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Abstract Removing the field redefinitions, the Bianchi
identities and the total derivative freedoms from the general
form of gauge invariant NS—NS couplings at order o3, we
have found that the minimum number of independent cou-
plings is 872. We find that there are schemes in which there
is no term with structures R, Ry, VMHWﬁ, V,VEOD. In
these schemes, there are sub-schemes in which, except one
term, the couplings can have no term with more than two
derivatives. In the sub-scheme that we have chosen, the 872
couplings appear in 55 different structures. We fix some of the
parameters in type II supersting theory by its corresponding
four-point functions. The coupling which has term with more
than two derivatives is constraint to be zero by the four-point
functions.
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1 Introduction

String theory is a quantum theory of gravity with a finite
number of massless fields and a tower of infinite number
of massive fields reflecting the stringy nature of the gravity.
An efficient way to study different phenomena in this theory
is to use an effective action which includes only massless
fields and their derivatives [1,2]. The effective action has a
double expansions. The genus expansion which includes the
classical and a tower of quantum corrections, and the stringy
expansion which is an expansion in powers of the Regge
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slope parameter «’. The latter expansion for metric yields
the Einstein gravity and the stringy corrections are a specific
tower of higher orders of the curvature tensors. A challenge is
to explore different techniques to find the effective action that
incorporates all such corrections, including non-perturbative
effects [3]. In the bosonic and in the heterotic string theories,
the higher derivative couplings begin at order «’, whereas, in
type II superstring theory, they begin at order o'>.

There are various techniques in the string theory for
finding these higher derivative couplings: S-matrix element
approach [4-9], sigma-model approach [10-14], supersym-
metry approach [15-18], double field theory approach [19-
23], and duality approach [3,24-28]. In the duality approach,
the consistency of the effective actions with duality transfor-
mations are imposed to find the higher derivative couplings
[3,27]. In particular, it has been speculated in [29] that the
consistency of the effective actions at any order of o’ with the
T-duality transformations may fix both the effective actions
and the corrections to the Buscher rules [30,31]. It has been
shown explicitly in [32] that the T-duality constraint fixes the
effective action and the corrections to the Buscher rules at
order o', up to an overall factor. The T-duality constraint has
been also used in [33] to find the effective action of bosonic
string theory at order o2,

In using the T-duality technique for finding the effective
actions at the higher-derivative orders in the string theory,
one needs the minimal gauge invariant couplings at each
order of ’. To find such couplings, one has to impose var-
ious Bianchi identities, use field redefinitions freedom [34—
36] and remove total derivative terms from the most gen-
eral gauge invariant couplings. In the literature, the Bianchi
identities and total derivative terms are first imposed to find
the minimum number of couplings at each order of ', up
to field redefinitions. The parameters in the resulting action
are then either unambiguous which are not changed under
field redefinition, or ambiguous which are changed under the
field redefinitions. Some combinations of the latter parame-
ters, however, remain invariant under the field redefinitions
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[13]. This allows one to separate the ambiguous parameters
to essential parameters which are fixed by e.g., S-matrix cal-
culations [7,13], and some remaining arbitrary parameters.
Depending on which set of parameters are chosen as essen-
tial parameters and how to choose the arbitrary parameters,
one has different schemes. To find the minimum number of
independent couplings, one sets all the arbitrary parameters
to zero. This method has been used to find the 8 independent
couplings for gravity, B-field and dilaton at order «’ in [13].

One may impose the Bianchi identities, remove the total
derivative terms and use the field redefinition freedom at the
same time. That is, one may first write all gauge invariant
couplings at each order of o’ and then impose the above free-
doms to reduce the couplings to the minimal couplings. The
parameters in the gauge invariant action are then either unam-
biguous or ambiguous depending on whether or not they
are changed under these freedoms. Some combinations of
the ambiguous parameters, however, remain invariant. This
allows one to separate the ambiguous parameters to essential
parameters which may be found by S-matrix calculations,
and some arbitrary parameters. Again, depending on which
set of parameters are choosing as essential parameters and
how to choose the arbitrary parameters, one has different
schemes. The minimum number of independent couplings
are found in the schemes that all the arbitrary parameters are
set to zero. This method has been used in [37] to find the 60
minimal gauge invariant couplings for gravity, B-field and
dilaton at order «'2. In this paper, we are going to find such
couplings at order o/’>.

The outline of the paper is as follows: In Sect. 2, we write
the most general gauge invariant couplings involving met-
ric, dilaton and B-field at order 3. There are 23,996 such
couplings. Then we add to them the most general total deriva-
tive terms and field redefinitions with arbitrary parameters.
To impose various Bianchi identities, we rewrite them in
the local inertial frame, and rewrite the terms which have
derivatives of B-field strength H, in terms of potential, i.e.,
H = dB. We then use the arbitrary parameters in the total
derivative terms and in the field redefinitions to show that
there are only 872 essential parameters and all other param-
eters are arbitrary which can be set to zero. We show that
there are minimal schemes in which there are 871 couplings
which have no term with more than two derivatives and no
term involving R, R, V,LH“"‘/B, V., V#®. There is also one
essential coupling which has three derivatives on B-field. The
872 couplings in the scheme that we have chosen, appear in
55 different structures. We write the explicit form of these
couplings in this section. In Sect. 3, we impose the constraint
that the couplings in the type II superstring theory should
reproduce the sphere-level S-matrix element of four NS-NS
operators at order o3, to fix some of the parameters in the
superstring theory. In Sect. 4, we impose the T-duality con-
straint when B-field is zero, to show that the dilaton couplings
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are all zero. We postpone the evaluation of all 872 parameters
by the T-duality constraint when B-field is non-zero, to the
future works.

2 Minimal couplings at order o3

The effective action of string theory has a double expansions.
One expansion is the genus expansion which includes the
classical sphere-level and a tower of quantum effects. The
other one is a stringy expansion which is an expansion in
terms of higher-derivative couplings. The number of deriva-
tives in each coupling can be accounted by the order of o'.
The sphere-level effective action of superstring theory has
the following power series of @’ in the string frame:

o0
Setf = Z:ot’”S,1 =Sy +aSy+a*Ss+ -
n=0

S, = % 4% =ge 2L, (1)

where y,, is normalization of the effective action at order &,
e.g., Yo = 1/2, and we have used the fact that the superstring
theory has no effective action at orders o/, a'?. The effective
action must be invariant under the coordinate transformations
and under the B-field and R-R gauge transformations. So
the NS—-NS fields must appear in the Lagrangian £, trough
their field strengths and their covariant derivatives, e.g., the
Lagrangian at the leading order of o’ for NS-NS fields is

Lo = R — 35 Hypy H*V + 4V, V0. 2)

Similarly for the R-R fields. There is also Chern—Simons
Lagrangian involving the R—R couplings. In this paper how-
ever we are not interested in the R-R couplings. The higher-
derivative field redefinitions and Bianchi identity can not
change the form of this action. A systematic method has
been used in [37] to find the minimum number of indepen-
dent couplings at order o’ in the bosonic string theory. It has
been shown in [37] that there are 60 couplings at this order.
The coefficients of these couplings have been found in [33]
by the T-duality constraint. In this paper we are going to find
the independent couplings of NS—NS fields at order o> in
the superstring theory.

Following [37], one first should write all gauge invariant
NS-NS couplings at eight-derivative order with even parity.
Using the package “xAct” [38], one finds there are 23,996
such couplings in 202 different structures, i.e.,

L= H,,%¢ HoBY HﬁstuénH(SS@ Hee' Hy Hpgye + -+ -
3)

where ¢}, ..., ¢)3994 are some parameters. The above cou-
plings however are not all independent. Some of them are
related by total derivative terms, some of them are related
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by field redefinitions, and some others are related by various
Bianchi identities.

To remove the total derivative terms from the above cou-
plings, we consider the most general total derivative terms at
order > which has the following structure:

o Vﬂ/d]()x —ge 2T = /dlox =gV (872¢'I(x
K2

“

where the vector Zf is all possible covariant and gauge invari-
ant terms at seven-derivative level with even parity, i.e.,

Z¢ = JTH " R*’ Rgeeo Vs H)® + - - §))

where the coefficients Ji, ..., Jij941 are 11941 arbitrary
parameters. Adding the total derivative terms with arbitrary
coefficients to L}, one finds the same Lagrangian but with
different parameters ¢, ¢}, . ... We call the new Lagrangian
L%. Hence

Al — T3 =0 (©6)

where AY = L5 — L} is the same as L’ but with coef-
ficients 8cf, 8¢5, ... where 8¢/ = ¢/ — c.. Solving the
above equation, one finds some linear relations between only
8¢y, 8cy, ... which indicate how the couplings are related
among themselves by the total derivative terms. The above
equation also gives some relation between the coefficients of
the total derivative terms and 8c7, 8¢5, ... in which we are
not interested.

The couplings in (6), however, are in a fixed field variables.
One is free to change the field variables as

v — g,w+o/35g(3)

By — By + o8B

d— & +a 50 (7
where the tensors Bglw, SB,(fv) and 80O are all possible
covarlant and gauge invariant terms at 6- derlvatlve level.

SgW, 8§®® contain even-parity terms and (SBW contains
odd-parity terms i.e.,

3

Sg = ng{ay(SHﬁ}yeHSstanHGMUHn;w + -

53(5:3) = elRyaR,gee[aVﬁ]Hyea + -

§09 = fi1H,RPY VOV, Hgse + - - - 8)
The coefficients 81, -5 83440,€1, - .., €2843 and fl, ey f705

are arbitrary parameters. When the field variables in S3 are
changed according to the above field redefinitions, they pro-
duce some couplings at orders «’® and higher in which we
are not interested in this paper. However, when the field vari-
ables in Sy are changed, up to some total derivative terms,

the following couplings at order > are produced:
380 . 3 850 3) - 680
— ——3B —
52up 5% T 5B T S0

o 7/S/dlo)c\/_e 2Pxcs

K

88y = s

K

= a y?’/dlo.x«/_e

1
x [<§V),H"‘ﬁ” — HP, V7 ®)5 B

1
(R - JH H s + 2V D) sgl)
1
—2(R — <5 Hapy HYPY 4+ 4V, Vo
|
—4va<1>v“q>) (5q><3> - Zag<3>ﬂﬂ)] ©)

where we have absorbed a factor of yp/y3 to the arbitrary
parameters in (8). Adding the total derivative terms and field
redefinition terms to L%, one finds the same Lagrangian
but with different parameters cy, ¢z, .... We call the new
Lagrangian £3. Hence

A3 —T3—-K3=0 (10)
where A3 = £3 — L’ is the same as L but with coefficients
écy, 8ca, ... wheredc; = ¢ _C,/'- Solving the above equation,

one finds some linear relations between only dcy, ca, . . .
which indicate how the couplings are related among them-
selves by the total derivative and field redefinition terms.
There are also many relations between §cy, 8¢z, ... and the
coefficients of total derivative terms and field redefinitions in
which we are not interested.

