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Abstract

We compute the logarithmic contributions to the polarized massive Wilson coefficients for
deep-inelastic scattering in the asymptotic region Q2 > m? to 3-loop order in the fixed-
flavor number scheme and present the corresponding expressions for the polarized massive
operator matrix elements needed in the variable flavor number scheme. The calculation
is performed in the Larin scheme. For the massive operator matrix elements Ag?g S and

A((;;)’S the complete results are presented. The expressions are given in Mellin-/N space and

in momentum fraction z-space.



1 Introduction

At leading twist the scaling violations of deeply—inelastic structure functions obtain corrections
from the massless scale evolution of the parton densities, the massive Wilson coefficients, and
target—mass corrections, cf. [1], provided that the electroweak radiative corrections are properly
removed [2-4]. At low scales of the virtuality Q? = —¢?, all kind of other dynamical contributions,
such as dynamical higher twist effects, particular small-z effects, with x the Bjorken variable,
and particular hadronic contributions due to vector meson dominance etc. are present. For
these reasons one usually applies respective cuts of the kind Q? > 10 GeV?, W? = Q*(1 —
r)/x > 15 GeV? [5] to eliminate these effects in order to obtain clean twist-2 data for which a
dedicated QCD analysis is going to be performed. The target mass effects can be accounted for
analytically [1,6-8]. Furthermore, for a precision measurement of the strong coupling constant
as(M%) = g?/(47), one should use targets with no or only soft nuclear binding, such as the case
for p and d targets. In the latter case still nuclear corrections have to be performed.

Under these circumstances the largest source of scaling violations next to the massless higher
order corrections are implied by the heavy quark corrections, in the form of single and two—mass
corrections. Both in the unpolarized and polarized cases the scaling violations due to the heavy
flavor Wilson coefficients turn out to be different from those of the massless corrections in very
wide kinematic regions covered by the present experiments. Therefore, one can not model these
effects by just adding more quasi—massless flavors in massless higher order corrections. In the
future analysis of the polarized structure functions' at the EIC operating at high luminosity [10]
these corrections are important for precision measurements of the strong coupling constant [11]
and the charm quark mass, cf. [12].

In the polarized case, the leading order corrections were derived in [13,14], the next-to-leading
order (NLO) asymptotic corrections in [15-18], the complete NLO corrections in analytic form
for the non-singlet and pure singlet corrections in [15,19,20] and numerically in [21]. At 3-loop

order, the massive operator matrix elements (OMEs) for the non-singlet Aéz)g S, pure singlet

AS’S’PS, and the OME ASZQ have been calculated in [22-24]. Furthermore, two-mass corrections
to different OMEs at 3-loop order were calculated in [24-27]. The 3-loop heavy flavor non—
singlet contributions at leading twist to the structure functions g;(z, Q%) and gs(z, Q*) were
computed in [28]. Likewise, in the unpolarized case the leading order corrections were obtained
in [29-34] at NLO in numerical form in [35] and in analytic form in the non-singlet and pure
singlet cases in [19,36,37] and in the asymptotic case in [19,36,38-41]. At 3-loop order a series
of moments has been computed in [42] for all massive OMEs. A series of 3-loop massive OMEs
has been calculated in Refs. [22,43-47] and first analytic results for AS’; have been given in [48].
Two-mass 3-loop corrections were calculated in Refs. [25,49, 50].

In the present paper we calculate the 3—loop logarithmic corrections to the polarized massive
OMEs A;; both in Mellin /N and momentum fraction z-space in the single mass case. These OMEs
appear as building blocks of the variable flavor number scheme (VFNS) at 3-loop oder, through
which the matching of parton distribution functions at Np and Np 4+ 1 massless heavy flavors
can be obtained [38]. Because of the close values of the heavy quark masses m. and m; two-mass
decoupling has been considered and implemented in the VENS in [18,25,51]. In the present
paper we will consider the heavy quark masses in the on-shell scheme.? The OMEs determine
also the polarized massive Wilson coefficients in the region of large virtualities Q% > mé, with
mg the corresponding heavy quark mass mg = m.(m;) of charm and bottom quarks, which we

1For a review on the theory and phenomenology of polarized deep-inelastic structure functions see Ref. [9].
2The transformation to the MS-scheme is straightforward.



derive for the structure function g;(z, @?). It turns out that all functions can either be expressed
in terms of harmonic sums [52, 53] or harmonic polylogarithms [54]. The analytic continuation
to z-space in Mellin-space evolution have been studied in [55,56] in the case of harmonic sums.
The expressions for the different OMEs and massive Wilson coefficients turn out to be rather
long both in NV and z space. As they are at present, they can be used to study the corrections
at the logarithmic level and the expressions provide the frame for the final results.

The paper is organized as follows. In Section 2, we summarize the basic formalism. It widely
follows the representation in the unpolarized case [57] and resumes the representations of the
structure functions and the relations for the single mass variable flavor number scheme. We
then present the complete polarized massive operator matrix elements (OMEs) Aé?;), ’5 5 and AS;S

beyond the logarithmic terms in Section 3. In Section 4 the polarized OME A(?’;’S is given in
N— space followed by the expressions for the OMEs Agg o In Section 5. The OMEs A((Zz)’gs, Agg,Ps
and A%®) 92.0 ® have already been published before in Refs. [22-24] in Complete form. In Sections 6, 7
and 8 we present the polarized 3-loop Wilson coefficients L}®, Ly, Hi: and Hg),. The logarithmic
contributions can be represented in terms of harmonic sums and a large number of polynomials.
Section 9 contains the conclusions. In Appendix A the corresponding expressions for the OMEs
in momentum fraction z-space and in Appendix B the corresponding expressions for the polarized

Wilson Coefﬁ(31ents are presented. Here the yet unknown constant parts of the polarized massive
OMEs a and ag g) o and the yet missing 3-loop polarized massless Wilson coefficients are left as

symbols. In Refs. [22,28] the flavor non-singlet contributions were presented in the MS scheme
to 3-loop order. For a consistent treatment, we present the transformation for the massive OME
ANSQ and the asymptotic massive Wilson coefficient LN % in the Larin scheme in Appendix C.

2 The Formalism

The explicit expressions showing the principal structure of the different massive OMEs have been
derived in Refs. [42,57], as well as for the asymptotic massive Wilson coefficients. The different
polarized massive OMEs obey the following expansion in the strong coupling constant

AR =5+ > al AU, (1)
=1

with as = a/(47), the indices i, j = ¢, g label the partonic channels, and k denotes the different
OMEs. Here and in the following we use the shorthand notations [42]

f(NF) = f(Np+1)— f(Np) (2)
F(Ne) = NiFﬂNF). 3)

The heavy flavor Wilson coefficients, accounting for the single mass contributions to the structure
function g;(z, @?), are given by

S, (2 ,NS
LqN,(1?<NF +1) = [ qu (NF +1) + C( ) (NF)
1),NS

+Cy NS(NF) : (4)



2
LIPS (Np+1) = a3[ ADES(Np +1) + A o (Np+1) NpCU (Np + 1)

+NFCq (1) ( Np)| (5)
Ly (Np+1) = a?A0)o(Np + 1)NpCLly 1 (Np +1)
+ a;”[ AR (Np+1) + A (N + 1) NpCR, | (Np +1)
+AD (Np+1) NpCl, 1 (Np+1)
+ AS)(NE + 1) NeCEA™S (Np + 1) + NpC), (NF)} , (6)
HPS (No+1) = a2 ADPS(Np+1) + é(”ﬁ (N +1)] (7)

+ AS;’PS(NF—F 1)+ C (NF+1)

2 1
+Aéq),Q(NF +1) C;()?,

HS oy (Np+1) = a,| AQ(Np+1)+ O, 1) (Np+1)]

9,

L)(NF +1) + ADPS(NE + 1) OO (Vp + 1)] ,

+ al| AD(Np+ 1)+ AD(Np +1) CUGT (Np +1)

i »
+ AD (N +1) C), (N 1) + CF, (N +1)]

+ @ A<3>(NF +1)+ A (Np +1) CLUS (Np + 1)

+ AD (Np+1) C, 1) (Np +1)
+ AD)(Np + 1){(](2)2'\5(% +1)+ COTE (Np + 1)}
+ AD G (Np +1) 6P, (Np+ 1)+ 9 (NF+1)] (8)

with 8y = —(4/3)Tr. The QCD color factors are given by Cy = N, Cr = (N?—1)/(2N,), Tr =
1/2 for SU(N.) and N. = 3. Np denotes the number of massless flavors. Here the massive
OMEs A;; depend on m?/u* and the massless Wilson coefficients depend on Q?/u?. Note that
we extended the original notion in Refs. [38,42].

The argument (Ng + 1) in the massive OMEs signals that these functions depend on Ng
massless and one massive flavor, while the setting of N in the massless Wilson coefficients is
a functional one. The massless Wilson coefficients are labeled by C , where 7 refers to the
parton species and [ to the expansion-order in the strong coupling constant. The massless Wilson
coefficients are known to 2-loop order [20,58-61] and in the non-singlet case to 3-loop order [62].

In the present paper we express all relations in the Larin scheme [63,64], which is a consistent
scheme also in the massive case. The anomalous dimensions were calculated to 2-loop order
[65,66] and to 3-loop order in [67,68].

The twist—2 contributions to the structure function g;(x, @?) in the single mass case for pure
virtual photon exchange?® are given by

2

NF 2
1 Q° m
—(@,Q%) = zez{%m (:c,NF 15, F) ® |Afua, i, Ni) + Afila i, Ne)|

k=1
Q* m

1 2
Lg,?zL) (% Np +1, E’ §> ® AY(x, pu*, Np)

+N_F

3For the structure of electroweak gauge boson exchange see e.g. [6,69].
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1 2 m?
+N_FL§»(2,L) <x7NF +1, %7 F) ®AG(x7N27NF)}

HS N 162—232 AY 2N
,(2,L) T, Np + Jugulug & (xvu7 F)

2
+ eo|H,

2 2
+H§,(2,L) <I7NF+ 1765 7} ) ® AG (117, )] . (9)

Here, the polarized quark and antiquark densities are denoted by A fi, and A f;, AG denotes the
polarized gluon density and the polarized singlet distribution is given by

N

AT =Y [Afi+ AL (10)

k=1

The structure function go(z, Q?) at twist—2 is obtained by the Wandzura—Wilczek relation [6,7,
69-71]

0o, @) = ~a@@)+ [ TaQ) (1)

Besides the Wilson coefficients (4-8) the massive OMEs determine the relations of the match-
ing of parton distributions in the VFNS at large enough scales u?, [38,42]. Here, the PDFs for
Nr + 1 massless quarks are related to the former Np massless quarks process independently.
The corresponding relations to 3-loop order read, cf. also [38]*

AUNE + L)+ Afg(Np + 1) = AN (N 2) @ A AN 1) + A SN i)
2
+ A5 (Ve L5 ) © AS(Np )
2
+ 45,0 (Ve 5 ) © AG(NE, 1) (12)
2 2
AforgWNe+1,%) = A5 (N, 25) @ AS(Np, i) + 45, (Vi £5)
QAG(Np, 1i2) (13)
2 2
AG(Np +1,1%) = quQ<NF, 2) ® AS(Np, )+A99Q<NF,%>
SAG(Np, 1) (14)

AS(Np+1,4%) = {Aqu (NF, 2) + NeARD o (NF, 2) + Ag, <NF7¢;H
QAX(Np, pi?)
[NFAqgQ (Np, 2> + A3 <NF, :;)] ® AG(Np, ii?).
(15)

The Np-dependence of the OMEs is understood as functional and p? denotes the matching scale,
which for the heavy-to-light transitions is normally much larger than the mass scale m?, [72].
The corresponding matching equations in the two—mass case are given in Ref. [25].

4Here, we have corrected some typographical errors in (13-15) in [38], in accordance with the appendix of
Ref. [38].



The results of the calculations presented in the subsequent sections have been obtained
making mutual use of the packages HarmonicSums.m [52-54, 56, 73, 74| and Sigma.m [75, 76],
which is based on algorithms in difference-ring theory [77].

In the subsequent expressions we abbreviate the following logarithms by

2 2
Lo=In (%) and Ly =1In <%) : (16)

where we set the renormalization and factorization scales equal p = pur = pg.

(3),PS (3),8
3 Aq(b and Aqg ,Q
In what follows, the OMEs A((I?;?g ® and AEJZ{S are presented in complete form in the following

analytically, where the O(?) contribution to the unrenormalized OMEs, al(j’)Q, are given sepa-
rately. Up to 3-loop order the massive OMEs A .0 and A o do not yet receive double mass
contributions. The OMEs are expressed in terms of harmomc sums [52,53] Sz(IV) = Sz, which
are defined by

Spa(N) = Y GO o 1 Sy = 1,b,a € 270}, (17)

The OME AZ%;’) is given by

_32L3,(N —1)(2+ N)
IN2(1 + N)2
32(N —1)(2+ N)(98 4 369N + 408N? + 164N?)
i RIN2(1+ N)°
, [ 3224 N)(3+4N —3N?+8N?%) 32(N—-1)(2+ N)
+L3, [— Sl]

PsS(3)  _ 3 2

IN3(1+ N)3 3N?(1+ N)?
) 3202+ N)P,  64(2+ N)(3+4N — 3N? + 8N?) g
M| 27N+ N IN3(1+ N)? !

BAN-1)2+N) o, 32N -1)2+N)
©O3N2(1+N)2 Tt 3N2(1+ N)2 2}

{ 32(N —1)(2+ N)(22 + 41N +28N?)  16(N — 1)(2 + N)Sz]
+|— - Sy

2TN2(1+ N)4 3N2(1+ N)2
16(N —1)(2+ N)(2+5N) , _, 16(N —1)(2+ N) 4
N IN2(1+ N)3 (57 +52) = IN2(1+ N)2 (S +25)
N 16(2+ N)(3+2N - 6N* +13N°)  32(N —1)(2+ N)S, ¢
IN3(1+ N)3 3N2(1+ N)? 2
32(N —1)(2+ N)
oI+ N2 G (18)
with
P, = 86N° 4+ 38N* +40N? — 8N? — 15N — 9. (19)
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Here (, k> 2,k € N denotes the Riemann ( function at integer arguments.
Likewise, the OME Aé?,@ is obtained by

8(N —1)Ps 64(N —1)  32(N —1)

(57 +52) —

L2 8P N 32(1+5N%) . 16(N —1)
MION3(1+N)? ~ 9N(1+N)2"'  3N(1+N)

+Ly

27TNA(1 + N) 27TN(1+ N)? 3N(1+ N)

32(—2+5N?) , 16(N—1) 5 32(—2+6N+5N?) 32(N —1)
— — —]V) 3

IN(1+N)2 "1 T 9N(1+N)! IN(1+ N)2 2T ON(1+
64(—2 + 5N) 64(N — 1) 64(N — 1)

C9N(1+N) TP TN+ N) T 3N(1+N)52’1

~16(NV — 1)(283 + 584N + 328N?) 8(N—1) _, 8(N—1)(1+2N)

_ 3) .3 O N-T2! — 3

49.Q aS{“qng Aty F{ SIN3(1+ N)5 M| TON2(1+ N)2 T ON(L+ N)

32(N —1)

3N(1+ N)

16P; l16( — 1+ 44N +67TN? + 94N3)  16(N — 1)52} g
— 1

8IN(1+ N)3 CTANA A NE T T 3N+ N
N [_ 8P _32(—2+5N7) 8(N —1)5?
IN3(1+N)3  9N(1+ N)? 3N(1+ N)
8(N —1)S,  16(N —1)S_, 64(N —1)  32(N —1)5,
3N(1+N) = 3N(1+N) }@ - [9N2(1 + N2 9N(1+N) }Q’)}
(N —1)Py 5 { 8(N—1)P,  32(N—1) 1}

8INS(1+ N)6 ~ "M|9N3(1+ N)> ON(1+ N)

S1+

+OFNFT;{—

, [ 4N —=1)P;  32(N —1)(3+5N) 16(N —1)
* M[9N4(1+N)4  9N2(1+N) ' 3N(A+N)
4Py {_ 16( — 24 — 52N + 103N?)  16(N — 1)

27TNS(1+ N 27N2(1+ N) " 3N(1+N) 52} 51

16(N —1)(3+10N) , 16(N —1) 16( — 3+ 5N + 10N?)
IN2(1+ N) L 9N+ N) 9N2(1 + N)

64(N — 1) 5248(N —1)S;  896(N —1)S,  160(N —1)Ss

IN(1+N)™° 8IN1+N)  2IN(1+N) = 9N(1+N)

32(N —1) AN —1)P;  16(N —1)(3+ 10N)

C3N(1+N)* [_9N4(1+N)4 IN2(1+ N)
8(N —1)52  §(N —1)S, 8(N—1)P,  32(N —1)$,

T3N(IEN)  NO+N) }@ * {_9]\73(1 TNP T ON(IE ) }43} ’

(S7 + Sg)}

+ L

S+ 2

1

with the polynomials

P, = 3N*+4+6N3— N?—4N + 12,

6N° +6N* —67TN® + 6N? 4+ 43N — 18,

Py = 9N° +9N* — 7T9N3 + 15N? + 22N — 24,

18N® + 54N’ + 5N* — 20N + 95N% — 132N — 108,
Ps = 33N®+99N° 4+ 41N* — 11N3 + 86N? — 216N — 144,

I
I

.
I

‘)

Sa



P; = 99N7 4+ 198N — 410N5 — 344N* + 128N3 — 130N? — 39N + 90,

Py = 255N® 4+ 1020N7 — 532N°® — 4536 N° — 4344N* — 1138N? + 3N? + 36N
+108,

Py = 159N° +477N® — 220N" — 710N® + 117N® — 1081 N* + 2536 N3
+1026N? — 1800N — 1080,

Py = 1551N' 4+ 7755N? + 10982N® 4+ 1910N7 + 2427 NS + 14975N°

+13952N* — 1488 N> — 7488 N? — 6912N — 2592.

The O(£°) parts of the unrenormalized massive OMEs, aé?;),g S and agz)yQ are given by

GPS _ o2y 32(2 + N)R, 642+ N)R,  128(N — 1)(2+N)S g
@@ T FUFT 943N5(1 + N 81N4(1+ N)4 ON2(1+ N2 !
64(2+ N)(3+ 2N — 6N? + 13N?)

128(N — 1)(2 + N)

2 . 3
27TN3(1+ N)3 57+ 5] 27N2(1+ N)? 157+ 25]
. 16(2+ N)(3+2N - 6N* + 13N°)  32(N —1)(2+ N) o ¢
IN3(1+ N)3 3N2(1+N)2 1)
S 24N D2+ N)C
IN2(14+ N2 7°
G = CrTiNe
112(N — 1)3SC _ 8(N —1)Rs - 16 Rg (N —1)(3+ 10N)
IN3(1+N)3 > 9N4(1+ N)*>>  243N6(1+ N)S N2(1+ N)

27 9 9

(26)
(27)
(28)

(29)

(30)

32 32 32 N—1 8 16 8 64
X <8—15§ + ﬁSng + 551C2> + —< Sf - —51252 — SS — 2—75153

N(1+N)

80 1
—554 — 16 (gsf + S2> Co — 751@

448 ) 32(420 + 2399N — 555N — 2507N*?)

243N2(1 + N)?

16( — 24 — 164N + 215N?) 16( — 8 — 148N + 221N?)

Sy — 2 S
o SIN2(1 + N) ! 2TN2(1 1 N) 2
64(—3 + 5N)(1 + 8N)
81N2(1+ N) °
32R, 16R; 32R; —2 4 5N?
CAT2Np{ — B ——
oAty F{ 243N(1+ N)*"' 9N3(1+ N)3C2 2BV (1+ NP | NI+ NP2

64 , 64 128 . 256 64 N-1 320
68, - 0g, - 20, g e (2
X( RV T T gy T 2 T g 1(2>+N(1+N)<< o7 7?

128 16 8 112 256 256 128

8
+75271) Sl + 2—75? — ES%SQ + 5522 + 754 + 7‘9_4 + 75371 — 75271,1

16 b 32 448 16( — 59 — 68N 4+ 125N + 206N?) _,
+<§[52+51]+§52>C2+751C3> + SIN(1+ NP 1
~ 16(131 + 26N — 509N — 332N7) g 256 64(7 — 11N)(10 + 11N)

8IN(1+ N)3 2791+ N2 8IN(1 + N)2



><5'72 — (31)

256(—2 + 5N) 896(N — 1)
2TN(1+N) " 9N2(1+ N)QC?’ ’

with
R, = 142N° +64N* +2N3 — 52N? — 15N — 9,
Ry, = 1648N7 + 2444N°% + 777N® — 1091N* — 106 N? + 201N? + 72N + 27 33
Ry = 3N*46N3— N? —4N + 12, 3

(32
(
Ry = 2228N*+3601N° +669N? — 2191N — 1055, ES
(
(
2

(G2 TN
N N e e N N

R; = 6N°+6N*—67TN?+6N?+ 43N — 18, 36
Rs = 18N® 4+ 54N° +5N* —20N3 +95N? — 132N — 108, 37
R; = 2040N?° 4 6120N® — 4816 N" — 16208 N° — 1776 N° + 7268N* + 2443N? + 756 N
—225N — 810, (38)
Ry = 2322N'" 1+ 9288N!0 1+ 5975 N% — 11499N® — 7124 N7 + 4346 N® + 522N°
—20360N* — 12027N? + 5193N? + 11880N + 4860. (39)

(3),S

The logarithmic contributions to the massive OME AS;’S are given by
4Ly (N —1) o] 16L3,(N —1)T%
Agy, = —as————=T —
Qs “TNAFN) T 3N(1+ N)
2Py e 2(N —1)(2+3N +3N%)  8(N —1)S
NY1+N)A42+N) M N2(1+ N)2 N(1+ N)
4(N —1)Py3  16(N —1)S; 8(N —1)S? 8(N — 1)52]

+CeTr

L {_ N3(1+N)® ' N2(1+N) N(1+N) ' N(I+N)
4( =36 —22N —2N?*+ N3)  4(N —1)S, 4(—243N+3N?)
{ N2(1+ N)(2+ N) a N(1+N)] YUUON2(I4+ N)(24N)
AN —1)8? 4Py 16(N — 1)Ss
AN N) NI NPEEN) 2T BN+ N }
APy, , [ 16(N—1) 8N —1)8,
+CATF{N4(1 + N)42+N) L {_NQ(l +N)2 ' N(1L+N) }
;[ 8Pw 325 8(N —1)52  §(N —1)S,
* M[ N3(1+N)® N(1+N)2 N(1+N) ' N(+N)
16(N — 1)5_, APy, 12(N —1)5,
N(1+N) } {_N(l +NB2+N) N(1+N) ] !
4(54+4N+N?) , 4(N-—1)S] 4(—16+ 15N 424N+ TN?)
N(1+N22+N)"' " 3NA+N) N2(1+ N)2(2+ N)
32(N—1)S5  [16(N —1) 16(N —1)S; 8(N —1)5_3
3N(1+ N) {Nu +N)2 ' N(1+N) } 27 N(+N)

2

16(N —1)S_9, 5] ® 2 8P1os
- ’ CAT
N+ N }}“Ls Q0 T AL\ BINS (1 ¥ NP2 + V)
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o [ AN —1) | 224(N - 1)y o [ 8Py
IN2(1+ N)2  9N(1+ N) M| 9N3(14 N)3
32( — 23+ 5N?) 16(N —1)S? 16(N —1)Sy = 32(N —1)S_,

