251 24
N OO NP NE T (N )1+ N2+ V) G C

+CANFTF< 51 P + 8521 Paso
9N —1)N(1+N)(2+N) 9N —1)N(L+N)(2+ N3+ N)
455 P3sq S Pyos
AN DNI T N2+ N2B+N) TN 12N (1+ N22+ NEB L)
P615
T2 MV - DV 1+ N2 N)B+N)
SQPle 2P589
BN DN T MR+ VPB+N) 21N — 1PN (L+ NP2+ NPB+ V)
8(23 +25N)S; 1652, g Piss
~ 92+N)  2+N 27(N — 1)2N2(1 + N)2(2 4 N)2

2L HI0N)Sy o, Agy A0THTN)SY  2(20 +18N)S,
3(2+ N) 3(2+ N) 2+ N

325 4 P399
* (N—1)NA+N)2+N) (N—=2)(N—-1N2(1+N)2(2+N)2(3+N)
645 3 8(—2+ N)S51  8(7T+2N)S311
(N—1)N(1+ N)(2+ N) 2+ N 3(2+ N)

SIPIZS P439 2

XS,Q -+

G2

12(8 + N)(3 2 Psg; 8(109 + 41N)S
5(2+ N) 27(N—1)N(1+N)(2+N)2(3+N 9(2+ N)

2 StPiiq S2.1,1Pirs
X ) T SN S ONO s MR TN | 3N DN L M2+ M BV
Ss.1Pigs S3Pora
(N—DNIT NI NB+N)  6(N—DNI+ N2+ MB L)
S1Porg 8S_21 P07
TN S ONA+ ML NBEN) (N 12N (1 + NP2 + N)?
28591 Ps3g
“9(N —1)2N2(1+ N)2(2+ N)2(3+ N)?
S3P566
9(—2 + N)(N — 12N2(1 + N)’(2 + N)2(3 + N)2
P620
648(—2+ N)2(N — 1)°N°5(1+ N)5(2+ N)5(3 4 N)?

S3Pagy SaPsag

+

+

+

* (9(1\7 TONAA NI NBIN) 12N 1PN (1L NP2+ N2BE 1 N)?

Fe17 5 207
42
2T NN 1) NI F N2 MG N 2T

38



2( — 12+ 21N + 7N?) S5, Sy Py
— 28511 | S1+
N2+ N)(B+N) - 12(N - )N+ N2+ N)B+N)
P592 9
Pygs B ﬁ 5 o
* 36(N — 1)2N2(1 +N)2(2+N)2 6 S2> Sl Sl
Psoy 178
36V 1P NP2 NPB N —3 O3 4521+ 852,1> S — 4655
+ | — 2P576
(=2+ N)2(N —1)2N3(1+ N)3(2+ N)3(3+ N)?
2f)471
o —1
T F MV S DIV + NER N3+ N 652) 51

4(—10—-9N —6N*+ N*)S7 8 _, 8(—10—9N —6N?+ N%)S, 64
(N—-1)N(1+ N)(2+N) 371 (N—=1)N(1+N)(2+N) 3

cs s 2(— 10— 9N — 6N? 4 N?) A
TORL e T TN TN R N) )P

3

4Pye7
+ <_ (2 + N)(N —12N2(1+ N)’(2 + N2(3 + N)

16(—10—9N—6N2+N3)51> <14(—14—13N—10N2+N3)
- .

— 1657 — 205, — 165_,

(N—-1)N(1+ N)(2+N) (N—1)N(1+N)(2+N)
4(6 + 5N +2N% — N*3)S_5,
(N—1)N(1+N)(2+N)
12( =6 —5N —2N? + N3)S_3,;
(N—1)N(1+ N)(2+N)
8(—6—5N —2N?+ N3)S 51,

+56S1> 5_4 — — 545_5 + 165273 — 20527_3 — 135471

—|—1257273 + —+ 28574,1 -+ 85271,,2 — 185272,1

—6S311 + +85 991 + 245 31, — 35
3,1,1 (N — l)N(l n N)(2 n N) 22,1 3,1,1 2,1,1,1
SQPQQ S%P33
165_
o2+ (2(N “ONO+N2EN) 2N DN+ N2+ V)

. Psg: . Py37 168
36(N —13N3(1+NB2+N)3 | 12(N —1)2N2(1 + N)2(2 + N)? ?

8(14+ N+ N?)
(N—1)N(1+N)(2+N)

XSl + 45% + 253 + <— + 451) S_Q + 25_3 — 45_271>

¢ 3(724 24N +83N? 4+ 25N%) 18 s, |2
? 10N(2 + N)(3+ N) 5702

P568
* <54(_2 TN)(N —1)2N2(1 + N)2(2 + N2(3 + N)?

39



(1,0)
bgg

p(L1)

99

1,2
by

2,0
U

P 8
N S1Pig2 + 33512 — 98, — 1252) C3>

IN-—1)NA+N)2+ N)3+N)

1184  20¢, 56
+NETE (— TRRd 9<2 + 23‘), (182)
204(2—= N+ N?) 04
NA1+N)2+N) N-1 (183)
oyl 1+N—N2+ Sy B Pigs ~ (2-N+NYS
A5\ 2(N—12N "T2(N—=1)) N1+ NP22+N)2?2 NOA+N)(2+N)|’
(184)
o 1—4N +2N* (—1-N+N?)S S3 35, (o
ANV CIpNE T AN 1PN BV =1) sV —1) 8V 1)
LC S1Pigs . Pigg . (2—N+N2)Sf
NN+ N2+ N2 T 2N3(1+ N)3(2+ N)® ' AN(1+ N)(2+ N)
3(2— N+ N?)S, (2= N+ N?)¢, .
AN(1+N)(2+N) 4N(1+N)2+N) )’ (185)
CA2£3 + C 252 P444
T 4N =1 T 8(=2+ N)(N —1)2N3(1+ N)(2+ N)(3+ N)
(—4—N—-2N?)5, (—2-3N+N?%)S_,
AN SO a2 MNA T M@ Ny | 8| CalNFTE

ON — 12N 3(N—1) N2+ N)B+N)
P561
T 2 V(N 1PV (1 + NP2 NP3+ )
Piss (—72—8N+3N?+ N?)S,
+<3(N_ M+ N2+ MEBLN) T NI+ N2+ NB+N) )Sl
3(3+8N)S?  (—96—52N — 21N —3N*)S; 2S5 4S5 ,,
AN-DN | 2NI+M2INMB+N) N N
P219 451
+<(—2+N)(N— DN+ NB+N) N >52

(72 + 8N — 3N2 = N?)S,;  3(— 60+ 14N + 15N? 4 3N3)g3>

4(—3— 10N +4N?) 45, p 52 Prag
X (— + + TR

N1+N)2+N)(B+N) NA+N)2+N)(B+N)

32P. 64(2 + N + N2)S
+CFNFTF — 234 —+ ( ) 1
(N—1)N2(1+ NP2+ N)2 ' (N—1)N(1+ N)2(2+ N)
4 P33 4 Pso5

ON — N1+ NP2+ N <_3(N —1)2N2%(1 + N)(2 + N)

+C AN TR (—

40



165, 8(6 — 13N + N?) S, 1655
Ve ) T3NS N N) T E NN

325, 965
" (1+N)2+N) (1+N)(2+N)

02 P578
e 9(—2+ N)(N — 1)2N3(1 + N)3(2 + N)3(3 + N)

52P175 P512
3N - DN (I + N2+ NB+N) <3<N 1M1+ N2+ N2(B+ N)
(18 — 22N — N? + N%) S, (42 — 26N + 7TN? + 5N?)S;
TNOENMCI NGB ) T NOI N NBE N
12(2 = N + N?)5% 2 P30
"~ N(1+N)(2+N) (=24 N)N2(1+ N)2(2+ N)(3+ N)

+

N(1+N)(2+N) a

8(2— N+ N?)S, 42— N+ N?)S_3  2(18 = 22N — N2+ N®) Sy,
27 NI+N)2+N) NOA+N)2+N)3+N)

82N+ NS 6(—6+20N 45N+ N°)G (156)
N1+ N)(2+ N) N(1+ N)(2+ N)(3+ N)

—1+ N — N? S,
8(N—1)2N  8(N —1)
SIP453

8(—2+ N)(N — )2N3(1 + N)(2 + N)(3 + N)

Piog (16 + 7N + 8N?) S,
322+ NE(N —1PNI(1+ NP2+ V2B L NE - 16N — )NV

(2+3N — N?)S; Pioo

2+ NMNOATNB+N) T (2(—2 NN - DN (1+ NP3+ N)?

(2+ 3N — N?)5; (243N —N?)S_; 2+ N)G

22+ N)N1+N)B+N) )" 2" (=2+ N)N(1+ N)(3+ N) SN2
3(—2—3N+ N?)(

4(=2+ N)N(1+ N)(3+ N)

2D = 028 (8 + 5N + 6N?)S?
16(N — 1)N?

o + CA2£2

+

+

2P9;
27(N — 1)°N?

+¢

CANFTF <—

2( —3—10N +4N?)S, S? 75, 20,
ON — 12N 3N—1) 3(N—1)  3(N-1)

02 S3P498
TN RTINS DN+ NP2 - NG+ V)
So,1 Pss9 SoPs14
2N - DN+ NP2+ NEB+ N2 | 12(N —1PN°(1+ N)(2 + N)°(3 + V)2
P611
132(—2 1 N2(N —1)'N'(1 - NP2+ NP (3 + N)?

+

+

41



P
* <36(—2 TN PN T NEE T NG TN
So Py (228 + 46N + 3N? — N?¥) S,
SN DM (11 NP2+ NEBINE  eNI I N2t MBI N)
( 60 + 14N + 15N? 4+ 3N?) Sy
N(1+N)2+N)3+N) ) !