However, to solve the Eq. (10) one should write it in terms
of independent couplings, i.e., one has to impose the follow-
ing Bianchi identities as well:

Raipys1 =0

ViuRaprys =0

ViuHapgy) =0
[V,V]O — RO = 0. (a1

To impose these Bianchi identities in gauge invariant form,
one may contract the left-hand side of each Bianchi identity
with the NS-NS field strengths and their derivatives to pro-
duce terms at order o3, The coefficients of these terms are
arbitrary. Adding these terms to the Eq. (10), then one can
solve the equation to find the linear relations between only
écy, 8ca, . . .. Alternatively, to impose the Bianchi identities
in non-gauge invariant form, one may rewrite the terms in
(10) in the local frame in which the first derivative of metric
is zero, and rewrite the terms in (10) which have derivatives
of H in terms of B-field, i.e., H = dB. In this way, the
Bianchi identities satisfy automatically [37]. In fact, writing
the couplings in terms of potential rather than field strength,
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there would be no Bianchi identity at all. We find that this
latter approach is easier to impose the Bianchi identities by
computer. Moreover, in this approach one does not need to
introduce another large number of arbitrary parameters to
include the Bianchi identities to the Eq. (10).

Using the above steps, one can rewrite the different terms
on the left-hand side of (10) in terms of independent but non-
gauge invariant couplings. The solution to the Eq. (10) then
has two parts. One part is 872 relations between only d¢;’s,
and the other part is some relations between the coefficients
of the total derivative terms, field redefinitions and §c¢;’s in
which we are not interested. The number of relations in the
first part gives the number of independent couplings in £3.
In a particular scheme, one may set some of the coefficients
in L’3 to zero, however, after replacing the non-zero terms
in (10), the number of relations between only §c¢;’s should
not be changed, i.e., there must be always 872 relations. We
set the coefficients of the couplings in L in which each
termhas R, R, VMH“"‘ﬂ, V,, VA ® zero. After setting this
coefficients to zero, there are still 872 relations between d¢;’s.
This means we are allowed to remove these terms.

We then try to set zero couplings in L’ which have term
with more then two derivatives. Imposing this condition and
then solving (10) again, one would find 871 relations between
only dc¢;’s. It means that at least one of the independent cou-
plings has terms with more than two derivatives. We have
found this independent coupling to be

LRHOH _ oo HOBY Ry is¥ Ryee VIV Hy . (12)

The way we have found above coupling is that we divided
the couplings involving more than two derivatives to two
parts. We then set the coefficients of one part to zero. If the
corresponding equations in (10) gives 872 relations between
the remaining &¢;’s then that choice is allowed, otherwise
the other part is allowed to set to zero. Again we divided
the non-zero part to two parts and set half of them to zero.
If the corresponding equations in (10) gives 872 relations
between the remaining §c;’s then that choice is allowed, oth-
erwise the other part is allowed to set to zero. Repeating this
strategy one finds the above couplings is one of the inde-
pendent couplings. Apart from the above coupling, all other
couplings which have terms with more than two derivatives
are allowed to be zero. There are still 2882 couplings which
have no term with more than two derivatives and have no
terms with structures R, R, V, H"*# V,V*®. Hence,
there are still many choices for choosing the non-zero coef-
ficients such that they satisfy the 872 relations c; = 0. In
the particular scheme that we have chosen, the 872 couplings
appear in 55 structures.

One structure is (12) which has only one coupling. All
other couplings appear in the following 54 structures:

LY = ¢y Hy> H*P Y Hg® H, 5" Hy® H o' il Hyoe

@ Springer

ey Hy* H*PY Hys® Hy,"* Hey " He® Heo* Hyue
+c3 Ho(,ga H*BY Hye"E HsH* HGMWHEQLHZQKHHLK
“+eaHop® HPY H, Hs"* Heo" H, " Hyo* Hyuc
+esHy*  H*PY Hgs® H, " HC"H,, % Hyg* Hypye
+coHop® H*PY H, ¢ Hye* H.*H,, " Hyo* Hypuic
+¢7Hy*  H*PY Hgs® Hyy oo H, " H" " Heg* Hyye
ey Hy* HPY Hg™" Hy *" Hy Her Hyn* Houc

LR = ¢oHyp® H*PY HHE P Hy O Hyyy' Rys,
+c13Hog® H*PY H, € H'S H, " Hyp' R,
+c1aHog® HPY H, H H." Hy' Roco,
+c15sHop® H*PY H, H' H, " Hey' Rspe,
+c16Hop? H*®Y Hy He" Hey ' HS Rsg
+c17Hog® H*® H, € H* H )" He® Ry
+c1gHop® H*PY H, H' H, " Hyo' Ry
+c19Hog® H*® H, € H** H." Hyye' Ry
+c31 Hy* H*PY Hg®* H, " Hys.® Hyp' Reyput
+c3Hy*  H*PY Hps® H,"* H," Hy ) Rege,
+C50Ha5€HaﬂyHﬁgsHyu{HsngHunthwz
+cs1 Hog® H*®Y H, € Hs " Hey ' HS Reg
+c52 Hog® H*PY H, Hs"* H." H)' Reag,
+cs53 Hop® H*PY Hy, ¢ Hs"* Hey " Hy %' Reor
+C54Ha5€H“ﬂVH,358HyMHsunH;etRsem
+cs5 Hog? H*PY H), ¢ Hs"* H." Hyg' Reyyic
+es6Hop® H*PY Hy, ¢ Hs"* Ho" Hyy' Reuco
+c72 Hop® H*PY Hy, ¢ Hs"* H." Hey' R e,
473 Hog® H*P H, ¢ Hs"* He. " H,) %' Rpio¢
470 Hy > HOPY Hg®" H, " H5.” Her Ry
+c75Ho > H*PY Hps® Hy e Ho " He " Ry
+c76 Hop® H*PY Hy ¢ Hs " HeS " H ' Ry
477 Ho > H*PY Hg®* H, " Hs.” Hee' Ryyne
+cs0Ho* H*PY Hps® H, " He " He" Reoy
+cs1 Hop® H*PY Hy, ¢ Hs"* Hey " He” Reoy
+cso Hop® H*PY H, ¢ Hs"* He."H, % Reoy
+cs3 Hy > H*PY Hgs® Hy " HoS"H Y% Regy
+csa Hop® H*PY Hy ¢ Hs " HeS " H, " Reoy
+cs5 Ho* H*PY Hgs® Hyeo H, " H*S" Regy
+cs6 Hop® H*PY H, ¢ Hsee H, " H* " Ry,

[,54 = CloRaﬁesRaﬂysRy”JRngg
+eiiRa®y RO RgH e Rocey
412 Rap S RPVOR, M Rocey
+c20Rap R*P7O R, 7 5° Repier
+c21 RayﬁeRaﬂyangM Repee
Ry RPYRM S5 Regey
433 Raryps R¥PYP Re e RS

2p3
ﬁ? k= 023HaﬁyH5€€Raﬂﬁ{Ryn(Sp_Rszery
+e2aHo* H*PY Rps®™ Ry* " Reg un

(13)
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+eas Hy " HPY Rg® 5 Ry * " Rec +ei08 Ho?® Hp® Hy"* Hs" Hepyp Heng V* @VF @
+c26 Hy*  H*PY Rg® )" Rs® 2" Reg un +c100 Ho"® Hp® Hy " Hsy, " He” Heng V* ®VP @
+e27Ho " HPY Rg® 5" R, * " Reypuc +e110He”® Hp Hy " Hy* " Ho? Hyppp V® OV @
+eas Ho " H*PY Rg® " Rs® o" Reypuc +e111 Hy " Hg Hy 5" He " Hey Hyppg VO OVP @
+c20 Hap? HPY R, “** Rs% . Reypuc +e112Ho® Hpy Hy™ He " Hot ¥ Hynp VOV @
+c30 HPY HO Ryspe Ry ™ Reg +e113Ho?® Hpys HeS " HE P He® Hyppg V OVP @
+e35Hy " H*PY Rg® 5" Ry S " Rec pun +c11aHy " Hpy  Hs™ H " H, % Hp g VO VP @
+c36 Hup® HPY R, <" Rse* Reg +c115Hy Y Hg Hye" Hs S He" Hy g VO OV @
+e37Hy " H*PY Rg® " Rs® " Rec pun +e116Ho”® Hp Hys" Hep* He" He gV OVP @
+c38 Hupy HPY Rse "R Rer iy +e117He " Hp Hy " Hye* H, " Hp gV OVP @
+¢30 Hy* H*PY Rgs, R R iy +erisHo "  Hg Hy 5" Hee* H, " Hp g VO OVP @
+ca0 Hap? HPY R € 5% R™ " Reg iy +e119Ho® Hpy Hs™ Hee* H, " Hy g Vo OVF @
+ca1 HPY H Ryg™* Ry 5" Renpuc +c120 Ho"® Hpys Hee* HE" H, " Hy gV OV @
+can HPY H% Rysp” Ry * " Reypuc +c121 Hy " Hp Hyy " Hyep He o HS V2 OVP @
+ca3 Hy*  H*PY Rgs" R, " Ry +c120HyV® Hg Hys" Heey He g HE"O VO OVFP @
+e57Hy % H*PY Rgsye Rog yun REMET (14) +e123Hy " Hpy Hs®™ Heey Heyg H Y VO OVF @
LHR ey Hy™ HPY Hy™ Hy R, o Regyun +e124Ho?* Hpys Heep H" Heyo HYV* @VF @
“+cag Hop® HPY HE* HE™ Ry ¢ Reppuo LEOO g Ry s# RFVR 1o Vy OV D
+eas Hy* H*PY Hg®" HE Ry, 3¢ Renpuo o5 Ry " RFY* Rype ) Vo OV O
“+eas Hop® HPY H, H Rs" % Reaey 143 R Rp® 5" Ry uce VEOVF &
+ea7Hop® HPY H, < HM R ), Regey +c149Re”* Ry " Rsoe VA OVF
+eag Ho* HPY Hps® Hy " R, Reorn Fe150Ra” §° Ry ¥ Rypep VOOV @ (16)
+ca9 Hop? HPY H, ¢ Hs" R % Repey o
+esg Ho* HPY H." H' Rgsye Ryneo [:é{ OO~ co6 Hp“ HP7® Hy) 'S Hep, Ryegy Vo @V @

+CS9Haﬂ§ HPY H  HEeH RJ/"SQRWIW
+eeo Ho  H*PY Hg*" Hse* Ry, "e” Ryyco
tce1 Haﬁ8 Haﬂy Hyes H M R(S{nf) lew
oo Hop® HPY H, Ho Rs" O R e
+co3 Hy > HOPY Hpgs® H, " Renng;mw
e Hop® H*PY H, " Hs" R Ry
“+eos Hy  H*PY Hgs® Hye" R, Ryiyco
+c6 Hop H*PY H, < Hs " RS R 16
+c67Ho* H*PY Hg*" Hs"" Ry’ Ryoc
+cos Hop® HPY HETHP Ry es” Ryoey
oo Ho* H*PY Hg™" Hs®" Ryec” Ryocy
+er0Ho* HYPY Hp®™" Hse R, <” Rupey
+erp Ha5€H“ﬂyHﬁwHyMRseseR;w;n
s Ha® Y Hs® Hyeo Ryuncg RME
+c79 Hyp? H*PY H), ¢ Hyep Ryyco R