1

IN(1+ N)2 N(1+N) N(1+N) N(1+N)
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- 3N%(1+ N)? 211+ 3N2(1+ N)? —H
2 Pgg 4 Psg 32(N —1)S, 4(24 — 83N + 11N?)
T oNI T+ V) [_9N3(1+N)3 N(1+N) } ! 3N2(1+ N)2
16(N —1)S?  4(N —1)( — 48+ 11N + 11N?) 8(N —1)S5;
N(1+N) 3N2(1 + N)2 > N(1+N)
8(N —1)(—36+ 11N + 11N?%) 48(N —1)S, g 8(N —1)S_3
{ 3NZ(1 1 N)? N+ N) } 2T NN
16(N —1)S_5, 16(N —1)( — 244 11N + 11N?)
~ N(1+N) Gt [_ IN3(1+ N)3
8(N —1)( — 48 + 11N + 11N?) 32(N—1)Sf} }
+ Sl + <—3
9N2(1+ N)2 3N(1+ N)
o[ 64L3,(N —1)  64(N —1)¢
+r {_ NI+ N) | ONI+N) ] }

and the polynomials P; read

—3N* —54N3 — 95N? — 12N + 36,

= N*42N? —5N? —

N* —94N3 — 256 N? — 161N + 78,

12N + 2,

N* 4 4N3 — N? — 10N + 2,

N* +10N? 4+ 27N? + 30N + 4,
N* +17N3 + 43N?% + 33N + 2,
IN* —4N® — 3N? + 20N + 12,

= 2N*4+3N® —12N% — 23N +6,

2N* + 39N3 + 100N? + 73N + 2,
3N* +6N% — N2 — 4N + 12,
3N* 4+ 30N3 4+ 47N? + 4N — 20,
3N* 4+ 48N3 4+ 123N?% + 98N + 8,
5N* + 10N® 4+ 8N? + 7N + 2,
5N* +13N3 + 14N?% + 16N + 6,
5N* + 37N3 + 82N? + 41N — 48,

= 6N*+ 11N> —6N? - N —2,

6N* + 12N? + TN? + N + 6,
ON* + 102N3 + 245N? + 192N + 12,

16

2
1

(40)

o Ot Ot Ot Ot Ot Ot Ot T S Y Y T N SO A
N O U R W NN = O 0O ~J O Ut i W N =
N’ N e v v v e v e T v T T e T N N

N N N N N N N N N N N N N N N N N N
ot =
oo Ne)



10N* + 53N3 + 92N? + 37N — 48,

11IN* — 68N — 263N? — 184N + 72,

11N* — 26 N? — 227N? — 286N + 48,

1IN* + 4N3 — 239N? — 304N + 240,

13N* 4+ 23N3 + 4N? — 14N — 5,

13N* 4+ 140N3 4 365N2 + 190N — 276,

17TN* + 34N3 + 82N?% + 161N — 78,

20N* + 60N + 149N? + 336N + 74,

55N* + 86 N3 — 343N? — 422N + 384,

55N* + 182N3 — 175N? — 542N + 240,

7T6N* + 183N3 + 196 N? 4+ 267N — 38,

97Nt + 494N3 + 1079N? + 898N — 408,

153N* + 306 N3 + 165N? + 12N + 4,

183N 4 366 N3 + 305N? 4+ 122N + 96,

N® + N* —4N3 + 3N? — 7N — 2,

2N° + 6N* 4+ 3N3 + 11N + 2,

2N? + 10N* +29N? + 64N? + 67N + 8,

3N° + 8N* + 6N? + 10N? + 7N + 2,

8N° + 7TN* —9N? + 7TN? + 13N + 6,

IN® +9N* — 7TON® + 15N? + 22N — 24,

15N° + 15N* — 103N + 33N? — 20N — 36,

18N° — 15N* — 198 N3 — 381N? — 216N + 4,

18NS + 47N+ — 35 N3 — 141N? — 5N — 120,

40N® + 7T3N* — 142N3 — 163N? — 150N + 54,

45N° + 45N* — 47TN® + 2TN? — 190N — 24,

51N° + 89IN* + 6N® — 66N? — 104N — 72,

66N° + 336 N* + 627N> + 415N? — 10N — 194,
69N° + 69N* — 55N> + 51N? — 338N — 36,

85N° 4+ 85N* — T3N3 4+ 197TN? — 342N — 108,
103N® 4+ 103N* — T9N? + 317N? — 612N — 144,
337N° + 403N* — 541 N3 — 583N2 — 300N + 108,
436N° 4 1780N* + 2689N? 4 2782N? + 2167N — 134,
489N°® + 489N* — 1187N3 — 5TN? — 742N — 144,
NS 4+ 18N° 4+ 63N* 4+ 84N3 4+ 30N? — 64N — 16,

N6 +23N° + 73N* + 85N3 + 58 N2 + 24N — 24,
3NS 4+ 30N° 4+ 107TN* + 124N3 + 48N? + 20N + 8,
3N® + 51N5 4+ 153N* + 185N2 + 160N? + 80N — 72,
ANS 4+ 41N5 4+ 126 N* + 163N + 58 N? — 128 N — 32,
5N6 +26N° + 7T7TN* + 168N + 159N? + 19N — 22,
6NS 4+ 7T5N5 4 345N* + 7T19N3 + 323N? — 696N — 96,
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18NS + 87N® + 199N* + 185N + 63N? + 44N + 20,

23N°® + 39N° — 89N* — 219N3 — 172N?% — 130N — 28,

25N6 — 118N° — 662N* — 500N? + 421N?% + 186N — 264,

33N6 + 99N® + 41N* — 11N3 4+ 86N? — 216N — 144,

33N +99N® + 137N* + 157N? + 62N* + 8N — 16,

36N6 + 48N° — 297N* — 977N3 — 976 N2 — 362N + 24,

37N® + 207N® + 753N* + 1771N?3 + 1598 N? — 118N + 48,

57TN® 4+ 297N® + 567TN* + 615N3 + 468N? 4 220N + 16,

80N® + 201 N° — 775N — 3495 N3 — 4405N? — 2238N — 72,

94N + 282N° + TIN* + 42N3 + 286 N? — 585N — 18,

129N® + 387N® + 509N* + 349N3 + 50N? + 240N + 144,

17T0N® + 543N° + 221N* — 15N + 425N% — 864N — 288,

17T0N® + 873N® + 1547N* + 951N3 — 1717TN? — 2976 N + 864,

243NS + T20N5 4 923N* 4+ 583 N3 + 14N? + 300N + 216,

321 NS 4+ 1353N° 4+ 1521N* — 7T13N3 — 2842N? — 2216 N + 96,

333N° + 999N® 4+ 1075N* + 389N? — 68N? 4 384N + 216,

633N6 + 1899N° + 1967N* 4 697TN3 — 4N? — 48N + 8,

—891N7 — 1782N°® — 3712N® — 3058 N* 4+ 6775N3

+T7144N? + 276N — 144,

INT 4+ 18N® — 124N° — 109N* + 199N? — 191N? + 138N + 72,

69NT + 138N® — 667N° — 541 N* 4+ 952N — 1277N? + 990N + 432,
95N 7 + 378N® + 853 N> + 1832N* 4 2190N? + 364N? — 780N — 432,
251N7 + 1335N6 4+ 1745N° + 243N* — 520N? — 4161 N? — 5400N — 756,
N® +427N" 4+ 2161N° + 4081N° + 3554 N*

+1404N? + 228N? 4 64N + 16,

IN® + 10N" + 22N® + 36 N° + 20N* + AN3 + 33N? + 12N + 4,

N8 +29N7 + 135N + 297 N> + 333N* 4 204N3 4+ 28N? — 44N — 24,
3N® +33N7 4+ 149N® + 267N® + 196 N* + 104N3 + 64N? — 88N — 48,
12N8 + 52N7 + 60N® — 25 N* — 2N3 + 3N? 4+ 8N + 4,

36N® + 348N + 1210N® + 2229N° + 2168 N* + 505N% — 424 N?
—68N + 48,

111N® 4+ 480N7 + 286 N® — 468 N° + 82N* + 246 N3 + 295N

+228N + 252,

201N® + 840N7 4+ 565N° — 699N® — 344N* — 645N3 — 314 N2

+324N + 360,

206 N® + 1184N" + 2744 N° + 5900N° + 4088 N* + 476 N*® + 9477 N*?
+4725N + 702,

—7299N'0 — 39375 N9 — 79900N® — 85198 N7 — 17323 N® + 129917N°
+137090N* + 25904 N3 + 12072N? + 30672N + 8640,

—149N10 — 793N — 1404N® — 1170N7 — 1341N°® — 1221 N° + 1710N*
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+2800N? + 2256 N? 4 368N — 32, (131)
Py = AN 422N 4 45N8 4+ 36 N7 — 11N® — 15N° + 25 N* — 41 N3 — 21 N?

—16N — 4, (132)
Pz = 10N + 62N + 403N® + 1523N7 + 2997N° + 3197N°

+1812N* + 478N® + 46 N? + 24N + 8, (133)
Py = 26N 4+ 132N + 159N8 — 351 N7 — 877N® + 531 N° + 1820N* — 3003

—252N? — 192N — 48, (134)
Pys = 28N 4+ 139N? 4 444N® + 803NT + 451 NS + 3N° 4+ 490N* + 219N

+51N? — 60N — 12, (135)
Py = 435N+ 2391N?Y + 6946 N® + 11512N7 + 4822N° — 7016 N® — 5369N*

—6743N? — 2406 N? — 1764N — 216, (136)
Py = 531N +2799N + 4124 N® + 446 N7 — 3445N° — 5245N° + 4358 N*

+18128N* — 1968 N? — 10800N — 4320, (137)
Prs = 939N 4+ 4893N? + 5386 N® — 5198 N7 — 10400N® — 17636 N® — 18137N*

+7177TN? — 21672N? — 14112N — 4104, (138)
Pigg = 1773N'° 4+ 9153N? 4 14204N® + 2930N7 — 9151 N® — 8431 N° — 250N*

+13772N? + 1920N? — 8928 N — 4320, (139)
Py = —23N'"M — 92N — 53N 4+ 322N® 4 465N7 — 348 N6 — 929 N5 — 384 N*

+132N3 + 102N? 4 32N + 8, (140)
Pin = 87N 4+ 490N + 949N 4 368N — 1285 N8 — 2214 N7 — 1591 N°®

—126N° + 644N* — 86N — 268 N? — 184N — 48, (141)
Py = 385N +2182N" + 4181N' 4 1458 N? — 5589 N® — 8414N™ — 5041 N°®

—1754N° — T60N* — 176 N? + 152N? + 224N + 96, (142)
Pys = 1623N'2 4 9602N" + 20093N™ + 15520NY — 3305N® — 13494N7 — 5099 N°

+9414N° + 10456 N* + 5270N? + 1624N? + 40N — 96. (143)

(3),S
5 Agg,Q
(3),8

For the logarithmic contributions to the OME A " we obtain

dasLy/Tr o | 16L3,T% AL Pray Pieg
A, = 2dstMik OOMIE o T,
9.0 3 +“S{ o TUFINBI LN T N1+ V)
ALL(N-DEEN)T 2P,s5 16Pis 80
N2(1+ N)2 A TN+ N T M oN2(1+ N2 9!
2 16 8,71 4(47+56N)S, 3 6413,
MI3N(1+N) 37" 27(1 + N) s 27 °F
, 2Py 80L3, (N —1)(2+N) 8Pys3
+CrTR Lyv|ovs T vs
IN3(1+ N) INZ(1+ N)? IN3(1+ N)?
32(N—-1)(2+ N)S, 8 P73
3N2(1+ N)? M1T27TNY(1 + N
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+

32(N—1)(2+ N)(—6—8N + N2)S N 16(N —1)(2 + N)S?
IN3(1+ N)3 ! 3N2(1+ N)2
16(N — 1)(2 4 N)S, 8Pis4 16(N — 1)(2+ N)S,
~ N2(1+N)? ] {_ IN3(1+N)3  3N2(1+ N)? 2
2Py7s 64L3,(N —1)(2+ N)
SIN3(1+ N)? 9NZ(1+ N)?
4Py 32(N —1)(2+ N)(4 + 6N + N?)
L {_ IN4(1 jr Nt 3N3(1+ N)3 o1
16(N - 1)(2+N)S?  80(N - 1)(2+ N)Sgl
N2(1+ N)? 3N2(1+ N)?
N [32(1\1 —1)(2+ N)(22 4+ 41N + 28N?)  16(N —1)(2 + N)SQ} g
27N2(1 + N)? 3N2(1+ N)? '
_16(N = 1)(2+ N)(2+ 5N) @4 16(N —1)(2+ N)S3
IN2(1+ N)3 INZ(1+ N)?
16(N —1)(2+ N)(2+5N) o 32N —1)(2+ N)S; 4Pyg
a IN2(1+ N)3 2T TN (L £ N2 {9]\[3(1 + N)3
16(N —1)(2+ N)S, 64(N — 1)(2 + N)(s ) APz,
3N2(1+ N)? ]C ~ 9ON2(1+N)? } CATF{_243N4(17+ N)

80(N — 1)(2+ N)Gs

2
T ON(1+ N)? } " CFNFTF{

352, 176
TN+ N) 27

4 12 2
6 } g _ 1285 3

2P149 . 8F)140
C9N3(1+ N)3 IN2(1 + N)?
12 4 2
8 6 3 S,

—— + 85 _— S1|S_
SN+ N) 3 3+{ SN+ N) 3 11 2Ty
1655 P33 165_3 P39 325 91 P39 853 P14z

IN2(1+N)2 " 9N2(1+N)2  9N2(1+N)2 '~ 9N2(1+ N)?
4 Prg3 4l 4P 7

81(N — 1)N3(1 + N)5(2 + N) 81(N — 1)N*(1 + N)4(2+ N)

640 16 Pig3
g% _S‘”’} St { 9(N —1)N3(1 4+ N)3(2+ N)

32Pis5; 32
N DN+ NP2+ N)Sl} -2 5%
64( — 3+ 2N + 2N?)
N2(1+ N)?

+L3, {— Sl} + L3,

S.
+32

64
—352’1] + L

8(2339 4 4876 N + 2834N?) 4453
243(1+ N)? '9(1+N)

- 645'1] C3] —

(16(36+72N+N2+2N3+N4) 325)5
27TN3(1 4 N)3 27N%(1 4 N)2 3l

44(1 + 2N) S, 4Py
9(1+ N)

64,9, 16 64 32 16 32
G [3]\7(1 TN) ?Sl] See St ?S‘“] 2
352 176 16 Py7 165 Pras
— NpT? Ly |—
+{27N(1+N) Sl} C?’} +Calr {243N4(1+N) * M{ SIN2(1+ N)2
4P iy 128 64 32(283 4 584N + 328N?)
8IN3(1+ N)3 MIQTN(1+N) 277" 243(1 4 N)2

S1
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9(1 + N) 9(1 + N)
128 64 8Pgr 85, Py
i {_ SIN(+N) 2_751} C?’} N CATI%{_SlN‘l(l TN L [_ IN2(1+ N)2
2Py } ) { 8Py 640 } g { 48 2 }
27N3(1+ N)3 MI9TN2(1+ N2 27! MI2TN(1+N) 277"
16(283 + 584N + 328N?) 857 8(1+2N)S,
81(1+ N)2 P3N T 30+

AP 560 448 9224
+[ 1 + 5 511 Co+ {— + 511 cg}

1652 16(1+2N)S, APy 160
- 5 5+ 5551 C
2TN2(1+ N)2 ' 27

~2TN2%(1+ N)? 2IN(1+N) ' 27
853 P36 455 P51 Py
3N3(1+N)3 ' N4(1+N)* ' NS(1+ N)S
4N —=1)(2+ N)(2+3N +3N?)  16(N — 1)(2+N)Sl]
3N3(1+ N)3 3N2(1 + N)2

+C§TF{

+L3, {—

12 8(N—-1)2+ N)(—2-3N+N3*+2N*) 8N —1)%(2+ N)(2+3N)
* M{_ N1+ N)* * N3(1+ N)3

I6(N -2+ N)S] 455 Py 3 2Pis1
- }+ YN+ NP (NN (1+ NP2+ N)

N2(1+4+ N)?
8 P50 24(N —1)(2+ N)S, 4(—6—13N +3N?) ,
N2(1+4 N)3 !

TN+ N N2(1 + N)2
8(N —1)(2+ N)S?  16(14 + 5N + 5N?) 32(10 + N + N?)
T 3N+ NP s i+ N et {_(N— DN+ N2+ V)
L2565, } L1285 BRN-1R2+ NS 2565,
N2(1+N)2|"72 7 N2(1+ N)? N2(1+ N)? N2(1+ N)?
96(2+N+N2)C3] 8P3 8(—2+ 3N +3N?)
] [

S

Jsi+

N2(1+4 N)? (1+N)? N3(14 N)? 2

16(N —1)(2+ N)Ss  32(N —1)(2+ N)Ss; g
- 3N2(1+N)?2 N2(1+ N)? } '
+[4( —36—22N —6N?+ N?)  4(N —1)(2 + N)SQ]S%

N3(1+ N)? N2(14 N)?
8(—2+3N+3N?) , 2(N-1)(2+N)St 2(N-1)(2+ N)S3
3N3(1+N)2 "' 3N2(1+N)2  N2(1+N)?
12(N —1)(2+ N)S; 322+ N)Sy;  32(N —1)(2+ N)Ss,
TN O N N(EN) N2(1 + N)2
64(N —1)(2+ N)S211 2Py70
N2(1+ N)2 i [128 I(2) = N
4(N—1)(2+N)(—4—3N+3N2)S 4(N —1)(2+ N)S?
B N3(1+ N)3 L N1+ N
12(N —1)(2+ N)S, APy5 16(N —1)(2+ N)S;
L T I }@Jr [_3N3(1+N)3 ~ 3N%(1+N)? }Q”}
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455 P4 P79
N4(1 TN) T IBNS(L+ NS

+CACFTF{—

Ny {_S(N )2+ N)(—12+11N +11N?) 16(N—1)(2—|—N)Sl]
M 9N3(1 + N)3 3N2(1 + N)?
Ny {_ 851Piso 2Py 16(N —1)(2+ N)S,
M| 3N3(14 N)3  9N4(1+ N)* N2(1+4 N)2
32(N —1)(2+ N)S_, 48, P 8 Pig
N1+ N)? } MIN3(1+N)® " 27(N —1)N3(1+ N)5(2+ N)
N [_ 8Py7s 40N - D)2+ N)Sz} g
9(N —1)N*(1 4+ N)4(2 + N) N2(1 4 N)2 !
4(—12—16N +5N*+11N%) , 8N —1)(2+ N)S}  16(26 4+ 5N + 5N?)
a 3N3(1+ N)2 ! 3N2(1+N)2  3N%2(1+N)2 °°
16 P46 32Pi30
* {_ (N— DN (I + NP2+ N) T (NN (1+ NP2+ N)SI] -2
16( — 224+ 5N + 5N?) 32(N—1)(2+N)Sa;  32(—14+ N+ N?)S_5,
N2(1 + N)2 - N2(1+ N)? B N2(1 + N)2
32(=3+ N)(4+ N 2Pyg5 8(— 13+ 3N?
{_ : N2(1 +)§\f)2 )+ 6451} G|+ {_91\72(1 + N)s (N2(1 + N3 ) ?
L60(N —1)(2+ N)S;  64(N — D2+ N)Sp1] o [ 4P
3N2(1+ N)2 N2(1+ N)? ] ! { N2(1 + N)?
20N —1)2+N)S2] ., 8(B+4N+N?) . 2(N—1)(2+ N)S}
N2(1+ N)2 } L 3N2(1+ N3 3N2(1 + N)2
2(N —1)(2+ N)S? 64(—6+8N+7N2+N3)S 36(N —1)(2+ N)S,
N2(1+N)?2 3N3(1+ N)3 ST N4 N
322+ N)(34+ N?)  64(N —1)(2+ N)S;  32(N —1)(2+ N)S?
 N2(1+ N N2(1+ N)3 N2(1+ N)?
+32(N —1)(2+ N)SQ} < {32(]\/ D2+ N) 32(N-1)(2+N)S, S,
N2(1+4 N)? N N2(14+ N)? N2(1+4 N)? N
16(N —1)(2+ N)S_;,  16(N —1)(2+ N)Ss;  64(N —1)(2+ N)S_5,
N2(1+ N)? a N2(1+ N)2 a N2(1+ N)3
32(N —1)(2+ N)S_9s  32(N—1)(2+N)S_3; 16(N —1)(2+ N)Sa1.
a N2(1+ N)2 a N2(1+ N)2 - N2(1+ N)2

64(N —1)(2+ N)S_21.1 451 Pig1 4 Pigs

{_64 ) = sEa T N T oNi 1 v

N2(1+ N)?
AN =12+ N)S? 12(N —1)(2+ N)S;  24(N —1)(2+ N)S_, c
N2(1+ N)? N2(1+ N)? N2(1+ N)? 2
8Py 16(N —1)(24 N)S, 64, .
-5 T 144
M EESSE 3N2(1+ N)2 = CRHE (144)
The polynomials P; read

Py = N*42N3 —7N%? - 8N + 28, (145)
Py = N*42N® —5N? — 12N + 2, (146)
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ON* —AN3 —3N?% + 20N + 12,

3N* +6N3 —89IN? — 92N + 12,

3N* +6N3 +16N% + 13N — 3,

3N* +32N3 + 65N% — 16N — 60,

3N* + 48N3 + 123N?% + 98N + 8,

ON* + 18N? + 113N? + 104N — 24,

11N* 4+ 36 N3 + 43N? + 46N + 8,

20N* +40N3 + 11N? — 9N + 54,

23N* + 46 N3 + 23N?% + 96N + 48,

40N* + 7T4N3 + 25N% — 9N + 16,

40N* + 80ON? + T3N? + 33N + 54,

63N* + 126 N3 + 271N? + 208N — 48,

9IN* + 198N?3 + 463N? + 364N — 84,

136 N* + 254N + 37N? — 81N + 144,

3N® + 7TN* —29N3 — 51N? — 2N — 8,

N6+ 3N° + 5N* + N? —8N? 4 2N + 4,

N6 + 18N® + 63N* + 84N3 4+ 30N? — 64N — 16,

3N® + 9N — 163N* — 341N3 + 164N? — 432N — 192,
3NS +9N° 4+ 20N* 4+ 25N3 — 11N? — 46N — 12,

3NS 4+ 30N° + 107N* + 124N3 + 48N? + 20N + 8,

6NS 4+ 23N5 — 14N* — 121N3 — 114N? — 20N + 8,
15N + 45N° + 49N* — 13N — 64N? + 40N + 48,
15N® + 45N° + 56 N* + N3 — 68N? + 29N + 42,

15N% + 45N° 4+ 374N* 4+ 601 N3 + 161 N? — 24N + 36,
18NS + 54N° + 65N* + 40N> — 23N? — 34N + 24,
20N + 60N° + 11N* — 78 N3 — 13N? + 36N — 108,
24N°® + 7T2N° + 69N* + 18N? + N? + 4N + 4,

27N® + 81N — 1247N* — 2341N3 — 720N? 4 32N — 240,
27TNS + 81N® + 148N* + 161 N3 + 253N?% — 390N — 144,
30N® 4+ 90N® + 79N?* + 8N3 4+ 23N? + 70N + 12,

63NS + 189N®° + 157N* + 35N? + 80ON? + 4N — 24,
95N + 285N° + 92N* — 291 N3 — 97N? + 96N — 36,
297N® + 891N° — 461N* — 2119N3 — 872N? — 96N — 432,
233N7 + 1093N6 + 1970N° + 1538N* — 167N?
—2143N?% — 2412N — 288,

—15N® — 60N — 82N® — 44N> — 15N* — 4N? — 12N — 8,
3N® + 12N7 4+ 2080N6 + 5568 N° + 4602N* + 1138 N3
—3N? — 36N — 108,

15N® + 60N" + 242N° + 417N° + 344N* + 285 N?
+185N?% + 456N + 108,
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33N® + 132N7 — 82N°® — 840N> — 571 N* + 564 N3 + 308 N2
+984N + 288,

40N® + 160N + 205N° + 61 N° + 18N* + 113N3 + 7T5N?
—20N — 12,

67N® + 268N7 + 194N° — 508 N° — 533N* + 480N

+616N? + 344N + 144,

126N® 4+ 504N7 — 1306 N® — 5052N° — 4473N* — 1138 N3
+3N? + 36N + 108,

219N® + 876 N™ 4+ 1142N6 4 288 N> — 217N* + 240N
+410N? + 366N + 180,

1386 N® + 5544 N7 — 11270NS — 46284 N° — 39915N*
—9422N?3 + 33N? 4 396N + 1188,

15N + 75N + 2N® — 469N7 — 506 N® 4 524N

+781N* 4+ 26N3 — 1192N% — 1128N — 432,

310N'0 + 1748 N® 4+ 4811 N® 4 14192N7 + 24974 N°® + 3194N°
—29393N* — 16866 N> + 8694 N? + T128N + 1944,

391N + 1955N? + 3622N® + 3046 N7 + 1595N° + 1327 N°
+1152N* + 216 N® — 288 N? — 360N — 144,

1593N* 4 7965N° 4+ 11578 N® 4 1594N 7 — 1379N° + 12793 N°
+17152N* + 4432N3 — 1728N? — 2160N — 864,

—3135N12 — 18810N M — 42713 N1 — 44692N? — 22145N°®
—9290N7 — 8167N® — 4136 N° — 960N* 4 11232N*

+6720N? + 3360N + 576,

—39N1? — 234N — 521 N0 — 492 N9 — 85 N® — 42N7 — 883 N°©
—1660N° — 1324N* — 492N3 — 52N? + 48N + 16,

N2 6N — 3N _ 58N — 21 N® 4+ 222N7 4 609N©
+1144N° + 1122N* + 142N3 — 180N? 4+ 40N + 48,

276 N2 + 1656 N + 3334N™ + 869N? — 6591 N® — 7395N”
+7452N6 4+ 13479N® + 3167N* + 7303N3 + 1110N? — 5004 N
—2376,

2493N'2 + 14958 N1 + 42317N'Y + 75910N? + 45511 N% — 60782N7

—29777TNS + 17194N° — 130384 N* — 115536 N> + 25776 N?
+24192N + 5184.

