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Complete Permutations of the Index—Set
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5. Analytic Continuation
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4. Linear representations

First Order Sums ¥
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— 1[0+ 1 - <1 1og@ + ¢y - ¥ (N + 1) (73)

Soaai) = (1 | E =] vy - ot - o)

1+2z |
= 1y LD vy s+ S0
[log(2) — }. foo‘z. | |
I [ISI(N) i SMI(N)']'I b(2) 9o (2) (74)'
Sy = om0 - s os) + 5080 ()

win - [(252).

= {[¢(N + 1)+ )" + ¢(2) — PV + 1)} (76)

(V)



Third Order Sums

Ss(IV)

S_a_1(N)

S_2(N)

Sa,—1(N)

S21(N)

S_1,-2(N)

S_12(N)

51,,2‘(N)'

Si2(N)

S, 1 —a( A7)

all log? 2 3 :
R [EFO

CDYSEN 1) - 00) ()

1 |1|og2 2|

A e RN

SN +1) + () (78)
Lig(—2) ¢(2)

M ﬂ(—ﬂl—))} (N)+ 1og@) [0 — S=(0) - Lsony  (19)

o[22 ) 4 casan - G0 + s (@)
1y [Llf(ff)] (N) - log(2) [Sy(V) — S-a(N)] - 5C(2)S_1(N)

+4¢() - 562)log( (81)
v (224 M () +CE)S(M) (82)

- { Elog(l + z)log(z) + Ei-gr(—$)]»+} (V) + % C(2) [S1(IV) — S_u(IV)] (83)

2 =1

(-vyena [B2=2) () 5 1) - 600+ SeCIouD) 69

| 1+
log(z)log(l + z) + Liy(—2)

-1y | | - S50 - 5200y

142
~5C(3) + 50(2) og(2) (85)
M [lem(l__lm)] (N) + ¢(2)Su(N) = ¢(3) (86)
(—I)NHM ,}Li‘z'['(l - z)/2] ;—305(2) log(1 — .’12)“ (V)
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1) log(1 — @) + Li ( |
_E |;C(2) = 1‘00‘2(2)]\ Sl(N) - 1(:(3) o EC(2) 1,00.:(2) 4 _];' 1f00'3(2)
2L w 8 2 g 3 108

B | =

—2.5'111,‘1(N) 4 Sl(N)‘S]_]_l(N) = 5_2,1 (N) = S*llg(N)
+S1(N)S_a(N) + S_1(N)Sp(N) + 25_3(N) (92)

corpulitzd

(V) + log(2) [Sy, (V) — S1,1(NV)]

+§ log®(2) [S1(N) — S_y ()] — %l?oga(z)' (93)
1 log?(1 — z)

oM|(5557) Joo

% [W(N + 1) + yg]* — 1thN + 1)+ ] [ (N + 1) - ¢(2)]

+% H (N + 1)+ ¢(3 )][ (94)



Fourth Order Sums

S_o(N)

Sy(N)

S_Q’_Z(N) =

5_2‘2(N) =

S _2(N) =

31 log™ T .2
ayedm [ a0 - o)

(_L)NH__HCS)(N +1)— 5’%@(2)-

log®
_GM [m — l}

ey N 2
LY +1) + 2C0)

(V) + C(2)

M{Li (log(z)Lia(—5) — 2Lis(~2 ))]'+}(N)
@) 8. - 52N - 5500

1

Hlpor v+ o] - gt + Zetor)

(~1)¥+M { —— PLis(e) ~ log() (Linfa) + ¢} ()
+¢(2)S_2(N )+ZC(3) (N)

LI 0(2) — L log?
+5C(2)F — 4Lis (5)- 2 (3 log(2) + ((2) og’(2) ~ 51o8'(2)

3

(-0 { - [Lin(—2) og(e) — in( =)} () — S¢S+

+Le(0)[5.o0) - Ss) - 4@ + 85 (5)

+20(3)log(?) - ((2)og’(2) + ¢ log"(2)

(96)

(97)

(99)



6. A Dictionary of Mellin Transforms

AROUVLT 80 o

ol 0| M) \]
’ 1l 8 -2) \ 1
| - N+7 ‘|
3 (1_:,>+ =Sy~ 1) |
) = |y es@ - sev-1) |
i\ U4 (=02, N-1y 1-—(-1"', (N-2 |
| s . ( 2 ) ———g ( 2 ) |
|l e 11— |
| 5 =" log™(z) | e I(n+ 1) |
6| =log(l-z) | _Sll(VNJ;T) w
el e | SH(N +7)+ So(N +7) i
w 7l 2" log®(l — =) s |
8|l 2 1ogi1 - 2) | | SY(V + )+ 3Su(NV + m)Sa(V +7) + 283(N +7) !
| . 9 N+7r |
| log(1 —2)] | Xgoqm — |
; 4 =3 }!m ‘ 2 1 + 82( ) ;
10| L1‘°g2<1_'; 5)]; | (353 1) S - 1507 ~ 1) 4350 - 1) ‘
11 l'oo'i(ij z)] —S"(N — )4 §S2(N — 1)Sy(N - 1) |
+ SZ(N = 1) + 251( = 1)53(1\ = 1)
} +§S4(N = 1‘)
i | | I
19 |l log"(2)

(1) 0+ D)[Sasa (N — 1) = ((n + 1)]




No. f(2) MIfI(N)

13 "log(1l + z) ( Jifj: 1[ S1(N +7) + 1+(_;)N+M
s (L) L ()
+[1+(_1)N+r+1]%%

14 z" logq1 + 2) (;f’:r [—25_1,1(N +71) + 25, (N +7)S_1(N +7)
+251(N +7)log2 — 25_1(N + 1) log 2 + 28_5(N +r) — log” 2]
+Nir log® 2

15 125’?‘;) (=1)"D(n + 1){(—1)” [Sact (N = 1) = ¢(n+1)]
i NLE
LU (720) o)

16 log(1 — 2) (~1¥[S_ia(N = 1) + C(;’) - Io‘f 2]

14+ ~




No. f(2) MIfI(N)

20 | —— log(z)log(1 — =) | ¢(3) + CRISI(N — 1) — (N — )SoN — 1) — S(N — 1)

2| log(z)log(l+3) | (~1)M*7 (gf(i) o : *é\r‘i):;ﬂ log(2) + (I_Vlf:r .
x-S 4 r)+ 2 (_i)NH_lSQ(N“L; = 1)+
Aoy ey,
S gt 1
oGy )

22 log(z)log(1 + 2) | (=1)¥1 [g(z)Sl(N — 1) +25,(N — 1) log?2

1+ =z

2

B8 — BN — T g 1] ~ By 1)

_985(N ~ 1) — %}
N-1

14 (=1)yV-2
I Vi .