+cio0Hpy ¢ HPY? Hyy " HEM Rsp ey Vo VO
+c103Hpy  HPY’ Hs*" Ho*" Reg iy Vo OV @
+c10s Hg HPY? Hy " Hs* " Reg 11y Vo @V
+c106Hpy HPY? Hs*" He Ryt 11y Vo OV @
+c107Hpys HPV  HETHEH Reg 11y Vo DV
+c125Hys® H € Ho" Hyyo " Ryepn VO OVP @
+cio6Hy * HY* Hs.* Hep" Rycpn V @VF @
+e127Hys® HY*  H* Hy, " Rygpn VO OVP @
+cios Hyse HY %€ He ) "H" Ry, VO VP @
+c120Hy " Hy Hyyoy H' " Rpe5e VO OVP @
+c130Ha?? Hy e H" Hyyo " Rpesy VO OV @
+c131 Ho VO Hy €€ Hs"* He " Rgery VEOVFP @
+c139Ha " Hy < H* He " Rpr sy VEOVFP @
+c1a0Ha " Hy“* Hee" Hy, " Ry sy VEOVFE @
+c1a1Ho"? Hys Hey"HEM Rpreny Vo OVP @
+cia2Hy P Hy € Hse" HS "R 11y VEOVE @
+erusHy?? Hys He" Ho " Rp 1y VE VP @

L0 o Hy HPYO H P Hy O Ho ¥ Hyp Va @V D
+essHpy CHPYO Hs® " Ho " He O Hyyg Vo @V @
+esoHpys HPY  H AT H M He Y Hyyyg Vi VO @
+cooHpy HPYP Hy™" H " He ), Hy o Vo @V @
+co1 Hp, € HPYO Hs®" Heo* Hy, " Hyyo Vo @V @
+corHpys HPY Het HEH H, " Hy gV, VO @
+co3 Hgys HPY® Hepy HEH Hy o HE " Vo @V @

+c1aaHo VP Hy“  H™ Hyyo " Rpyse VEOVE @
tc1as Hy " Hy €€ Hs"* Hee Rpypyue VEOVP @
tcra6Ha"  Hg Hyyry H "R, 5. VO OVFP @
+ciss Ha?? Hpy Hep"H™ Ry ey VO OVP @
+ci59Ha " Hg Hy"* He " Ryp ey VEOVE @
+c160Ha " Hg Hy " H,* " Ryp ey VEOVE @
+c161 Hy?® Hg Hy ™ Hyt" Rsyee VO OVP @

@ Springer
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H2R?(3®)?
Ly =

H*(dd)*
Ly

R2(3®)*
Ly

H2R(3P)*
L3

H*(0®)200d
53 (0®)

@ Springer

+c162Hy " Hg Hy™ Hey" Ryyee VO OVFP @
+c169Ha " Hg Hy " Hsy, " Reg ey VEOVFE @
tc170Ha " Hg Hy 5" Hy* " Rep ey VEOVE @
4171 Hy " Hgy € Hs** Heb " Reg 1y VEOVFP @
+e173Ha VP Hg Hy " Hs " Reg iy VEOVF @
tc174Hy VO Hg® Hy 5" H Reg 1y VEOVE @
+c175Ho VO Hgy € Hs*" Hb Reg 1y VEOVP @
+c176Hy® Hgys HEETH P Ry VEOVP D (17)
corHg  HPYP R, & Rsyper Vo OV

+cog HPY  HE" Ry, ¥ Rsep Vo @V D
+co9 Hp HPYO R, M 8 Ry Vo @V D
+c101 Hp  HPY R, 6% Repyer Vo DV @
+c102Hpy HPY? Rs*1 Reyyer Vo @V
+c104Hpys HPY® Repee REME V, OV @
+c132Hy S HY % Ryse® Rg e VEOVF @
+c133Hy5e H %€ Ry Rppec VO OVF @
+c13aHys* HY Ry ¢ Rppuec VEOVF @
+c13s HY €  HE Ryyey Rprse VEOVP @
+c136Hy P H* Ry 5: Rprep VO DVP @
+c137Hys HY* Ry ¢ Rprey VO OVF @
+cias Hy S HY* Ry 5 Rprep VO OVE @
tc1a7Ha VP HE P RE® o Ry s VI OVE @
+c151 HY* HEE Ryype Rspuec V2 OVP @
+ei52Ho VP Hy € Rg" £ Rsyer VOOV @
tc153Ha " Hg® Ry & Ry VOOV @
+e15a Hy "  H" Rpey* Rozey VO OVF @
+ciss Ho"P Hy“* Rg"  Rspep VOOV @
+cis6Ha VP HEP Rg* e Rsgep VO OVE
+c157Hy " Hg® Ry £ Ry ey VOOV @
+c163Hys* H'* Ry" ¢ Repyor VEOVP @
+c164 Ha " Hys Rg™ Repper VO OVE @
+c165Ha?? Hy € Rg" 5% Reppec VOOV @
+c166 Hy"* Hg Ry ™% Repee VEOVFP @
+c167Ha? Hpy Rs*™ Reppec VO OVF @
+cie8 Hy*" HY* Rysp® Recep VO OVE @
+c172Ha " Hgy5 Repec REVE V2 OVP (18)

= 6177Hy5“Hy8€H584HEM;VafIDV“@Vﬁd)VBq)
+c256 Hp Hy " Hse* Hepue Vo @VE OV VY @
+e287 Hy* Hge" Hy o Hy e VY OV OVY V2 @
+e288 Hy* Hgee Hy"* Hsye VEOVP OVY OV
= c178Ryese RV*FVu @V OV dVF 0
+¢289Ra p° Ryese VIOV VY V2 0
= c179H, " H"* Rsec Vu PV OV OV @
+c257Hp% Hy ' Rsee Vo ®VE OV OVY @ (19)
= ci80Hy, " HY* Hse" Hepe VO @V Vo ®VF 0

2 2
[’;e @0)2000 _

H2R(3P)%*09D
Ly RODTIS

H90d __
3 =

+c259 Hp* Hyy " Hye* He e VEOVP OV V, @
+c274 Hp* Hyy " Hse® Hepur Vo @V OVY VA @
4275 Hp€ Hyy 5 He"S Hepyo Vo @V OVY VA D
4300 Hy €€ Hg" Hy ey Hser VYOV VP VY @
+¢310Hy Hg" Hyeo Hyue VOV OV VY
+¢311 Ho Hpe" Hye* Hs e VO OVPOVOVY @
+e312HyC Hpee Hy"s Hyue VOV OVIVY @
+c313Hyy € Hg®" Hye He e VOV VPV @
+c314 Hay € Hg®" Hse® Hepue VX VP OVIVY @
+¢315 Hay € HpeE Hs"* Hepye VO OVPOVOVY @
+c316 Hay € Hps® H™ Hey V2 VP OVOVY @
+¢317 Hay € Hgse Hepie HS V2 OVP OV VY @

(20)

c181 Ryese RV*CV* OV V, VA

4261 Rg*C Ryese VI OV OVY V,
+277RE% Ryese Vo @V OVY VA @
+¢321 Ra ¥ Rpese VI OVP OV VY @
+¢322Ra ) Rpese VI OVF OV VY @
+¢326Ra 5° Ryese V2 OV OV VY @ (21)
cisa Hy " HY %€ Rsee, VYOV V, @VF D

+ca60 Hse" HY* Rpey  VEOVE OV V, @
+e260 Hp* Hs™ Ryeep VO OVP OV V, @
+c263 Hp® Hy " Rsee  VEOVP OV V, @
+c276 Hse" HY* Rpey Vo DV OVY VA
+ca78 Hp% H5*" Ry ey Vo DV OVY VP D
4279 Hp%€ Hyy ** Ry )y Vo @V OVY VP D
+c318Hy “ Hee" Raspu VOOV VP VY @
+¢319Hy < Hye" Ryep VOOV OV VY @
+¢320Hy* Hee" Ry s, V2 @VP OVP VY @
4303 Hy“ Hy " Rpe5, VO OVP OVOVY @
+¢304 Hoy € H* R VO OVP OVOVY @
+¢305 Hy € Hy e R 15: VO OVP OVOVY @
+¢307 HyC Hge" Ry s V2 OVP VP VY @
+c308 Hay € Hg" Roee VO OVPOVOVY @ (22)
cis3Ho?® Hp® Hy" Hs" Hepyp Hong VPV ®

+e1saHy " Hg Hy M Hy, " Her” Heng VPV @
+cissHo "  Hg® Hy " Hs " Het” Hyyg VPV @
+cis6Ha " Hg Hy 5" He " Her Hyypg VPV @
+ci87Ha " Hgy € Hs*" HS " He ' Hyypg VPV @
+eissHo?* Hpys He " H" Hyt” Hypo VPV @
+c139HyV* Hgy  Hs™" He " He” He g VPV @
+c1o0Ha " Hg® Hy " Hs, * Ho" Hy g VPV @
+er91 Hy"P Hg® Hys" Hep * Ho" He o VPV @
+eroHo?? Hp® Hye Hse H, " He o VPV @
+c103Hy Y Hg® Hy 5" Heo* H, " He g VPV @
+c1o4Hy VO Hgy € Hs*" Hep* H, " Hy g VPV @
+c105 Hy"* Hpys Hee* HE" H),"" Hy g VPV @
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+c196Hy?® Hg Hye" Hsey He g HE"O VPV @
+c197Ho? H Hy 5" Hegy Henp HE VPV @
+c1o8 Hy"* Hpyy Hs®™ Heey Hy o HE VPV @
+c199 Ho"® Hpys Heep HV Hy g H 1 VPV @3)

£§_14RZ)E)<I> — CZOOHy(Ss H;/Se Heu{ HutnRowﬂnVﬂ veP

EHZRZE)E)CD _
3 =

+e201 Hy " HY* Hs.* Hep" Ry VPV @
“+eaon Hys® HY* H™ Hey," Rogpn VPV ®
+¢203 Hyse H %€ He "HM Ry VPV @
+c20a Ho " Hy Hyey H* " Rpess VPV @
+¢205 Ho " Hy € H"* Hyuo " Rpesy VPV @
+c206 Ho " Hy € Hs"* He " Rgeey VPV @
+ea1aHy " Hy H Hey " Rprsy VPV @
+ea1sHo"® Hy  Hee" Hy ' Rprsy VPV @
+eo16Ho?? Hys® Hep"H" Rpren VPV @
+c217Ho " Hy € Hs " He " R 11y VAV @
+eo18Ho?? Hys He " He* Ry 11y VPV @
+e219Hy? Hy < HM Hye " Rpyse VOV D
+c20Ho?® Hy Hs"* He" Ry VPV @
+c201 Hy VO Hp Hypy H R 5. VPV @
+e233Hy"P Hpy € He"HM Ry VPV @
+eosa Ho* Hg® Hy " Hep " Ryg ey VOV @
+c235 Ho 'O Hp Hy " Hy * " Ry ey VAV @
+c236Ho ' Hp Hy™ Hyy " Rsyee VPV @
+e237Hy " Hg® Hy ™ He " Rsyer VOV @
+c2aa Ho " Hg® H, " Hs), " Rep ey VPV @
+eaas Hy " Hg Hys" Hy " Reg oy VPV @
+c2a6 Ho"® Hpy  Hs™ He* " Reg 11y VPV @
+caag Ho " Hp® Hy " Hy* " Reg 11y VPV @
+c2a0 Ho " Hp Hyy 5" Heb " Reg 11y VPV @
+ca50Hy?® Hpy € Hs " He* Reg 11y VPV @
+c251 Ho " Hpys HeS " H P R 1y VPV @
207 Hy, S HY %€ Ryse* Rppuec VPV @
+c208 Hyse HY € Ry Rgpuee VPV @
+c200 Hys® HY % Ryt ¥ Rppuec VPV @
+c210H"* H™ Ryyey Rpcse VPV @
+ean Hy " HY* Ry 5 Rprey VPV ®
+e212Hys® HY Ry Rpr e VPV @
+ea13 Hy P HY Ry 5e Rprep VPV @
20 Ho " H" Rg o Ry 115 VAV @
+e6 HY* H™ Ryype Rspec VP VY @
e Ho" Hy < Rp" € Rsyee VOV @
+e2s Hoy P H Ry ™ ¢ Ry VAV @
+e29 Ho"* H* Rpey * Rsgop VPV @
+c230 Ho"* Hy“ Rg" 6 Ryp ey VPV @
+c231 Ho " H" Rg® e Rsgep VPV @
ooz Ho VP Hp* Ry M £ Ry VPV @
+easgHys" HY ' Ry g° Repee VPV @