. (1 P (192 — 20N — 33N? — 7N3)52> @
(=

+

XN 1P+ N2+ NB+N) T NI+ M2+ MB LN
48 4+ 36N +27N? + 5N3)S2 (816 + 628N + 291N? + 45N?) S,
AN(1+ N)(2+ N)(3+ N) 8N(1+ N)(2+ N)(3+ N)
_7(3+8N)S} S1Pys
24(N —1)N (=24 N)(N—=1)N(1+ N)(3+ N)
Pys4 + 25% + 45, 532
2( 24+ N)2(N—-1)N3(1+N)?(3+N)2 N N
Pigg 851 75_4
+< ST NN DN NBIN) N >S3+
( — 138 = 5N + 12N? + 3N?%)S51  2(=2+ N)S_y1 2S5 6S_3,

N(1+N)(2+ N)(3+N) (N —1)N2 N N
(36 — 58N — 3ON2? — TN3)So11 4S5 514 N Py
2N(1+ N)(24+ N)(3+ N) N 24(N —1)2N%2(1+ N)(2+ N)

(3+ 8N)51> 9( — 60 + 14N + 15N2 + 3N?)(2
L

A(N —1)N 10N(I+N)(2+N)(3+N)

3P504
+<_2(_2+N)(N— DN2(1+ N)2(2 + N)2(3 + N)2

3(—72—8N +3N*+ N3)S, 325, Pasy
TOONAE NI NBEN) >g3> O Nl (e VP s VP
16 Pss33 32(2+ N + N?) 5%
(=24 N)(N=1)N3(1+N)*2+N)3B3(B3+N) (N—1)N(1+N)22+N)
64(2 + N + N?)S, 2565,
TN DNV N) (2 MV DI NMEZ NGB N
16(2+ N + N?)¢, 32851 Ps;
TN ONO I NP2 N ) +C"‘MTP( “ONIL N2+ NGB
_ 1653P305 + 52P411
3NN+ N22+NEB+N) 9N —12N2(1+ N)2+ N2B+N)

2Ps79
27(—=2+ N)(N = 1)2N3(1+ N)3(2+ N)3(3+ N)

+

42



45, Py 485, 325,
B ONO T VPRI NEBEN) 0+ N2+ N) T+ N2+ N)

2P535 P242
TN 1PN NP2 NGB+ N))S1 * <3(N —1)2N2(1+ N)(2+ N)
125, ) 1285,
14+ N)2+N) )P (24 N)(N=1)1+N)2+N)(B3+N)
852 28, 6455, 165211
TTEMesy 421N T 0+Me+N)  0+NM2+N)
(=24 N)(6 — 5N 4+ 5N?) (o 144¢2

C3(N—1)N(I+N)2+N) 51+N)2+N)

8 Py 185,
NN CONA T T NV GE N GxMeLN) )©

ot 4S_5 1P n So,1 P393
AV N2(1+N)2(2+N)2 T (N —1)N(1+N)22+ N)2(3+ N)2
+ S3P510
6(—2+ N)(N — 1)N2(1+ N)2(2 4+ N)2(3 + N)2
+ P612
108(—2 + N)2(N — 1)3N4(1 + N)4(2 + N)4(3 + N)?
. SaPso3
36(IN — 1)2N3(1 + N)2(2 + N)2(3 + N)?
+ P599
18(—2+ N)(N —1)3N4(1+ N)2(2+ N)?}(3+ N)?
N S5 Pyso (—66+68N — N2 —5N3)S;

6N DM (1T NP+ NEBINE - NI+ M2 NBIN)
2(=6+20N +5N? + N?) Sy,
N(1+N)2+N)@3+N) !

+ P494
12(N — 1)2N3(1 4+ N)2(2+ N)2(3 + N)
( 30 + 62N + 11IN? + N*)S,\ ,  3(2+4 6N +3N?*+ N?)53
AN(1+ N)(2+ N)(3+ N) L ON(1I+N)2+N)(3+N)

N 14(2— N + N?)53 N (— 438+ 206N — 97N? — 59N?) S,
3N(1+ N)(2+ N) AN(1+ N)(2+ N)(3+N)

P560
* <(_2 TNEN - DN L+ NP2+ N)2(3+ N)?
25, Py1s 42— N+ N?S?  8(2— N+ N?)S,
T NMNIE NP+ NEB+N) NI+NM2+N) NILNM2+N)
S 2(2— N+ N?%)52, 2 P36
2T NI N)EAN)  \ (2 NN 1+ N2+ N)2B+N)

43



= Ou%

NA+NEZ+N) NOI+N2+N)  NI+NCINB+N)
4(2—=N+N?)S_55 (18 +16N +13N?+5N%)S5 14
N(1+N)(2+N) N(1+N)2+N)(3+N)

12(2= N+ N?)S_5; 82— N+ N?*)S_51, 42— N+ N?)S,
N(1+N)(2+N) N(1+N)(2+N) <_N(1+N)(2+N)

16(2—N+N2)51> 14(2 = N+ N?)S_,  2(30 — 43N — 4N? 4 N?)
_ .

><5371 +

P 9( — 6+ 20N +5N2% + N3)¢2
n 356 >€2+ ( )CQ

12(N — 1)N2(1 + N)2(2 4 N)? 5N(1+ N)(2+ N)(3+ N)

P506
+ <(—2 NN - )N(1+ NP2+ NEB+ N2

3(18 — 22N — N2 + N?) S,
B .l (187)
N1+ N)(2+ N)(3+ N)
[2(1 — 4N + 2N?) 25,
Ca (N—12N2  (N-1)N| (188)
. Py L(cleaN oS s s,
AT (N —1)3N3 (N — 1)2N? 2(N—1)N ' 2(N—1)N
G
2(N — 1)N]’ (189)
. (1=3N +N?)(—1+3N —5N2+2N%) Ps3
A 2(N — 1)4N* T
35, S (1 —4N +2N?)S7 S3 3(1 —4N +2N?)5,
TINZON T T AN 1PN R(N=DON T AN = 1)PN?
755 —1 44N — 2N? S (s
TS(N—DN < WN 12N N - 1)N>C2 TSNV ) (190)
Pioo (28N 2NNt S,
4(=2+ N)(N —1)3N3(1+ N)? 4(N —1)2N3(1+ N) 2N(1+N)
2 _
g, 158t @-8IN)S S S_y
8(N-1)N = 8(N—-1)N2 ' 2N(1+N) ' (=2+ N)(N —1)N(1 + N)
Sa1 3(s 8 Pio 8( — 344N +2N?)S;
- : NpT,
NO+N)  Na+m| T CaNrTr (27(1\] — 1)3N3 9(N — 1)2N?
I 85, _ e L2 S Py
3(N-1)N 3(N—1)N A\ 12(N —1)2N2(1 + N)(2 + N)
. S? Py . Psgr
AN —1)2N2(1+ N)(2+ N)  54(=2+ N)(N — 1)*N4(1 + N)3(2 + N)3

Pyrs (226 + 399N + 125N?%).S,
OV 1N+ NP2+ N2 AN = DNI =2+ V) )"

44



7753 (214 + 411N + 125N?)S; 2(—5+ 2N)
RN DN sV DNI+ NN\ TEr M- N

+

851 Vg, 1055 _ 1255, 45,
N-DN )T IN-ON NOINE+N) (N-N

Pry3 115, 36(3
* (6(]\7 —12N2(1+N)(2+N) 2(N — 1)N) G2 N(1+ N§(2 + N)) - (191)
S2P20 53P154
6N —1)2N3(1L+ N) | 24(—2+ N)(N — DN2(1 - N)?
Psss Py
16(—2+ N)2(N —1)*N4(1+ N)? (4(—2 + N)(N —1)3N4(1+ N)?

(— 4+ 83N + 146N + T5N?) S, 354 Sa1 ) 5

(2,1)

Cog ~ = CA2§ (

+

16(N — 1)N2(1+ N)? TON(AN) NI+

. Py 38 . 35 5
16(N —1)2N3(1+N) 8N(1+N) 48(N—1)N " 4N(1+ N)

75, —4 — 6N 4 N2 Sy g
TS R T E S e S A N T by R R

25_5 ( —5—2N — N2)5271 25371
T2 A MWV DN N) T 2N DN NE NI+ )

Sa11 —5—8N +3N? +8N3 55, ¢ 92
> 10N

" 2N(1+N) 8(N—1)2N2(1+N) 8(N—-1)N (1+N)

. 3Ps; 38 ¢

2(—2+ N)(N—1)N2(1+ N)2  2N(1+N) ™

4P340 4P106 45
+CaNFTr (81(]\7 )Nt <_27(N —13N3  3(N — 1)N> 51
2( —3+4N +2N?)S7  2(21 — 44N +2N?)S, 165,

 9(N —1)2N? O Z1ENe 3(N= 1N

2(9 — 20N + 2N?) 25 100¢;
- ST

N 12N T 3(N-DN N-DN
Lo S? Pisg N 2591 P309
A\ (N _12N21F N)2 L N) | (N —1)2N2(1 + N22(2 + N)?
N S Pyos SoPyse
12(=2+ N)(N —1)2N%2(1 + N)?(2+ N)? 36(N 1)3N3(1+ N)2(2+ N)?
P14 ( S P35
24

B8 2 - NE(N —1PNS(1+ N2+ Nt T\ 20N — 1PN (14 N)R2 - V)2

Psoo (70 + 165N +47N?)S;

2T MV - DIN 1+ NP+ NE AN - D)NI+ N2+ N)

45



(N=1)N(1+ N)(2+N) SN3(1+ N)2(2 + N)2
(514 + 951N + 293N?) S, ) , (1018 + 1287N + 461N?)S3 5557

2(8 = 3N + N?) Sy, S 4 Pyss
36(N — 1)

C16(N—1)N(1+N)2+N) )" 32(N—1)NA+N)2+N) 32(N-1)N
(=730 — 1515N — 449N?)S, ( P

TN DN M2 N) \ (2 NEN - 1PN )

2(—4+4 15N — 11N? + 2N?) S, 453 8% g 252,
(=2 + N)(N —1)2N? " (N—-1)N (N-1)N )" (N—-1)N
2( =2+ 15N — 16N? + 4N?) 165 3(10 — 5N + N?)S3
(—2+N)(N—-12N2  (N-1N "7 (N=1)N(1+N)2+N)

2154 4(=1+42N)S 9, 25 59 3(4+ N+ N?)S514
(N —1)N (N —1)2N? (N—-1)N (N —1)N(1L+ N)(2+ N)

i 6573,1 i 4572,1,1 S1Py
(N—1)N " (N=1N "\ 12(N = 1)2N2(1 + N)(2+ N)
P443 33512 3752 S,Q
TN 1PN+ NP2+ N2 BN—DN (3N—DN  (N—DN =
. 54<22 + P382
EN(L+N)2+N) ' \9(=2+ N)(N —1)2N2(1+ N)2(2+ N)?