2l

[Sl(N ~ 1S, (

)




No. f(2) MIf)(N)

24 || ——1log(z)log¥1 — z) | S3(N — 1) = ((2)Sa(N — 1) + 284(N — 1)
+SHNV = 1)[S2(N = 1) - ¢(2)]
+251(N = 1)[Sa(N — 1) = ¢(3)] — 2¢(4)

2 | = = - log¥(z) log(1 — 2) | ~2¢(3)S,(N — 1) + 25 (N — D)Sy(N — 1) — 2((2)Sy(N — 1)
+53(N — 1)+ 354(N - 1) — %

26 7 Jlr - log*(z) log(1 — z) 2(H1)N[.5'_3,1(N —1)+ S 13(N=-1) +‘S_2‘2(N —1)
—C(2)S2(N —1) = ¢(3)S-1(N - 1)
+2Li4 (%) - %gz(z) - %g(z) log?2 + 1—12 log* 2]

o7 | - j_ —log(2)10g(1 — 2) | 2(~ 1" [S_g2a (N = 1) + S_11a(N — 1) + S_122(N = 1)

—((2)S_12(N = 1) = ¢(3)S-1(N — 1)

1y 1, 1. 4
+3Lis (2) 257 (2) + 5 log*2]




F(2)

MIf)(N)

30

1+:z

log z log¥(1 + z)

2(-1)" [51,1,—2(-7\r = 1)+ S12,-1(N—1)+ 833,1(N - 1)

—51‘_3(_’\T — 1) log2 == Sg,_]_(N — l)log.? + S] (N = I)Sz(i?\. = l) I.Og?

+7CQISHN = 1)+ S5(N ~ 1)log2 + 1¢(2)Sa(N - 1)

—%Sg(.v - 1)10g22 i %S_Q(JV = 1)10g2 2— %C(3)51(N = 1)
. i d 2 7

~Lis (5) + $¢3(2) - 5¢(3)log2

9

=

- — 2
+4C(2)10g 2 24log ]

31

z" log zlog?(1 + 2)

14+ (=1 N+r
el G Y

——N2—+T{(ml)N"'r [%5& (N +7)+2S8(N +7)log2

—251(.\7 + ’J")Sz(N + 7") — 5_2,1(N + 'T') = S_]_‘Q(N + 'J")

—25;(N +71) — %]

N N
2 [ () vas () s
N4+, N 4+r\T




f(z)

M{f](N)

=" log zlog(1 + z) log(1

_z)

(=)~
N

+54(3) ~ 5¢(2)og?2]

— (S (N)S_a(N) + 55(N) = 52(N) log2

53N log 2 + 5C(2)S(N) — ((3) + ~¢(2)10g2]

[S_21(N) + S_12(N) — ¢(2)S-1(IV)

(l)ﬁan()+§qm—§béﬂ
;2 [ SQ(N) += 52 L(N)+ S_1(N)log 2

% log? 2}

33

log z
s log(1 + z)log(1 — z)

(—I)N{Sllﬁzﬁ(l\r — 1) -+ 51,_1,2(N == 1)

+8-1,-1,-a(N = 1)+ 5 4,92 (N—1)

+S2,-1,1(N = ].) + 5_2,_1‘_1(]\;' - 1)

—C(2)S,-1(N = 1) = S_15(N — 1) log2

_Q IN _1NlAerD L QAT ANC AT AN1~ D




No. f(2) MIf](N)

36 2ald) (1) c2)S 4N = 1) = SLay (¥ — 1)
~3(3) +¢(2) log?]

37 1{12_( Viogz | 2(2)Sa(N = 1) %SS(N _1)- %&(N ~1)
~2855,(N —1) = 5¢°(2)

P _ 251(N . 7)

38 2"Lis(2) log 2 W ) [ ¢(2) + N1 Sz(N‘f"’")]

39 || ="Lis()log(1 — ) { 2)S1(N + )+
+N+? [S (N+7)+ S (N + ?‘)] + 52,1(N+T)}

40 [logl(l_—s z)]+Liz(3) —28311(N = 1) = S101(N - 1) + %((Q)SE(N =1)
+%C(2)SQ(N - 1)+ 2¢(3)51 (VN — 1) + 242(2)

_1\N+r-1 _1\N+r-1




No. F(2) | MIfI(N)
T (o . (—l)N+r—1 25‘1(‘N+7‘)
43 2"Lig(—2) log z N 1 7)° l, ]}T'*'T +5'2(N+?")]
14 (—1)"*"" 2 N+r-1 1, {N+r~—1
(N +r)? [N+r 1( 2 )+2S2( 2 )
4log2
_f,.
ir\’r—_|_(r—1)f““”"‘1 2 N+ry 1_, (N+r
2(N + )2 [N—H‘Si ( 2 ) +§Sz( 2 ) +C(2)]
44 Eil‘-’—(:%)logz ~25 3 y(N —1) - %sig(zv 1) = 5Sy(N - 1)
+253(N — 1)log 2 — 25_5(IV — 1)log2 — =¢(2)Sa(N — 1)
~26@)S5(N = 1) 4Ly (5) + 15%(2)
% -2 14 21 40° \°
—§§(3) log2+¢(2)1log?2 — 610g42
45 ‘I% log z (ﬁl)N_l [253)_1(N - 1) + 52,_2(."V = 1) = 25_3(.[\T = 1) 10g2

+285(N — 1) log 2 + %g(z)sg(.w 1)+ %C(Q)S_z(N ~1)
1\ 13 7

—4Li, (5) + -ggz(z) - 5g(s) log 2

+¢(2) log? 2 — élog4 2]




‘ No. f(2) MIfI(N)
i N N+n 3
46 || #"Lin(—2) log(1 + 2) {[ (N +7) ]\ Hl 2 (;1)' % (N; ] )

| —=S3(N +7) — S_y2(N + 7))+

1+ (—1)-"’“ N+ry , 1—(=1)¥ (N + =
_H 4 ( ) =T w3
—285(N + ?)] log 2

l):