R330® __
L3 =

H*(000)> _
L =

R2(30d)*> _
L5 =

3

3

£H2R(63<I>)2

£H2(8®)433<I>

230 Hy"® Hys RpE Reyyoc VPV @
+e2a0Ho® Hy“ Rg# 5 Repoe VPV @

+c2a1 Hy " H Ry " 6% Repee VPV @
+eaur HyP Hpy © Rs*™ Repyer VPV @

+e2u3 Hy " HY* Rysp® Regep VPV @
+e247Hy " Hgys Repuor RV VPV @
23RV Rg* 5" Ry ee VPV
+c224Ra”* Rpy ™ Rsoe, VPV @

+c205RaY g2 Ry ¥ Rsee, VAV @
252 Hy " HY* Hyp  Heyr Vg Vo @V VO
+ca53 Hyse HY € Hepye HE VgV, VAV
+ea6a Hp® Hy " Hse* Hepye VPV OVY V, @
+c265 Hp® Hy " Hse* Heye VPV OVY V,
+c266 Hp" Hys* H Hey VPV OVY V@
+e267Hp* Hyse Hepue H VPV OVY V,
+¢331 Ho € Hp"* Hy ey Hsee VPV OVOVY @
+¢330 Ho € Hg"S Hy e Hyp VPV2 OVOVY @
+¢333 Hy € Hpe Hyy o* Hsy e VAVEOVIVY @
+c334 Hy** Hpee Hy"* Hs e VPV2 VP VY @
335 Hoy € Hp" HyoE Hep VPV OV VY @
+c336 Hoy € Hpe® Hs"* Hop VPV OV VY @
+¢337 Hay € Hps® HM Hepye VAV OV VY @
+c338 Hoy © Hpse Hep H*E VPV OVIVY
€254 Ryess RV VgV VAV O
+¢260 R Ryese VPV VYV, @

+¢341 Ro ¥ Rpese VEVE DV VY @

+c3a2Ra ) Rpese VP VI OVOVY
+c346Ra p° Ryese VI VI OVOVY @

= c255Hy " H* Ry VgV @V VO @
+c268 Hse" H** Rgey , VPV OVY Vo @
+e270 Hp Hs™ Ryyeey VPV OVY Vo
+¢271 Hg* H,* Ry, VPV OV V, @
+¢339 Heep H" Ry ps VEVE OV VY @
+c3400 Ho“ Hee" Ry 5, VEVE OV VY @
+c303 Ho Hy " Rpes, VEVE OV VY @
+c344Hoy € H M Rpes VEVEOVOVY @
+c345 Hy“* Hye" Rpuse VP VEOVP VY @
+347 Ho Hpe" Ry o5, VEVE OV VY @
+c3a8 Hay € Hg" Ry VEVE OVO VY @

= c25 Hyer H° Vo @V OV OV, V4 dVY O

(25)

(26)

27)

(28)

+¢200 Hy € Hyee VYOV V, VA DV OV D
+c208 Hy ““ Hyep Vo @V OV OV OVO V5 D
+¢320 Hy ¢ Hsee Vy @V OV OV OV VY
4373 Hps Hye: Vo @V OV OV OVEVO D

(29)
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£?2(3®)2(aa¢)2

H2(00®)®>
L =

Lé—laHRB(PBB(D —

2p2
ﬁgaH) R
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272 Hsee H* VY OVF OV, V5 OV V, @
+c280 Hsee H* Vo @V OV, Vg @VY VA D
+c209 Hy ¢ Hyee VEOVP OV V, VPV @
4301 Hy € Hyee Vg @V OVY VPO VP V5 @
+¢308 HpE Hsee VO OV OVY V, 0V V,
+c330Hy € Hsee VY OV Vo @V VOV @
+e358 Hy“ Hpee VI OVP OV V, VO VY D
+¢371 Hos® Hpee VOV OVOVY OVEV, @
+c376Hps® Hyee VEOVP OV V,OVEVO D
+c380 Hps® Hyer Vo @V OVY VPOV @
+ca36 Haye Hpse VI DVP OVIVY OVEVE D
273 Hsee H* VPV OV, V4 d VYV,
+c300 Hy € Hsee VAVEOVY V, 0V V5 D
+c349 Hy € Hyee Vg Vo @V VIOV VY @
+c378 Hps® Hye: VPV OVY V, dVEVe
4437 Haye Hpse VEVE VO VY OVEVE D
281 Hy* Ry, VO OVY VP OV HptH
+¢363 HY* Ry 1y VOOV VPOV, HgsH
+ca71 Hp% Ry ey VO OVY VP OVH Hy 5%
+ca79H* Rype VO OVPV, OV* Hp )
+cag2 H® Ry e VEOVY VEOVH Hps
+c433Ho ™ Ryeey VOOV VP OVH Hps®
+a84 Hy % Ry e VO OVY VP OVH Hgs®
+ca95s H* Rpee VO OVPV, OV H, ¢
+ca06 H % Rguee VO OVPV, OV H, 5
4497 Hp% Ryee VO OVY VPOV H, 5°
+ca08 Hp* Rypuee V2 OVY VPOV H, ¢
+c505 Hp"? Rspee VE OVPV, OV H, <
4507 Hap® Rsyuee VO OVY VPOV H <
+¢510Hp% Ry V2 OVY VP OVH Hs ©
+cs511 Hp* Ryyuye V2 OVY VP OVH Hs
+cs12Hy % Rpey V2 OVY VP OVH Hs
+¢513 Hop? Ry uee VOOV VP O VH Hy®

= 282 Repuor R€16 Vs Hopy VP HOPY

+c283 Ry " Repuer Vs Hop VP HOPY
+c284 Rg" Ry e Vs Hy € VO HPY
+c285Rp" ¥ Ry ey Vs Hy“ VP HPY
+c286Rp" ¢ Repuer Vs Hy <€ VO HPY
+¢369 Ry 1 Repuer VO H*PY V€ Hyps
407 Ry ™ ¢ Rsuer VP HPY VE Hop®
+ca08 Ry 6 Rsgep VO HOPY VE Hyg€
+ca09 Ry 55 Recep V2 H*PY VE Hyp
+ca16Rp" e Ry puee VO HOPY VE Hys€
+ea17Rp"f Ryeep VO HPY V° Hos®
+ca1sRp™ ¢ Reper VO HPY VE Hys€
+ca75Rp et Rycse VO HOPY VI Hy ¢
476 Rpey* Ropuee VO HPY VI Hy

(30)

€1y

(32)

HyH (D)’
L3

£§3H)2(3<1>)4

(9®)?
L3
(09)090d
L3

E§a<l>)4(aa<1>)2

HYH0P)390P
£3 (0d)

HYHdD(d9P)?
£3 ( )"

£§a¢>2(aa¢)3

Jad)4
£§63<1>) _

L(aH)Z(acb)zaacp _
3 =

+ca77RgyeE Rsgep VO HYPY VI Hy ¢
+ca78 Rpsy b Repee VO HPY VI Hy ¢
+¢514Raep® Ry pee VO HOPY VI H €
+¢515Rapp’ Ryree VO HOPY VI Hy e
+c516 Raep’ Ry eV HOPY VI Hy
+¢697 Raepe Ry s VO HOPY V8 HEEH
+c698 Ruepe Ry csu v By ¢ geen
+699 Rupse Ry ey Vo HPY VE HEEH

201 Hg* Vg @V VP OVY OV Hy e VOO

€202V OV Hy S VP OVY OVsHy e VO D

+¢405Vy @VE OV OV OV, Hyy 5. VE Hp€
+¢408Vy @V OVP OV OV, H, 5. VE Hp®
+c433 Vo @V OV OV DV, Hy 5 VE HY ¢

(33)
(34)

€203V ®VY OV OV OV, OVY OV D Ve

€204V @V OV OV OVY OV V, OV D
205 VI DV V, dVFOVY OV, V, VO
+¢c34 Vg @V OV DVY BV, V, VOV D
+¢350 Vo @V* OV OV DV, V, OVOVY @
206 Hy VI OVP OV, Hp . VY VOV,
+c207 Hg VY OVP VY OV5 Hyy e VOV, @
4350 Hy € Vy @V OVP OV; Hp . VOVY @
+c354 Hg Vo @V OVP OVs Hy . VOV O
+¢375 Has VI OVP OV, Hpe VY OVEVP D
+c387Hy “ Vu @V OV OV VY OV, Hpse
4302 Hp VE OV VY OV, DV, H 5
e300 H, VY OVY VP OV, Hye VOV @
+¢303 Hy VOOV VP OV Hy e, VPV @
+c351 Hy S VOOV V, OV Hp  VOVY @
+c356 HpE VEOVPV Vs Hy o VOV @
+c380 Hps* VEOVY VP OV Hyy o VEVP
+c383 Hap VOOV VPOV H, 5. VEVP D
4384 Hps* VEOVY VA OVEVP OV, Hy e
+c385 Hy VOOV VEOVO V5 DV, Hyse
+c388 Hy VO OVPV, OVOVY OV, Hgse
+¢301 H**V* OVPV, OV Vg OV, Hy 5
305 VYOV DV V, dVsV, VOV d
+¢307 Ve ®V* OV VA OVsV, OV V4
+¢360V* DV Ve @V OVsV, VOV @
306 VP VY OVY V, 0V5V, VOV
+¢361 Vg Vg @VAVI DV, V, OVOVY @
e352VAOVP OV, Hy Vs Hpe VOV @
4355V DV Hy S VPOV H, o, VIVY @
+c411V* OVP OV Hpe VOVY OVE Hy

(35)
(36)

(37

(38)

(39)

(40)
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EéaH)z((’)MD)Z _

H3)HRID __
L
5 =

+c412V4OVP OV VY OV, Hpse VE Hy, €
+c414VEOVP OVOVY OV, Hpse VE Hy €
+¢407Vo @V OVY VPOV, H,, 5.V Hp%
4409V DVP OV V, &V, H, 5. VE Hp*
+¢431 Vo @V OVY VPOV, H,, 5.V Hp*
4432V Vg Hye VP OVY V, ®VE H, 5
4434V DV Vo ®VP OV, H, 5. VE HY 5
e353VPV DV, H, Vs Hpe, VOV @
+¢357V Hy VPV OVs H, (VO VY O
+ca13 VPV OVP VY OV, Hps VE Hy
+¢415VEVEOVP VY OV, Hpse VE Hy €
4106 VPVEDVY V, @V, Hyy 5. VE Hpo
+c430 VPV OV Vo @V, Hyse VE Hp®
4435V Vg @VEVO OV, H,) 5 VE HY ¢