176 + 120N + 61N?)S
(176 + i ) 1) ) (192)

BN ONOF M2+ V)

6 The polarized OMEs

The expansion coefficients in the polarized flavor singlet case are calculated using the Larin
scheme [20][86], as the complete calculation of the massless off-shell OMEs in the polarized
case. By this one obtains the anomalous dimensions in the Larin scheme, which are finally
transformed into the M scheme [20,25]. In the non-singlet case one could use a known Ward
identity and obtain the anomalous dimension directly in the MS scheme. However, the consitent
renormalization of the singlet case requires to calculate the non-singlet also in the Larin scheme.
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7 The Transversity OMEs

In the case of transversity various OMEs contribute [82/[83]. Here we only consider the expansion
coefficients contributing to the physical projection A“r *. The coefficients corresponding to the
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In summary, the expressions shown in Sections BHO depend on the following 28 harmonic
sums after algebraic reduction [11§],

{5757 5747 5737 5727 517 527 537 547 557 574,17 573,17 572,17 572,27 572,37 527737 52,17 52,37 53,17
S4717 5(—3,1717 S—Q,Lla S—2,2717 52,17—27 52,1717 5(272,17 53,1717 S—Q,Ll,l) 52,171,1}~ (237)

After applying also the structural relations [121] the following 13 sum contribute,

{51,5-2,1,521,5-31, 541, 5-41,5 211,511, 5-31.1,5-221,5221,5 21,11,52,1.1,1} (238)

8 Comparison to the literature

In Refs. [19,20], extending erarlier results in Refs. [I5/[79], unpolarized and polarized OMEs
have been calculated to O(a?e"), i.e. one order in € less than in the present calculation and
the OMEs of transversity were not considered. The calculation has been carried out in z—
space. This has been slightly before harmonic sums [IT5/[116] and harmonic polylogarithms [122]
became the standard entities to represent different calculation steps and the final results in
single scale calculations. Therefore classical polylogarithms and Nielsen integrals [123-128],
partly with involved argument, were used. In [19,20] the expansion coefficients of the completely
unrenormalized OMEs are discussed, while we perform the renormalization of the strong coupling
and the gauge parameter first. Furthermore, the gauge parameter there is £ = 1 — ¢, compared
to the present case. In the following we summarize a series of differences to the present results
which we have observed, both due to typographical and combinatoric errors. We will mention
main observations only and do not intend to give a complete list.
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Comparing to [19,20] one first observes that the concrete results for the non—singlet OMEs
differ by a global minus sign. For all the other OMEs we find a relative minus sign at O(ay), but
agree at O(a?). The formal representations in terms of anomalous dimensions, i.e. Eqs. (2.8,
2.16, 2.31, 2.34) of Ref. [19] and Egs. (2.18, 2.24, 2.26, 2.29) of Ref. [20], are, however, correct.
Furthermore, the expressions for A/Alfqh ® there are obtained as the sum Aflfqh Y+ AAgm of the
present results in the Larin scheme.

After adjusting the signs we find also some specific differences at the one—loop level. Let us
define

SAD (r) = AL e gy AW (), (239)

SAAD (2) = AAPTE gy - AABE (), (240)

We obtain the following differences

0AG)(2) = —QOCA%HO(S@—@—%CA6<3£¢2+8¢3)5(1—@ (241)
FAAD(z) = —%CA€(3£C2—|—8C3)5(1—2), (242)

where the harmonic polylogarithms [122] are defined by Hz = Hz(2). Note that the O(¢°) contri-
bution in (241)) is not in agreement with the earlier calculation [I5[79], where the corresponding
expansion has been given to O(g°). It is therefore rather difficult to use these older results in
current calculations.

9 Conclusions

We have calculated the unpolarized and polarized massless off—shell twist—2 operator matrix
elements in QCD to two-loop orders in an automated way. These quantities are of interest
because they allow the direct calculation of the QCD anomalous dimensions. Contrary to this,
on shell massive operator matrix elements only allow to compute the anomalous dimensions
of contributions o Ty in the same order in perturbation theory and require the corrections of
one more order in the coupling constant to obtain the complete anomalous dimensions. The
off—shellness implies gauge variant expressions in general. In particular, the equation of motion
is not valid anymore for these terms and non—gauge invariant contributions are present, which
may mix with the gauge invariant contributions. Despite of these technical complications, the
method allows for a direct calculations of the anomalous dimensions. The on—shell calculation of
the forward Compton amplitude also allows to compute the anomalous dimensions contributing
to the deep—inelastic structure functions. However, special arrangements are necessary for the
gluonic contributions, which require auxiliary Higgs- and graviton fields, also complicating this
method.

We compared our results to those in Refs. [19,20] for the contributions to O(aZe") and
calculated newly the contributions of O(ase?) and O(a?e), which contribute to the calculation of
the four-loop anomalous dimensions. In the comparison we have found a series of typographical
and combinatoric errors in the previous calculations [I9,20]. In particular, as a by—product of
the present calculation all unpolarized and the polarized anomalous dimensions and those for
transversity are correctly obtained to two—loop order [8-18]32]34H3613881],82]. Our calculation
has been performed in an algorithmic manner using well established methods having been applied
in various massless and massive three-loop calculations before, as e.g. [36,38,[129]. The present
formalism allows extensions to higher loop calculations. Here, however, also new structures
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are expected to emerge and the complexity of the calculation will naturally be larger. The
quantities to be computed are expressible in terms of the usual harmonic sums [T15,116] and
no other function spaces as e.g. [114,119,[120,[130] are required to derive and express the results
such as the different expansion coefficients of the different massless OMEs and the anomalous
dimensions.
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A Feynman rules
The alien operators introduce new Feynman rules for operator insertions. They have been given

in Refs. [I5,19[79]. We give them here fore completeness and correct typographical errors;
particularly all sums have to start with the lower index 0.

a a I+ (-1 N —
Ottnp) = T A A (A, AL (A9) 7 (243)

abe 1+ (-1 N abe
O a, k) = —w%f v (b, k), (244)
Of(p,—p) = —6"(Ap)"~, (245)
abc _ . pabey /(3
Ow,,u<p7 q, k) _ ng Vp( )(pu q, k)7 (246)
Vﬂ(fg\(pu q, k) = [AuAu(Q)\ - p)\) + A,uAA<pzx - kzx) + gl/)\A;L(A-k - AQ)] (A'p>N72
N-3
1 j —3—i i —3—i
BB~ pBB) (A (AR AR (A
=0

IPVERY N—3— p—=q—k—=p p—=k—=q—0p
3(—=Ap)(Ag) ]+{M—>V—>)\—>M}+{M—>>\—>V—>u} (247)

VB pa. k) = A, %(A.k)Nl + i(A.q —3AE) (AN 2+ i(A.k — Ag)(Ap)N?
—Z(A.k)Q 4_ (A.k)i(-A.q)N“] | (248)

B The polynomials

In the following we list the polynomials occurring in Eqs. (I42H192] [93H226]) and ([227-236]).

P, = —102241N* — 197090N® — 96529 N? — 1680N + 1584 (249)
P, = —2895N* —5822N% — 2863N? — 512N — 192 (250)
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85N* + 315N? + 584N? + 606N + 12

94N* + 352N3 + 243N? — 367N — 358
94N?* + 446 N> + 7T13N? + 418N + 72
101N* + 597N3 + 1066 N? + 558N + 90
116 N* 4 547N3 + 807N? 4 376N + 12
116N* + 547N3 + 823N? + 440N + 76
116N* + 669N + 1141N? + 552N + 270
137N* — 24N3 — 399N? — 262N + 48
211N* + 1018N?3 4+ 1208 N% — 118N — 24
221N* + 170N3 — 793N? — 510N + 360
253N* 4+ 674N3 — 435N% + 1832N + 240
799N* + 3574N3 + 3099N? — 3358N — 3790
7T99N* + 4373N3 + 7256 N2 + 3250N — 648
2599N* + 13859N? + 23924 N? + 12880N + 648
7865N* + 15346 N? + 7529N? 4 48N — 144
—T713N® — 3808N* — 5290N® 4 256 N2 + 1563 N — 2664
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—589N° — 2828 N* — 4094 N3 — 3388 N2 — 3357N — 5040

—531N® — 2210N* — 2251 N3 — 508 N? — 752N + 768
—485N° — 2156 N* — 2647N? — 556 N? + 636N + 144
—485N° — 2084 N* — 2647N3 — 7T72N? 4 492N + 144
—203N° — 706 N* — 676 N® — 293N? — 372N + 12
—185N° — 803N* — 763N + 1070N? + 2241N + 378
—T7IN® — 599N* — 1230N3 — 598N? + 128N — 72
—65N° —282N*1 — 995 N3 — 2198 N? — 1252N — 104
—59N® — 154N* — 91 N3 + 106 N* — 6N — 12

—58N® — 248N* — 389N? — 293N? — 160N — 20
—58N° —232N* — 253 N3 — 290N? — 16N — 20
—41N® — 196 N* — 374N?3 — 604N? — 585N — 600
—37N® + 340N — 246N? + 81N + 54

—33N° —166N* — 321 N3 — 240N? — 52N — 16
—33N° — 150N* — 209N? 4 48N? + 140N — 48
—26N° — 139N* — 181 N3 + 55N% — 33N — 252
—24N° — 97TN* — 221 N3 — 450N? — 280N — 32
—21N® — 77TN* — 51N + 10N? 4+ 28N — 24

—21N® —37TN* + 55N3 + 54N? + 84N — 72

—16N° — 29N* — 2N3 + 11N? — 12N + 12

—13N® — 52N* — 7T0N® — 27TN? 4 4N — 4

—13N® —30N* 4+ 30N? + 135N% + 88N — 12

—9N5 — 11IN* 4+ 61N? — 33N? — 92N — 12

—7N5 —18N* — 26 N3 — 10N? — 5N — 6

—6N® —9N* + 16N> +9N? — 14N — 8

—4N5 — 82N* —99N3 — 25N? — 42N — 24

—4N® — 15N* 4+ 6N? + 67TN? + 22N — 36

—3N° —9N* + 21N3 + 27TN? — 8N + 12

—3N® —5N* +8N® + 6N? —5N — 4

—2N° 4+ N* —3N3 +9N? 4+ 5N — 2

—N° —5N* —5N3 —9N? — 16N — 4

—N5 —3N*—9N3 —7TN? + 8N +4

—N° —3N* +15N® + 17TN? — 8N + 4

—N® 4+ 3N* + N3 —7N? + 8N +4

—N® 4+ 5N* — 18N? — 21N? — 23N — 6

—N% 4+ 11N* — 10N® — 10N?2 — 5N — 1

N° —4N3 +22N? + 35N + 14

N5 4+ 4N3 —6N%? — 5N — 2

N® 4+ 5N3 +2N% — 20N — 8

N°® — 23N* + 19N? + 51N? — 88N — 24
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N° —5N* —25N? — TN? 4 16N — 4

N® —5N* 4+ 5N% —7N? + 10N + 4

N° —3N*—5N% — 13N? +4

N® +3N* + 9N? + 23N + 6

N® 4+ 3N* —3N3 —5N2 -4

N°® +3N* +19N? + 15N? — 38N — 24
N° +4N* + 25N% + 109N? + 100N — 52
N® + 6N* + 13N3 + 16 N? — 4N — 16
N® + 8N* + 12N3 —20N? — 35N — 14
N® +13N* + 15N% — 19N? — 46N — 36
N® +13N* + 31N3 — N2 — 24N +4

