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1 Introduction

The modern era of gravitational theory was initiated by Einstein’s General Relativity (GR),

which provided the geometric interpretation of the classical gravity. However, puzzles

already existed when the quantum theory of physics was also discovered at around the same

time, which pointed out that some compromise should be made for the gravitational theory

to be compatible with a quantum theory of matter. The quantum field theory of gravity is

expected to be non-renormalizable since the UV divergences arise at the loop order, requiring



an infinite number of higher curvature counterterms. From modern point of view [1-4], the
non-renormalizability of the Einstein-Hilbert Lagrangian is understood to mean that the
theory is an effective field theory (EFT), in which loops are made finite by counterterms
provided by the higher curvature terms in the Lagrangian order-by-order. It suggests
that the classical theory of gravity should be regarded as a low-energy effective theory of
some UV completion, often referred to as quantum gravity. Although many impressive
efforts have been made to construct such a UV completion based on the self-consistency
requirement, no direct experiments can yet be conducted to test those theories since the
typical scale is at the Planck mass My, parametrically larger than the energy scale of
current and near-future experiments. In this circumstance, the effective field theory of
gravity [2—4] can be used to describe the quantum effects of gravity at low energies without
knowing the complete theory.

At the same time, the accumulating data from gravitational observations, especially
through the new probe of gravitational waves, are pushing our understanding of gravity
beyond Einstein’s general relativity. Modified gravity [5, 6], which can derive from some
specific theory of quantum gravity or just serve as a phenomenological model, is an active
and diverse area of research in theoretical physics and cosmology, which aims to address
various cosmological and gravitational puzzles, such as the accelerated expansion of the
universe, the nature of dark matter and dark energy, and the behavior of gravity in extreme
environments. From modern point of view, any modified gravity should be understood
as effective field theory of gravity, which allows us to study gravity in a more tractable
and model-independent way at low-energy region. The EFT approach in general starts
from constructing a Lagrangian that includes all possible operators consistent with the
symmetries of the theory and the power counting rules. In the case of gravity, the most
important symmetry is the diffeomorphism, which asserts that the only degree of freedom
for gravity should come from the Riemann curvature tensor of the spacetime manifold. By
including higher-dimensional operators involving the Riemann curvature tensor, the gravity
EFT captures the effects of higher-energy physics on the gravitational interactions in an
organized and controlled manner. By matching the EFT predictions with experimental
or observational data, we can constrain the values of the coefficients associated with the
higher-dimensional operators. This can provide insights into the underlying fundamental
theory of gravity or uncover new phenomena that could be observed in experiments.

The higher-dimensional operators are usually suppressed by the cutoff scale of the EFT
Ayy. In the case of gravity EFT, it is typically taken to be the Planck scale M, and
thus the low energy effects of these higher dimensional operators are highly suppressed at
energies much lower than the Planck scale. However, to address puzzles in the early universe
the higher dimensional operators in modified gravity could play the important roles, such as
Starobinsky theory [7] and f(R) gravity, scalar-tensor gravity [8], Horava-Lifshitz gravity [9],
etc. In the Higgs inflation [10], the Higgs boson could play the role of inflaton and thus the
non-minimal coupling between the Higgs boson and Ricci scalar affects the Higgs potential
significantly during inflation. Furthermore, there are also higher dimensional theories of
gravity in which the cutoff scale Ayy is significantly lower than the Planck scale, such as the
large extra dimensions [11], warped dimensions [12], DGP localized gravity [13], low scale
string theory [14], etc. In these cases, higher dimensional operators between graviton field



and standard model fields is not so suppressed and thus their effects might be testified at
future TeV colliders. To systematically investigate the sub-Planckian low energy effects, it is
necessary to write down the gravity EFT operators. At the same time, the gravity scattering
amplitude plays more and more important roles in the gravity EFT amplitude from double
copy [15, 16], the positivity bounds of gravity EFTs [17-20], corrections on the gravitational
potential and related effects [21, 22] and calculations on gravitational wave for testing the
gravity EFTs [23, 24], etc. All of these call for the complete and independent amplitude
and operator bases for gravity EFTs to serve as a key input for the future gravity EFT
amplitude calculation. However, this task is highly non-trivial because of the redundancies
of total derivative and field redefinition.

In recent years, techniques of on-shell scattering amplitudes have inspired a lot of
new ideas in the area of effective field theory. In particular, it is found to be extremely
convenient to treat effective operators as on-shell amplitudes [25-30], so that the equation
of motion (EOM) redundancy is automatically removed and the integration-by-part (IBP)
redundancy is translated to the requirement of momentum conservation. In this prescription,
also known as the amplitude/operator correspondence, the operators yielding form factors
that vanish on-shell should always be converted to a form with different constituting fields
via field redefinition (usually equivalent to applying the classical equations of motion).
In the case of gravity EFT, according to the on-shell prescription, we eliminate all the
Ricci tensor R, and Ricci scalar R in the Lagrangian by field redefinitions because they
do not generate on-shell gravitons. One example is when the non-minimal gravitational
coupling Rf(¢) is present in the so-called Jordan frame, one could go to the Einstein
frame by a Weyl transformation where the non-minimal coupling is removed and the scalar
potential is modified. From the on-shell perspective, the operators corresponding to on-shell
amplitudes are written in the Einstein frame, thus no non-minimal couplings involving R
should be present. In fact, the building block that does generate on-shell gravitons is the
Weyl tensor Cp0, and the gravitational non-minimal on-shell couplings [31], which can be
written in terms of C),,0, cannot be removed by field redefinitions and must be retained
in the operator basis. We emphasize that the operator basis from on-shell method only
describes local observables, hence the topological terms such as Gauss-Bonnet which are
total derivative operators are not included in our basis.