362 Ho PV Hs"® HP® Reyye V* ®V Hp,"

+e366 HoY Hp*® Hs*" Reg iy V* OV H, <1
+c367Hpy € HPY  HEE Ryypyue VO OV Hse "
+c386 Hpy € HPYP Hs® R iy VO OV Hy o
+c380 Ho PV Hs"  HO* R,y 1,1 V* OV Hp "
+c300 Ho Y Hse HY* Ry 1uy V* @V Hp®"
+¢303 HoPY Hp* Hs™" Reg iy V* OV Hy, 7
+e304 HyPY H% HE" Ry 0 V® DV Hse"
+c307 Ho? Hg? H, " Reg iy V* OV Hs "
+ca00 Hpy € HPYO Hy®™ Ry 1y V@V H ST
+ca03 Ho?” Hg? H5™ R,y ¢ 11y V* DV H ST
+eass Hp HPY  H' Rer oV OV, Hys
+ca30 Hp HPYO H'SM Ry eV OV, Hyye
+caao Hp HPYO H M Ry ey VO DV, Hy "
+eaa Hg HPYO Hy M8 Ryper VO OV, Hy "
+caan Hpy  HPY  HE Ryp ey VOOV, Hye"
+caaa Hy?" HOC H¥ R0y VO OV, Hpy s
+caas Hy?" HOC HYSTR 1) VO OV, Hpgse
+caa6 Ho PV Hs"  HO* R,y ey V* OV, Hp"
+caa7 Hy?" Hs" HO* R,y VO OV, Hp "
+caag Hp HPY  H'S Ry ey VO OV Hye
+cas1 Ho®” Hg? HE™ Ry ey VOOV, H, "
+cass Ho" HOC H' Rgryyn VOV, Hyer
+case Hp HPYO Hy M Ry en VO OV, Hy
+cas7Hp HPYO Hy M Ry VOOV, Hy !
+eass Hpy HPY HE'S Ryr ey VOV, Hse"
+caso Hpy € HPY  HEE Ryper VOV, Hs "
+ca60 Ho?Y Hg*  H* Ry V OV, Hy"
+ca61 Ho®" Hg?  HE¥S R,y e VO OV, Hy !
+eaer Hp HPYP Hy M Ry 5y VO OV, He"
+ca63 Hp HPYO Hy M4 Ry VO OV, He
+ca6a Hy?" Hs" HO* Rg )y VO OV, He
+ea70 Ho PV Hse" H* Ry VO OV, H ST

(41)

+cspaHg  HPY  HMM Ry VIOV Hyyp g
tesas Hp ™ HPYO HUM Ryyee VO OV, Hyy s,
+e526 Hp HPYO HP'SM Ry VO OV Hope
+es507 Hy PV HO  H¥S Rge, VO OV He
+esag Hp HPY H' R, 5.V OV, Hopur
+es20Hp ™ HPY H'S" Ryese VO OV, Hy g
530 HoPY Hs" HP Reyyue VYOV Hpye
+es31 Ho Y Hse" HO® Reg iy V¥ @V Hg, ¢
+es3o HoPY Hs H* Ry e VYOV Hpe
o533 HoPY Hs HPC Ry e VYOV Hpey,
+eszs HoP Hse HO Ry iy V* OV Hp,
+es3s HoPY Hse" HO Ry VO OV Hp ©
536 HoPY Hsee H Ry e VO OV HpHt
+e537 Ho P Hg? HE™ Reyyyyc VO OV Hy 5,
+essg HoY Hp* Hs™ R iy V* OV H,y ©
“+eszo HPY Hp* HHS Ryp ey VY OV Hyy ey,
+es5a0 Ho PV Hg® Hs™ Reg )y VO OV H,, ¢
+esar HoPY Hg% Hy®" Reyyue VO OV H,,
+esa0 Ho?Y Hp* Hse® Repye VO OV H), M
+esasHp ™ HPO Hy ' Ragyue VY OV Hye
+csaa Hy?Y Hg?  HEMS R,y VO OV Hise
+esas Ho?Y Hg® Hy*" Rog iy V* @V Hy
+esag Ho? Hpy® H" Rogyuy V* OV Hyct
+esa7Hpy € HPY  HEE Ry VYOV Hse,
+esag HoPY Hg* HE Ry gV OV Hye,
+esa0 Ho PV Hg?  H* Ry e V¥ OV He
+essoHp HPYY Hy * Ry un V V" Hse®
+ess1 Hp HPYO Hyy * Rypyue VO OV Hse
+cs50 HoPY Hg® Hy*¥ R iy V* @V Hset
+ess3 Hp HPYO Hy M Ry VO OV Hee
+esss HoPY Hs" HO gy VOV Heey,
+esssHpy € HPYO Hy®™ Ry iy VOOV Hee
+esseHpy € HPY? Hy®™ Ryppe VOOV Hee
st Hpys HPY® HEH Ry VOV He ot
+esss Ho?Y Hg? Hs™ R,y ¢y V* OV H 6
+cs59 HoPY Hg® Hs*" Ry e VOV H o*
+esso HoPY Hp, P HEW Ry 1y VO OV He 6
+esor HoPY Hpy® HEH Ry VYOV He b
+eser HoPY Hp’  Hys© Reyyue VOV HME
+es563 Ho Y Hpy® Hs € Repye VO OV H M
+esea Hpy € HPY  HEME Ryse VO OV Hy i
“+eses HoY Hg® HY' R,y 5V OV He i
+ese6 Hpy € HPYP Hs™ Ryr ey VOOV He b
+ese7Hpy € HPY? Hy®™ Ryper VOOV Hyy *
+eses Ho?Y Hp' Hs™ Ry ey V* @V Hy) b
+es560 Ho?Y Hg? Hs™ R,y e VO OV He /6
+es570 Ho?” Hp® Hye® Ry pyue VO @V H M
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£3H3aHa<1>aa<1> = ¢34 Hy > Hg®" Hs SV OV VPOV H,)

+c365 Ho > Hps® HS VO OVY VPOV H,y
+c305 HpVP Hy <€ HM VO OVFPV, OV, H i
+¢306 Houp® Hy €€ HM VY OVY VPOV, H i
+ca01 Ho Hgs® H, " V* OV VPOV, He o
+caa3 Hp® Hy * Hs* VO OVY VP OV, Hyer
+easo Ho Hg*" Hyo SV OVY VPOV, Hyye;
+eas3 Hy*C Hg* " Hy S VO OVY VPOV, Hyr
+c6790 Hp® Hs* " Hey S VO OVY VP OV, Hyp e
+cos0 Hp¢ Hse* H 'SV OVY VPOV, Hyp
+cos1 Hg* Hys® HHM VY OVY VPOV, Hyey
+eos Hys® HY H M V* VPV, OV, Hge
+co83 Ho > Hp" Hey * VO OVY VP OV, H 5
+cosa H" P Hee HEHV VPV, OV, H) 5,
+co85 Hop® HeeE HEH VY OVY VPOV, Hy 5,
+co86 Ho* Hp*" HyeE V2 OVY VPOV, Hye
+cos7 Hy > Hps® HS VO OVY VPOV, Hyye ),
+coss Ho ' H*" Hy S VO OVY VPOV, H
+cos0 Ho > Hps® HME VOV VPOV, Hye
690 Hop® Hs H V* @VY VP OV, H,yey,
+coo1 Hy > Hp*" H, .V OV VPOV, He ),
+ceo2 Hp?® Hy ¢ HM V* OVPV, &V, He,
+c693 Hop’ Hy <€ HM VY OVY VP OV, Hye,
+cooa Hp?? H, < Hs"* V* ®VPV, OV, H,,
+co0s Ho*€ Hps® Hy " VO OV VPOV, Hepyy
+co96 Hup’ Hy <€ Hs"* VY OVY VPOV, Hepy,

- 2«
LHIHRS _ e HPYO R5¥HE Ry VIOV Hop,,

@ Springer

+¢370 Ho?” R5™¢ Repyer VO V€ Hp)?
+ca0a HPYP Ry & Rsyuer VO DVE Hop
+ca05 HPYP Ry & Rsg ey VO DVE Hyp
+ca06 HPY Ry 5% Repyer VO DVE Hyp
+ca19 HPY? Ry™ &8 Ryyuee VO OVE Hg, €
+ca0 HPY° Ry ¢¢ Ryzep V¥ @VE Hp, €
+ca01 HPY Ry™ 8 Rye ey VO @VE Hg, €
+c100 HPY Ry™6¢ Regey VO @VE Hg €
+ca3 Ho®Y Ry ¢ Repuer V OVE Hp®
+caa Hy®" Ry "5 Regey V* ®VE Hg®
+ca72 HPY® Rgey)é Rypee VOOV Hy
+cars HPY R 1 Ropee VO OVH Hy ¢
+c47a HPY? Rgey, * Rygep VOOV Hy
+cag7 HPY? Ryyue Ry ese VO OVH Hp <
+cass HPY Ry® o Ry s VO DVH Hg®
+cag0 HPY? Ryey € Ropuee VE OV Hp
+ca00 HPY° Ry e Rsyuee V OVH Hg
+ca01 HPYP Ry 1y Rocee VO DVH Hg®
4200 HPY? Ryer  Rsg ey V¥ OVH Hg e
+C493Hﬂy8Ra{yER(s;SHVaCDVMHﬂES

ER(B@)Z(BBGD)Z
3

R(OD)* 09D
L3
R(33D)3
L3

LHZ(BH)Z(BCD)Z
3

H2(0H)?30®
£3 (0H)

+ca0a HPYP Ry 5 Reyuer V* ®VH Hg
+¢517 Ho? Rppus® Rycee VO OV HO
+es18HoPY Rp% se Ry V* OV HO
+¢519 Ho?” Rgsy ¢ Repee VO OV HO
+e521 HPY Rycpe Ryesp VO OV HEEH
+¢522 HPY? Ryepe Ry s VO @V HEH
+es23 HPY? Ryepy Ro eV OV HEEH

= 372 Ruspe VYOV VPV OVEV, @

+¢377Rp5y VIOV OVY V, 0V VP D
+¢381 Rpsye Vo DV VY VAOVEVI D

= ¢374Rp5,e Vg DV OV OVY DVEVO D
= ¢379Rpsye VPV* OV V, OV V2 D
= c308Hys* HY VOOV Hy " VP OV, He i

+ca66 Hy S HY VDV Hys VPOV, Heer
+eo30 HY > HEMEV* OV Hyye VP OV, Hye
+co31 Hys HY VY OVP OV, Hp o V6 Hy
+co3nHys HY VO OVP OV, Hper V6 Hy
+ce33Hy VP Hy SV OVP OV, Heer V6 Hpst
+co3a Hy VO Hy S V* OVP OV, Hep( VE Hps
+co35 Hy VO Hy SV OVP OV, Hser VS Hp
+c636 Ha O Hy sV OVP OV, H., V¢ Hp?
+c637 Ho VO HHV* OV He e VP OVE H 5
+co3s Ho VP HgE VO OVP OV, He o VE Hyy 5"
+co30 H HPYONV @V OV, Hep( VE Hyy 5"
+coa0Hy VP Hg V* OVP OV, Hep VS Hy 5t
+coat Hy® HV* OV Hs e VPOV H e,
+coan Hp HPY OV @V OV, Hser VE Hy
+coas Hy " Hg VO OVP OV, Hs.r V4 H, M
+coaa Hy " Hg V¥ VP OV, Hse\ VE H,y
+coas Ho"* Hy S V* OV He e VP OVE Hs
+coae Hpy HPY O Vy @V OV, Heer VS HsH
+coa7HoV® Hpy V¥ OVP OV, Heer VE Hs
+coag Hpy € HPY VQ @V OV, Hep ) VE Hs
+coao Hy " Hpy € V* OVP OV, He,, V Hs*
+co50 Ho " Hy sV ®Vg He e VPOV H M