1 4 (= 1N+ N+ 1 — (=1 )M
" (8) 53( 2:)+ (8) 53(

O () 10g2 -

) I)NH{ S_ya(IV +7) — SHN +7) — S(N +7)

(N +7)?

| +251(N + ?)1002

1 1 N+r N N
-i——_i% Sl(N-i-?‘)-Sl( ;_’) 31( ;?)IogQ
1 N +7rY
+§S2 ( 2N+r)l—]‘ N 1
A U™ o i 4 m)Sh ( 6 ).
2 L 2
-5 | L 1): log 2

1 (N¥r-1 a0
455 (T ) s’

N—I—r—l)

<)

0

43

a8 | 222hog(—2) | (=0 25 aa ~ 1)+ SgmaaN - 1)
| +S_1,_21_1(1V = L)
; —8_2,1(N = 1) I‘Og A= 8_1’2-(1\7- = ]!)].‘Og 24 %C(2)IS_1,1(N = ].)
1 +S_3(N = 1)S_g(N — 1) log 2 + S3(N — 1) log 2
| 1
+3[c@) - g@]sv - 1) - —ﬂ ((2) - log*(2) 52V - 1)
1
| 2SI — 1) — Ay ( ) +35¢@)
1 3 4
| | “Eg(:%) log 2 + &C(Q) log®2 — gl'og“?} J!
i i



(31 (V — 1)+ 4Ly @)
e . 1 st ]
= C(2) - (@2)log’ 2+ 5 log 2]

o | i) | M{fY) |
! 49 ‘ L;?S_ ;) | g(l 42 (“]i)'N_l{Sl'g,_l(N - 1') 4 282,]_|_]_(N = 1)
| | +ﬂ52,1(N — 1) = Su_aN - 1) — 285,_+(N — 1)
| ‘ | +51(N — 1)S5(N — 1) 4 Sa(N — 1) - %c(z)s_l(N = 1)]| log 2 \
| +50@)S, Y1) - [ss07 - 1) - 5a07 - D] log’2 |
| | —ﬂ ¢(3) - —4(2) log ]‘SL(N 1) |
| B (3} + 20 - S@mo ‘
| Bl log?2 — < log’ 2} |
K |
o -2 |-yleen-ce) |
| 2 |
51{  Lia(1 - 2)log> | L1500 — )+ 15a() ~ <O) \
I \
| 1 |
52 | Lin(t — 2)log(1 - 2) | = [S:(M)S:V) — GRS + SelV) = 552a(W)] |
f : |
53 Lﬁ(l—_i) | Su(N — 1)Sa(N — 1) = ¢(2)Su(N — 1) + Sa(IV ~ 1) ‘
—— S22 = 1)+ () |
|
54 | Lig(1 — z)l'ogll(l';_ | 98y 15(N — 1) — Syz2(N — 1)+ ¢(2)ST(NV — 1) x
| @SN - 1) - 2¢O |
55| Lis(1—2) ioj | 98y (N — 1)Ss(N — 1) + 2¢(3)Sa(V — 1) — —SZ(N = 1)) |
| @S -1 - IS - D £ 28V -D - @ |
1 — |
" | le(ll;zz gz | (1) HS_ZQ,(N — 1)+ 28_y3(N — 1) = ¢(2)S-2(N — 1) |

44



| No. | M=) M(fI(N)
E b)) |2 &’ [5:07) - ¢(2)]
-l (3) <)
1— (-1, (N-1
o b (U)o
‘ 58 | ﬁ (-1 1{ ¢(2)Sy(NV - 1)
| 14 ()" (N1
| —25,(N N)_L 4 Sz( 2 )
P = i (N;‘?).—SQ(N— m)] |
A4 (=N N -y L= (=D N -2y
| 8 53( 2 )g 8 S‘“‘( 2 ) |
| 4S5 — 1) 4 285 1(N — 1) + @}
59 ! «i»(z)l’oi(i: ) (ﬁL)'N_l{QSll_gll(Ngl)+25’1 _12(N — 1)
T 428, g o — 1) = SLaa(W — 1) — Sy 5V = 1)
| | 5!3 1(N — 1) - 2¢(2 )51 —(V - 1)
| +5C(2)S% (N ~ 1)+ SC@)Sa(N — 1) + C(2)S_o(N — 1)
| [ ¢(3) - 3¢(2)log 9]| SN — 1)
- [zc( ) - 36(2)log2) S4(N — 1)
+2L14 (1) = —§2(9) ¢(2)log” 2 + 1—l2hog42} |
| iita) L [ 6@ Su(N )
. 7' Lil2) N—I—'r[C( N 47 (N—I-?')z] ‘
773 ) L) | ~COISN = 1) + (RSN ~ 1) - S5x(N — 1)~ 2¢(4) |
il = 2 _|;+r—151(N+T)' |
‘ ~ L3( “) ( 1)V( ) N+?')3 :
1+ (—1)¥+r-t N4r—1y
| _1 9((NIJ35) [Sl (\4 : ) +(2)10g2]‘ (3) ‘
— (—=1)N+r-1 J!'-I-r1 ¢(2) 3¢(3
| ¥ 2(N +7)3 Sl( 2 )+2(JV+T)’2_4(N+T)'
‘ 'rlz)fls( —S_g-1(N = 1) + [S5(N — 1) - S_3(N — 1)]log 2
~ 5SSV = 1)+ S¢SV = 1) = 21 (5)
—I—%C2(2) - 217:'((3)1'03;2 + -;—((2) log® 2 — 1—121'og4 2

45



M{f)(N)

¢(3)  SHN +1)+ Sa(N + )
| N+7 2(N +7)?