N® 4+ 61N* + 321N® + 547N? + 326N + 72
ON° —46N* — TN3 — 134N? — 25N + 42
2N° — 19N* — N3 — 59N?% — 13N + 18
2N® +3N* —4N3 — 18N? — 6N — 1
IN® +5N* 4+ 2N3 —3N? + 6N + 12
IN® + 8N+ —3N3 —38N? — 9N + 24
2N° + 8N* + 5N 4+ 16N* — N — 6

3N® +4N3 —14N? — 7N +6

3N° — 12N* — 79N3 — 60N? — 20N — 48
3N° —8N* —22N3 —9N?% — 12N — 4
3N® —2N* 4+ 10N? — 20N? — 13N — 2
3N® +4N* — 13N3 — 36 N? + 30N — 12
3N° +6N* +8N3 + 3N? — 24N — 12
3N® +8N* — 15N3 — 32N? — 20N — 16
3N® + 11N* + 10N® + 10N? + 5N + 1
3N° + 14N* 4+ 23N3 + 16N? — 10N — 24
3N5 + 15N* — 17N? + 73N? 4 54N + 48
3N® +40N* + 59N? + 28N? 4 26N + 12
AN —14N* 4+ 24N3 —8N? — 19N — 7
4N® 4+ 3N* + 4N? + 10N? =8N — 5
4N® + 8N* + 11N + 9N? — 12N — 4
4AN® +21N* — 3N3 —60N? — 8N — 24
5N° — 12N* — 19N3 + 38N? + 12N — 16
5N° —10N* — 10N + 5N + 2

5N° —2N* 4+ 18N? — 32N? — 23N — 6
5N° — N* —20N3 —5N? —4N — 4

5N° +4N* 4+ 4N3 — 28N? — 13N + 12
5N° +8N* + 12N? + 56 N? 4 85N + 34
5N° + 24N* — 59N3 — 88N? 4+ 82N — 36
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TN® + N* + TN3 —33N? —2N + 4

TN° +2N* — 19N? —4AN? — 6N — 4

TN® + 22N* 4 47N? + 32N? — 36N — 16

TN® 4+ 31N* — 84N? — 26N — 4

7TN® 4+ 310N* + 1137N? + 1142N? + 140N — 120
8N® — 11N* 4+ 49N3 — 31N? — 25N — 10

8N® + 27TN* —6N3 — 9N? + 64N + 12

8N® + 31N* + 58N?® + 43N? — 12N — 4

9N® + 19N* — 25N3 — 31N? — 24N — 44

9N® + 27N* + 59N? 4 33N? — 64N — 28

13N° + 7TN* —29N?3 — 3N? — 40N — 44

13N® 4+ 31N* + 37TN3 — 46 N? — 173N — 114
13N® + 38N* — 4N? + 58N? + 111N + 72

13N® + 67N* + 61N? + 119N? + 232N + 60
16N° + 64N* — 49N3 — N2 + 105N + 54

20N — 27TN* — 130N3 4+ 48N? + 152N + 48
20N° + 59N* + 130N3 + 67N? — 156N — 68
23N° — 28N* + 120N3 — 114N? — 98N — 36
25N° — 50N* — 231N3 — 52N% + 116N + 48
31N® + 358N* + 1065N2 + 950N? + 44N — 120
33N° + 24N* + 463N? + 276 N? — 308N + 64
33N® + 59N* — 132N% — 210N2 + 40N + 40
45N° + 225N* + 370N + 244N? — 56N + 96
49N® 4+ 163N* + 84N3 — 50N? + 72N + 40
51N® +207N* + 193N? — 210N? — 421N — 66
53N° 4+ 37TN* — 122N3 + 53N? + 117N +6
53N° + 4TN* + 67N> — 197N? + 486N + 360
67N® + 280N* + 179N? — 409N? — 238N + 220
TTN® + 256 N* + 83N3 — 380N? — 340N + 16
80N® + 119N* — 152N? — T70N? — 264N — 45
119N° 4 188N* — 380N? + 184N? — 339N — 180

133N° 4+ 680N* + 1238 N3 + 1408 N? + 1329N + 1692

137N® + 67N* — 392N3 + 155N2 + 303N + 18

211N® + 986 N* + 2204 N3 + 4558 N2 + 4425 N + 4032

226N° + 165N+ — 786 N? — 632N? — 186N — 9
226 N® + 561 N* + 348N> + 178N? — 168N — 63

361N° + 1690N* + 2392N3 + 2254 N? + 2567N + 3504
379N® + 922N* 4+ 609N + 3110N? + 1076 N — 4152
496 N° + 2219N* + 3857N? 4 6889N? 4 T167N + 7020
541N° + 1575N* + 461N3 — 1415N% — 746N — 160
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3625N° 4+ 10875N* + 3505 N3 — 11691 N? — 8282N + 816

4148 N® + 21847N* + 37963 N> + 20318 N? — 1188 N — 648
—843N6 — 3105N° — 4121 N* — 1915N? + 40N? + 240N + 72
—843N°® — 2721 N° — 2681 N* — 1051 N3 — 440N? — 48N + 72
—695N% — 2849N° — 4354N* — 4804 N3 — 4125N? — 603N + 54
—202N°® — 606 N° — 633N* + 41N3 — 405N% — 351N — 108
—195N6 — 1277N° — 2741 N* — 978 N3 + 3881 N? + 4532N + 900
—130N% — 381 N° + 50N* — 411 N3 — 1054N? + 1854 N + 828
—55N® — 383N° — TATN* 4+ 59N? + 1434N? + 1012N — 168

—31N® —95N° — 7T4N* + 14N3 + 3N? — 19N — 6
—31NS —69N° + 2N* + 66 N> — N?> — 33N — 14

—27TNS — 54N® + 159N* + 462N3 + 908 N? + 584N — 160
—21NS — 77N° — 116 N* — 104N3 — 93N? — 55N — 14
—21N% — 21N° + 19N?* + 115N3 + 314N? + 22N — 116

—7NS — 25 N5 — 68N+ — 48N® — 11N? — 19N — 14
—7NS — 24N° —32N* — 17TN® — 10N? — 5N — 1
—7NS — 20N> —24N* —5N3 +2N?2 — N — 1

—N% —3N°> —9N* —5N3 + 4N? — 30N — 12

—N® 4+ 2N® £ 4N* 4 6N + 13N? + 12N — 12
—N® 4+ 7N° — 5N* — 25N3 4 38N? 4 38N + 12

NS —7N° — 15N* —29N3 — 50N? — 8N — 12

N6 —6N° — 80N* — 90N + 235N? 4 264N — 36
N6 —6N° — 65N* — 180N? — 200N? — 36N + 54
NS — 6N° — 56 N* — 234N?® — 461 N? — 216N + 108
NO® —4N5 — 18N* — 40N? — 35N? + 12N + 12

N6 —4N® + 7TN* — 19N3 + 18N? + 9N — 4

N6 +3N° + 17N* — 17N3 — 74N? — 10N + 8

NS 4+ 6N° + 12N* + 14N3 + 14N? — 13N — 2

N® 4+ 7N° + 13N* — 7TN3 4+ 36 N? 4+ 116N — 6

N® + 8N° — 58 N* — 108N?3 + 21N% + 20N + 20
NS + 9N — 56 N? — 21N? + 55N — 36

N® 4+ 21N® + 103N* 4 221N3 + 272N? + 186N + 36
ING — N5 —23N* + N3 — 135N2 — 280N + 68
IN® 4+ 2N° + TN* — 12N3 + 8N? + 18N + 7

NS + 7TN5 + 20N* 4 24N3 + 13N? 4+ 24N + 12
IN® + 16N° +9N* — 87TN® — 37TN? 4 99N — 74
2NC® + 16N° 4+ 23N* + 42N3 + 17N? + 16N + 12
3N® +3N* —7N3 4+ 8N? + 7N — 6

3N6 — 7TNS + 11IN* — 17N? + 2N? + 4N + 2

3N —5N5 — 7TN* —21N3 — 26N? — 28N + 24

82

ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot gt Ot Ot
=~ s s s s s R R R R W W W W W W W W Ww
© 00 1 O O i W N /P O © 00 J O Ot = W N =

e e N N U N S e N s s e S S e e N N N N e U N s S s s s e S N s s N N S s N e S N
ot ot v ot ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot Ot
N O O O O O O O O O O Ot Ot o Ot Ot Ot Ot Ot Ot Ot
O © 00 J O U = W N /= O© O© 00 ~J O U i W N = O
M e~ L L N o e T e N e N e T N N e N e N N N Y D N



3NS + 3N5 —4N* — 17N3 — 37TN? — 8N + 12

3N® + 19N° + 7T5N* + 157N? + 26 N? — 192N — 72

3N® + 20N° + 49N* + 52N3 — 8N? — 48N — 16

3N® + 20N° + 61N* + 96 N3 + 16 N? — 64N — 16

4N® + 11N° 4 30N* + 105N? + 50N? — 96N — 144

ANS 4 18N5 — 28 N* 4+ 24N3 + 21N? — 21N — 14

5N® — 17N° 4+ 53N* — 143N?3 4+ 66 N? + 60N — 8

5N + 26N° 4+ 30N* + 40N?3 + 133N? + 234N + 396

6N® — 204N° — 735 N* — 827N?® — 376 N? — 236N — 96
6NC + 9N° 4+ 54AN* 4 41N3 — 174N? — 96N + 16

6NC +41N° — 118N* — 171N3 — 14N? — 212N — 72

9NS + 9N5 — 7N+ — 47N3 — 130N? — 6N + 52

9NC + 10N° — TN* — 20N? + 8N2 + 7N — 6

11N® +33N° + 129N* + 131N? + 76 N? + 100N + 96

11NS + 276 N5 4 398N* + 45N3 + 626 N2 — 240N — 288
12N® — 3N® — 6N* + 413N3 + 228 N? — 684N + 112

12N% + 39N° + 71IN? + 45 N3 — 229N? — 208N — 48

16NS — 222N° 4+ 753N* — 1660N? + 1581 N? — 846N + 189
17N% + 6N° — 20N* — 36 N3 — N? — 6N — 8

19N® + 57N° + 3N* — 89N3 — 62N? — 8N — 64

19NS + 57N° + 3N* — 89N3 — 46 N? + 8N — 64

19NS + 175N5 4 533N* 4+ 473N? + 564 N2 + 1340N + 672
24N° + 152N° + 59N+ — 265N3 + T0N? + 28N — 248
29N® — 54N° — 1657N* — 5916 N3 — 7786 N? — 3408N — 24
30NS + 181N® + 473N* + 635N% + 77N? — 520N — 156
37N® + 28N° + 9N* + 130N3 — 32N? — 32N — 32