Consequently, we generalize the amplitude/operator correspondence to involve the mass-
less spin-2 particles, such that the operator bases can be obtained through constructing the
corresponding amplitude bases, which are constructed using the Young tensor method [30]
that has been applied to various EFTs [28, 32-34]. In the Young tensor method, the
independent Lorentz structures of on-shell amplitudes are identified as the semi-standard
Young tableaux of the primary Young diagram of the SL(2,C) x SU(N) group [28, 35, 36],
and the independent gauge structures are constructed by applying the modified Littlewood-
Richardson rule at the Young tableau level. We also utilize the symmetric group to take
account of the flavor structure of operators in a systematic way when the operators involve
repeated fields [32, 37].

In this work, we consider all kinds of interactions in gravity EFTs, including pure
gravity couplings with higher derivatives, gravity coupled to a scalar field and Goldstone



field, gravity coupled to a gauge field in Yang-Mills theory and gravity coupled to a fermion
and apply the above method to obtain both the operator bases and the amplitude bases in
these EFTs up to mass dimension 10. Furthermore, we consider two specific gravity EFTs:
the standard model effective field theory (SMEFT) with graviton field extension, and the
low energy effective field theory (LEFT) with graviton field extension, called GRSMEFT
and GRLEFT, respectively. The GRSMEFT operators have been counted [38] using the
Hilbert series method, and listed up to dimension 8 with one-flavor fermion using the
traditional approach. In this work, we utilize the Young tensor method to list both the
operator bases and the amplitude bases in the GRSMEFT and the GRLEFT up to mass
dimension 10.

The paper is organized as follows. In section 2, firstly we introduce the tetrad formalism
to define spinors in curved spacetime, so that the building blocks of gravity EFTs can be
presented as spinors. Then we generalize the amplitude-operator correspondence to involve
massless spin-2 fields and prove the validity of the generalization. At the end of the section,
we use examples to show the conversions between operators presented by spinor indices
and operators presented by Lorentz indices. In section 3, we list the operator bases and
amplitude bases of pure gravity couplings and gravity coupled to a Goldstone scalar, a gauge
boson, a fermion up to dimension 10. In section 4 and section 5, we list the operator bases
and amplitude bases in the GRSMEFT and the GRLEFT up to dimension 10 respectively.

2 Gravity in Spinor-helicity formalism

2.1 Notation and building blocks
2.1.1 The tetrad (vielbein) formalism and spinors in curved spacetime

In curved spacetime, the tangent space at each point is a Minkowski space, so we can
introduce a local Lorentz frame at each point x, with basis vectors e,(x) constituting a
tetrad of the 4-dimensional spacetime, or vielbein in other dimensions. For a coordinate
patch {x“,} of the spacetime manifold (x4’ labels the spacetime coordinates), we have

the local basis transformation e, (z) = e,* (z) Requiring the basis vectors to be

orthonormal gives, ot
e’ (@)evu(z) = g (), (2.1)
or equivalently
e (x)e” (@) = ", (2:2)

where g,/,s is the metric tensor for the coordinate patch, and

10 0 O
0-10 O
MY = = . 2.3
n Nuv 00 —1 0 ( )
00 0 —1
The tetrad is related to the metric by
guzyl = euz'“ey/”nw,. (24)



Using e we can change indices from spacetime indices to tangent space indices or vice versa,
’ ! ’
Ho— o MM (T T yaT!
VI =e Vi, VI =et VI (2.5)

In order to define the spinors in a curved spacetime, first we introduce the Van der
Waerden symbols (o matrices) which give a mapping from spin space to Minkowski space

10 01
(Uo)ac‘z:<01>a (Ul)ad:<10>a

as follows,

0 —i 10 (29)
—i
(UQ)QCM:(Z. 0 )7 (Ug)ad:<0_1>'
The Van der Waerden symbols fulfill the following algebraic properties:
Ohaluss = 2eaptay  T[0"0"] = a0 = 2", (2.7)

where

Y 0-1
€af = —e¥ = €ap = —e¥ = (1 0 ) ; o= (007—5> ) (2.8)
so that eageﬁ'y =0). €, €4 ;4 can be used to raise and lower spinor indices in the following
way:

€apl® = &ay  €* =Py, (2.9)

In curved spacetime, the Minkowski space is replaced by the tangent space at each point.
We can choose a smooth orthonormal (restricted) tetrad e,*(x) and define the ¢’s in the
local frame of the tangent space as eq. (2.6). Since the components of a tensor in the local
frame and the spacetime frame are connected by eq. (2.5), we can define the mapping from
the tensors in spacetime frame to spinors in the local frame as

O (@) = e y(z)ols, (2.10)
fulfilling
Ugdau,ﬁﬁ- = 2€ap€445 ol oY = 2gM" (2.11)

For example, the gauge field in the chiral basis Fj, /g = %(F + iF) can be presented as

7 ’r 1 ’ ’ 7
— wve v pwyo Hv
FLQB == §FLMIVIO'QB == 5}7]_414/1,/6'u ,u€ VUa,B = §FLNVO-QIB7

; . ; o ; (2.12)
Frap = =5 Frwv 0y = =5 Fruwwe ue” 055 = =5 P,
where
agg = %(0“5’” —0"0")ag, (2.13)
5;,‘; = %(5“0“ —0"0") s (2.14)



The covariant derivative satisfies!
D)\’gu’l/’ =0, Du’ey"u =0, (215)

and corrects local Lorentz and spinor indices with the spin connection w,/#", where

w'u/;u"j = eulpaulelj/l/ —|— el//NFV”u/)\/e/\/V, (216)
/ 1
FA W' = §g>\ g (aulgylo./ =+ azz’go'/,u’ — 80”9;/1//) . (217)

In general cases, the covariant derivative acting on a field f takes the form
T T i pv z Y
Dy f* = (80 — 50w (X)) 12 (2.18)

o
For example, for the spinor representation X| —%, while for the vector representation

J=
(X [W])p,1 = i(0, Nk — 6, ). The Compon!;rits of the covariant derivative in the tangent
space are just
D, =e",Dy, Das =Dyt (2.19)
and satisfies
[Dyy, Dy] = —iX |y Ry, (2.20)

where R,,,P" is the Riemann tensor in the tangent space and the gauge structure of the
covariant derivative is not considered. In the following content, all operators and relations
are written down in a local frame of the tangent space.