Saaa(N = 1) = (SN = 1) - 2¢°2)

(—1)” HS—2,1,1(N — 1) = ((3)S_y (N — 1) + Liy (%)

| —%CQ(Q) - %C(S) log 2 — i((?) log” 2 + 2—14 log® 2}
13| Sua(=2) i (*;'QN fs_m(N) + S2(N) + Sa(N) — 251(N)log 2]
| 14 (=1~ N Ny, o1 |
| e - [sians, (g)'_—l 5(3) ol iy @]
| ST HS“(N)Sl ( 2 .)' =i ( 2 ) g2
@ s (i) e+ 58
n? S22 (1 Sp0,a O = 1)+ [Saa 0V — 1) = Saa (3~ Dlog
| - [So(N — 1) — S_o(N — 1)] log®2
| 1y 6
@S~ 1) - 3L (5) +2¢()
! | —%C(S)l‘ogQ—l—%C@) l!ogQQﬁ%I’c)g42}
| 75 81-21'(: 2 S1(IV = 1)S5(N — 1) — ¢(8)Su(NV — 1) + Sy(N — 1)
| —Sgu(N — 1)+ %l
‘ 76 Sy2(1 — 2) —%ESE,(N) - ¢(3)|
77 S"j(i:, D -y ﬂs_l,a(N — 1) — ¢(3)S_1(N — 1)

19 7
+550%2) - 163 log2)]

48



7. Applications
A. L&) no

The 1on01tudma.l structure function Fi(z,@?) has the representation

Fu(e, @) =2 {Cns(z, Q)8 fsle, @) + b5 [Cs(3, @) Z(a, @) + Cyle, @)9G (2, @)} (172)

in the case of pure photon exchange. The symbol ® denotes the Mellin convolution

Alz, Q%) ® Bz, Q) = fm ! iy fo ! disabls — we32) Az, @B (o2, @) . (173)

The combinations of parton densities are

fus(z, Q%) = Ze (2, @)+ Tulw, @) (174)
N
2(6,@) = gf[q@-(x,cf)m-(m,czﬂ)]. (173)

G(z, Q%) denotes the gluon density, e; the electric charge, and by = (T2 1 e?)/ Ny, with Ny the
number of active flavors.
The coefficient functions C;(z, @) are given by
Oxs(= @) = auchy() +alery (<)
S

Cs(z, Q%) = dichy (2) (176)

Cel2, @) = auch () +aleiy(2),
where a, = o(Q?)/(4r). For convenience we list as well the coefficient functions in z-space,

since we will give the Mellin transforms of the individual contributing functions separately below.
The leading order coefficient functions are given by [42]

$iz) = 4Cps (177)
=) = 8Nzl - 2) . (178)

In the MS scheme the NLO coefficient functions read [4-6]

2),N'S — 3z 4 4722 — 92°
CEE,L‘N:’(:)‘ = 4Cp(Cy— 2Cr)z {4‘ T In 2
—4Liy(—2)[ln z — 21n(1 + z)] — 8¢(3) — 2 In® z[ln(1 + z) + In(1 — 2)]
4+41n 2 In?(1 + z) — 4In zLiy(z) + g(5 — 32%) I

5
2= 10223525 =3
WPLER [Liz(~2) + InzIn(1 + 2)]

5iz®
5—3

+4¢(2) ﬁlrmf(l +2) + ln(l — 2) — i + 85y,2(—2) + 4Lig(z)

144 4 294z — 172927 4 21623 }
|

2
+4Lis(—2z) — ; In(l — z) — e



—|—80§13{L12(:) +1n? z — 2ln zIn(1 — 2) + In®(1 — 2) — 3¢(2)

3 = 22z 6 — 29z 78 — 3552
- I 2 1=-1—:———}
3z ki 6z o ) 36z |
3 I 5 — 252
—gcprz{ZLms—l!m\(l—::)— $ 6*0 }, (179)
16
DPS oy = 2 onN {31 — 22 — 22)(1 — 2)In(1 — =) + 92%[Lis(2) + In® z — ¢(2)]
4 92(1 — z — 22%)Inz — 92%(1 — 2) — (1 — 3)3}, (180)
2z = 'FNf{l(ﬁ-z[Lig(l — 2) + Iz ln(1 — 2)]
32 64 32 ;
+ (——-3—3 # Eze’ t 0 ). [Lig(—2) + ln 2 In{1 + 2)] + (8 + 242 — 322*)In(1 — 2)

32 32 1 32
- (—z + 733) In® z + — (—1@4 — 624z + 2882° — —); Inz
3 2 15 2

~

32 64, 128 304 336 , 32}
==z 4 —=2" ) ¢(2) — = z
+( -7 >C() T 5 "5 2 i)

+C 4Ny {—64Li2-(1 — 2) 4 (322 + 322%)[Lig(—2) + In 2 In(1 + z)]
+(162 — 16:%)In?(1 — 2) + (—962 + 32z°)In z In(1 — z)
464 '
+ (—16 — 144z + i 24 g) In(l — z) 4+ 48z In? 2 + (16 + 128z — 2082%)In =

o, 8, 8, 8

+322%¢(2) + — + (181)

3" 3 9 bz J|

z5 — —

with Cy = N, = 3,Cp = (N2 — 1)/(2N,) = 4/3. The corresponding expressions in the DIS
scheme are given in [39]. The class of basic functions is the same for both schemes.



B : CSI'S(:I:, QZ)

$ls) = OF{H$ a1 - 0) - atata) + Y P(1 - 2) - S100) - 5

In®(z)

- [a1is(1 - 5) - 1210%(s) - 121(s) + 16¢(2) + 2| In(1 ) + 48Lig(~)

-+ H—QQLig(—m) +24¢(2) + %]‘ In(z) 4 12Lig(1 — &) — 128, 5(1 — =)

+48Lig(—x) — 6Lig(1 — z) + 32¢(3) + 18¢(2) + 5;]‘

+ (1 +2) PQ In(z) In®(1 — 2) + 4 [le(l —z) — lm2(x)]| In(1 — z) +-§—1m3($)

— 4Lia(1 - 2) — 4 [Lip(1 — 2) + ¢(2)] In(z)] + (40 +8c — 482 - 3523;3 L '5%)

X [Lig(~2) + In(z) In(1 + 2)] + (5 + 92)In*(1 — 2) + % (=91 + 141z) In(1 — =)
( 8+ 4‘0’1,) ['11(1)[:12( 3,) 4 Sl,g-(I = :1)) = Qng(—l') = Q(Q)l’mu(l == :L)]
x 29 2-5 2 36 3
— (28 + 44z) In(2) In(1 — 2) — (14 + 302)Lix(1 — z) + (? + ot 24z° + 3% )

x In?(z) + % (13 — 407 + 1440 — —@) In(z) + (—10 + 6 — 482 — ?1@) ()
T
07 1917 72,
._I_

s +58—+ [6C2(2) 78¢(3 )+69C(2)+§§]‘5(1—w)}

(1 + 22
lu

+CAC’p{ [ % In®(1 — z)+ [4Ei2.(jh — z) + 2In’(z) + é_;- In(z) — 4¢(2)