40NS 4 231N° + 484N* 4+ 780N + 691 N? — 480N — 576
ATNS + 69N° + 21N* — 145N3 — 500N% — 20N + 240
54N® — 5N — 125N* + 3N3 + 107N? — 226N + 120

54NS + 356 N° + 729N* + 375N% + 2N? + 404N + 200
54N + 436 N° + 1297N* 4+ 1919N3 + 1954 N? + 1332N + 200
56N® + 339N° + 7TI8N* + 621N3 + 208N? + 76N + 32
59N® — 510N° + 2329N* + 5494N3 — 1212N?% — 1576 N — 1344
61N°® + 36 N° — 59N* — 6N3 — 140N? — 456N + 96

62N° + 399N° + 416 N* + 6 N> + 440N? — 657N — 378
67N® + 490N® + 1046 N* 4+ 128 N3 — 1729N?% — 1382N — 60
85NC + 485N° + 959N* + 805N + 480N? + 534N — 180
87TN® + 285N° + 293N* + 191N?3 + 88N? 4 56N + 24
87TN® + 333N° + 485N* + 463N?3 + 216 N? + 56N — 8

94N® + 291N° + 4N* 4 33N + 460N? — 882N — 396
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LT19N® + 1212N° + 1784N* + 171N + 1706 N* + 480N — 144
188NC 4 1084 N° + 2143N* + 1539N? + 464N? + 572N + 160
233N® + 593N° — 12N* — 497N3 + 607N? 4+ 792N + 12

293N° + 231N — 125N* + 661N3 — 1152N? — 2308 N + 1104
379N® + 2059N° + 3375N* + 4937N3 + 9470N? + 9948 N + 13032
380NS + 1499N° + 2113N* + 1870N3 + 1191N? + 9N — 18

513N® + 1845N° 4 2269N* + 1187N? + 538N? + 288N + 144
TA3NS + 4724N° + 9411N* + 7922N3 + 9340N? + 10208 N — 768
799NS + 5280N° + 12295N* + 10866 N> — 980N? — 6408N — 1728
848N® + 2727N° + 4023N* + 5921 N + 3069N? + 3900N + 1440
1069N® + 6630N° + 14503N* + 12330N? + 556 N2 — 3912N — 864
1069N + 6702N° + 15079N* + 13698 N3 + 844N? — ATT6N — 864
1087N° + 4415N° + 1621N* — 10867N? — 11540N? 4 548N + 3504
10875N% 4 36321N° + 36361 N* + 15419N3 + 7336 N2 + 1248N — 792
—1859N7 — 10827N6 — 22970N® — 23466 N* — 15995N3 — 8151 N2

—144N + 36
—777TNT — 3738N°® — 5972N° + 10N* + 5057N3 — 2044N? + 2112N
+1008

—T715NT — 3476 N® — 5448 N° — 2380N* + 1129N? + 174N? — 756 N — 216
—T715N7 — 3062N% — 3450N° 4 518 N* + 2803 N3 4 1182N? + 108N + 216
—559N7 — 2855N6 — 5215N° — 3779N* + 1904N?3 + 7T012N? + 4212N + 144
—128N7 — 786 N® — 1347N® + 5412N* + 5805N3 — 7692N? — 1252N + 2256
—100NT — 485N°® — 286 N® + 985N+ — 88 N? — T10N? + 2568 N + 984
—44N7 — 138N° — 86N° + 12N* 4+ 37TN3 4+ 174N? + 51N + 6

—41INT — 226 N6 — 220N° 4+ 478 N* + 123N?® — 24N? + 162N — 108

—27TN7 4+ 45N% — 363N° — 2217N* — 274N3 + 1980N? — 168N + 160
—12N" — 31NS + 14N° + 86N* + 34N3 — TIN? — 24N — 4

—5N" 4+ 20N° — 14N* — 35N + 30N? + 28N + 8

—5NT — 46N° — 122N° + 48N + 483 N? + 678N? + 1700N + 1872

—5N7 4 1382N° + 5380N° + 7451 N* + 6436 N3 + 2228 N? — 5952N — 3168
—NT — 12N® — 50N* — 35N3 + 30N? + 28N + 8

— N7 — 7TNS + 87N° — 281 N* + 482N3 — 548N? 4 384N — 112

— N7 —2NS —2N® + 104N* + 987N3 + 2102N? + 640N — 756

~NT 4 N® — 10N® + 15N* + 97N? + 102N? + 76N + 24

— N7 4+ 4N°® + 10N° 4+ 6N* — 25N% — 62N? — 12N + 8

N7 —5N® —43N° — 19N* — 126 N® — 440N? — 200N — 144

N7 +3N°® — 55N° 4 165N* — 114N — 172N? + 256 N — 80

N7 4+ 3N® 4 22N° + 97TN* + 75N + 22N? + 104N + 60

N” 4+ 5N+ 7N® — 33N* — 168N® — 100N?2 + 176N + 96

2NT — 40N® — 53N° + 61N* 4+ 149N — 49N? — 46N + 24

84

N TN N N N N N N N N N N N /N
D O O O O O O O O O O O O O
G T N T N T N S N e e e S G e
N N NN N (@) I NS GV N
S N T e e T T N T N T N N N

—
(@)
(\]
ot

~~

DD O O O O O O O O Oy O
W W W W W W W NN N N
DD O = W NN = O © oD

N N N N N N N N N N N N N N N N N N N N N N
S O DY O O O O DY O O O
=l s s s R e e W W W
N O O s W NN R O © 00

D N N i N N N N S N e N N S e N S D it

D
g
oo



ANT 4+ 16N°® + 37N° + 36 N* + 9N? — 10N? — 52N — 24 (649)
5N” —4NS —3N° — 5N* — 65N® + 67N? + 55N — 30 (650)
6N7 4+ 26N® + 60N° + 112N* + 91N?® — 29N? — 24N — 4 (651)
TN” +13N° — 80N® — 133N* + 163N + 226 N? — 92N — 24 (652)
8N” +45N° 4+ 105N° + 138N* + 116 N® + 95N? + 55N + 14 (653)
TINT 4+ 55N + 83N° + 40N* + 20N? — 38N? — 93N — 6 (654)
12N7 + 22N°® + 6N° — 140N* — 167N? — 170N? — 77N — 14 (655)
13N7 4+ 33N® — 43N° — 77N* — 362N? — 868 N? — 424N — 96 (656)
14N" + 62N° + 192N° + 332N* + 253N? + 187TN? + 112N + 28 (657)
24N + TON® + 85N° + 86N* + 60N> + 17N? + 19N + 14 (658)
25N + 445N° + 2127N® — 355 N* — 9232N% — 1938 N? + 5688N — 1080 (659)
28N" + 104N® + 224N° + 211N* — 8ON? + 13N? + 106N + 48 (660)
28N + 122N° 4+ 344 N5 + 537N* 4 436 N3 + 425N? + 242N + 80 (661)
28N7 + 126 N® + 236 N® + 187TN* — 14N? — 15N? + 24N + 12 (662)
28N" + 128N + 252N° + 241N* + 102N? + 101N? + 72N + 28 (663)
32N" + 16NS + 246 N°® — 1198N* — 1034 N3 + 624N? + 1089N + 378 (664)
43NT — 143N° — 1196 N° — 1067N* + 676 N* — 248N? + 909N + 738 (665)
45N7 4 249N + 7T09N® 4 1099N* — 186 N2 — 1204N? — 328N — 96 (666)
49N 4+ 134N + 51N° — 509N* — 1376 N* — 825N + 616N + 564 (667)
56N" + 283N° + 383N° — 97TN* — 465N% — 196 N? — 28N — 32 (668)
101N 4 550N + 421N — 1555 N* — 258 N® 4 57N? — 504N + 324 (669)
131N7 + 1216 N® 4 3842N° + 4834 N* 4 1883N3 — 398 N? — 348N — 72 (670)
188N 4 904N6 + 1443N° + 636 N* — 339N3 — 1236 N2 — 1724N — 160 (671)
361NT + 1201N° — 1633N° — 6185N* — 40N? + 6376 N? + 1024 N — 2544 (672)
TOINT + 4697N® + 7231N° — 2293N* — 12926 N® — 4348N? + 6408N + 1728 (673)
896N + 4597N° + 5607N° — 2578 N* — 5167N? — 2691 N? — 3712N + 3696  (674)
1385N7 4 5386 N6 + 3624N° — 6814N* — 10313N?% — 3408N? 4 360N — 216  (675)
1385N7 + 6628 NS + 10410N° + 5048N* — 1763N? — 96N? + 1872N + 648 (676)
3001N7 4 14078 N® + 23382N° — 4526 N* — 18883 N? 4 42660N? + 7128 N

—432 (677)

3331N7 + 16277N° 4 25231 N° + 25871 N* + 21142N3 — 20332N? — 35952 N
—23904 (678)
4148N" + 21847N® + 33491 N° — 1529N* — 34939N? — 15782N? — 108N + 64§679)
—306723N® — 1247148 N7 — 1970434 N® — 1388892N° — 354099 N* — 91504 N3

—51504N? — 2736 N + 4752 (680)
—531N® — 4334N7 — 11238N° — 5704 N> + 18857N* + 31974N?3 + 14368 N?
—5952N — 4608 (681)
—521N® — 2300N7 4 350N°® + 7048 N® + 4991 N* — 9164 N3 — 16628 N2

—480N + 3744 (682)

—436N® + 260N7 + 4375N° + 680N — 14813N* — 11410N? + 8516 N? + 4512N
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—3024
—392N8 + 1192N7 + 7397N° + 2398 N° — 17569N* — 12656 N> + 14578 N>
+7680N — 4248

—263N% — 1100N7 — 7T0N® + 3184N° + 2561 N* — 2516 N> — 4340N? — 144N

+960
—185N® — 803N" — 352N° 4 2677N® + 2636 N* 4+ 97T0N? 4 1897N? — 684N
—972

—137N® — 563N — 346 N® 4 814N® + 695N* — 935N® — 1172N? + 156N
+192

—103N® 4+ 663N7 — 485N° + 1901 N° + 460N* — 14164N> + 10688 N
+7136N — 8256

—TON® —913N" — 4936 N® — 14466 N° — 24422 N* — 23673 N3 — 13852N?