6 The polarized Wilson coeflicients LES and LS
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Next we turn to the polarized massive Wilson coefficients in the asymptotic region Q? > m? in
the single mass case.

The massive Wilson coefficients (5) and (6) are related to the expansion coefficients of the
massive OMEs and the massless Wilson coefficients. In presenting the Wilson coefficients for



the structure function g;(z, @) we leave the 3-loop massive OMEs, calculated in the previous
sections and Ref. [23] and the 3-loop contribution to the polarized massless Wilson coefficients
symbolic. The latter depend also on the logarithmic terms Lg (16). In the non-singlet case
the complete asymptotic Wilson coefficient to the structure function g;(x, Q?) has already been
calculated in Ref. [28].

For LSS we obtain

1
LY = 3 [1—(-1)"]
32(N —1)%(2+ N)(22 + 41N + 28N?

8 {GE{CFNFTP%{_ 27N3(1(+ Ny )

64(2+ N)(3 42N +2N?)

L
T IN3(1 + N)3

+(N-1)|—

[_ 64(N — 1)2(2 + N)(2 + 5N)

IN3(1+ N)?

64(2 + N)S2 p2 [320V -1’2+ N) 32N - D2+ N)S
3N2(1 + N)Q} {_ 3N3(1+N)2  3N2(1+N)? }

+(N —1)

I 3203,(2+ N)  32(2+ N)(22 + 41N + 28N?) 64(2+ N)(2+5N)
@ 3N2(1+ N)2 27TN2(1+ N)* MITTINZ(1 4+ N

642+ N)Si]  32(2+ N)(2+5N) 16(2+ N)S2  16(2+ N)S,
3N2(1+ N)? IN2(1+N)> "' T BNZ(1+N)2 T 3N2(1+ N)?
N 32(2+ N)(6+ 37N +35N? + 13N°)  16(2+ N)S,
27N3(1 4 N)4 3N2(1+ N)2 |7t

16(24+ N)(3+4N +7N?) , 16(2+ N)S} | 16(N — 1)2(2+N)S
IN3(1+ N)3 L 3N2(1+ N)? 3N3(1+ N2 77
+ASE) 4 NpCPSO) (L, NF)} } (199)

S . .
L3 is given by

1
L = (-1)"]

) 16LyLo(N — 1) 16(N —1)2  16(N —1)S;
{ NFTF{ 3N 1Q+N +LM{_3N2(1+N) ~ 3N(1+N) H
{NFT3{

IN(1+ N)

64L2,Lo(N —1) ., [ 64N —1)2  64(N —1)5,
M [_9N2(1 +N) 9N(1+N) ] }

8(N —1)°Qy 8Q9 64
2) _ 2|\ =
+CANFTF{ 2TINS(1+ N)T Loj(N=1) TN+ N)T L 3N2(1+ N)?
325 ] 16(AT+56N)S, 32Qs (N 1) 32,52
3N(1+ N) 27N (1 + N)2 MI9N3(1+ N)? 3N(1+ N)
325, 645, 64( — 9 — 2N + 3N% 4+ 2N3) S 12 64(N — 1)?
3N(1+N) 3N(1+N) IN2(1+ N)? 3N3(1+ N)?
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32(—3+N?)S 3257 851Q10
V- 1){ SNZ(I+ N2 T 3N(1+N)} TN =D A
, 64 325, 16(47 + 56 N)S?
3N2(1+ N)2  3N(1+ N) 2TN(1 + N)?

16@13 165? 643271

+Lu " 9(N —1)N4(1+ N)4(2+ N)? +V-1) {_ IN(1+N) 3N(1+N)

16Qs BO(N —1)55] 32( —9— 10N 4 3N? + 7N?) o
+[_9N3(1+N)3(2+N) 3N(1+N) ] 't IN2(1+ N)2 !
32(3 — 2N + N? + N?%) 32(2+ 5N 4 5N?)
3N2(1+ N)? *TON(1+N)2+N)7?
64Q3 64(2+ N + N?) 64( —4+ N+ N?)
N {B(N TN+ NEQIN)? BN+ N2+ ) 1} 2T 3NI - N2+ N)
2565 21 32(24+ N + N?) o [4(N —1)%Q12
TAN(EMEE N NOT M+ } i CFNFTF{ NO(1+ N)
451Q12 2 8(2 325,
HN-1) [N5(1 Ty bl {3N3(1 TNP 3N+ N)}
16L3,(N —1)*(2+ N) 4Qu2 1651C1
+LQ[ N R S TP e LM{3N3(1+N)3
16Qs 64,52 645, 2 [_16(N — 12+ N)
C3N4(1+N)* T 3N(1+N) 3N(1+ N)} M [_ N4(1+ N)3
C16(N - 1)°(2 + N)S LI 85:Q1 8Q14
N3(14+N)3 ! MIBN3(1+ N)®  3(N—1)N5(1+ N)5(2+ N)?
N1 8( —4+2N +3N?)(3+2N +3N?) 805} 64921
V- )[_ 3N3(1+ N)? " 9NQ+N)  3N(1+ N)]
32Q1 16(N — 1)S, 256(1 + N + N?)
+[_3N4(1+N)4(2+N) N(1+N) } "IN+ N)2+N)?
64Q- - 5129, - 2565_s
* [3(]\[ —1)N2(1+ N)2(2+ N)2  3N(1+N)(2+ N)]  3N(1+N)@2+N)
5125 5, 64(2+ N + N?)

G3

(3) 55(3)
NI MR N)  NOT N2 N) } +Agq + NrC™ (Lo, NF)}},

with the polynomials ); given by
Q: = 3N*4+2N* - N? 12,
Qs = 3N'4+6N> - N?—4N +12,
Q3 = N°+3N*—3N3—-9N? —8N — 8,
Qs = 9N° — N*—23N3 —15N? — 14N + 12,
Qs = 9N°+9N* —4N3 + 15N — 41N — 12,
Qs = N®—19N* —22N3 +22N? — 34N — 36,
Q7 = NO+3N° 4+ 13N* +21N3 +22N? + 12N — 24,
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Qs = 13N 4+ 44N> + 7IN* + 94N3 — 90ON? — 288N — 72, (
Q9 = 15N® 4+ 45N° + 374N* + 601N3 + 161N? — 24N + 36, (
Qo = 97N®+161N° —392N* — 807TN3 — 255N2 + 24N — 36, (2
Qu = N®+3NT+ 11N+ 20N — 15N* — 17N3 + 49N? — 20N — 36 (
Q12 = 15N® +60N7 + 82N® + 44N° + 15N* + 4N? + 12N + 8, (

Q13 = 24N 4+ 102N + 58N8 — 210N7 — 209N° + 23N® + 520 N4

+1109N?3 + 234N? — 388N — 120, (213)
Quu = SN2 4+ 50N + 122N 4 98N — 457N® — 1398N7 — 1232N°
—634N° — 793N + 388N? + 1128 N? — 16N — 336. (214)
L] L] L] 3 PS
7 The polarized Wilson coefficients H c(g q)’

The next Wilson coefficient is ng) PS5 Tt is given by

P = 21 ()]

8016 8Ly (14 2N + N3)

2

X{GSCFTF{(N— DN+ NYi(2 + N) +(2+N)[ N3(1+ N)3
8(2+ N — N24+2N3%)  8(N-1)9 413 AL?

+LQ i ( ) i ( ) 1 (N—l) N M + Q

N3(1+ N)3 N2?2(1+ N)? N2(14+ N)2  N2(1+ N)?
N 487 125, N 8(2+ N — N2 +2N3)
N2(1+ N)2  N2(1+ N)? N3(1+ N)3 !

64 N 852015
T(NSDNI+ N2+ N) 5‘2} * aS{CFTF(Q * N>{N4(1 N

+4(—1—3N—4N2+4N3)(—2+5N+6N2+9N3)

NS(1+ N)®
oL 4(2+ 3N +3N?)(—1—3N —4N? 4+ 4N?)
¢ N5(14 N)>
iy 8(2+ 3N +3N?)(1+2N + N3)  32(1+2N + N?)
M N4(1+ N)* N3(1+ N3 7!
2 2
V-2, _4(2+ 3N +3N?) 165, _8(2+3N+3N)52
N3(1+ N)3 N2(1+ N)? N3(1 + N)3
16( —1—3N —4N? +4N3)  32(N —1)S, 5
N4(1+ N)* N2(1+N)? |7
[ 8(L+2N + N%)(— 245N +6N? + ON?)
. N3(1+ N)*

8( —2+3N 4 3N?)(1+2N + N?3) 16(1+ 2N + N?) 16(1+2N+N3)S
* N1+ N)* ! N3(1+N)® "' N3(14 NP 7?
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— 245N +6N?+9N?%)  4(—2+3N +3N?) 857
N4(1 + N)3 N3(1+ N)3 ON2(1+ N2
L 8% N 1653 4(—2+43N +3N?)(—1—3N —4N? + 4N?)
N2(1+4 N)? N2(1+ N)? N3(14+ N)®
8(N — 1)(—2+3N+3N2)S . 8( —1—3N —4AN? +4N%)  16(N —1)S;] ,
N3(1+ N)3 217! N1+ N) N2(1+ N)2 |7}
32(N —1)%(22 4+ 41N + 28N?) N 64(N —1)%(2 +5N)
27N3(1 + N)* M IN3(1 + N)3
64(3 + 2N + 2N?) N 6457 o [ 320 - 1)2
IN3(1+N)3> ' 3N2(1+ N)? M173N3(1+ N)?

+(N - 1) [Lﬂ {4(

+CrTR(2 + N){—

+(N—1)[

32(N —1)5, 32L3%, 32(22 + 41N + 28N?)
— o T vs | TV —1) [ Lg
3N2(1+ N)? 3N2(1+ N)? 27TN?(1 4 N)*

64(2+5N) 645 _ 32(2+5N)S, 1653 L 165,
MION2(1+N)3  3N2(1+N)2]  9N2(1+N)3 ' 3N2(1+N)? ' 3N2(1+ N)?
32(6 + 37N + 35N? + 13N?) 165, 16(3 + 4N + 7N?)
27N3(1 4 N)* 3N2(1+ N)2 |7t

2
IN3(1+N)3 1

1652
3N2(1+ N)?

16(N —1)2S. -
P A e we.ve s 1)

where

Q15 = 9N° +6N* —12N? —8N +1, (216)
Qs = 3N®+ 10N — N° —22N° — 14N* — 18N? — 30N? + 8. (217)

The polarized massive OME AS;’PS has been calculated in Ref. [23].

8 The polarized Wilson coefficient H 4(93 g)’S

Finally, Hg®, (8), is obtained by

A

AN —1)? ALy, 4L 45,
x{asTF{—m +(N—-1) [_N(1+N) . N(1 fN) B N(1+N)}}

2 878 8Q42
+“8{CATF{_ (N =DM+ NP+ N | TN+ v

2 165_ 2
+(N_1)[ 897 83, 65 s }_ 325,

N(1+N) i N(1+N) i N(1+N) N(1+4 N)?

8(—2+ N)Qug 852 85, 165_,
¢l N1+ N)3 (V- )lN(HN) ~ N(I+N) N(1+N)}
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16(3 — N — N? + N?) 16 851
varae o TS [Lé{m(lﬂv)? - N(1+N)]
Ny {_ 6 8% } 168y {_ 16Qs5
Ml N2(1+N)2 " NO1+N)|] NO+N) N3(14+ N)3(2+ N)
32(N —1)S, 4(12 = N + N2 +2N%) 4Q0 g
N(1+N) } YOON2(I4+N)2+N) TP N2(1+N)R2@2+N)
8( —2+ 3N +3N?) g 16Q1s 325 ] ¢
S CET {(N—1)N(1+N)(2+N)2 2+N} -2
8(=2+ N)(3+ N) 16(24 N + N?) 24(2+ N + N?)
CNA+N)2+N)" NA+N)2+N)">" NI+N)2+N) 3}
4Qr9 2(2+ 3N + 3N?) 85,
+CFTF{ (N DN+ N2+ N2 T (V=1 [Lﬁf[ N2(1+N)2  N(1+ N)]
, [2(2+ 3N + 3N?) 85, I AQa7 4(2+ 3N + 3N?)
Q{ N2(1+N)2  N(1 +N)} T\ T EI L N M{_ N2(1+ N)?
165, 4(—6— N+ 3N?) 1652 165, 4097
N(1+N)} NMI+NE UTNOEN) T NI+ M{N3(1—|—N)3
4(—6— N+ 3N?) 1657 1655 853 16551
~ N2(1+N)22 "' N(1+N) N(1+N)}_N(1+N)+N(1+N)
n 4Q54 8(N —1)S5, g _ 2Q)30 9
N3(1+NB2+N) N(I+N) |7 N2(1+N)322+N)"!
2Qs34 16(2+ N + N?) 16(10 4+ N + N?)
NIV N T NOT N2+ N [(N—1)(2+N)2
B 1285, } B 645 _5 L 1285,
NA+N)(2+N)|"? NA+N)(2+N) NOA+N)2+N)
48(2+ N + N?) 1613 16Ly L
N(1+N)(2+ N)C?’} +T§{(N - [_3]\[(1 4]—”]\7) 3N(1+ N)]
16(N —1)2  16(N —1)5, 8Qa4
tLas {_31\12(1 +N) 3N(1+N) ] }} * ai{OFNFTf%{W )| bl {_ 3N3(1 4 N)3
325, 1651 Qs 8Qs2 3252 325,
TINO+ N)]  (Larke) [_9N3(1 +N)® T 9NA(1+ N 3N(1 +1N) TN N)}
2Qs4 857 Qs6 85539 864
+Lu TN+ NP2 LN (N=1) [9]\73(11 +N)®  9N3(1+N)3 [27N4(1 + N)4

329, 3253 3525, 6455, 2565_,
|5+ + —~ :
3N(1+N) ON(I+N) "ON(1+N) 3N(1+N)|  N21+N22+N)
8(N — 1)2Q58 8(ss 64
T2 — Lo|(N -1 L —
+Ca F{ INS(1+ )t @ ( ) TN+ Nt M BN V)2
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325, ] 1647 +56N)S; 32Qus (N 1) 3252

3N(1+N) 27TN(1+ N)? MION3(1+ N)3 3N(1+N)
328, 645, ] 64(—9-2N+3N*+2N°) ol e | 64(N —1)?

3N(1+N) 3N(1+N) IN2(1+ N)2 ! M1 3N3(1+ N)2

32( — 3+ N?)S; 3253 851Q3
V-1 [ SNZ(I+N)2 T 3N(I+ N)} +(N-1) 27TN4(1 4 N)*
) 64 325, 16(47 4 56N) 52
+Ly LY -
3N2(1+ N)2  3N(1+N) 27TN(1+ N)?

16@82 N 165? 648271
TN DN L NP+ N (V—-1) [_91\[(1 +N) 3N(1+N)

16Qs7 80(N —1)S, 32(—9— 10N + 3N? 4+ TN?)

+ Ly

+[_9N3(1+N)3(2+N) 3N(1+ N) }Sﬁ IN2(1+ N)2 51
32(3 — 2N + N? + N?) 32(2+ 5N +5N?) 64Q43
3N2(1+ N)? ? 9N(1+N)(2+N)S3+ {3(]\[— 1)N(1+ N)2(2+ N)?
N 64(2+ N + N?) ] 644+ NN 2565 _51
BN(1+N)2+N)7' 72 3N(1+N)2+N)"° 3N(1+N)(2+N)

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

G N6(1 + N)? N3(1+ N)

} + CFT§{4<N —1)’Qre (v —1) [ 451Q76

Ly L2 [8(2 + 3N + 3N?) 329, ] . 4Q76 12 { 16Q99
Q

3N2(1+N)2  3N(L+N) CNS(L+ NS M| BN3(1+ N)?
645, 1 { 16Qs3 16( — 6 — N + 3N?) 6452
M

INA+ V) TINTI AN 3N NE BN+
B 64.55 o | 1651023 16Q49 B 32512 n 3255
3N(1+N) M| 3N3(14+N)3  3N41+N)® 3N(1+N) 3N(1+N)

8Qss 8( —8+ 3N +9N?)
s+ Migeve T [_ 3NZ(1+ N !
B 8053 N 64551 ] {_ 32Q70 16(N — 1)5’215
IN(1+N)  3N(1+N) 3N{1+N){2+N)  N@O+N) |7
8(4 — 19N — 10N? + 9N?) 256(1 + N + N?) 64(10 + N + N?)
3N2(1+ N)? > 9N(1+N)(2+N)™° {S(N— 1)(2 + N)2
5125, 2565_4 512554
TINAT N2+ N)] 2 TINIL N2 AN BN+ N2+ )
64(2 4+ N + N?)
N(1+ N)(2+ N)

16(—2+5N+6N*+9N%) [ 8Qsp 165, g
N1+ N)3 N3(14+N)»® N(1+N)|7!

+ L

4( =2+ 5N +6N2 + IN?)Qr
NS(1+ N)3(2 + N)

C3

} + C’AC’FTF{—
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1653 N 325, 24(N —1)%(2+ N) |4 4(2+ 3N + 3N?)Qr
N(1+N)  N2(1+N)? N2(14+N)2 1 2 N3(1+ N)5(2+ N)
2Qss 3253 16( — 14 4N +4N?) 3255
ol —gyaa T 1)[ NI+ ) NAENE 2T NI N
L M85, | 3285 645, 1Qn  3R2AN-DS]
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N2(1+ N2 N N(1+N)} ~ 3N(1+N) 3N2(1+ N)2
16(2+ 3N +3N?)  16(2— N + 3N?) 6457 8(2+ 3N +3N?)
{ NI+ NE T N FNE T N(1+N)} - { N2(1 4 N)2

325, 16(2 + 3N + 3N?)
N(1+N)} 2 N2(14+N)?

3

_ 4Q74
NI+ N2 1 N)

s +

N 1285, 645 51 4Q33
VD) g NG RN RET)
N 4Q 46 B 48(N —1)S; e 4Q95
N2(14+N)B3(2+N) N(1+N) |7' 3N2(1+N)2(2+N)
4(24 3N 4+ 3N?)(— 16 4+ 15N + 24N? 4+ 7N?) 255Qs0
a N3(1+N)B3(2+N) IN3(1 + N)3

N Qss i 2Qu 165 ) 1657}
54N5(1+ N)®(2+ N) IN3(1+N)® N(1+N)|™"  N(1+N)
8( — 36 + 121N + 121N?) L 328 4852, 32
9N2(1 + N)2 T NA+N)  N(1+N) N2(1 + N)2
L 325 8084 16( — 6 + 11N + 11N?) L 968 3255,
N(1+ N) N(1+N) 3N2(1+ N)2 P N(I+N) N@O+N)
64531 965311 24(1+3N)(2+3N) ¢  2Qu
N(I+N) N(1+N) N2(14+ N2 27N4(1 4 N)4

9655 64551 645 21 192¢; 32(1+5N?)
+(N -1)|- + 7 ’ 2| 51
N(1+N) N(1+N) N(1+N) NA+N)] 3N{1+N)?