= caooHys* H"* Vg Hy"* VPV OV, He i

+ca67Hy " HY** Vg Hys* VEVO OV, Hepr
+cosa HY* H*E Vg Hy e VPV OV, Hse ),
+coss HY*  HE"E Vg Hy, s VPV OV, Hepy,
+cos6 Hys* HY VPV OV, Hpr VS Hye
+co57Hys HY VPV OV, Hper VS Hy"
+coss Hy " HEH VPV OV, Hser V Hpye
+co59 Ho " H" VPV OV, Hye, VE Hpye
+co60 Ho 'O Hy S VBV OV, Hep V6 Hps"
+co61 Hy"* Hy S VPV OV, Hee) V6 Hps
+co62 Hy " HH VPV OV, Hys: VE Hpee

(42)

(43)
(44)
(45)

(46)
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3 B 3
[éi VH@O®) _

4
E;BH) _

HY)H)D __
L3 =

+co63 Ho VP HEH VPV OV, H, 5, VE Hper
+C664Hay6HyESVﬂVa¢VS Hsy¢ v¢ Hﬂeu
+ceos Ho " HVGEVB VYOV, Hser vé Hg!
+eoo6Ha HVESVﬂ VeV, Hﬁmvz Hpge"
+c667 Ho?® Hys VPV @V, Hepy V6 Hp "
+co68 Ho vé HEH V,B Hsu; Vﬂ A% d)V; Hygs
+c669 Ho 7 Hﬁes vhive OV, Heeg Ve Hys'
+c670H‘¥y§Hﬂ€8vﬂva¢v§ Hes,uv; Hys"
+c671 Ho '  HE" Vg s VPV OVE Hyye
+ce12Ho VP Hg S VPV @V, Hye VS Hyy
+ce73Ho 'O HgE VPV OV, Hye ) VS Hy
+co74 Ho " Hy Vg Hepue VPV VS Hy
+c675 HaysHﬂyfvﬂ V“CDVM Heg; vt Hgau'
+co76Ho " Hpy € VPV OV, He ) V6 Hs®
+c677Hy ' Hys Vg He e VPV OVE H 1

+ce78 Ho " Hpys VPV OV Hep( VEH:  (47)

300 Hy ¢ Hps® Hy M VO OVP OVY OV, H, i
+caa0 Hy > Hg*" Hs VO OVP OVY OV, H
+ca50 Hy > H* Hs S VO OVPOVY OV, H o
+cos1 Hp" P Heeb HEFV, VO OVP OV, Hy 5,
+co52 Ho '€ Hps® HME VO OVE OV OV, H,ye,
+ces3Hp?* H,* Hy" Vo ®V* VP OV, He,,
ca10Vs Hy" VO H*PY Vo He e VE Hyp
+co15V2 H*PY Ve Hog Ve Heg) V6 Hys™
+¢616V° HPY Vo Hsr Ve Hop VE Hy ot
4617V H*PY V& HygV, Hser VE Hyy e
+c618V2 H*PY VE Hyg Vi Hye ) V6 Hy e
+c619Vs Hap VP H*PY Ve Hep ) VE H,
+c620V° H*PY V€ Hypy, Vi Hee V6 Hs™
+c621Vy Hepr v HePY ve Haﬂsvi H.*

+c622Vs Hopy VO H*PY Vi Heg) V6 HEEV (48)

casa HyPY Hg€ H, " Hy g HE"OV* OV, Hser

+ca65 Ho?" Hg? Hy, " Hs*" Hy " V¥ OV, Heeo
+caes Ho®" Hp® H, " Hs* " Ho OV OV, He o
+ca60 Ho?" Hg? H, " He* H, "'V ®V ), Heyo
+es71 Ho?Y Hg® Hye* H* H, "'V OV Hyo
+es70 Ho?Y Hg? Hyy 5 H" H, "V OV, Heyo
+es573 Ho? Hgy® Hs H* H, "V ®V, Heyo
+es74 Ho PV Hp® H, *" Hy S He" V@V Hyyo
+es75Hpy € HPYO Hy®™ He S Hp OV OV, Ho g
+es76Hpy € HPY Hy™  H M He ) OV ©V, Hy g
+es577Ho?Y Hg? Hs® H S H O VO OV, Hy g
+es78Hpy HPYY Hy®™ H. M H, OV ®Vp Hee
+es79 Hp HPYO Hyy M Hs " He OV © Vg Hy
+essoHpy € HPY Hy™  HS M He 9V OV Hy
+css1 Hgys HPY HSTHE M Ho OV @V Hy iy
+esso Hp HPYO Hyy M Hye H, "'V ®Vg Hyey

ROH)?33D __
Ly =

2 2
Lg—] R(OH)

+css3Hgy € HPYO Hs He 't H,"V* Vg Hye
+essa Hpys HPYP He P HEM H, OV OV Hyey
+esss Hpy € HPYO Hy®™ Hee ) HE OV ©Vg Hyeyy
+esse Ho? Hse" HO Hy ¥ Hy 'V @V Hg,y .
+esgr HoY Hs" H* He " Ho " VY @V Hp,yy
+esss HoPY Hse H° H 5 H,, 'V ®Vg Hgyyy
+es39 Ho PV Hsee H® H, o' HMV* &V Hg,yy
+cs500 Ho?” Hg® Hs™ He " Hy O VO OV Hyye
+esot Ho?Y Hg® Hs®" HoS"H, OV ®V Hyey
+es502 Ho PV Hg® Hs™ He S He "V OV Hyyey
+es503 Ho?” Hp? Hye* Hy O HH 'V @V H,
+es0a Ho PV Hp® Hs™ H S Hy IV ©Vg Hy e
“+esos Ho Y Hg*® Hs®™ Heot H, "V ®Vg Hye
+esog Ho?V Hp’® Hse HM H, "'V ® Vg Hyy gy
+cs97 HoPY Hg, * HSMHESH He 9V Vg Hy
+esos Ho? Hpy® Het HM H, "V @V Hy
+c599 Ho?Y Hgy® Hepy HEH HEO VY OV Hye
+co00 Ho?” Hg® H, " Hs* " Hy 'V ®Vg He ),
+eoo1 Ho?" Hp* Hy 5% Hy O H* "V ®Vg Hep
+co00 Ho?" Hpy,® Hy® Hy, o HM"V* ®Vg Hee,
+co03 Ho?” Hg* H, " Hy* " H,. ' V* ®Vp He 1
+co0a Ho?Y Hp* H, " Hy* " He 'V ®Vp Hy iy
+ce0s Ho¥ Hp*® Hy,*" Hye H. "V ®Vp He iy
+c606 HoPY Hg* Hyys® H M H, "V ®Vy He
+c607 Ho?" Hgy,® Hs H™ H, "'V ®Vg Her
+co0s Ho?” Hp* H, " Hye* H"V* @V Hyiey
“+co00 HoPY Hg® Hy® Hse* H." VDV gy
+eo10HoPY Hp* Hyys® HM H VY OV Hyyry
+co11 Ho? Hg)® Hs® H* H"' V@V Hyyop
“+eo12 HoPY Hg® Hy* Hye, HSO VY OV Hye
+co13 Ho?" Hp? Hy 5% Hee" HS 1V ®Vp Hyy
+co14 Hy®" Hgy* Hs Hee " HS NV Vg Hyyr
c430 Rsyee VPV OVEH, YOV Hg

+cago Ryesp VPV OV Hy VP VI Hy

+¢499 Rpeep VPV OV H, Y VI H,, 5

+¢500 Rppuee VAV OV H, Y VI H 5
+cs02Rpes VP VEOVEH, Y VI H,,
+¢503 Rppuse VPV OVEH, VO VI H,

+¢506 Rspuee Vo Ho VPV OVH H, € (49)

cast Hy*  H*PY Rye ey V, He "VH Hg €

+cags Ho® HPY Reg iy Ve Hy SV Hps®
+c508 Hap® HPY RegeyV, Hs*"VH H, €
+¢500 Hop® H*PY Ry enV, HeE "V H <
+c700 H*PY HY* Rpgeyy Vs Hy S Vi He, "
+c701 H*PY HY* Ry Vs Hy "V Hyph
+c700 HYPY HY¢ Ry eV, Hs "V Hog"
+c703 H*PY H** Reyyen Ve Hys"VE Hop
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+c704 H*PY HY* Ry ey Ve He "V Hop
+c705 H*PY HO¢ R,y e, Ve He "V Hyp
+c706 H*PY HY“ Ry e Ve Hsy "V Hop"
+¢707 H*PY H%¢ Re ey Vy Hp "V Hys"
+c708 H*PY HO* R,y e Ve Hp, "V Hys™
+c700 H*PY HO¢ Ry ey Ve Hp "V Hys"
+c710H*PY HY* Ry eV, Hp "V Hys"
4711 H*PY HO* R,y 1y Vi Hpe "V Hys™
4712 H*PY HO* R,y e Vi Hp "V Hys™
+c713 Ho > HYPY Rsyuen Ve Hy  "VE Hg®H
+e714Hy " HPY Ry ey Ve Hy "VE Hp®t
4715 Hy* HYPY Ry e,y Ve Hs "V¢ HpH
+c716 Ho > H*PY Rsyen Ve Hy "V Hg®H
+¢717Ho > HYPY Ry ey Ve Hse"VE HpH
+e718Ho*  HPY Ry e Vi Hse"VE Hg
+e719Ho* HYPY R,y ¢ Vi He V¢ Hg "
+c720 Hap® HPY Ry 115y Ve Hee"VE HEEV
+¢701 H*PY H%* Rge e Vi Hyyy V' Hy ™
4700 H*PY H%* Rge e Vi Hype V' Hy ™
4703 H*PY HO* Ry 10y V¥ Hys" V" Hpe
4704 H*PY HO* R,y 1y V¥ Hos" V' Hpe
4705 H*PY HO* R,y e V¢ Hys" V" Hp i
4726 H*PY HO R ey V* Hog" V" Hyy s
+¢707 H*PY HO Ry iy Vs Hopt V' H,,
4708 H*PY HO Ry 00 Vs Hup V' H,, 6
4720 H*PY HO Ry V* Hops V' Hy b
+¢730 Ho* HPY Reg 11y VH Hps® V' Hyy
+or31 Hy > HPY Renue V* Hgs* V' Hy, "
4730 Hy HYPY Ry )V Hg "V H,ye
+¢733 Ho*  H*PY Ry VE H 'V Hyp o
0734 Ho*  H*PY Ry V" Hps® V" Hy e
+¢735 Ho > HYPY Reyye V¥ Hps VT Hyy b
+¢736 H*PY H%* Rer ey Vs Hoyg" V' Hyy )6
4737 HPY HO® Re oy V" Hops V' Hyy )b
+c738 Haaé HPY ReenVH H;;fv" HVM{
+¢739 Hy* H*PY Reyer VH Hgs V' H,y ) ¢
+e720HPY H* R, 10y V¢ Hop" V" Hse
+c741 H*PY HY* Ry et V6 Hop" V" Hyep,
4720 H*PY HO¢ R,y 1V Hop" V" Hse
4723 H*PY HO* R,y 1, V¥ Hop" V" Hse
+c744 Hy > HYPY Reg 1y VH Hpg,, * V" Hse®
+c745 Hy > HYPY Reyyc VH Hpg,, £ V" Hse
4726 Hop® H*PY Re iy VP H, €€ V" Hy b
+¢747 Hop® HPY Reyye V* Hy € V' Hy et
+c7a8 Hapy HPY Reyye VI HO SV Hs
+¢720 Hy > HYPY Ry V¢ Hg* V" Hye
+¢750 Ho®  HPY Ry e VE Hg* V" Hye
4751 Ho* H*PY Ry 11y VE HE " V" Hyer