—4356N + 864

—67N® — 286N" — 62N°® + 716 N° + 57TN* — T18N® — 1384N? — 216 N
+144

—49N® — 583N7 — 1331N® — 904N® + 757N* 4 875N3 — 2329N? — 1512N
+540

—9N® £ N7 + 81NC — 59N® — 140N* — 238 N3 4 428 N? + 120N — 144
—7TN® —67TN7 —257N® — 497N> — 426 N* — 268 N3 — 334N? — 232N — 56
—N® —7TN7 4+ 9N® + 22N° + 30N* — 76 N3 — 30N? + 27N — 6

—N8 4+ 5N7 —9N® + 21N — 15N* — 23N? + 3N? + 5N — 2

N® —3NT —33N® — 15N° + 157N* + 178 N® — 61N2 — 28N — 4

N® + 9NT + 7INS 4 387N° 4 816 N* + 404N> + 184N? + 804N + 396
2N® — 13N7 4 58N°® — 126 N° + 34N* + 75N% + 46 N? — 28N — 16

IN® + 15N 4+ 44N® + 56 N° 4+ 56 N* + 105N + 118N? + 44N + 8

3N® +29N7 + 102N° + 154N° + 69N+ — 161 N3 — 110N? + 994N + 1224
AN® —13N7 — 46N°® + 96 N° + 158N* + N® — 452N? — 84N + 144

AN® —3N7T —96N® + 4N® + 454N* — 221 N® — 738 N? + 468N + 576
4N® +4NT — 8N® + 8N — 93N* — 198N? + 43N? + 84N + 28

AN® + 10NT 4+ 11N® — 19N° — 65N* — 63N% — 90N? — 4N + 24

AN® +24N7 — 57TNS + 109N° — 32N* — 141N3 — 8N? + 75N + 30

4N® +27TN7 4+ 90N® + 208N° + 300N* + 257N? 4+ 190N? + 140N + 40
5N® +2N7 —8N® + 3N° — 7TN* 4 14N3 — 24N? — 11N + 10

TN® —8NT + 6N® —45N° + 27TN* + 68N3 — 30N? — 23N + 14

TN® +13N7 + 19N6 + 27N° — 136 N* — 118 N3 + 388N? + 392N + 112
8N® + 37TN7 + 127N + 127N — 175N* — 104N? + 408 N? + 304N + 80

(683)
(684)
(685)
(636)
(687)
(688)
(689)
(690)

691
692
693
694
695
696
697
698
699
700
701

703
704
705
706
707
708
709
710

8N® 4+ 604N7 + 1583N°% — 656 N° — 1330N* + 2716 N> — 837N? — 468N + 108 (711

10N® +4N7 + 90N® — 116 N® 4+ 387N* 4+ 187N? — 145N? — 39N + 54
12N8 — 34N7 — 287NS — 235N° + 347N* + 653N% — 180N? — 132N + 96
12N8 + 69N" + 272N° + 1450N° + 3076 N* + 297N — 784N? 4+ 3792N
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712

(691)
(692)
(693)
(694)
(695)
(696)
(697)
(698)
(699)
(700)
(701)
(702)
(703)
(704)
(705)
(706)
(707)
(708)
(709)
(710)
(711)
(712)
(713)



+1800 (714)
14N® 4 17N7 — 104N° — 68N® — 252N* — 289N? + 678N? + 268N + 24 (715)
14N® 4+ 48N7 + 83N® — 174N° — 518N* 4 146 N® + 241N? + 176N + 44 (716)
14N® 4+ 56 N7 + 81N® + 62N° + 13N* — 4N3 — N? + 2N + 1 (717)
14N® + 56 N7 + 8IN® + 7TAN® + 20N* + 20N? + 15N? + 6N + 1 (718)
17TN® + 8N" — 188N°® — 170N® — 153N* + 362N + 1380N? + 88N — 192 (719)
20N® —23N" — 92N° 4+ 148N* — 19N® — 4N? — 2N + 4 (720)
23N® + 110N7 + 373N° 4+ 376 N® — 398N* — 16 N® + 1504N? + 108SN + 288 (721)
25N® + 21N7 — 62N°® — 495N° — 209N* + 1768N? 4 464N? — 1360N — 944  (722)

31N® + 528 N7 + 318 NS — 2460N° — 3105N* + 3012N3 + 6860N? — 864N

—1728 (723)
51N® + 207N + 64N® — 657N° — 598N* — 58 N3 — 177N? + 148N + 156 (724)
S8ON® + 599N + 1764N° + 2168 N° 4 2034N* 4+ 4193N3 + 5014N? + 1932N

+360 (725)
85N® — 413N7 — 1792N° + 22N° 4 5300N* + 3589 N3 — 3791N? — 1920N

+1188 (726)
116N® + 688N” + 1772N° 4 2705N° + 2454 N* 4 1347N? + 784N? + 396 N

+176 (727)
116 N® + 738N7 + 1936 N6 + 2615N° + 1502N* — 137N3 — 192N?

+60N + 48 (728)
125N + 1314N7 + 5027N® + 9183 N° 4 9122N* 4 4371 N3 + 846 N*

+1620N + 648 (729)
136 N® + 900N " + 1417N® — 1308 N® — 4442N* — 3972N3 — 3963 N>

—2268N — 324 (730)
253N® + 1180N" — 518 N6 — 4088N° — 2571 N* + 6716 N3 + 12532N? + 512N
—2784 (731)
269N® + 1889N" + 3838 N6 + 320N° — 6005N* — 4429N3 4+ 170N? + 420N

+72 (732)
293N® 4+ 1989N" + 6150N° + 11150N° + 8593N* + 1561 N3 + 12564 N2

+20628N + 10800 (733)
541N® + 2100N" 4 3278N° + 2212N° + 1357N* + 880N> + 528 N? + 320N

+112 (734)
1214N8 + 4856 N7 + 7284 NS 4 4937N® — 7T30N* + 1782N3 + 2268 N2 + 1377N
+324 (735)
2599N® + 18886 N7 + 49546 N° + 53608 N° + 15163 N* — 9566 N> — 2256 N2
+3528N + 432 (736)
2599N® 4+ 18976 N + 44560N° 4 25186 N® — 41987 N* — 65474 N> — 33432N?
—8136NN — 3024 (737)
3081 N® 4+ 21046 N7 + 53564 N° 4 46888 N° — 26329N* — 55730N? — 29056 N2
—41472N — 12384 (738)
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3412N% + 13756 N7 + 15943 N6 + 1681 N° — 3785N* — 5141 N> — 19998 N2

—8676N — 2376 (739)
23595N% + 94860N " + 146258 N°® 4 100860 N° + 22875 N* + 4400N? + 2928 N?
—144N — 432 (740)
23595N® 4 102732N7 + 177746 N°® + 152124 N° + 54363N* 4 5360N3 — 1680 N2
—1872N — 432 (741)
—235N? — 324N® + 503N7 — 1189N° + 4599N° + 6718 N* — 8011 N3 — 1233 N?
+2952N — 324 (742)
—195N? — 1472N® — 3139N7 + 1553 N° 4 11481N° + 9208 N* + 4501 N3

+5003N? — 2856 N — 3348 (743)
—28NY — 154N® — 353N7 — 7T19N® — 1138 N® — 865N* — 720N?® — 611 N?

—300N — 60 (744)
—16N? — 72N® — 20N7 + 206 N® + 835N° + 959N* + 985N + 595 N2

+203N + 30 (745)
—5N? — 197N® — 1658 N7 — 6602N°® — 9017N> + 15379N* + 57408 N3

+56292N2 + 12240N — 10368 (746)
—4N? —28N® — 111N7 — 194NS — 117N 4+ 44N* 4 290N3 + 580 N>

+424N + 112 (747)
—3N? 4 10N® —8N7 + 30N°® — 36N° — 6N* + 62N3 — 24N? — 23N

+14 (748)
—N? —6N® —20N7 — 38N6 — 65N° — 60N* — 14N3 + 20N? + 104N

+48 (749)
—N% + 13N® 4+ 30N7 — 86N® — 277N® — 167N* + 112N3 + 152N?

+80N + 16 (750)
N? 4+ 19N® + 108N7 + 188N® — 213N — 1111N* — 1512N3 — 11922

—672N — 144 (751)
3N + 44N® 4+ 237N7 4 342N°® — 1093N° — 2454N* + 1513N?3

+1948N? — 2556 N — 288 (752)
AN? 4+ 28N® + 176 N7 + 756 N® + 1463 N> + 1172N* + 403 N3 + 258 N2

+116N + 24 (753)
8N + 65N® +302N7 4+ 176 N® — 3100N® — 4735N* + 4950N> + 6510N?

—648N + 1080 (754)
IN® 4 17N® 4+ 35N7 — 42N° 4 108N° — 22N* — 20N?3 + 31N?

—24N — 28 (755)
29N? + 91N® — 1840N7™ — 14648 NS — 44203 N° — 64085N* — 46458 N3

—21846N* — 8568 N + 1080 (756)
37NY + 287N® + 1021N” + 1977N° + 1334N° — 1200N* — 992N® 4 1616 N*
+1376N + 384 (757)
75N? + 170N® — 1700N” — 5464 N° 4 7T39N° + 15122N* + 16366 N3 + 4500

N? — 4752N + 2592 (758)
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76N + 1002N8 4+ 5101N7 + 14103N° + 25360N° + 29769N* + 17235N3

+4158 N? + 5508 N + 1944 (759)
93N? + 152N® — 173N 4+ 367NS — 1609N° — 2430N* + 2577N?3 + 843N?

—1080N + 108 (760)
142N — 354 N8 — 1086 N” + 3057NS + 3105N° — 8769N* — 6553 N3

+4014N? + 3636 N + 216 (761)
158N? + 1721 N® + 6837N7 + 10006 N® — 3098 N° — 14157N* + 4347N?3

+3798N? — 5076 N + 648 (762)
173N? + 7T41N® + 423N7 + 303NS — 1644 N> — 6816 N* + 5098 N

+3450N? — 3672N — 2376 (763)
203N° + 756 N® + 15N7 — 5034 N6 — 1836 N° + 8223 N* — 5618 N?

+807N? 4 3024 N + 1188 (764)
294N? + 1836N® 4 3347N" — 890N® — 9772N° — 10517N* + 2975N?

+12595N? + 4344N + 972 (765)
673N° 4+ 4111N® 4 7483N" — 1707N® — 18990N° — 16638 N* + 3722N*3

+10442N? — 16N + 552 (766)
—102241N" — 503813 N? — 586422N® + 611142N7 + 1447647N° + 282675N°
—T722888N* — 354868 N* + 29568 N? — 10944 N — 6912 (767)
—2895N10 — 14571 N9 — 28822 N8 — 30262N7 — 15467N°® — 8303 N> — 7456 N*
—5600N? — 3296 N* — 1760N — 480 (768)
—2895N10 — 14507N? — 17370N® + 17754 N7 + 43745N° + 7693N° — 23608 N*
—13244N3 — 4736 N? + 512N + 512 (769)
—1300N'" — 6471 N® — 5898 N® + 15033 N" + 23049N°® — 5703 N° — 8642N*
+7941N? — 3429N? — 3888 N — 324 (770)
—1037N'™ — 5395N? — 9095 N® — 14470N" 4 5890N° + 124193 N° + 92793 N*
—103428N?® — 55323 N?% + 35964 N — 972 (771)
—695N10 — 4934 N — 10384 N® — 1718N7 + 15950N° + 17014N° + 5092 N*
—10254N? — 16335N? — 8316 N + 1620 (772)
—559N'0 — 5091 N? — 14922N® — 5760N7 + 49539 N6 + 92367N° + 63754 N*
+51540N3 + 84276 N? + 43416 N — 12960 (773)
—335N10 — 2167NY — 2175N® + 2226 N7 — 4038 N6 + 8349N® + 35642N*4

—8030N? — 12408 N* + 4536 N + 4320 (774)
—55N — 275N — 392N® — 62N" 4 289N® 4 481 N® — 1006 N* — 2376 N>

+516N? 4 1008 N + 336 (775)
N1 4 N9 — 8N® 4+ 30N7 + 241 N6 + 585N° + 232N*

—460N® + 130N? + 8N + 8 (776)
3N — 15N + 38N® — 68NT + 28 N® + 50N> + 8N* — 20N3 + 5N?