-i-%ﬁéz]l In(l — z) — In®*(z) — % In®(z) 4 [4Liy(1 — z) + 12Liy(—2)

_.@Jr In(z) — 12Lig(1 — ) + 12Sy,5(1 — 2) — 24Lis(—z) + %Ei-z(l = a) % ()

6
+—“g(2)\ - 3110"8°J| +4(1 + 2) [Liy(1 — 2) + In(z) In(1 — 2)]
36 4

+(-20- 4z + 2407 4 S0 = =) [Lis(~2) + In(a) In(1 + =)
+ (4 — 20z) ln(z)Liz(~2) + Sya(1 — ) — 2Lig(—z) — ¢(2) In(1 — z)]

133 1113 ° 18
IH 1-—- 2 By 2 2__‘?3).,.2_
L ( 6 18 ) (1 — =) + ( ++ 28 — 122 =2 In“(z)

1 24 6

+ 35 (13 + 1753z — 2162* + ) In(z) + (—2 — 10z + 242% + 2_-3;3) ¢(2)
5

9687 50157 36 , 4

540 T 5" Be

[ ¢ (2)+1iog(3)_3"’_1g(2) 533“]]5(1—3;)}
+C'FNFI “i” [ (1 — &) (i Lm(:r:)+%)!l‘n(l—m) —EMQ(I—I) glnz(x)
+ Eln(:b) = —6(7) +—]\ + = (1 + 132) In(1 — z) — %(f + 192) In(z) — %g- ~ 22—7:1*

ﬂ c(3)+ c( 407]]5(1 —2 } . (208)



£ (z)

or(er- 3o

{1+$2
|

14z
+ E—2I‘n2(a:) + 20In(z) n(l + =) — 8 m*(1 + 2) + 8Lix(1 — =) + 16Lix(—2) — S]Um(:b)

Hcy In*(2) — 161n(z) In(1 + 2) — 16Lip(—2) — 8¢(2)] In(1 - 2)

1| — g
—16In(1 + 2)Lig(—2) — 8¢(2) In(1 + ) — 16Li; (—1 - i)

=

; T ;
+16Li; (1 ) — 16Lig(1 — @) + 8Sy,2(1 — 2) + 8Lis(—2) — 16Sy2(—2) -+ SC(S)J;

‘-|—1B

(4 + 200) [Lmz(m) (1 4 z) — 2In(z) In*(1 + z) — 2¢(2) In(1 + =) — 41n(1 + &) Lis(—z)
+2Lig(—x) — 4Sy2(—=) + 2¢(3)] + (32 + 322 + 482" — ?“33 & 5%)
x [Liz(—=) + In(e) In(1 + 2)] + 8(1 + 2) [Li(1 — ) + In(z) In(1 z)] 4 16(1 — ) In(1 — =)

36 1
+ (—4 — 16z — 242® + ?ﬁ) In*(z) + 3 (—26 — 106z + 722° — §)| In(z)
D T

| 72 1
+ (—4 + 202 + 482° — Em‘?)f ¢(2) + 3 (—162 + 822 + T22% + §)i} : (210)
T



2)NS

2

(N) = C3Byp(N) + CpCaBy a(N) + CpNpBy . (N) .

N | Bp() By a(N) By np(N)
| 2 17.9078876005 | —3.53561968276 | —3.99939999998
‘ 4 }21.4‘3376453-58 31.8422327306 | —12.7409351851
. 6 ||| 49.6093136699 58.4783326748 | —21.0097878018
8 | 76.6379137872 92.3938671695 | —28.4436170993
10 ||| 101.906494546 130.266385188 | —35.1459888118
12 | 125.462647526 170.288348629 | —41.2458493431
14 | 147.482822156 211.433606893 | —46.8491181970
16 ||| 168.152110570 253.091881557 | —52.0380522803
18 || 187.635850771 294 886826041 | —56.8764477704
20 | 206.075234490 336.580388240 | —61.4143760545

NUM. TEST

!

oK .



3 VERMAS EREN

An expllessmn fior c( N

(1448)

S(N) was given in ref. [55] in terms of a linear combination of harmonic

sums S; |, .- This representation equivalent to the one given above, in which we refer also to

products of harmonic swms.

2).N 8 16
NS(NY = B(N — 3) [Sy,-a(N — 3) — Sy, —a(N - 2)] (ECFCA - —50%);

+onaC(3) (3

2
Ao, — 02)

16
+0( = 2 {[SV — 2) + SN ~2)] (Sev - Bog)
+ [S_a(N — 1)(12CrCa — 24C3) — S_sa(N — 1)(8CrCa — 16CF)

+S_5(N —

1)(8CFC 4 — 1602) 8 5 2(\i — 1)(24CpC 4 — 48C%)

+51(N - l) ('—GFCA — —CFN[' &4 = CF

+S1(N — 1)¢(3)(—36CrCa + 48CF) — 51,-3\( — 1)(24CpC4 — 48C5)
+5y _o(N — 1)(36CrC 4 — 720;) + 8y, _21(N — 1)(8CrC 4 — 16CF)

+S3(N — 1) (

S0,V — 1) ("‘

1585 )
54 20

311

+-CrCa —C’FNF = 430F)

—CrCa - chNF + SGF)s

+S11,-2(N — 1)(24CFCs — 48C3) + Syu11(N — 1)(24CF)
/22 4
‘I‘Sllz(N = :U)' (__:?)—CFCA + ECFNF = 4012;-)
+S112(N — 1)(4CrCa — 32C%) + Sy22(N — 1)(—4CrCa — 24C3%)

+55(N — 1) (

212 189 )

212 189 )

+52(N = :ﬂ) (“TOFC’A 4+ 4Cr Np + __OF
48y 3(N — 1)(12CrCy + 4CE) + Sa,—2(N — 1)(—8CrC.a + 16C%)

44 8 )

+S2|1(N s 1') (—_‘OFC'A + CFN[' ‘Jr' SCF
—S21,1(N — ‘)(94CF) + 52 2( — 1)(20C%)
48V = 1) ( -GG - —C’FNF = 180")