+c750 Ho* HPY Ry ey V6 Hg "V Her
+c753Hy* H*PY Ry V' Hg,, £ V" Hy
+c750 Ho* HYPY Reyye V' Hp, £ V" Hse*
+c755 HPY HY¢ R,y e VE Hog V" Hs
+¢756 H*PY H% Rer ey V" Hypy V' Hs )\
+¢757 Ho* H*PY Reg oy V* Hpy V" Hs, *
+e758 Ho*  HPY Reyer VI Hp, * V" Hy 0
4759 Hap® H*PY Rer ey VP H, V" Hy ¢
+¢760 Hupy H*®Y RerenV* H*6 V' Hg )\ ¢
+c761 Hap® H*PY Ry 115y VS HEF V" He g
+c762 HPY HY* Ry 11y Vs Hop" V' Heot
+c763 H*PY HO* R,y ),10 Vs Hop V' He
+c764 Ho* HYPY Ry 11y Vs Hp* V' He b
+c765 Ho® HYPY Ry e Vs Hp* V' H 6
4766 H*PY HY¢ Ry 11y VH Hyps V' Heet
+c767H*PY HY* Ry 1 VH Hops V' Hep*
+c768 Hap” HPY Rsg iy V" Hy V' Heo
“+e769 Hup” HPY Rsyyue VI Hy V" Hep
+¢770 H*PY H%* Rge Vs Hy ™ V' He i
+c771 H*PY HY* Ry 2y Vis Hop" V' He
+c7HPY H*° Ry e Vs Hop"* V' Hepl©
+¢773HPY H** Ry ey V" Hops V' He it
+c774 HPY HY* Ry o VF Hops VT He*
+¢775 Hap® H*PY Rye ey V' H, €V He
+¢776 Hap® H*PY Rypee VH H, V' He ¢
+¢777 H*PY H% Ryyy00 Vs Hopy VT HME
+¢778 Ho* HYPY Ry Vs Hpy © V" He M
+¢779 Hap® H*PY Reypyue Vs Hy <V H M
+c780 Ho* H*PY Ree VE Hpy sV HME
+c781 Hy* HPY R, 3¢V Hg*"" V" He 1
+c780 Ho* HYPY Ry e Vs Hg " V" He ), 6
+c783 Ho* HYPY Rsg eV Hp) * V" He,t
+e73a Hy*  HOPY Ry ey V! Hps® V' Hy 6
+c785 Ho* HYPY Reyyuc Vs Hpy © V" He
+C786Haﬂy Ho Ry e Ve Hups V" H M8
+c787 Ho* HPY Reyyyue V¥ Hpys VT H M
+cr88 Hy* HPY R,y Vi Hepe VI H

252
£§(3H) @) _ C501Rﬂmsgva©vﬁ¢'V€Hay5VSlHygs

+es504 Ropee VOOV Hy VP VP OV | €€

= c789 Hup® HV Hy ©* Hy V,, H" V¢ Heyo

+¢190 Hap” H*P Hee® H' Vs Hy " Ve Hyuno
+c791 Ho ™ HPY Hg*" Hyo* Ve H, "V Hyyppo
+c792 Hy 5 HYPY H." HEME Y eV, Hpsy,
+c703 Hy > H*PY Hg® " Hs "V H, "V, Hepo
+cr04 Ho* HPY Hps® H'"V H,, "V, Hoco
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4795 Hap H*PY HS"HE M V5 Hyy OV, Hyy
4706 Ho ¢ HPY Hg" Hy* "V Hy eV, Hyyo
+c797 Ho* HYPY H." HEME N, Hps, Vo Hy e
+c708 Hy*  H*PY H"" HE'E 'V Hgs Vo Hy ey
+c790 Hy* HPY H.Y HE1S Y, Hp,, Vo Hse
+cs00 Ho* H*PY H." HEE 'V Hg,y 1, Vo Hier
+cs01 Hap® HPY H" HE 9V Hy e Vo Hy iy
+cs02 Hap® HPY HH HE 9V H,y oo Vg Hy iy
+cs03 Hop® H*PY HM HE N, Hyy e Vo Hyy
+cs04 Ho* HPY Hg®" H* Vs Hoy Vg Heey,
+cs0s Ho* HPY Hg® H"V, Hyy 50 Vg Heey,
+cs06 Ha* HPY Hg®" H*"V Hyy 50 Vg He iy
+c807 Ho* H*PY H." H¥"E Vs H,, Vo He
+csos Ho* H*PY H." HEE N, Hp, 5V He
+c809 Hap® H*PY HE" HS"V5 Hy e Vg He iy
+cs10Ho % HPY Hg®" H"V Hyy 50 Vig He iy
+cgi1 Ho* HPY Hg® HEV  H,y 5 Vg He iy
+cgi2Hap® HPY H" HS V5 Hyyeo Vo Hyue
+cs13 Hap® H*PY H"HE M V5 H,, O Vo Hyye
+eg14Hy " HOPY Hg® " HE" NV Hy5: Vo Hyury
+cg15 Ho* HPY Hg®" HEV Hy5e Vo Hyuey
+cs16Ha® HPY Hg®" Hy "V Hy e Vo Hyyr
+es17 Hop® H*PY Hy € HM Ve Hs " Vg Hyyoy
+cgis Ho* HPY Hgs® H' "V, Herg VY Hyept
+c819 Ho* HPY Hg® Hye* Vg Hyuey VO Hyy
+c800 Ho P HPY Hg" Hs "V Her VO Hyey,
+cso1 Hop® HPY HEMH Vg Hse g VO Hyy ey,
+cs00 Ho* HPY Hg" Hy "V Her y VO Hypey,
+c803 Ho® HPY Hg" H5 "V, Heyp VO Hyyer
+csoa Hop® HOPY HETHEM Y, Hyg V0 Hyp e
+esos Hy*  HPY Hp™ Hs "V He oV Hy ot
+c806 Hap® H*PY HS"HES Vg Hyy VP Hy o
+c807 Ho % HYPY Hg®" H5 "V He 1y VO Hyye
+csos Hy* HPY Hgs® HM "V Heyo V7 Hy 1t
+e820 Hop® HPY He S HEMN, Hy g VO Hyy "
+es30 Hop® HPY Heo* HS'Ng Hy ey VO H,y "
+cs31 Ho % HPY Hg" Hs "V, Heeo VO Hoy
+cs32 Ho* HPY Hg" Hy* "V Her ) VO Hyy o
+cs33 Ho* HPY Hg" H,*"V, H,100 V7 Hsee
+es3aHy*  HPY Hg®" H,* "V Hyyz y V' Hsee
+cs35 Hup® H*PY H, ¢ H* "'V, oo VY Hsey,
+cs36 Hapy H*PY H*C HM 'V, Horg VY Hse
+c837 Hap® H*PY H, <€ H* "V Hory VO Hsey,
+csas Hapy HYPY HC H"V g Hor VO Hse
+c839 Hap® H*PY H, ¢ H N, Hyr VY Hse"
+csa0 Hap? H*PY H, <€ H* Vg Hy oy VY Hse"
+csa1 Hap® H*PY H,* H*"V, Ho gV H i
+csan Hup® H*PY H,“* H* "V HepyV? Hy i

+esaz Hop® HPY Hy H'E Vi Heno VO Hy,, "
+csaa Hop® H*PY Hy, H 'V, Horo VO Hy,, "
+csas Hop? HYPY Hy, € H' Vg Hor y VO Hy,, "
+esag Hop® HPY Hy“C Hee Vy Hyypg VO Hst"
+esa7 Hop® H*PY Hy ¢ Heo" Vg Hyyoy V9 Hs 7
+esag Hop® HPY H,“C H* Vs Hy oV Hegy,
+csa0 Hy* H*PY Hgs® H, "6V, Hyrg V0 Hee"
+esso Hop® H*PY Hy ¢ Hs"* Vy Hy0o VO Hee"
+css1 Hapy HPY Hs"* H*V, H,100V Hee"
+esso Hy* H*PY Hgs® Hy " Vg Hyry V0 Hee"
+css3 Hop? HYPY Hy, € Hs" Vg Hyy 0y VO He "
+cssa Hopy HPY Hs"* H* Vg Hy0y V7 Hee"
+esss Hop? HYPY Hy, ¢ H* Vs He oV He i
+css6 Hy* H*PY Hgs® Hy " Ve Hepo VO He "
+cg57Ho* H*PY Hgs® H, "5V, Herg VP He),"
+esss Hop® H*PY Hy ¢ Hs"* Vy Herg VO He,, "
+cs59 Hopy HPY Hs"* H°V, Ho VO He "
+cs60 Ho > H*PY Hgs® H, " Vg Her ) VO He "
+esot Hop® H*PY Hy ¢ Hs" Vg Her y VO He, "
+cs62 Hapy H*PY Hs"* H** Vg Hory VO He
+cs63 Hup? HYPY H, € H* Vs Hy o VO He), "
+esoa Ho* H*PY Hps® Hy eV Hyyco VO H ST
+cs65 Hop® H*PY Hy ¢ Hy "V, Hyueg VP He ST
+cs66 Hupy HPY Hs" H6V, Hy\ g VO H ST
+cs67 Ho* H*PY Hgs® Hy e Vg Hyyry VO HL ST
+csos Hap® H*PY Hy ¢ Hy " N Hyuey V7 He ST
+cs69 Hapy HPY Hs " H* Vg Hyyoy VO H, ST
+c570 Ho > H*PY Hgs® Hyee Vo Hyr VO HHET
+eg71 Hop® H*PY Hy ¢ Hsee Vg Hyyoy VO HMET
+c872 Hapy H*PY Hsee HY* Vg Hyr VO HMET
LI _ o H PV OV Hy Y, Hye, VE H, o

+cooa Hy?Y VO OV, Heyy VE Hg% V Hs
+c62s HPVO Vg Hepue VO OV Hg, € V¢ Hye
+c626 Ho?Y V¥ OV, Heypr VE Hp* V He
+c627 Hy?Y V¥ OV Hp,, * Vi He, V6 Hs®"
+ceas HPY VO OV, Hyp€ Vs He o V6 H M
+c620 Ho PV V¥ OV Hy i V€ Hp,, * V6 He S (51)

where ¢y, ..., cg72 are 872 arbitrary parameters that can not
be fixed by the gauge symmetry.