+5N — 2 (777)
5N 4+ 2N — 17N® — 66 N7 — 107N® + 172N° 4+ 431N* + 92N3

—80N? — 16N + 16 (778)
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SN 4 6N? —20N® — 44N7 — 10N® + 205N 4 447N* + 161 N3 — 194N?

—36N + 56 (779)
6N + 32N + 101N® + 175N7 + 236 N® + 379N° + 327N* + 208 N? 4 488 N?
+400N + 112 (780)
TN + 23N — 13N® — 105N7 — 315N% — 592N° — 193N* + 100N?3 — 448 N?
—208N — 48 (781)
1IN + 99N + 273N® + 6 N7 — 1002N® — 723N° 4 145N* — 3090N*3

—2307N? + 2592N + 540 (782)
1IN + 191N + 323N® — 1574N7 — 1837N° + 2695N° + 1533N* — 2392N°3
—2262N? 4 1368N + 216 (783)
12N + 94N + 350N® + 676 N” 4 1073N® 4 1944N° + 2467N* + 1840N*?
+1128N? + 512N + 112 (784)
20N 4+ 331N? + 775N 4+ 664N" + 950N® + 2083 N° + 1587 N* + 738 N*?

+3436N* + 648N — 864 (785)
40N 4+ 391N? 4 1292N8 + 1360N™ — 775N® — 1709N° — 1826 N* — 12102N3
—22635N? — 8100N + 2592 (786)
AINT 4+ 37N? — 7T6N® + 7TANT — 243N°® — 427N® + 1358 N* 4 1596 N3 + 200 N>
—192N — 64 (787)
ATNY — 155N — 47T9N® — 200N7 — 1249N6 + 2227N° + 9897 N* + 2226 N?
—6200N? — 1128N + 1584 (788)
56 N0 4 456 N¥ + 1470N® + 2491 N7 4 2381N° + 890N° — 529N* — 329N

+162N? + 180N + 40 (789)
119N 4+ 664 N° 4 829N — 182N7 — 1183N°® — 512N° + 1647N* + 4518 N3
+5356N% — 24N — 864 (790)
133N — 601N — 949N — 970N — 7451 N6 4 2705N° + 28755 N 4 8634N3
—24232N? — 5448 N + 5904 (791)
149N 4 838N? + 1068 N® — 5247N7 — 8718 NC + 12867 N° + 4483N* — 28114 N?
+10794N? + 16848 N + 5400 (792)
227N + 97TN? — 497N® — 47T0NT — 3985N° + 7015N° + 31839N* 4 9462N?
—14768N? — 3000 + 3888 (793)
265N10 + 2057N? + 8292N® + 10767TN” — 7962N° — 6501 N° 4 9680N*

—23027N? — 15N? + 11736 N + 5076 (794)
380N'0 + 2639N? + 5326 N® + 116 N7 — 9551 N® — 8041 N® — 484 N* + 3666 N>
+5589N? 4 3492N — 540 (795)
541N + 2801 N? + 5288 N® 4 4554 N7 4 2293 N6 — 11 N° — 5338 N* — 52323
—2800N? — 208N + 160 (796)
743N + 7696 N° + 25621 N® + 16138 N7 — 72099N° — 123940N° + 17403 N*
+207482N3 + 156396 N? — 31536N — 38016 (797)
4148N10 4 32491 N9 + 99529 N® + 149344N" + 106516 N® + 8455 N5 — 38095 N4
—6924N?* + 20016 N? + 15552 N + 3888 (798)
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10875N' + 65463 N + 139552N8 + 92374N7 — 87581 N — 165293 N> — 63158 N*

—1040N? — 552N?% — 13104N — 5184

24535 N0 4 124997 N + 228788 N® 4 184556 N” + 118649N° — 32641 N°
—263792N* 4+ 13608 N® — 188532N? — 184248 N — 57024

—1859N M — 18263 N — 61876 N? — 64472N® 4 73286 N7 + 177838 N°®
+43720N° — 72000N* — 46503 N3 — 55251 N2 — 48816 /N + 1620

—377N'" — 207N 4+ 7199N? 4 20907N® + 12912N7 — 22608 N'©
—18769N® + 5463N* — 23573N? — 1287N? + 20880 + 9828

—130N™ — 1031N1° — 2729 N9 — 2426 N® + 2666 N™ + 7057NS — 8397N°®
—29316N* — 30218 N3 — 23388 N? + 1080N + 3888

— 44N — 226 N1 — 21 NY + 1281 N® + 1182N7 — 1707N° — 2068 N°®
+1228 N* 4 16353 — 648N? + 252N + 432

—12N* — 55N + 22N + 377N® 4 238N" — T7T9N® — 624 N° + 429N*
+472N3 + 268N? — 336N — 288

— N 84N 4 367N — 180N® — 1321N7 + 2558 N® — 1007 N° — 2224 N*
+2306 N3 + 402N? — 888N + 280

INM 4+ 5N 4 31N 4 22N8 — 39N7 — 70N — 65N° + 120N + 15N? —
97TN? + 28

3N 4+ 30N — 117N — 326 N8 + 145N7 — 1822N° — 1399 N 4 3918 N*
+3624N3 + 3192N? — 4176 N — 2304

1IN — 470N — 393N? 4 2532N8 — 5715N7 — 1926 N + 29881 N
—2980N* — 9096 N3 + 18828 N2 + 6912N — 1296

16N —188N10 4+ 263N° — 1632N8 + 3240N7 — 5097 N° — 3418 N?° + 740N*

+1348N? — 1329N? — 369N + 378

56 N + 382N10 + 982N + 1045N® — 326 N7 — 2177N® — 1575N° + 832N
+743N3 — 150N? — 444N — 136

94N + 761N 4+ 2081 N° 4+ 1940N® — 1586 N7 — 5059N° 4 1989 N
+14322N* + 17366 N + 12660N? — 936 N — 2160

AT3NY 4 2347N10 4 2874 N — 2235 N® — 5646 N™ — 1068 N® 4 634N°
—835N* 4+ 1593 N3 4 891 N? 4 432N + 108

96N + 7285 N0 1+ 12349N? — 37301 N® — 120535N7 — 3191 N6 + 258447N°

+197745N* — 122645N3 — 171450N? 4 19008 N + 35424

2310N'" + 16134N™ + 38381 N + 22356 N® — 67974N " — 128568 N°
+6525N° + 103266 N* — 22874 N3 + 17052N? + 21600N + 7344

3331NM +26270N'0 + 51231N? — 57642N® — 238659N7 — 113214 NS
+13301N° — 284390N* — 137220N3 + 669168 N? 4 259632N — 399168
4148 NM 4 22259 N1 1+ 16296 N® — 96255N8 — 182904 N7 — 14577 N°®
+182032N° + 126841 N* + 6672N> — 13968 N2 + 7776 N + 3888

—202N" — 1212N"" — 1953 N0 + 1966 N? + 7T125N® + 2994N™ — 4181 N°
—8280N° — 9213N* — 868 N3 4 2160N? + 432N — 432
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(799)
(800)
(801)
(802)
(803)
(804)
(805)
(806)
(807)
(808)
(809)
(810)
(811)
(812)
(813)
(814)
(815)
(816)
(817)

(818)



P587

—100N"? — 1085 N — 4256 N0 — 7025 N? — 4126 N® + 1735N7 + 7416 N°®
—11223N° — 71498 N* — 100698 N3 — 49692N? + 9432N + 9936

—55N12 — 495 N1 — 1688 N1 — 2586 N — 603N® + 3585 N7 + 6022N°
+6528N° 4 4364N* + 2496 N3 + 5856 N2 + 4800 + 1344

—14N" — 100N — 19N + 26 N? 4+ 541N® — 556 N7 — 62N® + 14N°®
—93N* + 72N3 + 163N? — 40N — 60

TN'? + 20N + 8N — 109N — 186 N® + 234 N7 4 496 N6 + 687N°®
+1355N* 4 184N? — 488N?% — 16N + 112

14N + 174N™ 4+ 1019N' + 3349N? 4 6946 N® + 12660N " + 23003 N°®
+26429N° + 6974N* — 14616 N> — 14496 N* — 6256 N — 1056

25N 4+ 117N — 32N — 172N — 23N® — 7795 N7 — 15834 N° + 9242 N5
+38328 N* + 23664 N3 — 2304N? — 12960N — 4608

43N12 — 100N — 1924N1 — 1271NY + 11862N® 4+ 9003N7 — 21196 N®
—19013N° 4+ 14107N* 4+ 24017N? — 14988 N? — 4428 N + 6480

75N £ 652N — 443N — 5777N? 4 5586 N® + 22584 N7 — 11631 N°®
—45601N° + 18305N* + 47798 N> — 42132N?% — 10152N + 5184

96 N2 + 409N — 233N — 5951 N? — 10686 N® + 21813N7 + 42633 N
—33655N° — 60658 N* — 6808 N — 20832N? — 15984 N — 6048

550N12 + 1825 N1 + 14894 N1 + 7082 N — 131685N® — 209955 N7
+210920N°® + 820088 N° + 405808 N* — 635312N3 — 336768 N2 + 129024 N
+96768

848 N2 + 5271 NM 4+ 9132N1 — 2123NY — 19026 N® — 3075N7 4 30280 N°®
+23259N° — 4602N* + 2684 N3 + 20808 N? + 2208 N — 3456

1136 N2 4 18501 N + 135921 N0 4 571962 N + 1481748 N® + 2454501 N7

+2689333N° + 1935348 N° + 846054 N* + 386856 N3 + 437616 N? + 246240 N

+54432
1706 N2 + 10290 N + 16191 N — 13469N? — 48873 N® — 7212N”
+63553N° + 59895N° + 5655 N* — 20920N? — 4320N? + 4464N + 3024
TI59N'? 4 43302N! 4 82301 N1 4 16020N? — 116257N® — 98698 N7
+17295N° — 25720N° — 78706 N* + 38456 N* + 35936 N2 + 29664 N + 7776
—TTTN — 6846 N2 — 19922 N — 7090N'° + 67924 N + 103426 N®
—5038N7 — 136214N° — 191123 N> — 110260N* + 78808 N3 4 98520 N
—5328N — 21600

—535N1 — 3614N'? — 6137N'! 4 22547N'° + 57627 N — 16644 N°®
+26215N7 + 114761 N° — 162448 N° — 7034N* + 162498 N3 + 57492 N>
—59400N — 29808

—392N"? — 2048 N1'2 — 7248 N — 1420N' + 36983 N° + 54705N°
+5876NT — 82924 N°® — 90399N° + 138127 N* + 192772N? — 36672N>
—47520N + 15120

—172N" — 1091N"? — 489N + 7770N'° + 7740N° — 11943 N*®
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(819)
(820)
(821)
(822)
(823)
(824)
(825)
(826)

(827)

(828)

(829)

(830)
(831)

(832)

(833)

(834)

(835)



P591

P594

P597

—24125N7 — 56548 N® + 64494N° + 168732N* — 31032N? — 97416 N>

+2592N + 23328 (836)
204N 4+ 2718 N2 + 8114N + 3145N1° — 27706 N?