16(9 — 53N + 8N?) o8 16Q56 485,
NI+ N2 LT _N3(1+N)3(2+N)+( a >[N(1+N)

52] Sy

St

52] + Ly

Jsat

S_2

3257 22(2+ 3N + 3N? 885 857
N(1+N) 3N2(1+ N)? 3N(1+N)| 3N(1+N)
32( —2+5N 4+ 6N? 4+ 9N?) 16( —2+5N + 6N? + 9N?) 16Qs31
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828 ] 16REN)(-1+3N) ., 32980 325, |
N1+nN)|! N2(1+ N)2 LY NA+N) N(I+N)32|77
8( —2+5N + 6N? 4+ 9N?) +8(—2+3N+3N2) N 1657 165, 1
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Qg3 255Q 40 2Q)37 1125 9
L N-1)|-
R by T e B Gl T s wray o A T s e
o 248) 4053 8(—2+9N+9N?) . 488, 9657,
N(I+N) N(1+N) N2(1 + N)2 > N(1+N) N(1L+N)
N 64 645 _ 1605, 16(—2+3N+3N%) . 1605,
N2(1+N)2 N(+N)|"? N@+N) N2(1 4 N)2 N1+ N)
LIRS 1285 5, 965511 288(; 2Q¢6
N(1+N) N(1+N) N(A+N) N(1+N) N4(1+4 N)*
LN ) 32(—4+ 2N + 3N?) L9685 645, 1285,
N2(1+ N)2 " N0I+N) N(I+N) N({I+N)
_ 192G Tl 16(N - 1)%(4 + 3N) Gy 32Qu
NA1+N)| | N2(1 + N)? PUIN2(1+ N)3(2+ N)
645, 12857 645, 2Qs1
N—1)|— - S-
+ )[ N1+ NE NI+ N) N(1+N)] 2| TN NP N
852 16( — 24 3N + 3N?) 8Q 47
N -1 2 Sy | S
* ){N(HN) TN Ny 3] TR
n [ 4Qs3 _ 4Q17 9, & 32(N —1)S3] o
 N3(1+N) 2+ N) N2(1+N)2(2+N)7> " 3N(1+N) |™*
+' 4050 _ 16(N —1)5, Sg_4(—8—5N+N2)(—2+3N+3N2)S4
BN3(1+N)2(2+N) 3N(1+N) |7} 3N2(1+ N)2(2+ N) !
N H 4Q¢7 C3R2(N-1Ss], 8Q20 g2
| N3(1+N){2+N)  3N(1+N) |72 N2(14N)2(2+ N)"?
- 6413, Lo(N — 1) o [ 64N - 1> 64N —1)S,
1 9N(1+N) M| 9N2(14+N) 9N(1+N)
+Agy + G5 (Lo, Ni + 1)}}, (218)
with the polynomials Q);
Q7 = N*'—22N* —T9N? — 72N — 4, (219)
Qs = N*+3N>—4N? 8N —4, (220)
Q19 = N*4+3N°>—2N%2 43N +3, (221)
Qo = N'+17N?+43N?+ 33N + 2, (222)
Qan = 2N*— N3 —24N?% — 17N + 28, (223)
Q22 = 3N*+6N3+2N? - N +6, (224)
Qa3 = 3N*+6N%4+4N?+ N —6, (225)
Q2 = 3N*+6N*+11N? +8N — 12, (226)
Qos = 3N+ 18N? +47N? + 56N — 4, (227)
Qo = 3N +42N? + 7TIN? + 8N — 28, (228)
Qor = 4N*+5N% 4+ 3N? —4N — 4, (229)
Qs = TN+ T4N® + 17T1IN? 4 128N + 4, (230)
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Q29
Q?)O
Q31
Q32
Q33
Q34
Q35
Q36
Q37
Q38
Q39
Qo
Qu
Q42
Q43
Q44
Q15
Q46
Qa7
Qs
Q49
QSO
Q51
@52
Q53
Q54
Q55
Q56
QS?
QSS
Q59
QGO
Qe1
Qe2
QGS
Qos
Q65
QGG
Qﬁ?
QGS

IN* 4+ 6N3 — 55N? — 44N + 44,

IN* 4+ 6N3 —35N? — 16N + 20,

IN* +12N3 + 8N? + 5N — 2,

ON* 4+ 15N3 + 17N? + 9N — 6,

IN* + 46N> 4+ 93N? + 48N — 76,

1IN + 42N3 + 4TN? + 32N + 12,

25N* + 26 N3 — 3N? — 52N — 36,

29N* 4 58N?® + 5N? — 24N + 36,

43N* + 86N3 4+ 107TN? — 8N — 56,

45N* + 78N? 4+ 53N? + 12N — 12,

85N* + 170N + 61N? — 24N + 36,

111N* 4+ 198N?3 + 135N? 4 24N — 32,

763N + 1418N?® 4 985 N> + 978N + 72,

N° + N* —4N?® + 3N* — 7N — 2,

N5 +3N* —3N3 —9N? — 8N — 38,

2N® + 6N* 4+ N3 —6N% + 11N + 10,

4N® — 13N* — 114N? — 241 N? — 144N + 4,

ANS + 13N* — 19N® — 69N? — 15N — 10,

5N° 4+ 39N* 4+ 118N3 + 171N? + 93N + 2,

IN® + 9N* — 4N3 4+ 15N? — 41N — 12,

9N® + 15N* + 8N3 + 3N? + 7N — 6,

15N° +36N* — 97TN3 — 366 N? — 264N + 16,

439N® + 439N* — 937N?3 — 367 N? — 582N — 144,

815N° + 923N* — 1349N3 — 491N? — 258N — 216,

NS —7N* —4N3 + 16N? — 10N — 12,

IN® + 5N° — 22N* — 95N3 — 114N? — 24N + 16,

NS + 5N —3N* —7N3 +2N? — 11N -8,

11NS 4+ 30N5 4+ 9N* — 22N% — 10N? + 2N + 4,

13NS + 44N° + 7IN* + 94N3 — 90N? — 288N — 72,

15N% + 45N° 4+ 374N* + 601 N3 + 161 N? — 24N + 36,

15NS + 57N + 47TN* — N3 + 12N? — 38N + 4,

21NC + 45N° + 55N* — 13N3 — 12N? — 8N + 8,

25N® + 85N° + 119N* + 75 N3 — 118N? — 102N + 44,
57N® 4+ 153N° + 233N* + 163N? — T0N? + 120N + 144,
97N® + 161N° — 392N* — 80TN3 — 255N% + 24N — 36,
247N® + 795N° + 555 N* — 71N3 4+ 210N? — 360N — 432,
15N7 +28N® — 116 N® — 453N* — 575 N3 — 221N? + 114N + 88,
21N7 — 52N% — 86 N® — 60N* 4+ 17N + 176 N? + 24N — 40,
2INT +220N® + 713N° + 1132N* + 1010N> + 486 N? + 38N — 52,
753N7 + 1308 NS — 44N5 — 1118N* — 1549N3 — 766 N2 — 600N — 288,
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Qoo = 34TINT + T444N° — 5160N° — 13414N* — 8111 N3 — 5478 N>
+1368N + 864,

Q7 = NS+3N"+5NS4+5N° —9N* —8N3 4+ 19N? — 8N — 12,

Qn = NP4+ 14N7 + 88N® +229N° + 202N* + 47TN? + T7TN? + 14N + 8, 273

Qm = 2N®+10NT +22N°® + 36 N° +20N* + 4N3 + 33N? + 12N + 4, 274

(271)
(272)
(273)
(274)
Q73 = 4N® —43NT —277N® — 500N°® — 308 N* + 25N? 4 245N? 4+ 102N — 24,  (275)
(276)
(277)
(278)
(279)

272

Qra = 1IN®+55N7 + 99N + 119N° + 90ON* + 2N? + 136 N2 + 48N + 16, 276
Qm = 12N® 4+ 52N7 +60N® — 25N — 2N3 4+ 3N? + 8N + 4, 277
Qw = 15N®+60N7 4+ 82NC 4 44N° + 15N* + 4N? + 12N + 8, 278
Q77 = 2IN® 4+ 101N7 4+ 193N° 4 321N° 4 528 N* + 550N° 4 302N? 4 88N +8, (279
Qrs = NP4+ 3N? —15N8 — 56 N7 — 8N 4+ 90N> + 60N* + 67N> + 86.N2

—12N — 24, (280)
Qro = BN 423N 4 31N8 — N7 + 54NC + 268 N° 4 342N* + 98 N3 — 60N?

—8N + 16, (281)
Qso = 15N 487N + 154N® + 96 N” + 18N® — 64N° + 47N* + 153N — 22N?

—12N -8, (282)
Qs = 18N 4+ 162N° 4+ 740N® + 2296 N7 + 4511 N® 4 5341N° + 3593 N*

+1065N? — 130N? — 148N — 8, (283)
Qsz = 24N + 102N + 58N® — 210N7 — 209N° + 23N° + 520N+ + 1109N3

+234N? — 388N — 120, (284)
Qss = 29N'0 4 229N + 620N® 4 1434N" + 2173N° + 505N° — 86 N* + 712N3

+704N? — 16N — 160, (285)
Qss = 137TIN' +6171N° 4 10220N® + 5678 N™ — 9493N® — 17113N° — 9154N*

—10864N? — 10656 N? + 1872N + 4320, (286)
Qss = 20283N' 4+ 92379N? + 127804N8 + 11278 N7 — 154181 N6 — 222809 N

—170666N* — 111392N? — 62568N? 4+ 5040N + 8640, (287)
Qss = SNM™ 4+ 42N + 44N° — 102N® — 415N7 — 539N°® — 195N° — 241N*

—414N? + 268N? 4 104N — 96. (288)

9 Conclusions

We have calculated the logarithmic contributions to the massive operator matrix elements A;;
and the massive Wilson coefficients in the asymptotic region in the polarized case to 3-loop order,
also referring to previous results in the literature. These quantities provide important correc-
tions to the deep—inelastic scattering structure functions g;(z, Q%) and g»(z, Q?), as well as the
matching functions in the polarized variable flavor number scheme to 3-loop order. Here the
OMEs Af]z?g 5 and ASZS are new quantities, which haven been calculated in complete form. At
present, except of the massless flavor non—singlet Wilson coefficients [62], the polarized massless
3-loop Wilson coefficients are not yet known. Therefore, we have given them only symboli-
cally in the corresponding expressions. Similarly, the calculation of the constant part of the
unrenormalized polarized massive OMEs AS; and Aé? o is still underway. However, the log-
arithmic contributions are already available for use. These contributions, unlike the case for
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the non-logarithmic parts, can all be represented in terms of harmonic sums in Mellin N space
or by harmonic polylogarithms in momentum fraction z space. One has to finally know these
expressions to 3—-loop order, because this is requested by the experimental accuracy expected
in future high—luminosity deep—inelastic scattering experiments. Likewise, the matrix elements
for the polarized variable flavor number scheme are needed to describe the decoupling of heavy
flavors at polarized hadron colliders, to give full account on these QCD corrections. Working in
the Larin scheme provides an alternative to other schemes in matching the massive OMEs with
the massless Wilson coefficients and polarized parton densities, which would also be described
in this scheme. This implies a modification for their evolution, but maintains their universality
and leads to the same predictions of all observables. The analytic expressions for the massive
operator matrix elements and Wilson coefficients in the asymptotic regions are lengthy, as ex-
pected for single differential 3—-loop quantities, cf. also [62]. For this reason we also provide
computer-readable files as attachments to this paper.

In addition to the single mass corrections, on which we have concentrated in the present
paper, there are double mass corrections due to charm and bottom quarks of the polarized

massive OMEs starting with 3—loop order. They have been calculated for all OMEs but AS’;

by now in Refs. [25-27], in complete analytic form and the calculation of AS’; maintaining the

leading terms in the mass expansion m?2/m? is underway. We also presented the non—singlet
OME and the associated Wilson coefficient in the Larin scheme since it previously has been
given in the MS scheme only [22,28].

A The z-Space Expressions for the massive OMEs

The massive OMEs in z-space decompose into the three contributions As, A} and A,e. Their
convolutions with regular functions, such as parton distribution functions, are given by [78§]

A1) = fD) (259)
r@efe = [ Law|r(2)-re]-re [arw e

z

z

A0 56) = [ Lt (2). (201)

The following terms can all be expressed by harmonic polylogarithms [54]. They correspond to
words out of letters of the three-letter alphabet

2= { flo) = 1. (o) = 2 fl0) = 1o ) (292)

and perform algebraic reductions, cf. [73]. The harmonic polylogarithms are given by

Hb,t_i(l‘) = /0 dyfa(y)Hd’(y>7 H(Z) = 1,&, a; € {07 17 _1} (293)

: . (3) (3),NS
With the exception of A; o and A, ",

contributions. For the OME A(‘Z?’CI; S they read

q
AZ?Q@ =

all OMEs shown in the following have only regular
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@{@mw@{md%?@—u—f§u+@ﬂq

32 32 . 64 64
VI, [—g(z —D)(—1415H,) + (1+2) (—31{3 + = Ho - ggg)

32 176 32 128 128
—5(74’ Z)HO} + Lo | (1 + Z)<_T 53— ) 5+ 3 001 — THO’M)

32 5312 64 160 64
~52(55+312)Ho + (2 — 1) (2—7 — S H+ THf) + (7 + =)y,

64 128 64 448
+ {_3(7 +2) — T(l - z)Ho} G|+ (14 2) <—§ 0,1,1,1 1—5C22)

128 10880 3712 64 80 128

22249 + 822)H, —1(—— Ry s By —H3>——11 142)H,

g (9 822) Ho + (2 = (= —gy— + - i = g Hy 4 gy ) = o (114 142) Ho,y
64 <176 16

16 64
+§( +52)Hpq 1 + [2—7(103 +972) + (14 2)( —Ho+ —H} — — 071>

9 3 3

+%(z - 1)H1} G2+ {—%(—1 + 152) + %(1 + Z)Ho] C3} + az];q%g)}' (294)

The contributions to Aé?;)Q are given by
Ay =

1 8
ai{CFNFT§{2—7(58501 — 590182) + L3, {g(—zu + 422)

(=1 +22) (? 2_ %m) - %(13 n 19z)H0] + I3, {%(—285 +2962)
+(—1422) (% S+ ?Hf + % 01 — %@) - 2(425 +22)Hy — 16(7 + 62)H}
—%(1 + 4z)H1] + Ly %2(—69 +702) + (—1+ 22) (? o — %6}13 + %HO,OJ
—%Hm,l + %cg) + {—%(4103 + 15652) + %(2 —1)H, — %(—1 + 22)]—10,1] H,
+ {%(—343 +102) + ?(—1 + QZ)Hl] H? — %6(50 +232)H — ;—i(—% +1312)H,
+%(—2 + 72)H? + %(1 +42)Hpy — %(—2 +72)C| + (-1 4 22) <—%H§
+5§118H1 - 829761110,1 + % 0,01 — %HO,O,OJ + 1—363(3) + E—f(7333 + 41952)
(—1+22) (%Hl . %H&l + % 0,0,1)} Hy + {%(1331 +1402)

+(—1422) (%OH1 — ?HOJ)] Hi + [—%(—101 +282) + %(—1 + 2z)H1] H}

4 8 , 32
—5 (=299 +3052) + (~1 + 22)(—8]-]8’ B 0,1)

4
—(1 HA
+9(3+7z) o+ 3 3
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4 16 8 3
+ {—(757 +178z2) + ?(—1 + 2z)H1} Hy+ 5(34 +252)HS + 5(—2 + 7z)H1] G

8 16, 32 32
+ [—g(—zn +422) + (=14 22) (—gﬂg + §H1> + (13 192)]{0} <3}
8 64 64

32 8 16 32
+o (-1t 2z)H1} + Liy | 5(-65 + 682) + {—3(47 +382) = (1 + QZ)H_l] H,

32 32 16 32 32
—~ZH 4+ (1 +42)H, — 3(—1 +22)H? + 3(1 +22)Hy 1 — E@]

3
+ Ly %6(—514 +5472) + (=1 4+ 22) (? S+ %Ho,o; + 32H0,171>
+ [—2—3(463 +2112) + (—1 +22) (?Hf - % 071) - %(2 Y T2)H
+%(1 + 2z)H0,11 Ho + {—2(133 + 722) + ?(—1 +22)H; — %(1 + 22)H11 H?
+§(—5 +62)Hy + {;(—1 +952) — %(—1 + zz)HO,l} H, — %2(—2 + 72)H7
+%zH071 + 634(2 +7z)Hy 1 — %4(1 +22)Hpp -1+ [—69—4(2 + 32)

32 8 16
+ 2 (-1 + 22)]‘]1} o+ 32Gs| + l8—1(5836 +4TT12) — (-~ + 2z)Hl] Hy

3

16 4 1
649 + 1282) Hj + o (17 + 22) HY — (=1 +22) Hy — (=283 + 6112)H,

_2_7(
8 16 32 8
—5(2 — 1)H} — §<3 +102)Ho + 32H0,1,1 + —5(—231 +2052)

8 16 2
+ {—(97 +1002) + (1 + QZ)Hl] Hy — g(—3 +22)HE — %(—2 +72)H,

8 16 16 32 64
"—g(—l -+ 22)[’[12 — 3(1 + 2Z>H07,1 CQ + ?CQQ + |:—§(—2 + 32) + §<1 + Z)HO
32
~S L 2z)H1] 43} + af;{Q} (295)

. 3 3
and the functions aéq?Q(z) and agg)Q(z) are

BPS, \ , 85504 25472 320 , 640 ., 160
e ()7 CFTFNF{(1_2)< a3 a1 It op i o 5 G
54592 2288 176 8 9152
1 T _64(s |Ho+ =—HZ+ —H>3+ —H} - —=
+ Z)K 13 0 C:”) o+ gy Ho T gy Ho T 57He = =g Hoa
704 1408 128 256 512
_WHO,O,I + 2—7H0,1,1 - T 0,0,0,1 + 7 0,0,1,1 — ?HO,LI,I(Z)
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(3)
Q49,0

16 8 32
() = CFTgNF{—8—1(—49511 +50285z2) — (1 — 22) (—— 0+ —H3H, — —H}

16
+ 57 (617 +5272)G,

1232 112
27 9 3 15

64 704
—Hy + _Hg - —H0,1> Co + C22

32
5o (127 + 83z)c3} (296)

8
3 27 27 1

16
+ = (107935

2
—22H2Hy, + —HoHop1 — — Hoo01 — —H,
04101 0410,0,1 0,0,0,1 0,1,1,1 243

32 64 64 64
9 9 9 9

8 8 8
+46408z2)Hy + §(21955 + 38532)Hg — ﬁ(_3997 + 11182) Hjy + 2—7(160

32 896 64
+612)Hy + <%(—1559 + 40662) + 8—1(—5 + 132)Hy + 2—7(—2 + 7z)H§> H,
80 64 1792
—— (=28 4+ T12)H? + —(—2 H 4+ [ ——=(-5+1
81( 8+ 71z) 1+81( +7z2) 1+< 81( 5+ 13z2)

128 128 8
_7(—2 + 7Z)H0) H071 + 7(—2 + 7Z>[H0’071 + HO,I,I] + <_8_1<_7513

32 16 64 8
+6779z) — (1 — 22) (—16}[3 + §H0H1 - EHE -3 m) + §(757 +1782) Hy

16 64 608 16
+§(34 +252)HS + 3(—2 + 7z)H1) Co — 4—5(1 —22)(3 + (ﬁ(—2567

224

448 448
+2590z) + (—1 + 22) <? o — 7111) — 7(13 + 19z)H0> gg}

4352 32 16 32
+CAT§NF{—W(—1O4 +1092) — (1 — 22) (—31{31{1 — —HH{ + —HyH}

9 27
8 32 64 64 64 128
+§Hf + (g 5 — §H12> Hoy — 9 o1+ <—§Ho + 7H1> Hooq

64 128 64 64 64
+ <§H0 + ?H1> Hyqq1+ 5 Hooor = 5 Hoorr — o,1,1,1> + (14 22)

128 128 256 256
—H |H?— —/—H!H,_; —— 4+ =—Hyo_1|2+3H
<27 1y g Hoto—1 g ‘1000, 1+ 57 100, 1( + 0))

32 64 16
+ (E(23638 + 134712) + 8_1(70 + 1912)H_1> Hy + (§(3423 + 680z)

128

80 8 32
+—(2+ 7Z>H_1) H2 4 — (85 + 82)H3 — —(—15+ 262)Hj + (

27 81 27 243
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32 64 16
X (1055 + 32832) — “=(—4 + 112)Hy — (=2 + 7z)H§> Hy + (5(—59
64 , 64 5 128
64 256 64 128
+§(—4 + 17Z)H0 + 7(—2 + 72)]‘[1) HO,I + <—8—1(70 + 1912) - 7(4
64 128 16
+1].Z)H0 HO,—I — —(—4 + 35Z)H0’071 — —(—2 + 32)H071,1 + ——(—2359
27 9 81
64 80 64 32
+13112) - (1 - 22)( - ?HOHI + §H12 + §H071> + (1 + 22) <§H_1H0
32 16 16 320
—Ho_y |+ —=(9741202)Hy — — (=3 + 22)H2 — ==(—=2+72)H, |,
3 7 9 3 27
1376 128 896 320

The single mass contributions to the OME Ag’; read
Agg =

16
—da Ly (=14 22)TF + ag{—glﬁw(—l +22)TF + C’FTF{Q(—H + 232)

+L3, [6 + (=14 2z)(—4H, — 8H1)} + Ly {—4(2 +32) + (—1+22)( — 4H]
—8H} + 16() + [—4(—1 +162) — 16(—1 + 22)Hl} Hy — 32(z — 1)}4

2 4
+(—142z2)((5+ 2z + 4H;) Hy + 3 5 — ng’ + 24Ho01 — 8Ho1,1 — 8(3)

+(—2(8+252) +4( — 11+ 82 + 22°) Hy — 16(—1 + 22)Ho1) Hp
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16 16 128 32

8 16 4 16
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16 80
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64 64 32
——Ho —11+ Ho 1, 1> + [——(—16 + Z)(Z - 1) + 32(_1 + QZ)HO,I] H,

3 3 3
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—156(22 +72)C + %(7 +132)C3 | Ho + {—%(2 + 31z +22%) — g(z —1)(25 + 2)H,
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5 —(=7+ 22)@} Hy + {2(1 —22422%) — ?(—1 + 22)(2} H} — g(z —1)(5+ 2)H;}
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32 128Hy, 64 64
+{§(2—5z+4z2)+(—1+22)(— LEN 52”

3 3 Hl—g(—2+82+22)H0,1

4 16
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64Hy, 16 4
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8 2 32
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64H071 4 104<2>:| H2 32

6—19z+4z)—|—(—1+2z)<— 213+ ) H
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3 3 3 9
32 32 2

? (8 — 312 4 82%) +48(—1 + 22)( | Ho. + 3(3 + 24z + 22*) Hoo +
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4 8 16, 32
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—3(13 + 19z)H0} + I3, [—g(—285 +2962) + (—1 4 22) (—EHg’ 3 H? 31{0,1

32 8 32 2
+§§2> + (425 + 22) Ho + 16(7 + 62)Hf + (1 + 4Z)H1:| + Ly | 5 (8933 + 91102)
20 , 32, 64 384 8
-1+ 2z)< T HY — 5 H = = Hou + 192Ho01 — §2> {—2—7(3349 +35622)

16

32
+(—1+22) (—64H070,1 - 128C3> + 5(323 — 322z +62°) H, + E(31 + 28z)H071} H,

8 32
+ [5( — 401 + 34z + 62%) + 16(—1 + QZ)Hl] HF —16(5+ 32)H — ﬁ( 58 + 772)H,

16 16 32
—5( —5—8z+32*)H; — > (277 — 338z + 122*) Hoy — < (59 +622) Hoy,

32 4 4 64
+5 (= 23— 824 32%) Gy + 102(3 4 42)Gy | + (—1 + 22)(15[{5 + S Hi - T HE,

160
———Ho11,1 — 128Hg00,0,1 + 128C5>

8
. S(—111+4792) + (~1 +2z)<—H0,171

16
+128H0,0,0,1) + [E

(=10 + 72+ 422) + (—1 + 22) (_ 64Hos 16(2)] i,

3 3
32

2 2
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4 208
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16 232 4
(294 322) Hoy — —-(1+ z)@] H2 + [5( — 59 + 50z + 42?)
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H 4 16
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3
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3
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80 16 32
—|—§(—1 -+ 2Z)<2:| H[)’l + 3(69 — 18z + 22’2)[’[070’1 + ?( -9+ 22+ 2’2)H07171

32 2 64
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8 2 2 3 4 2 32 2
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32 8 32
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8
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+8( =29+ 24z +42%)Hop1 + 64(1 + 42)Hop—1 — 16( — 19 + 32 + 62°) Ho 1,1
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16 4
+§( — 946 + 100z + 92%) (5 —5(2971 +84272) + (1 + 22)( — 64Ho 1,1
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+64H07_1717_1 + 64H0,_17_171) + |:§(1388 — 1387z + 112:2) + (—1 + 22,’) (32H07071

160
+224Hp 11 — —53) — 8( — 141 + 150z + 22%) Hyy — 16(z — 1)(27 + z)@} H,

48



8 8
+ {—g(—zoo +2032) + (=1 + 22)( — 96Ho,; — 8@)] H? + §(92 — 106z + 32°) H

20

4
2 —(=1+422)H} + [_g( — 2301 + 412z + 352°) + 8(19 + 222)@} Ho,
16
+48(3 + 42)Hj | + {—3(71 +131z) — 24(—1+ 10z)§2} Ho 1 —32(—1+4z2)H; _,

16 8 8
2 — (=330 — 1182z + 32*) Ho 1 — 5 (155 4 1182) oo 1 + g( — 577+ 782z

16 16 16
+1222)H07171 + — 3 (83 + 94Z)H0 1,—1 + — 3 (83 -+ 94Z)H0 ~1,1 — 3(119 + 1062)H0 —1,-1
—64(—7 + 4Z)H0’070’1 + 32(—5 + 82)[‘[070,07,1 — 32(7 + 182)[‘[0707171 — 32(—7 + 22)H0’1’171
2 32
+128(2 — ]-)HO,—I,O,I — 7682]‘.[0’_1,_1’_1 — 5(—667 + 54682)(2 — E(—?)]. + 192)C22