2.1.2 Building blocks of gravity EFTs

In general relativity, the Riemann tensor R, ,, can be decomposed into irreducible repre-
sentations of the Lorentz group as

Ryvpe ~ (1,1) & (2,0) @ (0,2) @ (0,0). (2.21)

The (1, 1) and the (0, 0) representations can be recognized as the traceless part of Ricci tensor
R, and the Ricci scalar R respectively, and the component transforming as (2,0) & (0,2)
is the Weyl tensor C),, -

1
Cuvpo = Ruvpo — (W[pRcr]u - ”V[pRU]u) + 3 ulp NolvBE- (2.22)

In gravity EFTs, any effective operator involving R, or R can be eliminated by a field
redefinition of the metric [38], which is equivalent to substituting the EOM of GR, that is,
the Einstein’s equations, at the leading order of the field redefinition. For example, consider
the following effective action

4 le 2 2
Seﬂz/d /=g —TPR+Ematter+aR + bR, R™ + cg’R+ ... |, (2.23)

"We emphasize that the covariant derivative D is different from the connection V since D counts the
Lorentz and gauge structure of a tensor in the tangent space while V does not. For example, D, e, /" =
’ /7
6,/61,/“ - H/,,/ey“ +wulul,61,/l/ while VM/eV/“ = 8H/el,/“ - Mll,le)\l'u.



where ¢ is a scalar field and the term c¢?R is a non-minimal coupling of gravity and the
scalar field. After a field redefinition of the metric

b
Guv — Guv — Ag,ul/a Agw/ = (a + 2) Ry — bR;w + C¢29,u1/a (2.24)

M2

the effective action eq. (2.23) becomes
d'zy/—g pl c ! Nrry Lo S
Seft — T R+ matter_M2 a+ 2 R+ — Ry — —=5To

2 M M
1
20 (M) +.
(2.25)

where TH = \/275(\/76;“‘“““) and T'= T*g,,. Comparing eq. (2.25) with eq. (2.23), one

can explicitly see that the dimension-4 effective operators involving Ry, or R in eq. (2.23)

disappear while higher-dimensional operators emerge in eq. (2.25), and the order O <J\/}2)
pl

terms in eq. (2.25) can be obtained by substituting the following trace-reversed Einstein’s
equations into the dimension-4 effective operators once in eq. (2.23),

1 1
R = 37z (Tm, _ 2Tgw,) . (2.26)

Similarly, other field redefinitions of metric can be performed to further eliminate the
operators involving R, or R in eq. (2.25) until all of them are eliminated. It should be
noted that the field redefinition Ag,, o (;529,“, is a Weyl transformation that remove the
non-minimal coupling c¢?R, so the effective action eq. (2.25) is in the Einstein frame, and
so are the effective operators in the following content.

Since the Weyl tensor and the Riemann tensor only differ by terms that involve R,
or R, we can use the Weyl tensor C},,, instead of the Riemann tensor R, , to construct
EFT operators. The following contracted Bianchi identities,

1
D¥Rypo = 2D, Ry, DVR,, = §D,,R, (2.27)
imply the EOM of the Weyl tensor
1
D'LLC/J,I/pO' = D[pRo}u + gny[pDa]Ra (228)

where the terms on the right-hand side only involve the Ricci tensor R, and Ricci scalar
R, and thus can be replaced via the EOM. Furthermore, the Bianchi identity

DmRqua + -DpRMVO'/i + DO'R;UJH/) =0 (229)
implies that similar relation holds for the Weyl tensor

DCrvpo + DpClvor + DoClivrp =0 (2.30)



up to terms that can be removed by the EOM. Eq. (2.30), together with the EOM
of the Weyl tensor eq. (2.28), implies that DQC’WW is redundant as well. Similarly for
R 1 _ R

CHrpe — ,6ul/>\£c}\£m7 one can straightforwardly find that D*C),,, and DQC’WW are
redundant from eq. (2.30).

In analogy to the gauge field, the Weyl tensor C),,, can be decomposed into its
irreducible parts of the Lorentz group,

(C,uupa + ié,uupa) ) (231)

DN |

CL/R;W/JU =

~ 1
where CH*P7 = 56““’\50,\5””, €923 — 1. Furthermore, the left-handed and right-handed
Weyl tensors can be defined in the local spinor space through the Van der Waerden symbols
introduced in eq. (2.6),

1
4

1

A _jw —pA

CLoc,BmS = - CLWp/\UggU%, CRO'(/J'WS = _ECRquAO-ggUS(‘;' (232)

It is straightforward to verify that all the spinor indices in C7, and Cg are totally symmetric.
To conclude, the Lorentz structure of the building blocks in general gravity EFTs are

presented as fields and covariant derivatives denoted by the irreducible representations

under the Lorentz group SL(2,C) = SU(2); x SU(2), in the tangent space, that is,

¢ € (0,0,  va€(1/2,0), ve(0,1/2),

¢ v 1 _uv
FLaﬁ = §FHVO—5ﬂ S <1,0), FRdB = —iFul,O'g- c (0’ 1)’

B
1 wY _pA 1 — UV —pA
CLagys = _ZCAWP)\UaBU'yé € (2,0), CRdﬂ';y(; = —ZCHW,)\U&BU% € (0,2),

Das = Do, € (1/2,1/2).