+853(N — 1)(8CrCia + 8C%) + Sa(IN — 1)(~12C5Ca + 14C2)|

. 53 11 7
+S1(N)C(3)(T2CHC 4 — 144CE) + Sy, —3(N)(24CFCa — 48CF)
+Sl__2(N)-(—5:GCFCA + ZthCji) + 51‘1],2‘(]\’“)'(—4!86’1?0,4 + 9‘60?;-)
+83,1(N)(—68CFC4 + 4CpNp + 84C3) + S111(N)(—8CF)
+81.3(N)(—24CpCy + 48CL) + Sy, _o(N)(—16CrCy + 32CF)
+S5(NWT4CFC o — 4Cp Ny — TACE) + S21(N)(16C)
+S3(N)(—20CFCx + 28C%) + S31(N)(—8CrCa + 16C3)
+54(N)(12CCa — 24C3)|

3914 L

i HS1(N -+ :h) ('—27 CpCy — %CFNF = 1210%-).
+Su(N + 1)C(3)(—84CHCy + 144CE) 4 Sy,—3(N + 1)(—40CsC.4 + 80CF)
+51,_2(N + l)l(QDCFCA = 4@0}) —+ 51,_251(1?\7 + l‘)i(SGFCA - 1'6012;1)

668 r "
+Sl,1(N + 1‘) (—CFCA = BSCFNF — 680;,)

9 9
22 4

+Sy0,1(N + 1) (‘3—OFOA = gCFNF + 366‘%):

+811_a(N + 1)(56CrC 4 — 112C3) + Sy11,0(N + 1)(24CF)
22 4

+812(N +1) (——3-CFCA + 3CrlN - 320});

+Sl,1,2(N + ]3)‘(4JCFCA = 320}?;') 4 51,2,1(.'\-‘— T+ ]J)'(—“—'L’GFCA = 246‘%)
2 , 1909 38 646 .,

—|-Sl.3(N 4+ ]J)J(QSOFC'A — 28Ch) + Sg(N +1) (——TS—CFC'A 4+ ECFNF 4 _5_CF)

44 8 »
+551(N + 1) ("‘?CFCA & §CFNF - 4’86’;.)
42,1 1(NV + 1)(—32C%) + Sa2(NV + 1)(28C%)

115 [0] "

+S3(N + ]l) ( 3OCFCA = ':lEO'CFNF = 46‘2‘)
+851(N + 1)(8CFCl + 24C2) + Sy(N + 1)(~12C5Cy — 6CF)]

144
+ [— (Su(N + 2) — Sy,—2(N +2)) (l;CFCA = *“5—0}2?)

4 (Sa(IV + 2) + Sa(N +2)) (%%OFCA ~ %cﬁ))]\

144
— (Sy,-2(N + 3)+) + Sg(N + 3) (ZE? CpCy— -15—6%)

5465 457 31 ‘
—WOCFC;'A & B_DGOFNF + '3%'012;- + C(3)‘(54‘C}"0A " 72012;-)} (21‘])'



—In 2 In(l—2) n(l+2) — Lis(1—2)— Li-g(—l?—ﬂi) - Li-3( ] )I

14z 142
H'“iS(L::)i :
Hypolz) = —% In? 2 In(1—2) — lnaLiz(a) 4 Lis(e) (191)
= (3— S,(1-2),
Hypu(2) = —2¢—2In(l—2)¢2 + n(l—2)Liz(2) + Inz In?(1—2) 4 2Lis(1—2), (192)
Hyg-1(2) = ';—(:2 In2 — %qg - %lim32 + %lﬂﬂ(:ﬁ—ﬂ;)(g + %111&2(1—.1:)-1'1&-2 (193)

= ln(1-2)In(1+2)In2 + %lili(l—m)‘lm?ﬁl+m) — In(142)¢ + %limﬁh-l—:v)-llm? 2
Bty 16(152).
Hypoe(e) = G+In(l-2)¢ - Lig(1-2), (194)
Hyya(e) = ~% In®(1—2). 55

The function S, , in eqs.(178) and (191) denote the Nielsen functions [48], defined as

Saal = LTI [ & 1) P - 22). (196)

Nw— 1 S 2
pl(n 1).0

Appendix B VERMASEREN , HOCH 1999

Here we present the formulae for the Miellin moments of the 2-loop coefficient functions. We obtain,

9),+ns 11581 32 Do y -
SIS = §(N - 2){(—36 - —cd - 3@? — gQB)'CFcA — 4Crny (197)

24359 112, G, 12 ,
(e - v 79 + =5 Gs)C }[ + (N -3) (-1)" x

\ 5465 - 32 . ; ’ . -
[ 'FC'A.{(ﬁl)N (- 3723 — 4Gy — TG+ 54Gs — 125 _5(N—1)G; — 2485, 5(N 1)

3155 : 367 44
+( 54' N 32(3)1.516N-—-1‘) -|— (—9— = 16@2)51 ]_(AT 1) —f— ?51‘,1.‘161\I—1)'

+851 1 2(1\"’- ‘) = ﬁlsl 7( ) = 815'1: 9 I(IV—I) 4 165y 3:(IV—1‘)'

239 .
- (— = 12(9)‘52 (N — 1 == “52 1( —1) ar TSQ,(‘N —1) 853’1(A —1)

—1254 N-1 ) (VN —1) 4 6S_y(N +1) — 125_4(N) — ?5‘_9(1\-'—1)
110 . S
_a(N4-1)— ——S (N 42) + ?5'—3fN+3) + —5—3(1\") ~ 45 34(N —1)
—45'_3,1(N+1) 4 88_5u(N) — S5, (W—2) 4 (61—6 — 465)S_a(N -1)
'J

+(lffé — 16¢3)S_2(N+1) + 3’765 2(N42) - (210# — 2005 _2(N)

32 2 L :
+33—5'_2,1(N_1)!+ ?5_2,1(N+1) - ?5_2,1:(1\- )— gs_l(.f\f ~ 3G

- (% - %cz)as_l (W —2) - (114‘31:l 2 = 6C3)S_y(N—1)

31



8 4
—285_52(N+1) + 56S_,2(N) + %5- (N=3)C2 + (— = gqg)s_l(N—Q)

—(? —~ 1662 — 12G)S_1 (N 1) + (452 + 8G2 — 108C3) S (N+1)
+(2‘2 156@) (V42 + ;5'ﬁ1(fv+3);qz - (101 - 96¢;)S_1()