16 2
-5 (344 + 695z + 182%) (3| Ho + 5( — 218 4+ 1781z + 222°) + (1 + 22)(32Hp,1,—1

2
+32Hp _11) + [g(z —1)(1559 + 35z) + (=1 4 22)( — 32Ho, — 4@)} H

2 8 4
+§( — 209 + 214z + 62%)H; — 5(139 +1542)Hyq + 5(107 +942)Hy 4
—|—32(—1 + 4Z)H0’071 - 48(-1 + 2Z)H0’07_1 - 144H0’1’1 + ].6(—1 + 1OZ>HO,—1,—1

2
—g(—87—226z+12z )§2+ ( 31 + 202)(3

Hg + E (201 + 324z + 3527)

16
g(—l + 4Z)H07_1

1 8 8
(=2 + 52)@] HY + §(71 + 94z + 62°) Hy — 1—5(2 —1)H] + {5(—752 + 739z)

—1+422)( — 80HG, + 64Hop01 — 96Ho0,1,1 + 128 Hy 1o — 184¢3)

8 8 64
+—(z —1)(25+ 2)Hy + g(‘l +22)H? — 3(1 + 2)Ho 1 +
16

3
_|_

8 4
+= (= 763 + 806z + 122*) Hy 1 + g(—83 +942)Ho 11 + 5(—2189 +21222)(,

@IOOC«OIOO’—‘

2
——(— 919+ 938z + 362 )431 Hy + {_g (167 — 2262 + 222%) + (—1 4 22) (176 Ho .1

+16Ho,11 — @gg) — 2(101 — 1182 + 62 )@} H + {—%(415 — 440z + 6127)

32

1 4
+?(—1 + 22)@} H} + §( — 203 + 190z + 242°) H{ + g(—l +22)H}

2576

4
-+ (]_ + Z)(].28H071’_1 + 128H07_171 - CQ) (1 -+ 22’) <_§H§ - 32H0707071

—160]‘!0,070’_1 + 128H0,0,1,1 + 192H0,0,1,—1 + 192H00 -1,1 + 128H0,17_17_1 + 128H0’_170,1
376

+128Hy, 111+ 128Hy 111 +384Hy 1 11 — —g2> {1712(1 + 2)

—f-(l + 22) (64H070,1 + 96H0707_1 — 64H071’1 - 64H0717_1 - 64H0,—1,1 + 128H0’_17_1 — 64C3)

16 16 8 1144(1
5 (83 + 942) o, + (95 + 1062) Ho 1 + 5 (71 + 822)@} Hy + {%

49



4
+(1 4 22)( — 32Ho; — 16Hy 1 + 36(2)] H} — 5(59 +702)HS + [192(1 + 2)

4000(1 + z)

32
+96(1 + 22)(2} Hy1 + [ —16(1 + 22)@} Hy 1+ 3(89 +1002) Ho 0,1

16

32
—3(71 + 822)]‘.[0707_1 + 3(107 + 118Z)H07_17_1 - 8(111 + 1222)C3 H_1

8
422 (—gHS — 96Ho01 — 64Hy1 1 — 64Ho_1, — 192Hy 11 + 160(’3>

2000 4
+ {—7(1 +2) + (14 22)(32Ho1 — 64Ho 1 + 40@)} Hy — 5(119 +1302)H}

16 8 64
—64(1 + 2)Hoy — — (107 + 1182)Hy 1 + §(131 +1422)G | H? ) + {(1 +22) <— 2

3 3

64 160 16 8
+§H071 +64Hy | — ?@) + 3(107 + 118z)H0] H? | + [—5(1442 — 779z + 2227)

—96(5 -+ SZ)HO’OJ + 160(—1 -+ QZ)HO,l,l — 32(17 —+ QZ)CQ -+ 160(1 —+ 22)C3:| HO,l
8
_g( — 170 + 178z + 32%) Hi | + [—1712(1 +2) 4+ (=1 + 42)(64Hop,—1 + 128 Hy 1)
8
—32(=7+102)Hg 1 — §<119 +1062)(2 + 64(—2 + 52)@} Ho 1 +64H; _,

4 16

4
+24(—5 + 14Z)CQ:| H07(),_1 + |:—§(824 — 1048=% + 6122) — ]_6(—1]_ + 34Z)€2:| H()7171

+[192(1 + 2) = 96(1 +22)Ga | Ho, 1 + [~192(1 + 2) = 96(1 +22)| Ho, -1,
4000

-+ |:—T(1 + Z) — 16(—5 + 142)C21 H07,17,1 -+ 16( — 163 + 12z + 322)[’[0’0’071

8 8 32
+§(203 + 1422)H070707_1 — —( —B17+ 926z + 122«’2>H0,07171 — ?(89 + 1OOZ)H070717_1

3
32 16 8 )

—3(89 +1002)Ho o, 1.1 + 3(71 +822)Hop, 1,1 + 5(5 + 22+ 182%)Ho 111
16 32

—3(95 —+ 1062)[‘[@7,17071 — 3(107 + 118Z)H07,1,71771 + 32(—27 + QZ)HO,O,O,OJ

+32(83 + 1282)H0707071’1 + 128(—5 + 8Z)H0,070,17,1 + 128(—5 + 8Z)H0,070,,1’1
—32(—11 + 14Z)H070707_17_1 + 32(29 + 44Z)H070717071 + 32(—7 + 1OZ)H()7071707_1
—256(—2 + 7Z>H070’1’1’1 — 32(—7 + 2OZ)H0’1’071,1 — 32(1 + 42)]‘.[0,171’171

2 8 8
+ 5(344 + 4849z 4 4427) + 5 (1394 166z)§3} G — 1—5( — 3215 — 348z + 632°) (3

4 1

+(14 2)(128Ho1,—1,-1 + 128Ho 11,1 + 128 Hy _1_11) + (1 + 22) (16 H*, Hy
—32Ho,000,-1 + 64Ho00,1,-1 + 64Ho00,-1,1 —64Ho00,-1,-1+ 32Ho01,0,-1 + 128Hop1,1,-1

50



+128Ho01,—11 + 192Hp0,1,—1,—1 + 32Hop —1,01 + 32H,0,—1,0,—1 + 128 Hpo 1,11
+192Ho0,—1,1,—1 +192Ho0,—1,—11 + 256 Ho 0 —1,—1,—1 + 128 Hp 1 —1,—1,—1 + 64Ho 1011
+128Ho, _1,0,1,-1 + 128 Hy —1,0,-1,1 + 128 Hy _10,—1,-1 + 128Ho 11, -1,-1 + 128 Hy 1 10,1

2
+128Ho 1,101+ 128H0 11 11 -0+ 384Ho 1y a.0) + Ly | 5 (=155 + 1442)

4 64 32 8
i {5(—131 +2142) + o (=1 + Qz)Hl] Hy = - (1+ 2)H§ + (=173 + 1662) H,

64 32 1
o (21 22)HY = 32(1+ 22)Ho, + 55+ 22)G | + L | (435 — 2722)
. 128 ,
(=14 22) <32H1 - 0,1) (14 22) [( — 24H, + 8H2 + 32Hy, — 32C) H_y + 24H, _,

2
+16Ho0_1 — 48Hy 1, — 32Hg1 1 — 32H07_171] + {5(155 +30262) + 320(z — 1) H;
+48(—1 + 22)H? — 16(5 + 22)Ho1 — 16(1 + 22)Ho 1 — 16(—3 + 2z)¢2] Hy + [—8(1 +62)
8 8
+8(—1+ 22)Hl] H2 + [5(—611 +571z) — 96(—1 + 22)@} H, + 5 (=94 + 952) H}

1
— (—57083 + 546502)

8
+64(2 4+ 2)Ho o1 — = (=95 + 882)(p — 16(—1 + 82)(3 =

L
3 + oM

160
(1 + 2) | =32(7 + 32) Hoo -1 — 32(7 + 32) Ho 1| + (1 + 22)( -H?, Ho — 96 Ho 1.+
—96H 0,11 — 32H0,—1,-1 — 64Ho 11,1 —64Ho1 11 — 256H 1 1,1 —64Hy 111

2
2 (—15607 + 73462)

—256Hy 111 — 256Hy 111 — 320H0,_L_1,_1) |5

4
+ [—5( — 1979 4 2068z + 662°) + (—1 + 2z)(32Ho1 — 96Ho,_1 — 256@)] H,

8
—8(—43 4 392)H? — 16(—1 + 22)H} + §( — 65 + 342 + 182%) Hoy + 8(—41 + 442)Hy _;
+16(—7 + 3OZ)H070,1 - 16(—]. + 222)H0,07_1 + 48(5 + 6Z)H0,1,1 + 32(—5 + 2Z)H0’1’_1

+32(=5 + 22)Ho, 11 — 128(1 + 2) Ho 1,1 + 24(17 + 282 + 82%) (5 + 16(45 + 32z)<3] Hy
2
+ {—5 (68 + 3197z + 3902%) — 4( — 59 + 56z + 62°) Hy — 24(—1+ 22)H7

—16(—5+42)Ho1 — 16(3 + 42)Ho 1 — 8(5 + 182)@} H2 + [— (— 39 + 462 + 3627)

[GVRI )

8 2 8
+§(—1 + QZ)HI} H + §(5 +82)Hy + [ﬁ(—8663 +8914z) + (=1 + 22) (160 Ho 0,1
+192Ho0,-1 — 96Ho 1,1 — 672¢3) + 48(—11 + 102)Hoy + 8(13 — 182 + 6z2)g‘2} H,

4 8
+ {5( — 1435 4 13222 + 332%) + (—1 + 22) (96 Ho; — 128@)} H; + §( — 182 + 1662

o1



+272*)Hy + 16(—1 + 22)H; + {(1 + 22) (%4}[3 +96Ho0,1 + 32Ho,_1 + 64Ho 11
+256H0 1y + 256Hy 1.1 + 320Hy 1, — 384C3> + [16(1 +2)(1+92)

+(1 4 22)(64Ho, + 128Hy 1 — 352@)] Ho +4(41 + 44z + 122°) H

+32(1 + 2)(7 + 32)Hoy + 48(11 + 12z + 22*) Hy _ — 8(61 4 762 + 1822)@} H_,

(14 22) (= T2HF — 128Ho, — 160Ho, -y +208G;) — 24(11 + 122 + 2:2) Ho | 2,

+ E( — 4939 + 1742z + 1322%) + 64(—4 + 32)@} Hoy —192zH3 | + [—16(1 +2)(1+92)
—96(—14 22)Ho ;1 + 16(13 + 14z)g2] Ho 1 — 64zH] _, — ?(100 + 76z + 272°) Ho 1

8
—8( — 41+ 1322 4+ 122%) Hop 1 + 5( — 193 + 62z + 542%) Ho 1,1

—48(11 + 12z + 22%) Hy _1,—1 — 16(1 + 502) Ho 0,01 + 32(1 + 322) Ho 0,01
8 24
—32(3+102)Hop,1,1 + 64(—3 + 42)Hp 101 + 5 (1498 + 163z 4+ 1292) ¢ + 3(25 +382)(;

2 16
F16(221 — 94z +627)Ga | + | —5 (=627 +38532) + (1 +22) (gﬂf + 288H0717171>

+(1 + 22) (16H027_1 + 16H070707_1 + 64H070717_1 + 64H0707_1,1 + 96H0707_17_1 — 64H07171,_1
—64Hy 1,11 —64Ho1, 1,1 +32Ho 101 —64Ho 111 —64Ho 11,1 —64Hy 11,1

4
+192Hy _1,_1,-1) + {—5( — 872+ 851z + 802%) + (—1 + 2z) (—128H070,1 — 416H 1

608 8 4
+?§3> + g( — 433 + 404z + 182%) Hy 1 + g( — 181 + 1222 + 36z2)§2] H,

8
+ [8(—16 + 112) + (=1 + 22)(160Ho,; — 64{’2)} H? — 82*H} + [5( — 43 4 406z + 472%)
—24(—3 + 142)@} Ho1 —8(19 4 102)Hg, + [—80(2 —1)+48(1+ 22)@] Hy 1

16 8
+?( — 22— 1182+ 92%) Hoo1 + 8(3 4 82) Hoo,-1 — 5( — 791 + 712z + 362°) Ho 1,1

—48H0’17_1 — 48H0’_171 + 16(3 + 4Z)H0’_17_1 + 64(5 + 4Z)H0707071 + 32(7 + 18Z)H[)707171

2 8 4
—5(2590 +51972)(, — 5(131 +282)(2 + §( — 631 — 582 + 216z2)(3] H,

1
+ g(556 + 15192 — 1602%) + (1 + 2z)( — 32Ho1,-1 — 32Ho, 1,1 — 32Ho_1,_1)

_|_

(— 433+ 340z + 942°) 4 (=1 + 22)(80Ho1 + 4@)} Hy —2( — 67+ 56z + 62°) H}

Wl o

+ (—109 -+ 2662)[{0’1 + 4H(]7,1 — 64(2 + 3Z)H07071 — 8(—23 + 222)[‘[07171

_|_

Wl Wlksr—

8 1
(83 42182+ 722%) ¢, + (=5 +222)Gs H§ + {5(241 — 2020z — 18827)

52



4 16 32 8

1 4 2
+4(1 + 42)@] Hj + [1—8(83 — 70z — 362°) — §<—1 +22)Hy | Hj + 1—5Hg

32 1976
+ |:_§<—215 + 2082) + <—1 + 22) (144Hg71 — 64H0707O,1 + 96H070’171 =+ TC22>

8
+ [128(z 1) - 192(—1 + 22)@] Ho, — 5 (= 857 + 808 + 36:%) Hog,

8 4 8
—5(—341 +3762)Hy 11 — 5(—1649 +13482) (s + §( — 1759 + 1718z + 108z2)g3] H,

4 320
+ {g (709 — 8442 4 402%) + (=1 + 22) (-272}10,0,1 — 80Hq 11 + ?@

8 4
+5(=83 +942) Ho, + 8(48 — 55z + 322)@} H} + {5 (477 — 502z 4 972%)

64Hy, 128 2 8
+(—1+2z)( 30’1— SCQHH?—§(—178+143,z+36z2)Hf—g(—1+2z)Hf

+ {(1 +2)(—128Hp1,_1 — 128Hy _11) + (1 4 22) (%H{} + 32Ho 00,1 + 160Hg 00,1
—128Ho 01,1 — 192Ho 01,1 — 192Ho0,-1,1 — 128Ho1,-1,-1 — 128H 10,1 — 128Ho,—11,-1
—128Hy_y_11 — 384Hy _1_1_1 + ?gg) + [—16(11 +192) + (14 22)( — 64Hp o,
—96H0,—1 + 64Ho 1,1 + 64Ho1, 1 + 64Ho 11 — 128Hy _1 1 + 64(3) + 48Hy

_16(7 + 42)Hy_, + 8(16 + 19z)<2] Ho + [—8(11 +52) + (1 + 22) (32Ho + 16H,
—28(’2)} H? — %(5 +82)H? + [—192(1 +2) - 96(1 + 22)@] Ho + [32(_5 +2)

148(1 + 22)(’2} Ho_1 — 32(5 + 22)Hyo1 — 16(1 + 42)Hy o1

8
—32(11 + 82)Ho, 1,1 + 16(17 4 112)( + 8(37 + 282)@,] H |+ {(1 +22) <§H§ +96Ho 0.1

64 Hy1 1 + 64Ho_11 + 192Ho 11 — 160§3> + [—16(—5 +2) + (14 22)( — 32Ho,

+64H, 1 — 56@)] Ho +12(5 + 42)H2 + 64(1 + 2)Hy1 + 16(11 + 82)Ho,_y

64 64 160
—8(19 + 16z)(2] H?, + {(1 +22) (—3 2 - < Hox — 64Hy 1 + ?@)

16 4
—3(11 + 8z)Ho] H?, + {5( — 272 + 421z + 1602°) + 16(25 + 462) Ho 0,1

4
—32(—5 + 222)]‘[071’1 — 5(—253 + 482Z)C2 — 32(3 + 262)C3:| HO,l
8
+§( — 247 + 296z + 92%) Hy | + (16(11 + 192) + (1 + 22)( — 32Ho01 — 32Ho,0,-1
4
—64Ho, 1,1 — 16¢3) — 8(12 + 112)(a) Ho,—1 + 32Hg _y + {—5(93 + 11462 + 942%)

8
+8(1 + 702)421 Hyo1 + [16(1 +152) — 40(1 + 2z)g2} Hop-1+ {5(774 — 577z + 972°)
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416(—13 + 62z)C2] Ho+ [192(1+ 2) + 96(1 + 22)Ga | Ho, 1 + [192(1 + 2)

196(1 + 22)(2} Hy 11+ [—32(—5 42) —16(1 + 22)@] Ho—1

8
—g( — 157 — 172z + 542°) Ho 9,01 — 8(7 + 162) Ho00,-1 + 8( — 187 + 142z + 122%) Hy .11

+32(5 + 2Z>H0,0,1,—1 + 32(5 + 22)H0707_1’1 + ].6(1 + 4Z)H070’_17_1

8
—5(79 — 332z + 542’2>H0717171 + 16(7 + 4Z)H0,_17071 + 32(11 + 8Z)H07_17_17_1
—16(19 + 22)H0707070,1 — 48(49 + 862)H0707071,1 — 16(55 + 1062)[’[0707170,1
+64(—8 + 55Z)H070717171 + 16(—13 + 98Z)H071707171 + 16(—7 + 262)]’]07171,171

1 4
+ {192 In(2)(—1+22) + 6( — 11243 + 8530z — 6402°) — §<151 + 1782)@} (o

8 2
+—(— 1831 + 1325z + 1892°) (5 — g(1289 — 26242 + 3882%) (5 + 8(7 + 222)g5}

15

3
+ag) } . (298)

Finally, the single mass contributions to the OME A;?{Q are given by

A(5)

99.Q —

1612,

Tg]

4L 2
{CLS 3MTF + CL? |:CFTF<—15 -+ 4LM) + CATF§(5 + 24LM> +

224 44Ly 4G ,[118
e M e N-T2| ==
27 3 3]+CF FF{S

8 5613
+ 28@] + CuT? [—ﬁ — 2L+ — A

27

268 Ly,
9

584Ly 4012,
9 3

216G,

s(—5+ )+ (-
(-3 +3) +

6413
+a§{_MT;: + CuNT2 {

44 782
_ = T2 ==
3<21+CF F|:9
40 , 616 277 16 , 160
0] i [ (5 0+ )
3§2}+0A F{ o7 Ty Tyt g

83

3
1045  736Ly 2203, 4

_32<3] + CACrTF {— G + 5 3 3 [—5 + 48 111(2)} G+ 16@]

)@} + O [—39 — 2Ly + 16 [—5 n 81n(2)] G

64

— - TiGs + a;?;g;} }5(1 — 2) (299)

A(+) _

99,Q

2 M 3 2
— CuTr + CaNpTy
@s 27(z — 1) s

81 27

1 B 2176 Ly, 64L§’w
z—1

4 32 4
———( — 2624 — 441, + 812, — 144¢3) + —HO} + 5@

+CAT}%

243 9 z—1 9

1 { ~ 320Ly

o4



64003, 22413, 4 16
— — - — 131211 2 —1
> > 2 1( 3 T17¢ + 2972¢ — 168(3) + 3

Ho} + C2

1 [176L3, 4
+C§TF{Z {

| o 3 —— (5668 + 207¢, — 2432Ca + 3245 + 3963 — 162G

88 32H
+1622(2<3) + <—§ + 31C2

8
)Ho + §H§§2] + Ly

1 16,
;{— < Ho (10 + 3Hy)

16 64
881 (= 155 + 360¢, — 542 + 5422 — 10445 + 1802¢3) + (__6 _ 040,

3 9

32 64 64 128 16 160
§H01 - ?HO 1)H0 - EHO(H + ?Hoo 1} - ?Cg - TC:s]

1 [8 16 64 16
+L3, — {5(—23 +12¢ — 6(3 + 62(3) — EHS — EHOHl} — 3@,]

+§ [—5 +48 1n(2)} o — 16@,} + C%TF{lﬁ [—5@ +81n(2)G — 2@,]

~16|-5+ 81n(2)| G, + 3243} + a;;y} (300)

reg _
Agg Q

ag{cFTF{—%(z — 1)+ L2, [ —20(z — 1) +8(1 + z)HO] + Ly [—40(z _1)

4
—8(=5+ z)Ho + 8(1 + z)Hg] +12(3 + 2)Ho — 2(=5+ 2)H] + 5(1 + z)Hg}

8 2 16 16
+CATF{—§L§4(—1 +2z) — ﬁ(_337 +449z) + Ly, {—3(—14 +19z2) + 3(1 + z)HO}

4 4 1 776(, 80H

400 160 32 64

+L3, [— 5 (z—1)+ ?(1 + z)HO} + 13, {_3(2 —1)(26 + 15H;) + (1 + z)(gHg

64 64 16 80
= Hoa —@) - (134 82)]-10] + Lug |~z = DHi (524 15Hy) + (1 + z)< S Hi

128 64 32 16
~-2H, —H, ) 335 — 335z + 18(; + 18 — (373 + 55

3 0,01+ = 5 Mo +27( z+18(3 + 182(3) + {27( + 552)

128H,, 128 320 8 64

+(1+z)( . ol _ 3@) -5 (- 1)H1]H0 - §(—59+55Z)H§—|—E(—2+72)H071 +

95



64 4 32 32 16
5 (-13482)G | + (14 2) <—§H§ ~ S HoiGa+ ?CS) + 5 (= 21642162 — 256,
32 8
+252Gy) + | 5 (81 + 92 + 5Gs + 52Gs) + (=97 + 41)G | Ho + [—24(3 +2)
56 8 320 128
—3(1 + z)@} H{ + 5(_5 + z)HS} + CFNFT;%{L% [—7(2 —-1)+ ?(1 + Z)HO]
3712 80¢ 64 80 16
32 256 64 32
+(1 + 2) <§H3 — ?Hw,1 + 64H07171> + 5(89 — 89z + 3(3 + 32(3) + [3(85 +192)
256 H 256 640 16 64
+(1+ 2)( . 01 34“2) _ ?(z — 1)H1] Hy — 3(—29 +492)HZ + ?(—2 +32)Hy
64 8 64 96 64
+5 (-84 TG +(1+2) (—§ §+ > Hoaaa = ggg) + o7 (— 494 + 494z - 27,

64 16

+902¢3) + {—5(341 + 191z + 18(5 + 182(3) — 3(19 + 72)(21 Hy + [—16(3 + 2)

16 16 128 32
—3(1 + Z)C2i| Hg + E(—E) + Z)Hg + |:7(11 + 142) + 3(1 + Z)C2:| H(],l

64 80 64
—5(2 +52)Ho 11 — 2—7(29 + 112)@} + OANFTﬁ{—ﬁLﬁJ(—l +22)

32 32 256 256 80

Lo |—22(~329 4 3972) + (1 (— 2, Vg, - =2 )———20 132) H,
|~ (-320-43972) + (14 2) (T3 + s - 20a) - Sh(-20+ 130

16 32 16
—y (ALt 392)Hl} + %( — 1147 4 14752 — 18(3 + 362C3) + [—5(295 + 312)

32 16 32 256 16
—5(1 + z)(z] Hy — 5(22 +2)Hi — 2—7(1 + 2)H} — TR ngf

32 224 128
+ = (=14 4+192)Co p + OATES == L3, (=1 + 22) + LA, | ———(—14 + 192)

27 27 27

128 32 80 128 128
+ (14 ) Ho | + Ly |~ (=37 +472) + (14 2) (5 HE + —Hoy — ——G)

9 9 9 9 9

8 8 16
—ﬁ(—188 +612)Hy — §(—41 +352)H, | + 8—1( — 1147 4 14752 — 42(5 + 842C3)