(2.33)

2.2 Amplitude-operator correspondence and Young tableau method

The amplitude-operator correspondence for massless fields with helicity |h| < 1 was in-
troduced in ref. [32] and generalized to cases involving massive scalars and fermions in
ref. [33]. In order to apply the correspondence to general gravity EFTs, it should be further
generalized to involve fields with helicity |h| = 2. Intuitively, the generalized correspondence
can be presented as follows,

DriiZCL/Ri = /\gii25\§i:|:27
DmilFL/Ri PN /\giilj\gi¥1,
Dri—l/sz(T) N )\;’iil/25\;’i¥1/27
Drigi e AN

(2.34)

where i labels the ith field in an operator, i € {1,2,--- , N}, and N denotes the number
of fields in the operator. r; is a positive integer or half-integer depending on whether the
field is bosonic or fermionic. However, as we illustrated for |h| < 1 fields in ref. [32], the
correspondence for Cf, /g ; is exact if and only if all left(right)-handed spinor indices in the
building block D" ~2Cy, /R are totally symmetric.



To prove that, let us consider all the left-handed spinor indices in D" 2Cf,;. The
symmetry of the right-handed spinor indices spinor indices in D" ~2Cf,; and the symmetry
of the spinor in D" ~2CR; can be proved similarly. Firstly it should be noted that the spinor
indices of Cp,; are totally symmetric since C1, € (2,0). Secondly, if two left-handed spinor
indices of the covariant derivatives in D" ~2CY,; are antisymmetric, then

DiaaDgjs = DuDuoli % = —Deaptss + 5 (D Dileasdl (2.35)
The first term on the right side in eq. (2.35) acting on Cf, gives D?CL,, and the second term
is just the covariant derivative commutator eq. (2.20), which after the replacement will
transform the operator to other type, so the left side in eq. (2.35) can be equivalently set to
zero if one enumerates operators type by type. Thirdly, if one left-handed spinor index of
the covariant derivative and one left-handed spinor index of the Cf, are antisymmetric, then

1
4

i .
= ~€asDuCupor [2017(0" )y + i€ (,0)ya] (07*)se

vp oA

D[ad CL Blyde = Ducupa)\o'f;a Uﬁho’ag

8

Z g
= jeaﬁ(gvm(a Ms5e D" Con, (2.36)

which is the EOM of the Weyl tensor and thus can also be set to zero.

To conclude, only the totally symmetric part of D"i~2Cy, /Ri heeds to be considered
in operator construction perspective, so the amplitude-operator correspondence can be
naturally generalized for |h| = 2 fields as in eq. (2.34). With such an amplitude-operator
correspondence, a set of non-redundant operators can be constructed by finding an on-shell
amplitude basis utilizing the Young tableau method introduced in ref. [28].

Here we briefly introduce the Young tableau method to obtain on-shell amplitudes
basis. The on-shell amplitudes of N particles involving 2n As and 27 s span a irreducible
representation of SU(NN) group denoted by the following p%"limary Young diagram,

—
Yns = :H H (2.37)
H :

The independent on-shell amplitudes can be recoé?’lized as the basis vectors of the irreducible
representation, and the basis vectors are given by semi-standard Young tableaux (SSYTs) of
the Young diagram. Here the amplitudes being independent means that the redundancies of
total momentum conservation and the Schouten identity are removed, and the independence
is guaranteed by the Fock’s condition of Young tableaux. The SSYTs can be obtained from
filling the Young diagram with numbers i € {1,--- , N}, and the multiplicity of the number
i, #1 = 1. — 2h;, where h; denotes the helicity of the ith particle, and the label i of the
corresponding particle are determined by setting the helicity sequence {h;} in an ascending
order. The SSYTs can be translated to amplitudes column by column using the following



rules

Ky
~ g k|| =
<2]> ~ 7 gk‘l...k‘N727«7 [Z]] ~ - | (2.38)
. Do
kn_2

where £ is the Levi-Civita tensor of the SU(N) group.

The gauge structures of on-shell amplitudes are the Levi-Civita tensors contracted with
fundamental representation indices of fields if all the fields are expressed with fundamental
representation indices only. In fact, a field as a irreducible representation of the gauge
group can always be presented in a form with fundamental representations indices with
certain permutation symmetries. Here we lists some simple examples to show that field
of non-fundamental representaion can be expressed in terms of tensor with fundamental
indices only, which also correspond to Young tableaux denoting the permutation symmetries
of their indices,

Ad~A alb
6acd)\ bG :Gach ‘7

6abccfr’c = QZL{, ~ 7 (239)
ur W = Wiy ~[7]7),
einT’j = Hi ~ .

The independent gauge basis are obtained through constructing singlet representations
Young tableaux from the gauge Young tableaux of all fields for each gauge group using the
modified Littlewood-Richardson rule [28]. The direct product of the gauge basis and the
Lorentz basis gives the y-basis of on-shell amplitudes.

2.3 Conversion

In ref. [28], in order to get monomial operators, we started from the amplitude y-basis,
which is directly translated to a basis of monomial operators with spinor indexed building
blocks such as Dag and Fi,ng, and convert them into the form with Lorentz indexed building
blocks D, and F1,,,. Nevertheless, it is usually not efficient, especially when the conversion
between the two forms are time consuming, or when there are way more monomials than
necessary. In the gravity EFT, the conversion inevitably involves a very long chain of o or
~ matrices, which is indeed time consuming. In ref. [39], the chiral perturbation theory was
studied where the monomial basis (m-basis) is obtained in a reversed process, which we
adopt here. We directly construct a set of Lorentz invariant operators {O}} by traversing
different contractions of the Lorentz indices, which form an over-complete m-basis. It is a
lot easier to dressing all the Lorentz indices in operators with ¢ and extract the on-shell
amplitudes they generate. Afterwards, with the reduction rules introduced in ref. [28],
one can reduce the amplitudes onto the y-basis, and then independent operators among

~10 -



{O}} can be selected by requiring their coordinates under the y-basis to be numerically

independent vectors. We’ll see two examples to illustrate the process.