— (32 + 8¢} S_1,u (N =1) + (84 56¢2)S_1,1(N+1) = (52 — 64¢2)S_1,1(V)
~28S_3,0.0(N — 1) — 36S_ 1,21 (N 4 1) 4 G4S_y 3 1(N) — 248_y 1 3,1(N —1)
—24S_y,1,0,0(N +1) + 485 _3,1,5,0(NV) + 325_13,1,2(N = 1) + 325 _3,1,2(N +1)
—064S_1,1,2(N )+ 325_12(N—1) + 325_1 2(N 1) — 64S_y 2(N) + 24S_1,2,1(N — 1)
+24S_1,20(N+1) — 485_1 21(N) — 205_1 3(N —1) + 285_1 3(N 1) — 85_3,3(N)

4 | 156
~—S 1(N —3)C2 + %Sl (N =2)¢2 — 2051 (N —1)C2 + 2@5’1(N+ 1)z — %651.(1\%‘2):@‘2

+ b, (N 43)¢2 -+ 245, (N)c,gﬁ—sl ~2(N-8) + = 51 _o(N —2) — 408y, _o(N—1)

+-—l‘®Sl 2(1\/ +1) = %51 _Q(A'r-l-Q) + ;51,ﬁ2(1V+3) + 4851’_2(1\'-)' == SSQ(IV— 1)'(:2

—3'252-(1V+ ].‘)\CQ + 4’@52(N)C2 = 1652’_2‘(1V—1) = 6452'_2 (1V—|— L) -+ 852,_2:(1\1) }] £

(198)

5.(N_2){(@ -6 - 2@+ 6)er(Cr - ﬂ)} + O(-3) (-1 x

540 5 2
i C' i]: 2 Q B r ¢ 7
llC ~ —2—) —8¢, - —gg — 128_4(N —1) — 12S_4(N41) + 8S_3(N —1)

+80S_3(N41) — ;585_ (N42) - —5 S(N43) — 40S_g(IN) 4 BS_a1 (N —1)
; 8, B o B
+85_5,(V+1)+ 2 S_a(N -2) - (3 + 16¢)/S_a(N — 1) — (? +3202) S_a(N +1)
72 132
— SN +2) 4 (i + 24G2)IS_o (V) — 8S_p,4(N ~ 1) = 8S_5 (N +1)
' 4 4 v 4 ! i 54 M. T
+16S_5 1(N) + gS_I(IV—S)‘CQ -+ (g — ‘5(2)\5_1 (N—2) + (T -+ 2@(_,2)5_1(1\ — 1)
154 72 84y . L Pypea—
& (T +2862)S_a (V+1) + (7 + ?gg)s_lmwz) TS u(N+3)G
= (16 4 16(2)"5_1(Ar) -+ 165_1’1 (JV*]_')' = 16‘5'_1'1(1\7+1) == %5'1(1\'-*3)(2
4 _ ) 84
+8u(N =26 — (1665 — 20G3) Su(V —1) — (406> — 36Ga) Sy (N +1)+ = Su(N +2)62
36, ) . o
$=SuV43)C2 + (3262 — 24G5) Su(N)+ 481, _5(N — 1) + 808, _5(N +1)

lq t
—485Sy _3(1\’—} = %SI _9(1\’7-—3) 4+ %Sl,_—?j(ﬁr~2) = 3251,_2‘(1\"——-1‘) — S@Sli_g(i\"%l)
5 :

3
| %5'1 ~2(N+2) + 551 2N 43) 4 645y (V) — 165y, 2,1(N —1)

—1@51_O,I(N+1)—24511(N 1) = 565 (N 1) & B (NG
—48511 2( —1)—117511,2(1\ 1) 9651.1.73(1\)71652(;‘\1—1)@3
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_(132‘1 + 4Gz — 66¢3)S_a (N+1) - (§§ - 7_"2) 42 —5 VK
+(‘1’§§L _ FZCS)‘ _1(V)+ (— + 4(2)'5_1 W(N-1) - (% = 28(2)5 1,1(N+1)

+(% = 32@2)5—1 W(N) - —5 11N =1)— —5 1,1,1(N 1) -I- 5 1,1,1(N)
451 12(N — 1) — 4S_1,1,2(N+1) + 85_g.5(N) + —5 La(N— 1) 42 .s L2 (N+1)
f%shl,g(w) 48y 21(N —1) 4 45y (N4 1) — BS_y,2,4(IV) 4-5_1,3.QN_ 1)
—285_1 5(N4+1)+ 325_1,3(N)+ %SlﬁN—B)@ - %SLQN—Q).CZ + 1081 (N —1)Cs
108y (N+1)Ca + ?51(1\7—%2)@ N ?5’1(1\’4—3)@ 1284 (N)Gs + 351,_2(N—3)-

—%51 _‘ZEN'—Q) + 2@51'“_2(1\‘7—1‘) == 251 (l\r—i—l) + -:%951 ug(l\r+2)

36 ' A .
2 Su-a(N43) — 2451, 2(N) + 452(N )G + 1685 (N 4 1)Cz — 2085(N) Gz

+8n5'2,_2(l‘\r'* l) + 325‘2,_2(N+1‘)- = 4@5’21_2(1\7)}

+ c'an{(—l) (‘% - 9;51(v 1) — —51 A —1) - %51,1,1(N4) # %sl,g(w—l)
+%‘92(N*1) * ?'52 7~y — ,—5'3(1-’\’—1))' + ES_e.UV—lH 1—[D‘L'S'_s,(NH)
23®5 s V) - 75 2(N—1) —%s (N+1)+6345'_ (N — §S 2,1 (N~1)
%84 1(N+1)+—6-S 21(\?)+@54 (N—1)+—8—'S (N 41) — @5 1(N)
+% S_an(N—1) 4 —5_1 N4 - @5_1 2(V)+ 5 L9 o aa(m—1)

4 8 3 Al
-5-55—1.1,1(N+1) = §S~1,1,1(N) = 55—1,2(N—1) = 55—1,2'(N+1) + 55—1,20\‘)}

(331

4+ c}{cm )/ +8Ca+ —'c;g _ 725 4 24S_o(N —1)Cy + 485_5, _o(N —1)

= (% — 16¢3)Sy(N—1) - (27 — 32¢2)Sua (W - 1)+ 36S1,14(NV 1)

4485y 11,1 (IN — 1) — 64S7,1,2(N — 1) — 365y 2(N — 1) — 48S1,2,1(N — 1) + 245y 3(N 1)
(61— 242) S5(N 1) — 24Sy,1(N —1) — 565212V 1) + 4852.2(N = 1)

F6S5(IV —1) + 48551 (N — 1) — 16S4(N — 1)) + 185_4(N = 1) + 185_4(N+1)

312 T2
—36S_4(N) — 325_3(N — 1) — T6S_5(N+1) + %5;3(1\#'2) - '?5,3(1\-’#3)
8
460S_3(N) — 325_3. (N—1)—325_31(N4+1) 4+ 64S_a2 1 (N) + g5'_2(A'LZ}

_ T2
_(E:L_ B QC‘?)AS (N —1) — (g - ‘3’)3(,)5_2([\'—%—1) = 'T_S'_?(~'\"+?)
5] 2 L

(%5 — 40G2)Sa(N) + 40821 (N =1) + 365 2a(N +1) — 9653,1(N)

-{*325*2!1,1(1\’ ﬁl)‘“{— 325_251'1(1\' +l) = 645_2,1.1(."\' } —~ '285_2‘2(."\'-—1)
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C. SCHEME - INVARIANT EVOLUTION EQS.