‘We have found the above minimal couplings in the theory
which has no four-derivative and six-derivative couplings as
in the superstring theory, i.e., we have used the field redefi-
nition (9). It has been shown in [37] that even if the theory
has four-derivative and six-derivative couplings with fixed
parameters, up to some total derivative terms, the field redef-
inition at order o> can be written as
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880 + 681 +6885 = —96 ——0B — 0"
0+ 051 +05% 52ap g“ﬂ+83aﬁ “ﬁ+8<1>

(52)

where the deformations 8 gffv) , SB,(E,,) , 803 are arbitrary
functions of R, H, V® and their derivatives at order a/3.
Hence, the minimal gauge invariant couplings that we have
found in this paper are valid couplings in any higher-
derivative theory which has metric, dilaton and B-field.

Even though the total number of minimal gauge invariant
couplings at order o’ 3 are fixed, i.e., 872, the number of cou-
plings in each structure are not fixed. In different schemes,
one may find different structures and different number of cou-
plings in each structure. The above structures and the number
of terms in each structure are fixed in the scheme that we have
chosen. Note, however, that the couplings with coefficients
c1, €2, Cs5,C7,C8 In llé{ ’ are invariant under field redefini-
tion, Bianchi identities and total derivative terms. They are
scheme independent. All other couplings dependent on the
scheme that one uses for the couplings. The values of the 872
parameters are fixed in a specific theory by impose various
techniques in the theory.

In the superstring theory the above 872 parameters may
be found by calculating various S-matrix elements in the
effective field theory (1) and comparing them with the corre-
sponding S-matrix elements in the string theory which has no
arbitrary parameters. In this method one has to calculate in
the string theory various S-matrix elements which produces
872 independent contact terms. In the next section we illus-
trate this method for four-point functions to fix some of the
parameters.

3 Constraint from 4-point functions

The S-matrix element of four NS-NS vertex operators in
the superstring theory has been calculated in [34,39]. The
low energy expansion of this S-matrix element produces the
following eight-derivative couplings in the string frame [9,
40-42,45]:

30 S f 4%/ "ge 2 L(R) (53)

where the normalization factor is y3 = ¢(3)/2°, and the
Lagrangian density has the following eight independent
terms:

L(R) = éRKﬁﬂR"V’“RMR“”aﬁ

1

32

+iRaﬂ5rRaﬁKV'RHV&RMVKy
16

+ RaﬂKyRaﬁKyRuvarRuer
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1
_ZRKyaﬁRKVSaRuvérRﬂwﬂ

1
+1RaﬂxyRuv8rRMﬂKvaa&

1
+§RaﬁarRuvérRMBKvaaky
1 o K uBsy pv T
+§R B yRuvérR R'a«
Ry Ry RIPTVR o (54)
where R ;g is the linear part of the following tensor:

Ryvap = Ruvap + Hyvja: ) (55)

Here Hyua:p) = 3VaHua — 5 Vo Huvp. While the dila-
ton appears non-trivially in the Einstein frame, it appears in
the string frame only as the overall factor of e ~2® [43,44].
Note that if one ignores the B-field coupling, then the sym-
metries of the Riemann curvature reduces the eight terms in
(54) to six independent terms [9], however, in the presence
of B-field the string theory S-matrix element of four NS-NS
vertex operators are reproduced by the above Lagrangian
[45]. The heterotic and bosonic string theories have the
above couplings as well as some other couplings at this
order.

Now, requiring the Lagrangian (13), to produce the four
graviton couplings in (54) after using on-shell conditions
ki-ki = 0and k; - ¢ = 0 fori = 1,2,3,4 where the
graviton polarization is ¢;¢; and momentum of graviton is
ki, one finds the following relations for the parameters in
(13):

c11 =2+ 2cy0, c12 = 1 4+ 2c10, c20 = —c1o0,
€21 = 4cio0, €22 = —cl10, €33 = —C10/4. (56)

As can be seen not all parameters are fixed by the four-point
function. The above result indicates that there is one com-
bination of the seven couplings in (13) which produces zero
effect on the four-point function. Consistency with five-point
function should fix the overall parameter of this combination,
i.e., c10. Therefore, imposing the four-point function on the
parameters in (13), one finds the following couplings

L8 = 2R, FR™Y RM E Rypop + Rup™ RPYO R S Ryg
(57)

and some other couplings with coefficient c19. The above
couplings are exactly the couplings that have been found
from the sigma-model [46,47]. Hence, the five-point function
must constrain cjg = 0. It is important to note that if one
uses the KLT constraint [48] to write the couplings in terms
of 13t R* and €)9-€19 R?, then the four-point function can fix
only the coefficient of 7373 R* and the five-point function fixes
the coefficient of €j¢-€19 R* to be non-zero. In the scheme that
we have used to write the couplings in the previous section,
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however, the structure €1 -€10R* which includes the Ricci
and scalar curvatures, does not appear at all.

Requiring the Lagrangian (48) to produce the four B-field
couplings in (54) after using on-shell conditions k; - k; = 0,
ki-¢i =0andk; - g‘i/ =0fori =1, 2, 3, 4 where the B-field
polarization is ¢; {} — ¢/¢; and momentum of B-field is k;,
one finds all 9 parameters in (48) are fixed, i.e.,

cs10 =1/8, ce15=—1/8, ce16 = —1/4, ce17 =1/4,
co18 = —1/8, ce19 =—1/16, ce20 =0,
Ce21 = —3/16, Ce22 = 1/144. (58)

Note that in the scheme that we have chosen in this paper,
there are 9 independent couplings with structure (3H)*
whose coefficients are fixed by the four-point function. We
could chosen a different scheme in which there would be less
couplings with structure (3 H)*. In fact it has been shown in
[49] that the four-point function can be reproduced by three
couplings with structure (9 H)*. If one chooses a scheme in
which there are three couplings with structure (3 H)*, then
the extra six independent couplings would appear in other
structures such that the total number of independent cou-
plings remains fix, i.e., 872.

Similarly, requiring the Lagrangians (12) and (33) to pro-
duce two gravitons and two B-field couplings in (54), one
finds parameter in (12) to be zero and finds 17 relations
between the 22 parameters in (33), i.e.,

€369 = —24cog0 — €283, Ca07 = 1 — 24co80,

cq08 = 12c282,  ca409 = 12¢282,
ca16 = 2 — 24c80 + 20084, 417 = —2 — 4c283
+2c285,

c475 = 2+ 20283,

ca18 = 4283 + 2c2386,
ca16 = —4c283, 477 =1+ 20083,
c478 = 20283,

cs514 = 4cog4 4 2c285 + 2c286,

cs15 = 1 — c283 + €285 — €286,
C516 = —2c283 + 2c285 — 2¢286, €520 = O,
€697 = —2C284 — €285 — €286,

€699 = 1/2 + c284/2 + c285/2.
(59)

ce98 = 1 + ca84 + C285,

Hence there are five different combinations of the 22 cou-
plings in (33) that produce zero effect on four-point function.
They can be found by studying five-point functions of two
B-field and three gravitons in which we are not interested in
this paper.

Requiring the Lagrangian (41) to produce no four-point
function of two dilatons and two B-fields as in (53), one finds
the parameter c413 does not appear in the on-shell amplitude,
and the following relations between the other parameters in

41):
€357 = —C353, C426 = —3C353 + 415,
1
€430 = 20353, €435 = eI (60)

This indicates there are two other combinations of terms in
(41) that produce zero four-point functions.

Requiring the Lagrangian (49) to produce no four-point
function of one dilaton, one graviton and two B-fields, one
finds
cq99 =0, c¢s00 =0,

ca80 =0, ca86 =0,

cs02 =0, ¢s503 =0, c¢s506 =0. (61)
There are also no four-point functions of four dilatons, three
dilatons and one graviton, two dilatons and two gravitons,
one dilaton and three gravitons in the string frame. Their
corresponding parameters are all zero. This can also be seen
by the T-duality constraint when metric is diagonal that we

are going to discuss in the next section.

4 Constraint from T-duality when B = 0

It is very hard to continue the above S-matrix method to find
all 872 parameters in £3. In particular, to find the parameters
in ,Cg'l ’ ,one would need to calculate S-matrix element of eight
NS-NS vertex operators which is tremendously difficult. For-
tunately, there is a simple method to find all parameters by
imposing the T-duality constraint. The calculations here also
is very lengthy to perform, however, using the computer one
can perform it, see e.g., [33].

The calculation in the absence of B-field has been already
done in [50]. In that paper, it has been argued that in any
higher-derivative action which contains only metric and dila-
ton, the dilaton couplings can be set to zero by the T-duality
constraint. The argument in that paper, however, can not be
extended to the case that B-field is non-zero. Explicit cal-
culation at order ”? in the superstring and in the heterotic
string theory has been also done in [50]. That is, assuming
the dilaton couplings are zero, it has been shown in [50]
that the gravity couplings (13) at order o are consistent
with the T-duality constraint when metric is diagonal and
B-field is zero, provided that the parameters in (13) to be
the same as those in (57) in the superstring theory. These
parameters in the heterotic theory, however, are fixed up to
two parameters by the T-duality which is consistent with the
S-matrix calculations in the heterotic theory [9]. This con-
forms that even if one considers all independent gravity and
dilaton couplings that we have considered in (13), (17), (19),
(21), (26), (27), (35)-(37), (39), (40), (43)—(45), then the T-
duality satisfied when all the 36 dilaton couplings are zero,
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i.e.,
co4 =0, c95=0, cuug =0, c149=0, c150=0,
c178 =0, 89 =0, ci81 =0,
c261 =0, c277=0, c31=0, c3220=0, c36=0,
€223 =0, c24=0,c25=0,
€254 = 0,060 =0, 341 =0, c340=0, c346=0,
€293 =0, 204 =0, c2s5=0,
34 =0, 350 =0, c305=0, c307=0, c360=0,
c306 =0, c361=0, c32=0,
c377=0, c381 =0, c37:4=0, c379=0. (62)

The dilaton couplings (26), (27), (40), (45) with the above
coefficients are consistent with the four-point functions in
(54).

The minimal gauge invariant couplings at order o’ and o>
in the bosonic theory are 8 and 60, respectively, however, in
the absence of B-field, the dilaton couplings constraint to be
zero by explicit T-duality calculations [29]. Note however
that the couplings involving dilaton and B-field may not be
zero by the T-duality constraint, see e.g., [33].

When B-field is not zero, one may use the T-duality con-
straint to fix all 872 couplings. Similar calculations at orders
o’ and o’? in the bosonic string theory have been done in [33]
to fix all parameters of the minimal couplings. We postpone
this calculation at order o« for the future works.

We have found that the minimum number of independent
couplings at order ’® is 872 in any higher-derivative the-
ory containing the NS—NS fields. In string theory, using the
T-duality constraint one may hopefully find all parameters.
Using different schemes, the T-duality can fix the correspond-
ing non-zero terms. A priori one can not argue which mini-
mal scheme would produce minimum number of couplings in
string theory after imposing the T-duality constraint. To find
the minimum number of couplings in the string theory, one
should first find the 872 parameters in a specific scheme, e.g.,
the one we have used in Sect. 2. Then using once again the
field redefinitions, the total derivative terms and using vari-
ous Bianchi identities, one may rewrite the couplings such
that the number of couplings would be minimum.
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