The first example is the type D?LLTQQT, it is straightforward to write down the

following over-complete operators based on the properties of « matrices,

D2LLtQQt
] (DyLpi D" Qrag) (LEQf7)
04 (DL DH Qo) (LI Q]
Oé (DpriQraj)(DuLliQIaj
Oﬁl (D,uLpiQraj)(DuL};jQIai
Oé (DuLpiDvaj)(LEZEWQIaj)
Oé (DuLpiDvaj)(Llj‘}/w@zai)
O | (D" Lyioy LI (D Qrajor, Q1)
Of | (DY LypiouQ]¥)(D*Qrajor, LLY)
0/9 (DMLpiU,uLii)(DVQrajO'uQ:fmj)'

(2.40)

The on-shell amplitudes generated by the operators in eq. (2.40) can be expanded on the

amplitude y-basis:

Y-basis

A (Li(1), Quj(2), L (3), QM (4))

86759 (12) (34) 34
8L.67 08 (13)(24
5i63.0(12)¢
5167 50(13) (24

and the coefficient matrix is obtained as

0 0 0
00 1 o0
0 -3 0 0
0 0 0 -3
—£ 4 0 0 |,
0 0 —% i
-11 0 0
01 0 0
0 0 0 O

(2.41)

(2.42)

where the coefficients in the last row being all 0 is the consequence of Of corresponding to

the EOM redundancy. From eq. (2.42) one can choose 4 independent rows of the matrix as

a complete basis of D2LLTQQT, for example, the 4 rows which are marked red in eq. (2.42).

We can also give priority to O%, Of if necessary. We don’t even need to list all the alternative

operators O, at the beginning. Our package checks the independence of each candidate

during the construction until obtaining the complete base. The method avoids dealing

with a long chain of ¢ matrices and is especially time saving for types including gravitons

as will be demonstrated in the next example. The second example is type C’E. To focus
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on the independence of the Lorentz structure, it is straightforward to write down the

following contractions.

cr

/
0
/
O,
/
03
/
Oy
/
O
/
Os
/
O7
/
08
/
Oy
/
10
/
11
/
12
/
13
/
14
/
15
/
16
/
17
/
18

AP C“ CL47'U¢X CL5 vex

) Cn§¢x

CLl,uuApCL2n§

CLlp,u/\pCLQ PCranervClLagy

CL1wapClLane pCLsTUn£CL4¢X‘uVC€5XT’U
CLluV)\pCLQnETvCLg CL4 XTUCngg
CLluuApCLQnETUCLg CL4¢XMVCI??)07£
TU YPXHY
CL5

né Cffg#”
Ap Cd)xuv

CLluy)\pCL2n§>\pCL3‘rvn§CL4¢
CL1W,\pCL2n§mCL3 PCragy

CLl ,uI//\pCL2n§Tv CLg CL4 [03%

CL1uwapCL2ne ™ CLarvey Cy V%CTWX

CL1,wrpCLane ™ CrLa ooy Oty V(bxcmmf

OL1wnpCLaner CLagy P CLY T C@m{
CLiwrpCLanervCLsgy Oy Apcffé‘ e
CLl ,uI//\pCL2n§ AP CL3¢XTU Cﬁi{ﬂf CITB)MV
CL1urpCranerClap ¥ Oy CEXM
CL1 g CLanervCragy T CP Y OO
OL1uwapCLanervCLagy P CLY X CE?U

A
CriwapCranervCraey ™ anXC”“’ P

CLlngT'UCLZ(ZﬁX CL3,U,Z//\pCL4 PCn§¢X

Again, each operator in eq. (2.43) can be expanded on the amplitude y-basis

Y—basis .A (CL].7 CLQ, CL3, CL4, CL5)
A (12)* (34)% (35)? (45)2
i (13)* (24)% (25)? (45)2
AY | (13)% (14) (24)2 (25)% (35) (45)
AP | (13)2(14)2 (24)2 (25)% (35)°
AW | (12)° (14) (24) (34) (35)° (45)
AY | (12)% (13) (24) (34) (35)? (45)2
AP | (12)° (13) (23) (34) (35) (45)°
AY | (12) (13)% (23) (24) (25) (45)°
AY | (12) (13)° (24)2 (25) (35) (45)2
AW | (12) (13) (14)% (24)% (25) (35)°
AW | (12) (13) (14) (24)% (25) (35)? (45)
AY (12)? (13)2 (23)2 (45)*
A (12)? (14)2 (24)2 (35)"
AW | (12)2 (132 (23) (24) (35) (45)
AW | (12)2(13) (14) (24)% (35) (45)
AW | (12)2(13)2 (24)% (35)% (45)
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The coefficient matrix is obtained as

000000000 O O10O0 00O
10 0000000 O O000O0 OO
100 00-2000 0 000O0 01
010000000 O OO0OO0O0O OO
01 000002-20 010-201
100 00-2200 0 010-2 01
01 000000-20 0000 01
11000-422-40 010-6 0 6
1 000000000 O OCO1O0O OO
3 10002-2000 0 001 0 =21 (2.45)
000100000 O OO0O0O0O OO
100 12-4000 -2 2 01 0 —43
000000000 O OO1 0 =21
000100000 O -=2000 01
000100000 -20010 00
01-210002-40 2 10-4 0 3
01-210000-2-24010 =21
100 02-6200 0 011-4-46

From eq. (2.45) one can choose 16 independent rows of the matrix as a complete Lorentz
basis of C}, for example, the 16 rows which are marked red in eq. (2.45). Although the list
of Lorentz invariant operators in eq. (2.43) goes on beyond the 18 explicitly written ones,
we may stop here because we have already found 16 independent structures, and any other
structures can be expressed as linear combinations of the basis just by solving the linear
equation of the coordinates.