8 112 8 16 128 8

+ {—2—7(295 +312) — T(l + z)@] Hy — §(22 +2)HE — 3(1 +2)HP — ?ZHl + ngf

112 176 16(2 — 352 +22°) H?  H,
T (~14+ 19z)§2} + (JflTF{?L%(—l +22) 4 Ly [ (1 + 2) { ( 23 ) HE Ho

z

32 (2 — 352 + 222)H07_17_1
3z

1832
+<—— + 96C2>H0,1 + —192H 00,1 + 192H0,0,0,—1}

9

4 4
31 (39029 — 38719z — 10512¢; + 66962(5 + 10802%(3) + [—2—7 (2870 + 7703z — 1296(3)

56



64 8 64 (1 + 222) Hy
5 (F194202) Hy — o(=37 + 172) Ho, + (1+22%) Ho.y

+ 96(1 + Z)Ho,(),l

8( =59 — 2z + 692% + 162%)
3(1+2)

+32(—5 + Z>H070,71 + 192(2 — 1)H07,1’,1 — CQ H(]

w

4(84 + 169z + 8122 + 3623 4
|: ( 9(1 n ) ) + _(_29 + 25Z>H1 — 24(1 -+ Z)HO,I — 48(2 — 1)]—_]0’_1
A

8 4 4
+8(5 + 3z)<2] H{ + §(1 — 122+ 42°)H{ — 3 o+ [5(—1087 +10652)

16(z — 1)(2+35z+222)C}H N 8(4 — 31z + 42*) H?
- 2 1

3z (1+2) [_ 3z
32(2 — 35z +22%)Ho 1 16(2— 92+ 2z2)<2] 16
+ - (

92(1 + 2)

18 — 2332 — 46222

3z z

16
92(1+ 2) (

—2332% +182%) Hy — 18 — 233z — 4622°

Hot |

16
—2332% + 182%) + 96(z — 1)42} Ho 1 —96(z — 1)Hj _, + 3( — 23+ 31z +42°) Hop,
16(1 +42)( —4 — 112 + 22 64(1+ 2)>Hgq1 1 64(1+ 2)3Ho_
+ ( )( )HO,O,fl 4 ( Z) 0,1,—1 i ( Z) 0,—1,1
3z 3z 3z
8( — 539 — 9602 — 42522+ 362%) 24 160 ]

2

8 32 64

+L3, §( — 100 + 77z + 6¢3) + {——(—3 +132) — (=1 + 2z)H1] Hy

64(2 + 3z + 22?) 16(3 +42)HZ  64(2+ 3z + 22?) 32(1 +22)%(,

H \H - Hy
3(1+2) ot T T T
8

44 8
— —_(— 11843 + 146772 — 198Cs + 3962C3) + [ﬁ(z% +312) + o (=T +892)¢

16
39| T3
32 14224 2)  8(3+42)G] ., | 88 , 704

22 (—1 4 22)Hi G| H = H2+ (14 2)HE + —zH
Tyl ) 1@] 0+{ 27 3112 Mo T gt T2t 5=t
32(2 + 3z + 22%)

3(1+ 2)

44 4 8
—H {—2—7( — 563 + 559z + 18¢3) + ggg} G —

H_H
9 1HoC2

32(2 + 3z + 22?) 16(1 + 22)2¢3 8
G 2 T L3, | = (2 —1)(22 H
3(1+2) 0.-152 3(1+2) }+CAOF F{ ML)(Z )(223 + 30H,)

32H, 32 16 16 160
+(1+ z)(— 30’1 + %) — 5 (53382 Hy + (-2 + z)H@} +(1+2) {—?HLHO
+(224Hy + 40H + 160H, _1 — 80(2) H2, + 320Ho0,1,—1 + 320Ho 0,11 — 160Ho 01,1
+160Hy 1,01 + 320H, —1,—1,-1 — 864H 0,011 — 288Hp 01,01 + 128 Hp 01,11 +32Ho.1,01,1

4 88 10
+32H071,17171] +(z—1) {— 6+ (— 80 —20¢) Hy — ng — ng + 80Hg,

15
+128H¢ 0,0,0,—1 — 384Hp0.0,1,-1 — 384Hp 00,11 +192H 00 —1,-1 — 128 Hp 0,1,0,-1
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—128Hp 01,01 +64Hp 0101 +512Hpp 11,1 + 256H0,—1,0,—1,—1}

32 . 440
(1 + 2)(160H_ Hy — 160H, _, — 32Hop1) + (2 — 1) (—— S+ —Hi+ 128H0,0,_1)

L2
+ L5y 3

8 8
—5(862 — 853z — 144(3 + 722(3) + —5(187 +5712) + (2 — 1)( — 80H; — 64H 1 — 32()

56 32 16
+32(1 + z)HOJ} Hy + (1 + 42)Hy — (10 + 2)Hoa + (35 + 17@@]

7720 32(2 + 47z + 222 4 40
Ly | (2= 1)| |——== + 160H, + ( )¢ Hy+ -H?— —H? +224H2 |
9 32 3 3 :
16(4 — 792 + 422)H2, H 32(4 — 79z + 42%) Hy _;
1+ 2) |- ( )12, Hy — 32HZ, — ( JHo-1- — 32Hy0.1.1
3z ’ 3z
8 ) 2960

+32H,1.1.1| + 57 (3845 — 38902 + 990, + 20162C; + 3602°C;) + | (= — 1) (—THl

8 16
~120H? — 448]—]07_17_1) — 5 (= 4205 + 29562 + 216¢; + 3242(s) + (38 + 1072) Ho,y

~ 16(8 + 92 +932%) Hy,

3z
64 9 4 9
+§(—11+13z+4z )Cg Hy+ —5(—1261+659z—|—1082)

- 192(1 + 22)]‘.[07071 -+ 64(3 + Z)H0707_1 + 96(1 + Z)HO,I,I

+(z —1)( —232H; + 48Ho 1) + (1 + 2)(112Ho; — 96@2)} H? — %( — 79— 31z +42°) H})

4 16(18 — 37z + 182%) H, 8(8 — 11z + 822) H?
—5(—11+7z)H§+ (1~|—z)[ ( ) S ( ) Ho

3z 3z

32(4 =79z +42%)Ho 1 16(4 — 212 +42%)¢]  128(1 + 2)°Hy,
+ — + —~|H_,
3z z 3z

16(1 + 2)(18 — 37z + 182?)
3z

1 16( — 8 — 21z — 18922 + 82°
—224(z — 1)@} Hy_1 — 36(131 + 179z + 82%) Ho o1 — ( Zg 2 )
¥4

9

0,0,—1

16 128(1 4 2)3Hy 4 — 128(1 + 2)3H,
_3(—19 + 292)H071?1 — ( ;3 01,~1 — ( 322 9,11 -+ 96(1 -+ 7Z)H0,070’1

2
5( — 34613

1 1
—96(3 + 52)Ho 0.1 + 56( — 289 — 193z + 542°) (2 + €6(89 + 73z)g§] —
+348462 + 3860¢; + 64722(5 + 2520(; — 10802(5) + {(1 +2)(— 48H, — 160Hy 1,1
—160Ho, 1,1 + 128Hg 011 — 64Ho111) + (2 — 1) '(1344 + 240Ho 1 + 40() Hy + 112H7
80 ' 8
5 HY + 32H3 _y — 96Ho 00,1 — 64Ho 101+ 128Ho 1, 1,1 | + 5 (2676 + 55412
+178¢; + 5982(3) + [224(—6 +2) —16(1 + 2)(2 | Ho1 + [32(1 +82) +48(z — 1)@} Hy 1
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—32(29 + 112)Ho o1 + 16(13 + 52)Hoo 1 — 16(—21 + 252)Ho.1.1 + 32(9 + 52)Ho 1.1

4 16
+64(—5 + 22)Ho 01 + 5(127 + 7452)( + E(—38 + 52)422} Hy + [(z —1)( — 424H,
4
—20H7 + 32Ho 0,1 — 32Ho—1,-1) — g( — 192 + 441z — 56(3 + 522C3) + 8(29 + 192) Hy

8
_8(9 + 5Z)H0’_1 — 32(—2 + Z)HO,O,l + 16(1 + Z)H()J,l — §<—2 + 192)C2:| Hg

4 16 9
+ —5(—28 +52) + (z — 1)(—31{0,_1 + 8@)] HE — §(1 +4z2)Hy
r 460 8
-1 (—400H070,1 — 80Ho11 — —- @) + (81— 752 = 506 +502Gs) | H

40
+|(1+2) {( — 672+ 160Ho1 — 160H _1 — 120(;) Hy — 112H + gHg’ — 448H,

—320Hg 01 + 160Hy 0,1 — 320H, 11 + 224@} +240(¢s + 2G3)

40
H_y + {—3( — 96 + 93z

8
+4¢ + 42¢3) + 160(1 + z)Hop1 + §(32 + 5z)C21 Hy, + [—96( —T—T2— (34 2(3)

+(z — 1)(128Hop,1 — 64Hoo,—1 — 128Hy _1,1) + 8(23 + 152)4“2} Ho 1 —64Hj _,

v [16(115 +292) + 16(1 + z)gg] Hoo, + [—32(—5 4 92) — 96(z — 1)@] Hoo1

+ [—8(—30 +312) + 16(1 + z)@} Hop1 + [448(1 +2) +64(z — 1)@,} Ho 11
+48(29 + 32)H0707071 — 16(17 + 5Z)H070’07,1 + 16(—17 + 282)H070,171 + 96ZH0,17171
4 8
—128(—4 + 2)Hy 0001 — §( — 487 + 2179z + 258(3 + 2222(3) (2 — 1—5(1402 +2292)(3

4 8 32 32
_16C3} + C%TF{L?W [—g(z —1)(13+20H,) + (1 +2) (gﬂg + gﬂm _ §<2>

16 10
_3(_2 + SZ)HO] +(z—1) {(280 — 80Hy1 + 1006) HY + 24H; + gH;*]

2

+(1+2) <—1—5H§ —32Ho 0,11+ 192Hg0,00,1 + 768 Ho0,0,1,1 + 320H0,0,1,01 — 416H 0,111
16

C192Hy 1011 — 32H0,1,1,171) v 12, {(1 +2) (EHS‘ - 32H070,1> +8(25 — 252 + 4Gs + 42(3)

+[~8(=19 4 72) + (14 2) (32Ho, — 32G) — 80(= — 1) Hy | Hy — 16(=3 + 22) H3

—120(z — 1) Hy + 16(1 4 52) Hy — 96@} + Ly

(z—1) {( — 200 — 160Ho, — 256() H,

40

32(2 + 32 + 222) H,
—2OH12+§H§)’—128H§,_1}+(1+z) | 32(2432 4227 Ho

z

—256H2, Hy + 2H; + {

+128H§ + 512Hy,_; — 256@‘2} H_y +32H3, — 512Hy 11 — 416 Hy 01 + 384Ho 00,1
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—32H 1,11

+8( =314 31z — 70¢s + 542(3) + {(1 + 2)(288Ho,1 — 64Ho1,1)

+(z — 1)(168H, + 80H] + 256 Ho, 1 + 256 Ho,1,-1) — 4( — 13 4 1332 — 163 + 482(3)

—64(—3 + 4Z)H071 — 256H0,07_1 — 416C2:| Hy+ |:2 (69 + 73z + 1622)

8
+(z —1)(128H, — 64Hy 1) + (1+ 2)( — 64Hy, — 3242)} H = =(~11+52)H

32(1+ 2) (2 + 32 + 227)

z

+ [—8(—67 + 412) + 128(1 + Z)C2:| H()’l + |: + 128(2 - 1)(2 HO,—I

+32(9 + 82)Ho,1 — 256(—1+ 32)Hog,—1 + 16(—7 + 132)Ho 11 — 16(33 — 10z + 42%) &

32 4
——(13+232 )g§] - §( — 660 + 660z — 323(3 4 172(3 + 120¢5 + 1202¢5)

+ [(z —1) [(168 — 160Ho, + 80C,) Hy + 320H07171} +(1+2) (32H§71 — 160Ho 00,1
448 8
—128Hyo11 + —CQ) — (= 51— 2822 — 326, + 6:2G) + [—16(—17 +272)

2
—32(1 + z)@} Hyy + 16(9 + 192)Hy o, + 2(83 + 2552)@] Ho + {5( — 51 — 201z + 44(;

+ %(1 +832) + (1 + 2) (— 16[;“ L @) O(z - 1)H1} HE + 3,(_3 + 2)H}

8
+{(z = 1)( = 32Ho + 320Ho 0,1 + 320Ho 1,1 + 148() — 3(27 — 27z — 1103 + 1102(3)} H,

8
+{(1+2)( — 128Ho 01 + 64Ho 1) + 3 (15 + 1742 + 44¢3 + 442¢3) + 8(—5 + 13@@} Ho,

—32(=3 + 52)HE, + [8(—45 + 432) — 32(1 + )| Ho,

+[8(=58 + 52) = 80(1 + 2)Go| Hoa1 — 16(7 + 232) o — 16(—23 + 272) o114

2 8 re
g(633 — 1389z + 40¢3 + 402(3) (o — 5( 163 +232)¢3 + 3243} + agg)Q 9}. (301)

B The z-Space expressions for the asymptotic massive
Wilson coefficients

Here we list the z-space contributions to the massive Wilson coefficient Lgs, Lg and H gs.
For LF>(z) we obtain

LY%(2) =

32 32 64, 64
aiC’FNFTg{L?W {?(z —1)(12+5H,) + (1 + 2) (—31{2 5 Hoy + gg)
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32 3296 32 16 80

+Lg

64 64 160 64

(1+2) (—HO,M — —43) + L3 | ——— (2= 1)+ —(1+2)Hy
3 3 3 3

64 128Hy, 128 128

+ Ly [—(z—l)(—4—|—15H1)+(1+z)(— o4 Cz) }

9
128 3712 128 30 64

64
—’—?(2 + 5Z)C2

—(2 H

64 64 320
+ L |(z—1) [_3 -5 (324 15H,) — ?Hf]

128 128 256 128 512
+(1 + Z) |:7H0’1(1 + 3H0) - ?H0,0,I + ?HOJJ - TC3:| - 7(1 + 2Z)H0

64

64 128 64
——(2+52)HZ + {5(—17 F132) - (1 + z)HO] G

+(1+2) <— 0011 — 64Hp 111

9 3 3

32 128 64 128 64
64 64 64 128 64
—3(2 + 52)[‘[07071 + |:§(1 + 42’) — §<1 + Z)H0:| HO,l,l + |:2—7(5 + 22) - 3(2 + 5Z)H0

160 64 32 64
—?(Z — 1)H1 + E(l + Z)H(],1:| <2 + |:—§(—17 -+ 132) + g(l + Z)HO] Cg

+ A (2) + NeCy5® (Lo, Ni, 2) } (302)

For L3(z) we obtain

S
Lj(z) =
16 16 16 16
aiNFT}%{ELMLQ(Qz — 1)+ Ly [—3(—3 +dz) + (22— 1) (—gHO . §H1>} }

4 4 4 4
+a§{NFTg{%L%4LQ(2z 1)+ 12, [—%(—3 b dz)t (22— 1) (—%HO - %HI)] }

8 64 32
+OANFT§{—(—3943 +39282) + Ly L) [—64(,2 —1)+ 3(1 + 2)Hy — 3(2,2 - 1)H1]

27
512 32 64 64 32
+ L2, = (z=1) +(1+ z)<—— F— 0,1) + | = (=4 +2)+ = (22 — 1)H, | Hy
3 3 3 3 3
32 32 [ 40
+§(—9 +102)H, + 3(2z — D)H} +32¢| + Lg —5(—108 +1072)

64 32 ] 32
+13, {—64(2 —-1)+ 3(1 + 2)Ho — 3(2z —1)H, | + Ly —3(—22 +192)

32 64 64 64
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+——(—8+T72)H, + — 3 (22 — 1)H} — T(l +2)Ho1 + — 3 (1+22)Hp_1 + —CQ

128 32 128 64 128 ]
9

8 16 16 16 32
27(785 + 6442)Hy + — 5 (17 4+ 22)HE — 3(2z —1)H} — 27( 47 +1032)H, — 5 2Hos
32 4 32 64 16
+§Z<2 + (22 — 1) <§H61 + ?H0707071 — ECQQ) + LM 3(—325 + 3012)
128 32

32
+[9(—58 42z + 32%) — 9(—8+7z)Hl—16(22—1)H2—§( 3 — 62+ 22*)Hy,

+634( —1-22+2 )HO,I] Hy+ %(1 +22+222)H2 Hy + {2(23 — 124z + 442%)

16 16 16
+§(3 — 6z + 2z2)H1] Hi + 506+ 14z)H + b( — 180 + 161z + 62)

64 32 16

64

64(2 4 62 + 1222 + 112°)
9z

0,—1

3

{ 4(2+ 6z + 1227 + 112%) 32

64 32

_g(l + 2z + 2z )H()’_1:| H_1 — 5(41 + GQZ)H()J +
3

64 32
( 3422+ 22 )HOOI_g(_]-_ZZ—i_Z)HOO 1—3( 7+22>H071’1

|82

3
64 64

+ 22)H0717,1 — §<1 -+ 22)H07,171 + 3(1 + 2z + 222)[{0’,1,,1

32

(1
3
2 4 4
+ {—%(3 — 90z + 222%) — %(3 +4z)H, — %(z —1)°H, + E( —1—-2z+ 222)H1] (o
64

—3(2 + 2+ 22%)(

8 16 32
+ [ﬁ(_2405 +413z2) + 2—7(—47 +1032)H; + EZHM} Hy

4 160 8 16

—— 42)Hy + ——(—2+ 2)H} 1884 + 19812)H 47 +1032)H}
27(989+76 VH + 27( + 2) +27( 884 + 1981z) 1+27( 7+ 1032)H;
8 32 64 8 32
16 32 32

2 2
+Ly L [8(—41 +422) + (22 — 1) (16H§ - %}h) - %(13 +192)H, ]

+Lq [ ~20(—67 + 702) + L}, [ ~336(= — 1) + 48(3 + 42)Ho — 16(2= — 1) H3]
16 64
g |~ (—472 4 4732) + (22 - 1) (—32H3 + = H} — G4Ho o, + 64§3>
16 16

32 128
+ l§(156 +25z2) + T(2z - 1)[4 Hy + 3(73 +522)HS — 3(—109 +1062)H,
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64

o (144 172) Ho + 644+ 72) + 64(22 — 1) Ho| G| +32(28 + 172) H,

8 4
—8(—23 +92)H{ + §(9 +42)H — 5(22 —1)H,

+ L3, [928(z —1)

16 .
(22— 1) (EHS +32Hy0, — 32@,) ~16(30 + 72)Ho — 8(11 + 42) H?

+336(z — 1)H, — 48(3 + 42)Hy,, + [48(3 +4z) — 32(22 — 1)H0] gz}

8 128 256 28

+ Ly 5(—8533 +8509z) + (1 + z)2<—?H2 Hy — THO iy 1) + (22 — 1)( 3 H}
80 . 64

-5 i +64H0011— ) _° 5606+209z—|—24z 2) —|—(22—1)(—§H

+64H, 071) +48(—11 + 102 ( — 25 — 40z + 422) Hy,

)H,
128

16
{—— (3063 + 462z + 322%) — 3( —1+22+ 4z2)H1} H

16 32 64
—5(104 +172)H + [—3(229 — 230z + 22°) — E(Qz — 1)H071} Hy +24(—11 + 102)H}
64 256 64(4 + 452 + 482 + 423 16
(14 2)? ( B+ PH, 1) O Bz a8E ) ~2(203 + 1562) Ho
3 3 92 3 ’
64(4 + 45z 4 4827 + 42°) 64

H(] -1 — 3(2 — ].)(—].1 + QZ)HO’OJ

9z
128 32 32
+T( — 5+ 62+ 2°)Hog_1 — < (314 282)Ho1 + [3 (543 + 99z + 827)

32 64 128
+§(83 +562)Hy — 96(2z — 1)H + 3( —1+22+422%*)H; — T(l + z)QH_l] G
64 ) 4
+ (5 (83 — 42 +42%) — 128(22 — 1) Ho |G| + (22— 1)(15H +32H0 0001 — 3245)

8 2
+A(=519 + 102) Ho — 8(69 + 82)Hy — (32 + 32) H{ + 5 (~ 11+ 42) Hg + 20(~67 + 702) H,

3
—32(23 + 172)Ho 1 + 16(—23 + 92) Ho g1 — 16(9 + 42) Ho 0.1 + [32(23 +172)

16 32 64
—16(—23 + 92)Hy + 8(9 + 42)Hy — 3(22 - 1)H3} G+ lg(9 +4z) — E(2z - 1)H0] G

+ [—16(—23 +92) +16(9 + 42)Hy — 16(22 — 1)H§] Cg}
+A%)  + NFCS ®) (Lo, Nr, )} (303)

For HF®(z) we obtain

PS _
H,” =
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ageFTF{—g(z —1)(148 + 66H; + 15H7) + Lo [8(2 —1)(11+5H;)

+(1+ 2)( — 16H2 — 16Hy s + 16¢) + 32(—2 + z)HO] v 12, [20(:5 1) —8(1+ z)HO}

+L}, [—20(2 —1)+8(1+ z)Ho} + Ly [8(2 —1) = 8(=1+32)Ho + 8(1 + Z)Hg]

16 256
+(1+2) <§Hg’ —32Hy 01 +16Hp 11 + 16C3> + {—?(—2 +2)—80(z — 1)H,

32(1+ 2)3H_ 8
-SRI (a4 2yt o+ 5 (214 222) ] +16(-1+ 32

3z

32(1+ 2)3Hy _ 32
+( Z) 0,—1 {

5 + —3(9 3z + 2°) —32(1+Z)H0}C2}

32 32 64 64
+a§{CFT£{L?W {E(z — 1)(12 + 5H1) + (1+2) <—§H2 3 Hoy, + §C2>

32

3( 7+2)H01 +LQ

(1+z)<3H011— . T -1+

128 Hy L 128§2> 128
3 3 9

64 64 160 64
C?’) +L§4—— (1+z)H}

+LM|:6§4(Z—1)(—4+15H1)+(1+Z><— —(2+52 )H]

128 3712 128 80 64
+—7(11+142)H0+(z—1)< 3 Hl—§H2> ~ (24 52)Ho,
64 128 128 256 128
+—(2+52)%| + Ly (1+Z)<—Ho1 — —Hop1 + ——Ho11 — —C3>
9 9 3 3
512 320 128 64
——=(1+22)— —(2—1)H;+ — (14 2)Ho; | Hy — — (2 + 52) H
9 3 3 9
64 2048 320 64 128
(e 1)(-- _ 20y, - —Hf) (1T 4 182) — 2 (1 4 2)Hy | G
3 9 3 9 3
64 32 128 16
1 (—H — 64H —2> 4 —1)H,(—8+15H
+(1+ 2) 5 Hooaa 64Ho 111 + 15C2 [ 57 (—40 +2) + 9 —(z—1)H(—-8+15H,)
64 64 64 3296 4000
+§(2 +52)Hoy — 5 L+ Z)Ho,l,l} Ho — 2—7(11 +142)Hy + (2 — 1) (T t =
448 80 128 64 64
—9 H2 EH:S) o7 ( 8 + Z)HO 1 — 3(2 + 5Z)];]’OO 1 + = 9 (1 + 4Z)H07171

128 64 160 64
+ [§(5 —+ 22) — 5(2 5Z)H0 — T(Z — 1)H1 + — 3 (1 -+ Z)H071:| CQ

32 64
+ {—5(—17 +132) + (1 + z)HO] @,} + C%TF{(Z —1)[2656 + 8H, (103 + 40Hoy)
8 4 2 2 2 2
5 Hi + 44H} — SOH, + 16OH071,171] + L2, |4(z — 1)(92 + 43H, + 10H?)
8
(14 2) <—§H§’ + 48Ho0, — 32Ho 1 — 166 ) + |~4(51 +72) + 80(= — 1) Hy