—43252N® + 4735N7 + 21551 N® — 46438 N° — 49016 N* + 7181N3 + 1998 N
—5796N — 1944 (837)
709N + 943N + 411N + 6029N' — 5923 N?

—80745N® — 93874N" + 173546 N°® + 312405N° — 104825 N* — 238028 N®
+75360N? + 59616 N — 29808 (838)
1216 N3 + 7013N'? + 7697N'! — 23330N'0 — 88314 N?

—43341N® + 234716 N” + 100126 N® — 272138 N° + 145814 N* 4 75675 N>
—20394N? — 47628 N — 14904 (839)
3001N" 4 26082N'? 4 77868 N 4 34682N'° — 258930N?

—419730N® — 53068N" + 658734 N + 1592601 N° + 1335568 N* — 374352\
—687528 N2 + 47952N + 163296 (840)
—306723N'" — 2340885 N"® — 6607171N ' — 6904449N '

+3987055 N1 + 16593333 N7 + 13467975N® — 1608819N 7 — 8946032N©
—4282236N° — 815200N* + 587280N? — 209664 N? — 478656 N — 145152 (841)
—171287N™" — 1211897N'® — 3068659 N — 2667841 N 1!

+1694631 N0 + 4206249N? + 2089679N® + 2659013N" + 972772 N

—3123356N° 4 3261648 N* + 415176 N® — 2010528 N? — 1822176 N — 476928  (842)
—2895N — 20361 N3 — 51007 N'? — 42853 N + 26203 N0

+52297N? — 11709N® 4+ 769N " + 82896 N + 25092N° — 26432N* — 57760 N>
—25056 N2 + 1664 (843)
— 17N — 79N — 61N'2 + 615N 4+ 1747N — 2965N?

—4979N® 4+ 18209N7 — 11626 N® — 43220N° + 40632N* + 20552 N3 — 18784 N2
—5568N + 8064 (844)
—16N'" — 248N — 1605N" — 5865 Nt — 13383 N1

—21272N? — 34866 N® — 72922N7 — 124252 N6 — 137177N° — 102690 N*

—60360N? — 28240N? — 9168N — 1440 (845)
— 15N — 34N £ 63N + 162N — 281N — 912N + 187N® + 4578 N7
+8700N® + 3998 N° — 3598 N4 — 864 N3 + 2160N? + 160N

—480 (846)
65N — 1504N1 — 3135 N2 + 19307 N + 3465N'° — 98136.N?

+109420N® + 97027N " — 330420 N° + 135406 N® + 262941 N*

—271764N? — 39312N? + 86832N — 11664 (847)
I7TIIN'™ + 11977N*? 429375 N2 + 19397 N — 36003N ' — 66801 N?

—29659N® + 56591N7 4 168496 N°® + 73084 N® — 124560 N* — 50472N?

+18576 N? + 30240N + 8640 (848)
3081N 4 36451N1 4+ 160822N'2 + 265142N M — 191472N1° — 1244948 N?
—1268974N® + 458058 N7 + 1945999N° + 1996529N° + 616232N*
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P609

P610

—1244976 N3 — 1177272N? 4 47088 N + 220320 (849)
—368N'° — 496 N4 — 2334 N3 — 3335 N2 + 18115N ! 4+ 7032N1° — 6186 N?
+190861N® + 72423 N7 — 543466 N® — 338338 N° + 327996 N* + 185840 N3
—168672N? — 35424 N + 39744 (850)
88N 4+ 857N + 6099N® + 5941 N2 — 21569 N — 38661 N0 — 8499 N?
+7159N® — 60363N" — 9808 N + 57620N° — 280368 N* — 138400N*

+103200N? + 27648 N — 24192 (851)
203N + 2177N™ + 8464N" + 11458 N2 — 4055 N — 17152N1° — 19631 N?
—30020N® + 33188N" + 227867N® 4 421391 N° + 272806 N* — 95256 N®

—95616 N2 + 12528 N + 18144 (852)
—1300N'% — 11671N" — 23280 N + 72661 N + 294991 N'? + 6582 N
—966464N'0 — 557054 N° 4 1291890N® 4 672533 N7 — 1214272N° — 94815N°
+1410291 N* 4 287604 N — 798336 N? — 241056 N + 58320 (853)
SN + 20N 4 26N — 162N — 168 N2 + 1130N! + 695 N0 — 2837N?
—2364N® — 8153N" — 16755N° — 2799N® + 5774N* — 72N3 — 2560N? + SON
+480 (854)
149N 4 2030N' + 10972N™ + 27481 N + 26215N'2 — 21433 N

—116177N'" — 148583 N? 4 245582N® + 934607N" + 1604033 N

+2493562N° + 1732746 N* — 451152N? — 502848 N? + 49248 N + 85536 (855)
1214N16 + 9712N1 4+ 24280 N + 1053N'3 — 88702 N2 — 97444 N1

+87242N1 4+ 150014 N — 43498 N® — 31956 N7 4 127858 N°® + 63877 N°

—T7306N* — 1944N® 4 16848 N? 4 1296 N — 2592 (856)
946 N + 7532N6 + 9325 N5 — 65608 N4 — 173636 N2 4 141572N 12

+759206 N + 131590N1 — 1359784 N9 — 740252N® + 1131425N7

+947158N® — 420762N° — 502920 N* + 270144 N3 + 205344 N? — 82080 N

—T72576 (857)
I71INY 4+ 22243N16 4 115213N1 + 273811 N + 126835 N2 — 922871 N'12
—2451337N!! — 2618887N10 — 953086 N + 204800N® + 50168 N7 + 280136 N6
+502080N° + 685152N* 4 1756800N? + 1913472N? + 1009152N + 207360  (858)
3331NY +21215N16 + 31660N'® — 96196 N1* — 487514 N3 — 298606 N 2
+1898000N M + 1099708 N0 — 4381585 N? + 2587711 N® + 7099436 N7
—10245920N°% — 3591360N° + 14626872N* + 6996672N?3 — 2811456 N>

—1472256N + 217728 (859)
—1536N"® — 11971IN'" — 25135N'6 + 108682N"® + 571220 N

—186284 N3 — 3832060N"? — 1817070 N + 10172986 N'* + 8764643 N?
—14073029N8 — 15329356 N7 + 17717986 N°® + 8414044 N° — 22518432N*
+2633760N* + 7011360N? + 1031616 N — 870912 (860)
—377TN"™ — 961N + 11118 N!0 4 40455 N"® — 69189N'* — 398487 N3

+70186 N 4+ 1667114N" + 481053 N1 — 3152601 N — 1445880 N8

+2408547N7 4 2408989N® — 195499 N° — 3562764 N* + 127800N?
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P618

+2246832N? 4 94608 N — 544320 (861)
2801 N8 + 24554 N7 — 2860 N6 — 142200 N'® + 30162N™ + 286452 N 13
—1009366 N'? — 2154796 N + 2538563 N'° + 10301106 N + 1319154 N*®
—20831058N" — 3061678 N° + 29370560N° + 4864952 N* — 12022176 N*
+1577952N2% + 2702592N — 777600 (862)
T159N'8 + 64779N'T + 161014N1¢ — 186916 N — 1372538 N4 — 1131058 N2
+3030520N'? + 4986920 N'! — 1784857N ' — 6856273 N? — 1718422 N8
+2267620N7 — 108620N° — 1548464 N° — 833712N* — 281920N3 — 190272N?
+165888N + 103680 (863)
24535 N8 4+ 223137N'7 4 571468 N6 — 535672N 1 — 4455392 N — 3953404 N3
+8875142N"% + 15762002N " — 5430715N'° — 26302661 N? — 10457122 N8
+15101398 N7 + 12223476 N° — 11961968 N° — 20488992N* — 1064736 N>
+5389632N? 4 476928 N — 870912 (864)
2310N1 4 27684 N'® 4+ 110213N' + 62581 N6 — 730907 N ® — 1801977 N4
+261074N" + 5643644 N"? + 4379456 N — 4397272 N0 — 2762167N°
+2836323N% — 8997563 N7 — 14308283 N° + 2977232N° + 8931012N*

—1797408 N® — 4069872N?% + 461376 N + 855360 (865)
—64N? — 5741N — 9955 N8 — 64422 N7 — 2708 N6 + 645006 N1

+483098 N1 — 1197548 N — 908800N'2 + 4112583 N 4 2097697 N1
—20613750NY — 4094356 N® + 29920768 N " — 21624688 N° — 27765600.N°
+9469696 N* + 9366528 N® — 6156288 N? — 1769472N + 1244160 (866)
1216 N? 4+ 19173N" 4+ 121764N'® 4 379926 N7 + 472571 N6 — 429454 N1
—1823753N" — 1180304 N' 4 576898 N2 + 244797N'" + 2069530 N *°
+13099954 N9 + 35093959N® + 47476772N 7 + 20154875N°® — 11470512N°
—5237892N* + 5866560 N + 3692304 N? — 933120N — 699840 (867)
—171287N** — 2068332N?% — 7720102N* + 2768090 N?! + 87092589 N2
+154633846 N1 — 244069214 N'® — 978466140N'" — 208517821 N6
+2389374224N" + 2200366326 N — 2505722606 N'*® — 4151353097 N2
+478650438 N1t + 2967438446 N0 4 669674480N? — 687107760N®

—1428144224 N7 — 1830398016 N® + 16556928 N° + 761041152 N*

+29251584N? — 318380544 N* — 19408896 N + 44789760. (868)
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