Note that the 16 operators are independent under the assumption that the five Weyl
tensors are distinguishable by an extra label {1,2,3,4,5} as in eq. (2.43). In gravity EFTs,
all the Weyl tensors are indistinguishable, and we should consider the totally symmetric
amplitudes that satisfy the Bose symmetry of the gravitons. This is done by directly
symmetrizing the monomial y-basis amplitude with the corresponding particle labels. After
symmetrization, the resulting amplitudes can still be projected onto the y-basis and obtained
the corresponding coordinates forming the coefficient matrix similar to eq. (2.45), from
which one can select the independent components and record the y-basis amplitudes they
symmetrize from as the so-called f-basis as introduced in ref. [30]. These monomial f-basis
amplitudes after the selection are reported as the amplitude basis in the remaining sections
of our paper. Specifically, for the aforementioned C7, all the amplitude are symmetrized
to a single form (12)* (34)% (35) (45)? + symm(12345) resulting only one f-basis. Such a
technique can also be used to find the f-basis in the presence of repeated gauge field strength
tensors and generalize to the cases including repeated fermion with generation larger than
one, where non-trivial flavor symmetries can appear and are encoded in the symmetry
properties of the Wilson coefficients [30, 32]. Obviously, this technique can also apply to the
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operator form and obtain the f-basis monomial for each operator type/class and is exactly
the meaning of the “operator” reported in tables in the rest of our paper, and the relevant
concepts are first illustrated in ref. [30].

3 On-shell amplitude/operators in generic gravity EFTs

In this section, we list the Lorentz factors in Gravity EFTs up to dimension 10. We
divide them into the following classes. Note that the operators on the right column are
not in one-to-one correspondence to the amplitudes on the middle column since some
of the corresponding amplitudes are too long to exhibit. Thus we put the independent
monomials in this table, and the true physical amplitudes should be understood as the
total (anti-)symmetrization of particle number labels of the identical bosons(fermions). For
example, the dim-9 pure gravity operator C’ﬁ, in the column of amplitudes, it gives a form
of monomial (12)#(34)4, the physical amplitude should be understood as:

C4

ohs = (12)4(34)* + symm (1234). (3.1)

A

Similarly, as an example, in the Einstein-Yang-Mills theory, for the operator type C’LFEF 2.
the last amplitude should be symmetrized to:

§A2A1 54345 (19)2 (13)3 [45]2 — (5A2A45A3A5 (12)? (13)3 [45)2 4 symm (23)) + symm (45).
(3.2)
In the presence of fermion, the Wilson coefficients with flavor indices may present in
the amplitude form, they are denoted in the following format:?

PT\,PTs,...
Clry iy (3:3)

where PTi, P15,... represent the shape of the Young diagrams corresponding to the
irreducible representations of the permutation group for the repeated fermion fields,® and
{fi}, {f;},... are sets of flavor indices separated by commas for each group of repeated
fermion fields. For example, for the operator class C%¢2¢T2 of the Gravity-Fermion theory,
the amplitude contains the Wilson coefficients C’][ri]}f]fs’ £ 1t tells that f3, f1 are flavor indices
for identical particles annihilated by the repeated fields v, and f5, fg are flavor indices for
identical particles annihilated by the repeated fields . The superscript [2],[2], denotes
the partition and the shape of the Young diagrams denoting the irreducible representations
of the Wilson coefficient under the symmetric group regarding to the permutation of the
flavor indices fs, fs and f5, f¢ respectively. Here [2] represents [T, which indicates that
C}?fﬂfs J; are symmetric under the permutation of the either f3, f4 or f5, f¢. In more
general cases, the Wilson coefficients tensor is said to have permutation symmetry of certain
Young diagrams, meaning it is unchanged under the acting of the corresponding normalized

Young symmetrizer of the standard Young tableau. For example, for the operator of the

2In principle, the Wilson coefficients also present in the amplitude for the operators without fermions,
but in those cases, the corresponding Wilson coefficients are just one-dimension parameters, so we neglect
them for notational convenience.

3In this section we only consider two kinds of neutral fermion ) and ¢! in the Gravity-Fermion theory.
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class Cp,1/3yT D, the amplitude of which contains the Wilson coefficients C][i;i Farfs? and this

coefficients has the following properties:

y () © C}?}iﬂl,fs = % (C}[C22’J}if4:f5 + 6}237}2]f47f5 - C%}if&f&s - CJ[Z’J}ifS:fE)) = Cﬁ;if47f5' (3-4)
On the other hand, for the operator form, we use the Young symmetrizer ) to indicate
the permutation symmetry of the corresponding Wilson coefficient that contracts with
the operator in the Lagrangian term. It is pointed out at the beginning of the section 4.4
in ref. [32] that, after contracting with the flavor indices to form a Lagrangian term,
demanding the permutation symmetry on the Wilson coefficient is equivalent to demanding
the permutation symmetry on the corresponding operator.

Lastly, we comment that if the class has only one operator, then the operator and the
amplitude are in one-to-one correspondence. For the operator class including fermions,
if the operator of the particular permutation symmetry only has one component, then
the operators on the right and the amplitudes on the left are one-to-one correspondence.
Otherwise, the operator on the left may generate amplitude as a linear combination of the
amplitude basis on the left. For example, for the operator class Cr,121)T2D? we have only
one operator that is totally symmetric under the exchange of flavor indices pr and st, the
amplitude it generates must be the one proportional to Cj[ci]fgz]h 7, o0 the left after proper
symmetrization. This is not the case for the operator that is anti-symmetric under the
exchange of the same set of flavor indices in the last two lines in this operator class, the
amplitude Cj's1 2 (12) (13)® [34][35] + anti-symm (23) + anti-symm (45) should be generated
by the linear combination of the operators in the last two lines in the right column.

3.1 Pure gravity

First, we list the local amplitudes and effective operators for pure gravity. Note that Cf,
and CRr are viewed as different fields that annihilate the different particles in the amplitude.