—32(1 + z)HM] Hy + 8(—6+ 52)H2 — 802Hy 1 + [80 +16(1 + z)HO] @]

64



+Lg

12, [—4(2 — 1)(13 + 20H,) + (1 + 2) (SHE + 32Hy, — 32G,) — 16(—2 + 3z)H0]

+(z —1)(— 392 — 288H; — 160H011) + L |:—8(Z —1)(5+4H,)

16
(14 2) (~8Hy - S Hi = 64Hoo, + 64Cy ) + 822 HE +32(~1 + 32) Ho,

2 256
+ [—32(_1 +32) + 64(1 + z)HO] @] +(1+2) <§H§ — 64Ho 01 + 128Hp 11 — Tg;)
+ [—52(—3 +2) +8(z — 1)H; (13 + 10H:) + (1 + 2) (96 Hoo,1 — 64Ho 1,1)
1
EGZHSS
+8(19 + 172)Hp 1 — 16(1 + 52)Hy 1 + [—48(1 +52) + (1+2)( — 16H{ + 64Hy,)

—32(—3 + 22)H071] Ho + [6(3 +192) +80(z — 1)H; — 32(1 + z)HOJ] H2 —

16(—1 + 32) Hy — 160(z — 1)H1] G+ [48(—3 4 52) — 96(1 + z)HO} g3]

64 4
+ Ly [(z ~1) (312 — - Hj + 88H, + 16H12> 4 (14 2) (gﬂé — 160Ho,0,0,1 + 64Ho,01,1

288
+T<22> —+ |:—8<—2 + 212) + 32(2 — 1)H1 — 32(—1 -+ BZ)HO’l + 64(1 -+ Z>H070’1:| HO

FA(T + 132)HE — 8(—11 + 212)Hoy + 32(1 + 72)Ho 1 — 32(—1 4 32)Ho 11

+ [8(—7 +172) — 32(3+ 2)Hy — 16(1 + z)Hg] G+ [—64(1 +22) 4 32(1 + Z)Ho} gg,}

2
F(142) (—EHS’ — 80Ho0,001 + 832Ho 0011 + 256H0,01 01 — 128Ho 0111 + 80C5)

+

80
—4(263 +1952) + (2 — 1) {—32}[1 (14 +5Ho,) — 172H7 — gﬂf}
+(1+ 2)(32H§ | + 96 Ho .01 — 224Ho 0,11 + 64Ho111) 4+ 16(1 + 102) Hy

—16(—1 + 17Z)H0,0,1 + 160(—2 + 3’2)HO,1,1

Hy + {—6(26 +152) — 4(z — 1) H, (43 + 10H,)

80
+(1+4 2)( — 48Ho0,1 + 32Ho1,1) + 80zH0711 Hj + [—2(5 +232) — 3(2 - 1)H,

32
+§(1 + Z>H071:| Hg + |:4(—].69 + 352) — ].28(]. + Z)H0,0711| HO,I — 4(109 + 332)[‘.’070’1

+8(—49 + 132)H0,171 + 32(—8 -+ 15Z)H0’07071 — ]_44(—]. + SZ)H0,0,LI + |:4(57 + 772)

8
+8(2 — 1)H, (43 + 10H,) + (1 + 2) <§H§' +96H 01 — 64Hp1 1 — 96g3) + [12(5 +132)

8
+160(z — 1)Hy — 64(1 + z)Ho,l} Hy+8(3+ 2)HZ — 160zH071} G+ l—g(—m +832)

48
+€(1 + z)HO} ¢+ [4(207 +7z) + (1+ 2)(24Hg + 128Ho 1) — 32(—13 + 82)Hy
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—320(z — 1)H1} <3} + Agj(i%) +CPO (Lo, Np + 1)} (304)

Finally, H°(z) reads
S _
H] =

asTF{—éL(—B +4z)+ (22— 1)( — 4Ly + 4Lo — 4H, — 4H1)}

+a§{CATF{—§(—101 +1042) + L, [—48(2 -1)

116(1 + 2)Ho — 8(22 — 1)H1] VL2, [48(2 — 1) — 16(1 + 2)Hy + 8(22 — 1)H1}

+(1 4 22)( = 16Hp1,-1 — 16Ho_1,1) + L [8(—12 +112) + (1 4 22)(16H_1 Ho + 8H;
—16Ho,_1) — 8(1 + 82)Hy + 32(z — 1)Hy + 8(2z — 1)H} + 16@} + Lo {8(—20 +212)

+(1+22)( — 16H_ Hy + 16H, ) + [24(—5 Fdz) +16(22 — 1)H1} Hy — 8(3 + 42) H?
+16(—=7 + 82)H; + 8(22 — 1)H; — 32(1 + 2)Hy; + 32@} + {%(194 — 163z + 627)

—4( =53+ 56z + 2*)Hy — 16(2z — 1)H — 8( — 7 — 10z + 22*) Hy

+8(—3—6z+ 222)1{07_1} Ho + 162*H? Hy + [;(126 — 48z 4 4127)

+4(3— 62 + 222)Hl} H? + 2(3 A2 HY + [4(43 = 532 + 22%) 4+ 16(22 — 1) Ho | H,

16(2 + 3z + 922 + 112%)

= Hy—4(—3—62+22%)H;

+2(19 — 24z + 2°)H{ + {

+16(1 + 22)Hy 1 — 3222H0,1} H_y+4(—19+ 28z +22%)Hy,

16(2 + 32 4 922 4+ 112%)
i 3z

4
+48Hp 11 + 322°Ho 1,1 + [_5 (114 — 84z + 472%) — 32(2 + 2)H,

Ho 1 +8(—9—102+22%) Hyo1 — 8( — 3 — 62+ 22%) Hop 1

—16(z — 1)*H, + 16( — 1 — 2z + z2)H_1} (—8(—1—-10z+ 422)@,}

+OFTF{—?(—20 +172) + L3, (6 + (22 — 1)( — 4Ho — 8H}))

+13[6 4 (22 — 1)( — 4H, — 8H1)] + Las((— A(—17 +132) + (22 — 1)( — 8HZ — 16H?

+8Ho 1 + 24¢,) + [—16(—3 1 22) - 32(22 — 1)H1} Ho — 4(—17 + 202)H, )

+Lo|4(=17+132) + Ly [—12 + (22— 1)(8Hy + 16H1)} + (22 — 1)(8H{ + 16H7
—8Ho, — 24() + [16(—3 +22) +32(2z — 1)H1} Ho+4(—17+ 20z)Hl}
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8
H(22 - 1) <—§H§’ _SHP 24H07171> + (14 2)2(— 32H2, Hy — 64Ho_1 1)
8
+ {—5( — 46 + 53z + 62°) + 8(8 — 14z + %) Hy — 16(22 — 1)H} + 32(z — 1)*Hy

4
—32(z — 1)2H0711 Hy + [_5( — 27+ 62z + 232%) — 1622Hl} Hi + [—4( — 4T + 412 4 42°)

—16(2z — 1)H0,1} Hy —2( —33+40z + 22°)H} + [(1 + 2)*(16H§ + 64Ho 1)

16(4 + 122% + 132°)
3z

+16(4 +122% + 132%)

0,1
3z

HO] H_y —16(— 6+ 2°)Ho1 —
2 2 8 2

—32(z — 1)*Ho 1 + 32(1 — 62 + 2%) Hoo—1 + lg( — 60 + 42z + 292°%) + 32(2z — 1) H,

+16( — 1+ 2z +22*)Hy — 32(1 + z)2H_1} G+ 8(1+ 14z + 8z2)g3}

163 16 Ly L 16
+T§{(22—1)<— 3M+ i]’\f Q>+LM{—§(—3—I—42)

122 - 1) (-%GHO - ?Hlﬂ }}

2 2
+a§{CFNFT;{LMLg [8(—43 +422) + (22— 1) (16H§ + %m) - %(14 + 172)H0]

8 64 . 32
+(LyrLo) [—g(—7o9 +6902) + (22 — 1) (—3 § = S H} — 64Hoos + 64(‘3)

1 12 2 1
+ [—56(—673 +262) — ?8(22 — 1)H1} Hy + 35(25 +162)Hy — 56(—425 +4542) H,

64 2
+64(4 + Tz)Ho,y + {—3(14 +172) + 64(22 — 1)H0} Go| + Lar| (29415 + 289582)

20, 32
+(1+2) [—64(—5 42V H_ Hy + 64(—5 + z)HO,_l] (22— 1) (3 $+
8

96
+256H0707_1 — 64H07070,1 + 64H0707171 + FC%) + |:—2—7(13571 + 19582)

32 16 32
+(22 —1) <§H12 —128H, _; + 64H070,1> + 5 (<151 + 1702)Hy — (23 + 44z)H071} H,

80 304 104
+ {8( — 129+ 18z + 42°) + 3(22' — 1)H1} HZ — T<4 + 2)H + {7(—523 + 5422)

64 8 704 32
‘|—§(22 - 1)H0,1:| H1 + 5(—425 + 4542)[‘[12 — 7(5 + 112)H071 + 3(1 + 46Z)H0’071

o4 16 128
= (114 232) Ho1 + {—3( — 853 + 262 +362%) + (22 — 1) (—641{3 - THI)

+%(31 + 162)H0} Go + [—%(—20 +19z2) — 64(22 — 1)H0] Gs

8
} + OATg{ﬁ(—3943
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512

64 2
+39282) + La L, [—64(2 —1)+ §<1 +2)Hy — 3§(2z — 1)H1] + L3, T(Z - 1)

32 64 64 32 32
+(1+2) (—31{3 — —HO,I) + {—(—4 +2)+ §(22 - 1)]—[1} Hy + 3(—9 +102)H,

3 3
32 40 64

+5 (22 = DH] 432G | + Lo |~ (=108 + 1072) + L, [—64(2 ~ 1)+ 5 (14 2)Ho
32

2% (2s - 1)14 4 Ly

32 64 64
} ~ (=22 +192) + (1+22) (=% H 1Ho+ ~ Ho,_1)

3 3

32 64 64 128 32
+ [5(5 +98z2) + 3(22 — 1)H1} Hy — 3(1 + 32)Hi + T(—8 + 72)H, + 3(22 —1)H?

128 128 8 16 16
—?(1 + 2)Ho 1 + ?@ + 2—7(785 + 6442)Hy + 5(17 +22)HJ — 3(22 - 1)H}
16 32 32 4 32 64
—2—7(—47 + 1032)[’]1 — ?ZHOJ + §ZC2 —|— (22’ — ].) <§ 61 —|— §H0707071 — 1—5C22>
16 64 64 32
+LM 5(—325 + 3012’) + (1 + 22’) <—§H0717_1 — §H07_171> + |:§( —H8 — 42z + 322)
128 32

?(—8 +72)H, —16(2z — 1)H? — 3( —3—62+22")Hos
64 ) 32 N 8 )
+—(—1—-2z+2)Hy 1 |Ho+ —(14+224+22z°)H-Hy+ |=(23 — 1242 + 44z
3 ’ 3 ! 9

16 16 16
+§(3 — 62+ 222)H1] Hi + 56+ 142)Hj + [5( — 180 + 161z + 62%)

64 32 16 64(2 4+ 62 + 1222 + 1123
3 9 9 9z
32 64 64
—E( — 1 — 22 + 22)H02 + 3(1 + 22)H071 — 3(1 + 22 + 222)H07_1:| H_1
32 64(2+ 62 4 1222 + 112° 32
—5(41 —+ 622’)[’[0’1 -+ ( 92 >H07,1 -+ E( -3 -+ 2z + 222)[’[070’1
64 32 64
—3( — ]_ — 22 + 22)H0707_1 — E(—'Y + 2Z)H071,1 + 3(1 + 2Z + 222)]’]07_17_1
32 64 64 32
+ —3(3 — 90z + 222%) — 3(3 +42)Hy — ?(z —1)’H, + 3( —1-2z+ 2z2)H_1} G
64 8 16 32
5 (222G + {2—7(—2405 +4132) + o (4T + 1032)Hy + ngO,l} H,

4 160 8 16
——(989 + T642)H} + — (=2 + 2)Hj + ﬁ(—1884 +19812)H; + 2—7(—47 +1032)H;

27 27
8 32 64 8 32

—2—7(785 + 5722)[’]0’1 — 3(17 + 52)]’]0,0,1 + §ZHO,1,1 + {5(293 + 1222:) - 5(—17 + Z)Ho
16 32 32

—5 (22— 1)H§] Co + {—3(—17 +2) — (2 - 1)H0] g3} + OFT§{4(—889 + 9042)
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16 32

—20(—67 + 70z) + L3, [—16(—20 +212)

64 80 16
32 64 32 32 128
—|—(2Z — 1) (-g g + ? 12 - ? 0,1 — 32C2) + |:§(51 + 252) + T<2Z — 1)H1:| Ho

16 16
+?(25 +162)HZ + 3(—17 +202)Hy | +32(23 + 172)Hy — 8(—23 + 92)H}

16 16, 32
(=155 + 1642) + (22 — 1) (EHS X

8 4
+§(9 +4z)HY — 5(22« —1)H; 3

+ L3,

16 64 8
+32Ho 0,1 — 32@3) + {—3(79 +132) — (22 - 1)H1} Hy — 5 (31 + 162) g

16 80

8 128 256 8
§(—1549 + 15252) + (1 + 2)2 <—TH31H() — ?H(),_l,_l) + (22’ — 1) <— 61

+Ly 3

80 128 128 8
_ng’ + 5~ Ho + 64Ho00,1 — ?gg) + {—5(1394 — 547z + 242%) — 48(—3 + 42)H;

4 4 12
—6—(22 — 1)H12 + %(1 —2z+ 222)H0,1 — 78(2 — 1)2H0711 HO

3
[ 4 2 16 2 2 8 3

+ —5(885 + 732z + 1042%) — 3( —1+22+442%)H, |H{ + o(—61+142)H;
[ 32 . 64 ,

+ —3(61 — 62z +22%) — 3(2,7; —1)Ho, | Hy — 24(—3 + 42)H;
[ 64 256 64(4 + 1222 4+ 132° 16

+ (1+Z)2<— g—l-— 0_1> + ( ) 0 H_l——(119+302)H01
i 3 3 9z 3 ’
64(4 + 122% 4+ 1323 64 128

— ( 92 )H07_1 — 3(14 + 5z + 22’2>H07071 + ?(1 — 6z + Z2)H0707_1

32 32 64
+ {3(138 + 99z + 262%) + < (234 202) Hy — 32(22 — 1)H + §< — 1422 +22*)H,

_%(1 n Z)QH_l} o+ {%(2? +282 + 82%) — 64(22 — 1)H0} 43]

4

(22— 1) <E S+ 32Ho 0001 — 320 ) + 4(=519 + 102) Hy — 8(69 + 82) H3
8 2

—5(32 + 32)HS + g(—” +42)Hy + 20(—67 + 702) Hy — 32(23 + 172)Hy,

+16(—23 + 92)Hy 1 — 16(9 + 42)Hy 0,1 + [32(23 + 172) — 16(—23 4 92) H,

1 2 4
+8(9 + 42)H§ — 36(22 — 1)H§’} G+ [%(9 +4z) — %(22 —1)H,y |
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+ [—16(—23 +92) + 16(9 + 42)Hy — 16(2z — 1)H§} gg} + C%TF{—z(lol +72)

+Ly L3 {(22« —1)(— 18 — 4Hj — 32H; + 32(;) + [—8(2 —1) —32(2z — 1)H1} Hy + 48}4
4

V12, {—2(—67 1 042) + (22 — 1) <—§H§ — 16H? + 8Hy g + 16Ho 11 + 8§3>

+ [—2(—31 4 582) — 96(z — 1)H; — 32(22 — 1)Hﬂ Ho + [4(5 +32) — 16(22 — 1)H1} H?

~2(—103 + 582)Hy — 12(~T+ 82)H} + 8(3 + 132) Ho + [~8(15 + 2)

2(23 +13z2) + L3, [(2z — 1) (18 + 4H + 32H; — 32(,)
+ [8(,2 — 1)+ 32022 — 1)H1} Ho — 48H, | + (22 — 1) <§H1 +16H2, + 16Hy 001 — 80Hp0 11
184 3
+80Ho 111 + ?@) + L | —2(—305 + 284z) + (22 — 1) (64H; — 112Ho 0 — 64Ho 1)
+(1 4 22)(64H? | Hy + 64Ho 1 + 128Hy 1 _1) + [56(5 + 142) + (22 — 1) (160H; + 64Ho ;)
8
+32(—13 + 102)H1] Ho + [8(6 4 72) + 64(22 — 1)Hl} H + <(1+ 62)H]
FA(—119 + 942) H, + 320(2 — 1) H? + [(1 +22)(— 32H2 — 128H,_,) — 192(1 + z)HO} H_,
F16(3 + 2) o1 +192(1+ 2) o1 + |—16(—11+212) — 16(=5 + 182) Hy — 256(2= — 1) H,
16
64(1 + 2z)H,1] G — 16(1 + 142)@,1 + [2(28 +372) + (22 — 1) (gﬂf — 48H,,,
+32H0,1,1) + [4(—53 +462) + 32(22 — 1)H0,1} Hy — 8(=5+42)H? + 8 [—49 + 142
+427] Hm} Ho+ [15+ 142 + (22 = 1)( = 8HE + 24Hy,) — 4( — 25+ 162 + 42%) Hy | H3
4 . 16 .1
5 (2457 +42%) — (22 — DHy | Hi + (1 2)H} + [12(-10+32)
—64(22 — 1)H0,071] Hy +16(—17 + 162)H} +4( — 13 4 8z + 42*) H} + 4(55 + 462) Hy 1

—32( =15+ 42+ 2*)Hoo1 + 8( — 87 + 28z + 122°) Ho 11 + [—8(1 + 462)

+(22 — 1)(8H§ — 16H7 — 96Ho 1) + (8(13 + 4z) + 32(22 — 1)Hy ) Ho + 16(—5 + 42)H1 | ¢

1
+ [—16( — 21+ 10z + 62%) + 32(2z — 1)H0} Gs| + Lar | 5(—2757 + 27862)

+(1+2)( = 192Ho,—1 — 192Ho 11 — 192Ho_1,—1) + (22 — 1)( — 24H{ — 16H{,

128
—288[’[0,0707,1 - 192[’[0’07171 + 224H0717171 - 192H07,17071) + (1 + 22) <?H51H0 + 80H07171

—64Hg 1,1 —64Hop 11 —64Hop 1,1 — 128 Hy 11,1 — 128Hg 11,1 — 128Hy 1 11

256
—256H0,_1,_1,_1> + [—6(149 +1962) + (22 — 1) (—TH?’ +224H0, 1 — 192Hy,
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—192H, 1) + |—4(=307 +2802) + (22 — 1)( — 160Ho + 192Ho,_1) | Hy
—8(—67 + 822)H12 + 8(25 + 182)H0’1 - 224(1 + 2Z>H07_1 — 16(3 + 1OZ)H0’071

—32(5+22)Hoo 1 — 256,2H07171] Ho + (4( — 64 — 1252 + 122%) — 4(—67 + 762) H,

3
1
+§(—5 — 142)[’[61 + [—2(—353 -+ 3322) + (22 — 1) (224[‘[07071 — 384[‘[0707,1 — 96H07171)

4 64
—56(22 — 1)H} + 8(3 + 22)Ho 1 + 16(1 + 62)Ho 1) Hy + {—(—27 +z) — 3(22' — 1)H1] H}

148(—3 + 4z)H0,1} H + [—2(—365 +3222) + 32(22 — 1)H0,1] H? — 16(—13 + 162) H?

+ {(1 + 2)(192Hg + 192Ho 1 + 192Ho 1) + (1 + 22) (16 H{ + 64Ho o1 + 64Ho o1

128 Ho, 1 + 128Ho, 11+ 256Hy 1, 1) + [—32( — 12— 112 + 32?)

1128(1 + 22)H07_1} HO] H_y+ [(1 +22)( — 8OHZ — 64Hy — 128H, 1) — 96(1 + z)HO] H2,
—12(49 + 62) Ho,y + [32( — 12— 112 +32%) 4 192(22 — 1)H0,1} Hy 4 — 64H7_,

+8(—=71+ 182)Hoo1 + 64(1 + 82)Ho -1 + 16(—3 +222z)Hp 01 + {—32(8 — 31z + 32%)
+16(—13 + 112) + 320(22 — 1)H1] Hy + 8(—5 + 182) H2 + 64(—13 + 162)H,

+160(22 — 1) H} + [~288(1+ 2) — 64(1 + 22)Ho| H_y +128(1 + 22) B2,

—64(—1+42)Hyy — 32(1 + 6z)H0,_1} Co + %(13 +22)(3 + [16(—6 + 312)

1
+ (2 1) (—Hg Sy

+16(—3 + 262) Hy + 256(22 — 1)H; — 224(1 + 2Z)H—1} Gs 15 3

+104Ho0,0,0,1 — 656 Ho00,1,1 — 192H0,1,01 + 32Ho0,1,11 — 64Ho 101,10 — 128Ho 111,10 — 72C5>

16
+|—2(159 + 6252) + (22 — 1) (—gﬂf — 24H2, — 80Hy 00, + 192Hg011 — 144H071,1,1>

+(— 4(—11—432+182%) + 8( — 13+ 4z + 42%) Hy1 + 32(22 — 1)Ho 11 ) Hy

- 4
+|—10(—19 + 182) — 16(22 - 1)H0,1] HY - 2 (- 23+ 202+ 82°) H]
—16( — 14 + 392 + 32%) Ho1 + 16( — 30 + 43z + 42%) Hy 1

—16( — 61+ 31z + 822)H071,1} Hy + [—103 + 287z — 362% + (22 — 1)(32Ho 0,1 — 40Hp 1 1)

+2( =514 22z +122%) Hy + 2(—19 4 202)H} — 8(z — 1)(25 + ZZ)HOJ} H?