USLAL AP OROACH :

FIT: 90, G0, Gooy | &

X Neep
Az 2 2 _(%\

Z=2 (6“-\«2:"7‘)

SCHEME ~ INVARIANIT APRRD ACH :
oF, }
Vg Q"

{l Fa ’ FlL %

—> '‘Ax’ THE INPUT BY A PRECISE
HEASVREHENT OF THEZ E OBSERVABLES
AT A SChae &2

CHOOSE OBSERVABLES fﬁﬁ .

—> A REHMAINS AS THE ONLY PARMIETER

TO e FITTeED ™ THE EVOLUTION.
0F (R, ).



NEW

T8
e
15 =
I =
rg =
Fed =

ENOLUTION KERNELS

(ANOH. DIHENSIONS)

FORMPN ¥, PETRONHO

s) . 9 LN(s)
FA@)=F'OQ@),  Fal@)=5F @)
1 (0).(0 0),.,(0 (0) 0 0
- a(’féq)’?’ég) W) Ta = g %
@l
0
1 1 0 1),.,(0 1)
y [’rég)’réq) +165)24a) — Via Yo — Yeo Yoo
i ﬁm o J ) |
2,5 (Vo g —te v | + 5 (1 € +7.fgg) — 200 |
N(1)
Pl 2 0) 0),.,(0)
9 f}/() (%Sq)) ’Yéq)7£gg)+27cgc)75q 2%7
ag
ﬁ@( ay _ g Toe ))
Tqq © |
“Yag
ﬁ wonl ‘-
s + oo — g (e a9 )
20
{Ol\(l (ﬁ/qq) Vgg . 26 ) - ﬂ/qg:l A/B@C2 "’ﬁl
’qu



i, K NLo 30, VOSr

To next to leading order in a,(Q?), one finds

N(L) V(1)
A ) b (@) _ Cy | (1)_ﬁ1 (0) J+CL0 CN(I) (0)
22 Tag — Bo 3 lag CN(l a9 Bo 99 c,N(l) Taq

N(2) N(1) N(l ,N(z)
C { CL CN(L) _ C C (0 + CN(I (0)
CN(l) C,N(l) | Gy CN(I) CNU) Taq
Lg Lg Lg
h o N N(1) e
C}f;,(l ng Iy 426 | Coq C’}f’“ C | (27)
Rl ﬁ {L0)
oy = 1 = ﬁ—:vég’—Cﬁ“)( 7O — 4Oy 4 25,05
CN(l) C,.N
HV dv L
(C CE'(L)C Gn.?u) !'7 (28)
g
V(1)
ra ,,/(1) ﬁl,,(.o-)_l_crq n/m 51,},(.
L2 99 Bo Taq CN(I qaq By 11
N\ 2 .Nu
- ‘OLQ ‘ ‘ (1 481 (0) ‘ C { (1) ;81 (0 !
C,;\T(l) ’qu ﬁ 'qu ON(l) .{ ,6 fgg
g
N(2) N(l) N(1)
4 C o C CI'N 1) n ‘ CLq l CN(l) (.0)
C’N(l CN(l N(D)
Lg ‘
N(l) (1) ,N(z (N(1) N(z)
_ [ C ] C.uf\((l C[, C | CLQ 1 C
02;(1} CLg (1) C.N(l) CN(I) CQ;(”
C,N(l) C,N(1 | CN(:z)
ot ‘ le(l | CN(I ,{qgs) + I C C{l\ (1 Cié\q/(l) C'f_f] ' qu
Lg Lg‘ Lg
| ~N(2) N(1) N(1)
_|em (i) g - i) 0
CLg( ) C[,g o 5'( )
48 (qu(z) chm g )I -
=0 N N(1) ~N )
Cﬂg(l) €} ( C.Eg( )
,N(l)
ny 1 ﬁl | L ,81 0)
Tho = “.’5(19) ﬁo ;Q W C’N(l (.’.;(,q) ﬁ /ég)
N(1 V(2] ,N V(12 SIN{1)
CLq( )C;\'(l)ﬂ/(‘o') g CLq” ch C () (C 1) )l Cer (‘OD
N(1) ~29 qq ,N ,\r 1 N(1 Tqg
Oty i o )ch o
N (1) ,N{z)
_ N, (o) C“I C' 0) L9 90
2g f R Sy~ 29 i 460 N(l ("’ )
CLQ‘ Lg
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8. CONCLUSIONS

WILSON COEFFICIENTS & SPLITTING FONCTIONS
IN MASS LESS FIELD THEORIES AS QED AWD
&CD (M=0) ARE STRUCIURED BY

MELLIN CONVOLUTIONS.

THESE QUANTITIER CAN BE BLILT AS
POLYNOMHS (® OOLT OF 24 BASC Fononons
@ O(a*).

THE CORREZPOMING RING (AN BE
REPRESENTED BY THE FINITE HARHONIC
SUMS. O(®) € 4 FoLD H-SLHS.

A DACNONARY OF MELUN TRANS FORMS
IS PROVIDED.

THE LUNEMR REPRESENTATIONS ©OF H-SuHS
CAN BE SUGNIRCANTLY REDLCED
APPLYING ALGEBRAC ReELATIONS DPOE
TO COMPLETE AND PARTIAL PERMUTATION
LY HME TR Y.

TWE RESULTS OF THE ANALY SIS ARE
APPUED IN ScCHEHE- INDEP. EVOLLTION
PROGRAMS , STRUCTURAL I[NV., CALCUL.
OF 3- LOOP ANOH. DAHENSIOO S.