Pure Gravity

dimension| class |amplitude operator
dim-6 C3 o [(12)2(13)? (23)? CLywpo C1" 2 Cp2s"°
. ci 12y 34y Cripo O Craner Cp 7

dim-8 2 9 | 4 nuv po
CLCr [(12)" [34] CLuwpeCL ™" CranerCr
Cﬁl)2 <12>4 <34>4 S34 CL#VPUC€VPUDCCL)\77§TDCCﬁn&—

dim-10 CI%CEQ{DQ <12>2 [34]2334 CLWpocﬂwpoDCCR/\néTDgcﬁngT

Ci [(12)" (34) (35) (45)*| CryuroCrruon COF ™ CL "™ Crpe™

CECR [(12)° (13)% (23)” [34]" | CrpmapCrruox Cf. ™ O™ CLye™

3.2 Scalar gravity (including Goldstone scalar)

Second, we list the amplitudes and operators in Gravity EFT with an extra scalar. To
concentrate on the Lorentz structure, the scalar is set to be hermitian and a singlet under
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any gauge group.

Scalar Gravity

dimension class amplitude operator
dim-5 Cio  |(12)* ChLyuvpoe CFP7 ¢
dim-6 2 |(12) ChLyvpo CFP7 2
dim-7 CE¢ <12>2 <13>2 <23>2 CL;LVpoCﬂWAnCL)\npU(ﬁ
i’ [(12)° CLiuwpoeCL ¢°
C2*D? [(12)% s34 CLyuwpo CLP Dy D
dim-8 Cie?  [(12)7 (13)% (23)° Cluvpo O N1 CL g 2
CI%¢4 <12>4 CLquacﬂpr&
CLe3DY | (13)? (14)7 [34]2 CHP $D,D,¢D,Dy¢
Cio  [(12)*(34)" Cruvps CF " Cripe-C1 "
dimo | CiCro [(12)"[34]" CLipoCL " Crper OF ¢
CE5PD* [(12)" 545 CLyuvpeCf"" $Dx6D ¢
Cio®  [(12)2(13)°(23)> | CLuwpwCL""Cray ¢
Cf¢5 <12>4 CL#Vpacﬁypa‘bE)
CEg?D* <12>28§4 Ol CL DDy D D"
(12) (13)? (24)* [34]2| O po C1* " D\ D,y ¢ D* D
CLCOr¢*D*[(13)" [23]* CLuvpoe CR 7 ¢ DAD,, DP D¢
C3?D? [(12)2(13)2 (232 545 | CLynpo CLl" N Crxy DD
dim.10 | CLo*D* (14)? (15)* [45]? CHP 2D, D, ¢D,Dy¢
Cie*  [(12)" (34)" CLiupe L™ CLiper O ¢
CECRe? [(12)"[34]" CryuwpeCL Crper O ¢
C2piD? [(12)" 556 CrywpoCL"" $* Dy D
Cg¢4 <12>2 <13>2 <23>2 OL;wpoCﬂLV)\nCL)\npUd)4
CEeS  [(12)° CLyuwpo CL ¢°

In addition, we also consider the case when the scalar is a Goldstone boson for which
amplitudes must satisfy the Adler’s zero condition [39-42]. For simplicity, the Goldstone
field a comes from a broken U(1) and thus has only one flavor, and we adopt the operator
building block U = et/f In the leading order, the following operators should be expressed

by the building block a via the simple relation D, U ~ D ,a.

including Goldstone scalar

dimension class amplitude operator
dim-8 | C2U%D? [(12)" s34 CLuwpoC1P° D\UDMNU
dim-9 | CLU3D* [(13)* (14)%[34]2 CLywpo D*UDYUDP DU
c20 D! <12>zS§4 . Cuyups O DADU D DU
(12)% (13) (24)* [34)? CLyuwpeCt"D\D,UDP DU
dim-10 |C,CrU2D*|(13)* [23]4 CLywpoC " DAD,,U D? DFU
C3U2D? [(12)% (13)% (23)% 45 CLywpo C11C vy DeU DEU
CLUD* | (12) (13) (14) (15) [23][45]|C1"*° D, UD,U D, U D,U
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3.3 Einstein-Yang-Mills

Here we list the amplitudes and operators in Gravity EFT with an extra SU(3) group.
The gauge boson in SU(3) group is written as Gp, and Gg responsible for the creation
of gauge boson particles of two polarizations respectively. A; in amplitudes is the gauge
index for particle i. They have the same formula for general SU(N) group, since the
structural constants 542, fABC and dABC also apply to SU(N) via Fierz identity T T
OadOch — %&lbdcd. Thus the above structural constants are enough In the case of not much
gauge boson.

including Yang Mills

dimension class amplitude operator
dim-6 CLF?  |64245(12)2(13)2 CLywpe G GiP°
) CF} gA344(12)4(34) CLuwpo CLuwpo G, MGA)\C
dim-8 §As A (12>2 <13>2 (2 ) CLuwpo CLywps G, ACGA)\C
CREE  |o0%%(12)° [34 Chiupo Croupo GiiacGL
CLF3D? | fA24344 (12)% (13) (14) (34) s34 | FABCCLyupe Gi DEGEP D GE \°
copep? 54344 (12)4 (34)? 534 Chywpoe CIP° DG,y DV GLY'7
54344 (12)2 (13)2 (24)? s34 CLyupo CI 2 DG D, Gt e
CLFPFRD? | fA2434 (12) (13)° (2 >[341 D,,Crpyy D" G GP GRS
CRRLFRD? 0434 (12)% (13)% (23)2 [34]2 | DD, CrapmeCP MG GH™
CEFED?  |§4sA (12) [34)2s3, CLywpe CI*° DAGH e DG
F2FRCrD? | fA414245 (12) (13) (23) [34]* | fABOD,G 0 D, GE 5, GLH CROM
C1,Cr Fr, Fr D?| 54243 (12)2 (13)? [34]4 CLywpo DFDPG,Y G e ORI
dA2AsE JALASE <12> <13>2 <45> dABEdCDECLHupgGf”yGfpoGg)\nt),\n
CLEF  |d4AEqAdsE (12)2 (14)% (35)% | dABEICPECY ,,,,, GEM GEPP GEMGP,,