1 8 4
+ [5( — 53— 62+ 242°) + (22 — 1) (ng — 8Ho,1> + 5( — 31+ 282+ 422)H1] H

1 4
+ {5( — 62+ 42%) + (22 - 1)H1} H + [—2(—593 +5752) — 16(22 — 1)HE,

—16( = 13+ 42 + 42%) Hoo, |y + [4(172 = 166 + 92) + 32(22 — 1) Hoo | H?
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_g( — 181 + 1482 + 182°)H} — 4( — 9 + 82 + 22°) H{ + [2(226 — 423z + 722°)

+(22 — 1)(96Ho 0,1 + 32H0,1,1)} Hoy +4( — 13+ 4z +42%) HG | + 2(149 + 562z + 242°) Ho o1

—4( — 187 + 104z + 362°) Ho1,1 — 8( — 74 + 141z 4 162%) Ho 001
+8( — 155 + 100z + 162°) Hog,1,1 — 8( — 129 + 442 + 162%) Hy 111
4 64

+ {—2(248 — 337z + 362%) + (22 — 1) (‘g 3+ ng' —96Hg 01 + SOHW)

+[2(=271 +182) — 8(=19 + 202) Hy + 80(22 — 1) Hoy | Ho + [—4(13 + 72)

—16(22 — 1)H1] H2 + [20(—19 +182) + 32(22 — 1)H0,1] Hy + 4( — 23 4 20z + 822) H?
+16( — 48 + 272 + 4z2)H071} G+ {?(25 + T4z + 142°) — 16(22 — 1)H0] G

+ {2( — 815 — 130z + 722%) + (22 — 1)( — 4H + 32H] — 32H, 1)

+ [8( — 39+ 33z + 162%) + 32(2z — 1)H1} Ho+32(— 17+ 12z + 422)Hl] @,}

4488
+CACFTF{4(—1921 +19032) + Ly L} [22 4 (20— 1) (—EHO - ngﬂ

+(1+2)( = 176Ho,—1 — 176 Ho 11 — 64Ho 11,1 — 64Ho 1,11 — 64Ho 1,11 + 512Ho 01,01

8 2
—|—(2Z — ].) <§H15 — 128H071,071’1 + 32H071’1’1’1> —|— (]_ =+ 22) <—8H§1H0 — E 05 —|— 64H0’0’070,_1
—80H,0,0,1,—1 — 80H,0,0,—1,1 + 144Ho00,—1,—1 — 48H 01,01 — 32Ho01,1,-1 — 32Ho0,1,-1,1
+32Ho,0,1,—1,-1 — 32H 0,101 +48Ho 0 —1,0,-1 — 32Ho0,—111 + 32Ho 0 —11,-1 +32Hp 01,11
—352H,0,—1,—1,-1 — 64Ho11,—1,-1 —64Ho 1, 11,1 — 64Hp 1,111 — 128Hp1,—1,-1,—1
—32Hy 1011 +32Ho _10,1,-1 +32Hp—10-11 — 128Hy 1011 —64H _11,1,-1

—64Hy 11,11 —128Hy 11,11 +64Ho 1 101 —64Ho 1,111 — 128Hy 1,111
—128]‘_[07_17_17_171 - 192H0,_17_17_17_1> + L?\/[ |:992(Z - 1) + |:32(—]_6 + Z)
F24(— 11+ 122) Hy + 32(22 — 1) H? — 48(1 + 22)Hoy | Ho + [8(~13 + 122)
16
116(22 — 1)H1} Hj — (L4 2)H} + 8(=78 + 642) Hy + 24(=T7 + 82)H} + 16(2z — 1) H

—3202Ho + 16(5 + 82) Hoo1 — 32(1 + 42) Ho 11 + [8(33 +4z) + ASHy — 64(2z — 1)H1} G

1
—16(1 + 4z)C3} + Ly E(—15897 +226582) + (22 — 1) (16Hy — 16H _, — 224Ho1,1,1)

32
+(1+ 22) {—gHilHo + (= 24Hy +24Hg + 32Ho 1) H? | — 48Hy 1 1

—48Hy 11 —48Hp_1,-1 +96H 01,1 +96Hp 011 — 32Hp 01,1 —64Hp 11,1

2
— = (=7111 + 4982z)

—64Ho 1,17 — 64Ho 111 + 64Ho7_1,—1,—1] + o

112 4
H(22 - 1) <?Hf - 80H0,1,1> + {—5(211 +522) + (22 — 1)(64Hoy — 96H, 1) | Hy
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8 80
+§(—73 + T12)H? + 3(—5 + 2)Hoy — 48(=3 + 22)Hy 1 + 16(5 + 142)Ho 9,
+16(7 + 62’)H0707_1 + 32(—5 + 22’)H0717_1 + 32(—5 + 22)H07_171 + 32(1 + 6Z)H07_17_1] HO
2 20 2
+]—2(— 146 — 91z + 1227) — 3(—5 +162)H, — 16Hy, — 8(3 + 102)Hy 1 | H;

1 2 2
T {—50(—59 +702) — 8(22 — 1)H1} HG + 5(5+42)Hy + {E(—mm +67222)

16
+(22 = 1) (= 96Ho o + 192Hop 1 +96Ho11) — 5 (29 + 402)H0,1] H,

2 16 8
+ [5(—2279 +15162) — 32(22 — 1)H071} H} + 3(—71 +792)H; + {(1 +22) <§H§’ + 48Hy
+48H07_1 - 96H07071 + 32H0,07_1 + 64H0’171 - 64H07_17_1> + |:16<7 — 2z + 322)
8
+(1+22)(64Ho, — 64H07_1)} Hy — 24H§} H - §(—124 + 712)Hy 1 + [—16(7 —z+32%)

8 8
—96(22 - 1)H071} H07_1 + 5(133 + 4OZ>H07071 + 48(—5 + 4Z)H0’07_1 — 5(85 -+ 762)]‘107171
—128(1 + 4Z)H0707()71 -+ 16(—13 + 1OZ)H070’07_1 -+ 64(—1 + 6Z)HQ,07171 + 64(—1 + 4Z)H07_17Q,1

+ 3(637 + 2982 + 1082%) + (1 + 22)( — 8H_1 (9 + 8H,) — 16H; — 16H2))

16 8
+ {3(—11 +102) — 64(2z — 1)H1} Hy — g(_97 +802)H, — 64(22 — 1)H}

+16(—3 + 1OZ)H071 + 64(1 + 3Z)H0’_1

16 16
G + 3(15 +222)(2 + {—3(—71 +94z) + 80H,

~112(22 — 1)H; + 16(1 + 2z)H_1] Go| + Lo | —4(—281 +2752) + (1 + 2)(80H,

16 64
+64Hoy 1 + 64H, _14) + (22 — 1) (—ng +16H2, — 48H0,1,1,1) + (14 22) (—gHilHo

2
+§ o+ 16H§,_1 — 16Hy0,0,—1 +192Hy 01,1 + 32Ho0,1,-1 + 32H 0,11 + 32Ho 1,1

+64Ho 11,1 +32Hy 101 +64Ho 11,1 +64Ho 1 11+ 128Ho,71,71,71>
+L3, [—144(2 -1)+ [—16(—5 +82) — 32(22 — 1)H1} Hy +16(1 + 2)H;

2
+Ly g(_425 +1742) 4+ (22 — 1)( — 32H} + 32Hp1.1) + (1 + 22) [(48H0 — 16H;

—G4Ho ) H_y + 56Hg — 48Hy _y — 32Ho_1 + 64Hy1 1 + 64H0,_171}

4 32
+ [—5(623 +5662) 4+ (22 — 1)( — 32H} — 32Hy ) + 3(1 +102)H; + 32(1 + 22)H07_1} H,
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8 32 4
+ {5(—23 +582) + 16(22 — 1)H1} Hg = 5 (L+ 2)Hy — 5(=515 + 762) Hy

16 8
_3(—23 +132)H} — 32(3 + 22)Ho 0,1 + [—5(7 +822) + (14 2z)(64Hy + 64H_,)

n [—8(—49 +242) + [16(—15 +162) + 32(22 — 1)H0,1] H,

+4(—43 + 402)H{ + 1—36(22 — 1)H} — 8( — 29 + 26z + 22*) Ho,1 + 56Ho—1 + 192(1 + 2z) Ho 01
—48(1 + GZ)HOJJ} Ho + [2(29+ 1482) + 8(2 = 1)(25 + 2)Hy + 8(2 — 1)H} = 64(1 + 2) Ho,
+8(1+ QZ)HO,,l] H2 + %(1 + 22)HE + [—44(—20 +212) — 64(22 — 1)H0,071] H,
—8(—5+32)Hy —4( — 11+ 82 +22°)H} + [(1 +22) <—?H§ —32Hg01 — 32Ho 0,1
~G4Hy, 1~ 64Ho, 1,1 — 128Ho, 11 ) + [~80(1+ 2) = 82(1 + 22) Ho, 1| Hy

_4(11 + 82)H2 — 64(1 + 2)Ho1 — 16(7 + 4Z)HO,_1] Hy + [(1+22) (24HE + 32Ho,y

+H64H, ) +8(7+ 4z)H0] H2, +8(59 + 432) Hoy + 16( — 1 + 2 + 22) Hy o,
+8(—3 + 82)Hoo,—1 — 16( — 24 + 31z + 32*) Ho 11 + 16(7 + 42)Hy 11

—32(5 + 42)Hp 01 + {—24(13 +252) + (14 22)( — 16H; — 64H?, — 48H, 1)

+16(—5 + 2)Hy — 288(z — 1)H; + 16(22 — 1) H? + [24(5 +4z) 4 64(1 + 22)]—]0] H_,

144

—64Ho,—11) + (1 +22)( — 8H; _y — 32Ho00,-1 — 32Ho01,-1 — 32Ho 01,1 — 64Ho 01,1
—64Ho,1,—1,—1 - 32Ho,—1,0,1 - 64H07—1,1,—1 - 64H07—1,—1,1 - 96H0,—1,—1,—1)

+ [4(231 2352 + 922) + (22 — 1) (32Hp 01 + 64Ho11) — 8( — 59 + 60z + 2z2)H0,1} H,

4 4
+ [—4(—101 +962) — 32(22 — 1)H0,1] H} + §(29 — 36z + 42*)H; + g(2z —1)H;}

+8( — 6+ 472 + 32°) Ho1 + 24(3 + 22) Hy ; — 40(3 + 22)Ho 1 — 8( — 74 96z + 42°) H 0,1
+8(—9 + 282) Hoo,—1 + 32( — 29 + 492 + 22%) Hy 1,1 + 8(—9 + 282) Hy 1,1

—|—32(7 + 62’)H07070,1 — 16(25 + 342)[’[0707171 -+ 16(7 -+ 1OZ)H0717171:| H,
+ {2( — 223 — 174z + 92%) + (1 4 22) (8Hoo,—1 + 24Ho _1,_1) + [—4( — 105 + 104z + 327)

8
—16(22 — 1)H0,1} Hy = 2(—49 + 522)H} = 2(22 = D)H} +4( = 5+ 50z + 2°) Hy,
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_8(1 + 1OZ)H0’_1 — 96(1 + Z)H0,0J + 24(1 + 6Z)H0’1,1:| Hg + |:—2(17 + 56z + 2,22)

—g(z —1)(25 + 2)H, — g(zz —1)H; + 6—;(1 + 2)Hoy — 2(1 + 2z)HO,,1]H§
—§(5 — 4z 4 2°)Hy + [4(—697 + 7122) — 32(2z — 1) Hg, + 16( — 59 + 60z + 222)H0,071} H,
+ [—2(337 — 348z + 92%) + 64(2z — 1)H0,0,1} H; + %( — 88+ 64z + 92°) H}
+4(—8+8z+2%)H{ + [(1 + 2)(176Ho 1 + 64Ho11) + (1 + 22) (%H{} — 64Hp 0.1
+32Ho,0,1,1 — 32Ho,0,1,-1 — 32Ho,0,-1,1 + 96Ho0,—1,-1 + 64Ho,1,1,-1 + 64Ho1,-11
+128Hg 1, 1,1 — 32Hp _101 +64Ho 111 +128Ho 11,1 + 128Hy 1 11 + 192H0,71,71,71>
+ [64(1 +2)(8+ Hoy) + (1+422)(32Ho01 + 32Hog, 1 + 64Ho1 1 +64Hy 1,
+32Ho,11) + 24(3 + 4z)H0,,1] Ho + 4(41 + 322)H2 + %1(17 +202)H}

+48(10 4 72)Ho_1 4+ 8(1 + 42)Ho g1 + 8(17 + 202)Ho g1 + 16(13 + 162)Hy 1,1

+16(13 + 162)[_[07,171 + 32(11 + 14Z)H0,171:| H,l + |:(1 + 22)( - SHS + 16H07071
—48H070,,1 — 32H07171 — 64H071’,1 — 64H07,171 — 96H07,17,1) + [—24(10 + 72)

+(1+22)( — 32Hp; — 16H07_1)] Hy — 2(35 + 442)HZ — 8(13 + 162)Hy

40 64 16

+ [—4(437 — 86z + 182%) — 256(1 + 2)Ho 1 + 64(22 — 1)H0,171] Ho,
—4( =59 + 60z + 222) HZ, + [—512(1 +2) + (1 4 22)(48Hp o1 — 16Hg0 1

+64H0,_L_1)} Ho,—1 — 1602H _y — 4(235 + 166z + 62%) Hop1 — 8(11 + 122) Ho -1

+8( — 157 + 522 4+ 92%) Ho 11 — 48(10 + 72)Ho —1,—1 + 64( — 8 + 222 + 2°) Ho 0.1
—32(—4 + 112)Ho 0,1 — 16( — 27 4 1052 + 42%) Ho 1,1 — 8(1 + 42) Ho 1,1
—8(1 + 42)Hoo,—1,1 — 8(17 + 202) Ho 1,1 + 8( — 55 + 70z + 82°) Hy 1,11
—16(13 + 162)Ho 11,1 — 8(5 + 42)Hp 101 — 16(13 + 162)Hy 11,1

—16(13 + 162)Ho 1,11 — 32(11 + 142)Hp 1 1 —1 — 16(17 + 102) Ho 0,001

+64(26 + 272)Ho 00,11 — 16(—7 + 622)Hog 111 + [4(334 + 1492 + 927)

8 112
+(1+ 22) <§H§’ — - H®, — 16Ho 1 - 32H0,_1,_1> + [4(101 +1862) + 288(2 — 1)H,

—16(2z — 1)H; — 128(1 + 2)Hg + 32(1 + 22)H07_1} Hy + 8(6 + 52)Hy + [8(—71 + 75%)
64
164(22 — 1)H0,1} Hy —4(7 — 82 +42°) H} — = (22 — D} + [—8(52 +432)

+(1 4 22)(— 32H2 — 32H, ) — 48(5 + 6z)H0] H_i+ [48(4 +52) +80(1 + 22)H0] H2,
—16(1 + 28z + QZZ)HUJ + 8(13 + 322)[’[0’,1 + 192(1 + Z)H[)’()J — 16(1 + 222)[‘[0’171
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4 32
—32(7 + 32)4 G+ [—5( — 587 + 302z + 282%) — 3(_7 +42)Hy — 48(2z — 1)H,
64
=1+ 2z)H_1] G+ [—4( — 597 — 1122 + 182%) + (1 4 2z) (104H? | + 24H, )

+[-82( = 27+ 192 + 22) — 48(22 — 1) HL| Hy +48(1 + 2) HE

—4( — 267 + 260z + 162*) H, — 88(2z — 1)H7 + [—12(29 +362) — 80(1 + 2z)H0} H_,

64 64
+8(29 + 382)H0’11 G5 —4(—T3 + 46z)§5} + T}%{EL?\/ILQ(2Z — 1)+ L3, {—3(—3 + 42)
64 64 -
2z = 1) (< - 51{1)] } + AG) + CO(Np + 1>}- (305)

C The transformation between the MS and the Larin
scheme in the non—singlet case

In Refs. [22,25] the massive OME Af;;?g ® has been given in the MS-scheme. This also applies to

the 3-loop heavy flavor massive non—singlet Wilson coefficient in [28], related to the associated
3-loop massless Wilson coefficient [79]. As we present here all OMEs in the Larin scheme, we
also provide Aé?;?’g S in this scheme. We first decompose Aé?;?’g S into its single and double mass
pieces

(3),NS _ ,(3),NSs 7(3),NS
Aqqu _Aqq,Q +A%Q ) (306)

The renormalized single mass OME [22] is given by

@NSL _ 4@NSM |, L a)NsL  4(1)NSM (2),NS.L  (2),NS;M
Aqq,Q - Aqq,Q + 9 [%q ~ Yaq } L+ @49, URe) ) (307)
@B)NS,Ls  _ 4(3),NS,M,s 1),NS,L 1),NS,M ~(1),NS,L. _ 2~ (1),NS,M
Aqq,Q - Aqq,Q + 92 (76(161) - ’Vtgq) ) Boq — (/Y(Sq) o ’qu) )
] IS A S S
X(Bo+ Bo@) | L+ 5 |9gg " = 4N =4 ("Jé?cl; Y- M)

_(2))NSL  _(2),NS,M Bo,qC2
X (Bo + Boo) | L +4 (aé?Q —a) ) - —f [A(NSE — 4 (D)-NSM]

(0) T2(1),NS,L _ 2(1),NS,M (=1) ( (2),NS,L (2),NS,M
+5m1 [7(511) - Véq) } + de1 (aqq,Q — Ogq,Q >

(3),NS,L (3),NS,M
a0 ~ Q4q,Q )
(308)

where the formula applies structurally in N- and z-space. In z-space products have to be
understood as convolutions. The constant part of the unrenormalized OME Aé‘?g S’L, ag?’g S7L,

is related to the corresponding expression in the M-scheme by

128,y ( 128 64 ; )
2

q9,Q q9,Q

BNSL _ (GNSM o [ B
¢ ¢ * F{ FITRINSA T NP P\ RINS (I N T ON(I L V)
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T 321V, w64
IN(1+N)>° AT ONB(T+ N3 BINAI+ N)* ' 3N(1+N)?
128( — 3+ 4N + 10N?) 128 256

- ot ———=S5 3+ —5—2,1

27TN%(1 + N)? IN(1+ N) IN(1+ N)
176¢, 128¢5 o 128(12 + 17N — 14N3 + 3N*)
IN(1+N) 3N(1+N) Py 27TN3(1+ N)3 !
32W; +256(—3—N+5N2)S +256(—3+4N+1ON2)S
27N4(1+ N)? 27N2(1+ N)>  ° 27N2(1+ N)? -
512 256 512 128

- S5 — S g S g

ONO+ M) TN+ P TN N 2 TN+ ) <3] !

(309)
with the polynomials

Wi = 3N'+6N°+5N?+2N +2, (310)
Wy = 29N* 4+ 38N® 4+ 17N? 4 8N + 6, (311)
Ws = 30N*+50N%+24N? + 4N +3, (312)
W, = 13N®—113N° — 107N* — 255N3 — 136 N? — 204N — 144, (313)
W5 = 115N°®+ 198N° + 199N* + 28N? + 72N? + 16N — 12. (314)

Here the expansion coefficients of the QCD-f function [41,80] are

11 4
Bo = §CA — §TFNF (315)
4
b = %Cfx —4 <§CA + CF) TrNp (316)

and the expansion parameters of the unrenormalized heavy quark mass [41,81] are

sm{™ = 6C (317)
oml” = —4Cp. (318)

Furthermore, the transformation relation of the asymptotic massive Wilson coefficient is

(2),NS,.L (2),NS,M (2),NS,L (2),NS,M ~(2),NS,L ~(2),NS,M
qu,Q - qu,Q + Aqq,Q - Aqq,Q + Cé ) - C'(g : (319)
(3),NS,L. (3),NS,M (3),NS,L _ 4(3),NS,M (2),NS,.L ~(1),NS,L _ 4(2),NS,M ~(1),NS,M
qu,Q - qu,Q + Aqq,Q Aqq,Q + Aqq,Q Cq Aqq,Q Cq
+C(§3),NS,L o Cé?}),NS,M’ (320)

which structurally again applies for Mellin N- and z-space. Here the following functions con-
tribute

8
CMNSL  _ o()NSM o C 321
a a "N(N+1) (321)
. . 16(3+ N —5N?)
C@NSL  _ A@NSM _ o 322
a a P 9N (14 N)?2 (322)
,Yéé),NS,L _ 7(gé),Ns,M _ 2502,5(11) (323)
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(2)NSL _ (2),NSM 5N2 - N —3

QouO = a,5 ——16(7p1}:§jvgzjyf;—Iyz (324)
_(2))NSL __ _(2),NS,M CuT 8(9 + 12N + 10N2 4+ 26N3 + 28N4)
Qgq,Q = g0 T YFLF 27TN3(N + 1)3
8C2
52 325
SN+ D (325)
2
AP SN g, [(af)” - 2:0%] — 2120 (326
The functions zfjk) are given in Refs. [64,67,68].
8C
o - ___°o¥F 397
qu N(N + 1)’ ( )
16(—3— N +5N?) AW, 16
QNS —  CpTpN CaCpd —  __ S_
“ag CrleNe =5y ve TN oI a N N+ )
8(2+5N +8N?2+ N*+2N*)  16(1 +2N 16
C?. ( )+ (1+ )Sl+—52
N3(14 N)3 N2?2(1+ N)? N(1+ N)
32
—S 328
Nir 2}’ (328)
with
Ws = 103N* + 140N + 58 N? + 21N + 36. (329)
The corresponding expressions in z space read
(3),NS,L _ (3),NSM 9 1280 640 64 9
&qq,Q (Z) = aqu (Z) + CF{TF NF ((1 — Z) (-7 — gHO — 2—7H0(Z> )
64(1 — z) 3712 1280 128 128
- 1-— - ——Hy— —H; | ——(1—
9 Cé) + ( Z)( 31 51 0T o7 0) 9 ( Z)Ci
3664 352 32 64
—|—CATF (1 — Z) <_8—1 + 7H1 + E 02H1 — EHOHOJ)
1280 64 1280 128 256
+(1+2) <7H1H0 + EHleg — o7 Ho-1 7 g~ Hoo—1 + g o1
256 128 32 16
+_H(] 11— _HO 1( -1+ 2H71) — —(200 + 7Z)H0 — —(47 + 532)Hg
9 T 9 ’ 81 27
128 256 16 64
_WHS) + g 001 + <_ﬁ(_89 +57z) — 3(—1 +32)H,
256 128 4480
+7(1 + Z)H_1> C2 + T(—Q + Z)C3 } + C%TF (1 - Z) (7

9 27 9

896 1280 256 256 2560
_—H1 - _HOHI - T ng + VHOHO’I) + (1 + Z) (_WH_IHO
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128 2560 256 512 512
———H \H24+~"—Hy_+~"—Hyg_1 — —Hy,_1 — —Hy_
9 1Hy + 57 0,—1t g 11001 g o1 g 1011
128 32 256
— —34+4H_ ) | — =(—112+32)Hy + —— (4 + T2)H?
+ 9 01(—3+ 1)) 27( +32)Hp + 27( +7z)Hy
64 512 256 128 512
(14 32)H3 — 2= P Hy+ (1 g 8
o7 (1+32)Hy — =5 °’°’1+<9 0+ +Z>< 27 9 1))@
256
and
CINSL () = CONSM(z) —8Cp(1 — 2), (331)
. A 16
s = g 0,70 ys 4 am), 32
FINSE = A IDNSM () 4 1650Cp(1 — 2), (333)
NS, NsM 16
G = g — 5 CrTr(1=2)(5 + 3Ho), (334)
_(2),NS,L _(2),NS,M 224 8 40 4
Uy = Ty — (1= 2)Cr Ty (2—7 t3G+t g Ho+ §H02 : (335)
) . 19904 256 256
’ngz)’NS’L = 7{53)7NS,M + CaCpTy [—2—7 — (T(lo —z) - ?(1 + Z)H1> Hy
128 256 256 1472 128
——H}— ——(1+2)Hy 1+ —C| +CiTp|—— + | =—(5+62)
3 3 3 3 3
512 128 256 512
—7(1 + Z)H_1>H0 + T(l + Z)Hg - ?(1 — Z)H()Hl + T(l + Z>H07_1
256 1280 256
—?(1 + z)@} + CrTE(1 — 2Np)(1 — 2) {2—7 + THO} . (336)
For the double mass contributions [25] we obtain
FGNSL _ g@NsM L ~(1),NS,L. __ ~(1),NS,M 2 2
Aqq,Q - Aqq,Q + QBOQ (7§q) B Véq) ) (Ll + LZ)
(2),NS,L (2),NS,M _(2),NSL  _(2),NS,M
+4 (aqq,Q ~ 4q,Q ) (L1 + L2) + 860 (aqq,Q ~ 4,0 >
~(3)NS,L  ~(3),NS,M
Tl T g0 (337)
with
AN = aONIMy Lol - 20 (12, 1 12 1 G)
a’qq,Q ( ) - a’qq,Q ( )+ rLp _gN(N+1) 1 142 2 <2

256(3 + N + 5N?)
27TN?%(N +1)?

256(6 + 8N + 17N? + 38N3 4 20 N*
(L1 + Ly) — (68N + ) 1 (338)

SIN3(N + 1)3

) 3 256
Qg (2) = ago " (2)+ CrTR(1 — 2) { —= L+ Lila + L3+ G)
256 256 2560 7424
_=Z Ho) (Ly + Ly) — g2 - =2, - 2224 339
27(5+3 ) (L1 + Lo) 27 70 81 Y 81 } (339)
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