dim-10

fAzAgEfA4A5E <12>2 <14>2 35> fABEfCDECL;u/ngf'uVGCPUGB/\UGL *n

CRFP | fAsAads (12)1 (34) (35) (45 FABC O oo O G G GE A
O3 2 gAads (12>4 <34>2 <35>2 CLWPUCiwpch>\17T£GA/\7]GAT5
R0 (12)2 (13)2(28)7 (45)° | Cliuwpe OF N CLay G G e
CRRE [ fAse4s (12)* [34)[35][45] FABC Crppr OF G G G
CLF2CZ 54245 (12)2 (13)2 [45)* CLywpo G G O pgre CRT™
dA2AsBqAsAsE (19)2 (13)2 [45]2 dABEdCDECLWpJwaGBmGRMGDM
CLFPFE  |§424354445 (12)2 (132 [45]2 | CLywpe GEH G177 G ) GEM
§A2A15445 (12)% (13)° [45] | CLuwpo G GL” Gitan G
C3FZ 6494 (12)2 (13)% (23)2 [45)2 | CLyupo CL V1017 G e GR™

3.4 Gravity + fermion

Here we list the amplitudes and operators in Gravity EFT with two extra neutral fermions
with opposite helicities. Similarly, the fermions are singlet under any gauge group, but carry
flavor indices f; for each fermion i. The Wilson coefficients Cs are also irreducible flavor
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tensors of the corresponding repeated fermion fields, and the superscripts denote the shapes
of the Young diagrams representing the permutation symmetries of the corresponding flavor
indices. The amplitudes and operators are similar for massive fermion, except the massive
spinors have extra little group indices [33, 43].

including Fermion

dimension class amplitude operator
dim-7 012‘1/)2 C}i]f‘i <12>4 (34) Y [olr] CLMVPUCﬁVpU(¢P¢T)
CRy? P (12)*[34] Y [55) Gty L7 (1)
[]
dim-8 Cpyt CJ%] farass (12) (13) (14) (15) B O (00,mthr) (5080
C24?D? CJ[‘.Qg]f4 (12)* (34) s34 Y [ Cryuwpe CL?7 (DA¢pD*¢T>
Ci, (12)7 (13) (24)° [34] Y [15] CLyu, "D CFP7 (Dot
ey | CEUDE 10 (12 VI Crmpo O™ (D030
Cﬁl/ﬂ Cf4f5 <12>2 <13>2 <23>2 (45) Y [el] Cwapacﬁw 77CL/\17PU (Vptr)
Ciut2 |cfl, (12)* (13)° (23)° [45] Y 5] Clparar O Cin™ (0401
CLYAyID |Copy - (12) (13)7 (14)35] | [} Chom (Gp0™ ;) ( D’)wsanwl)
CRpiDY (Cy, 1, (12)7 (13)° (23) (24) 342 | CLyupn C1™ (D D501 D)
CLCRYYT D3| Cy, 1, (13) (14)° [24]* Crwpm " (DHDP¢pUAD£¢I>
}i}fsfds (12) <13>2 (15) (45) [35] |V [oITI7) CLywpn (DﬂwpaanW’r) (sthy)
Cottags (12) (13)” (15) (45) [35] |3 [3T] Chpupn (D450 D" 4r) (501)
CuytD? [22 27 - 2
Chhagags (12) (13)% (15) (45) [35] |V B Criwpn (D407 D¥ o) (t5t8r)
dimn-10 Chifius, (12) (13)° (15) (45) [35] | ' Clpn (DPy0b) (D)
1m-
}22}}[327]M5 (12) (13)% (15) [35][45] |V [ 12| CLywpn (D”%UpW) <DV¢TU7]¢I>
CLuuD? %]J;%l[)? {] (12) (13)% [34][35] Yy l} CLywpm (Du DPy Juw) <1/)TU77¢I>
f2,f3:f4,f5 <12> <13>3 [34} [35} y I I CL/LV/W (DHDP¢I>UV¢T) <¢7“77]¢2>
AT (12) (13) (14) (15) [452]Y | = Clann (D701 (D7)
oyt (Chnss 121134 60 Y [EE]] CruwmCE™" Woter) (Wit
foriols (120 13) (14) (25) (26 |5 CuuonC™ (oo™ ) (vs001)
CRu™T2 |Cn g, (12)* (34) [56] Y (B0 5 CopognCE () (9107)
Che' |Chijups 121" (34 G56) Y [ oo OB i) ()

4 GRSMEFT operator/amplitude bases up to dim-10

In this section, we list the on-shell amplitude bases and the operator bases in the GRSMEFT
up to the mass dimension 10. Note that the amplitudes are not in one-to-one correspondence
with the operators even though they are put side-by-side, but these are both complete
and independent bases related by linear transformations from the operator-amplitude
correspondence perspective. Similar to the amplitude in the previous section, the amplitude
in the GRSMEFT should totally symmetrize over the particle number indices associated
with the identical particles of bosons (including graviton, gauge bosons, and Higgs boson),
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Fields | SU(2); x SU(2), h SUB)c SU@2)w U(1l)y | Flavor

ClLagns (2,0) —2 1 1 0 1
Gilas (1,0) -1 8 1 0

Wi s (1,0) -1 1 3 0 1
Brag (1,0) -1 1 1 0 1
La (3.0) —1/2| 1 2 ~1/2 | ny
eca (%, 0) —1/2 1 1 1 ny
Qaai (3.0) ~1/2| 3 2 1/6 | ny
uly (3.0) ~1/2| 3 1 —2/3 | ny
d°,, (3.0) ~1/2| 3 1 1/3 ng
H; (0,0) 0 1 2 1/2 1

Table 1. The field content of the GRSMEFT, along with their representations under the Lorentz
and gauge groups. The representation under Lorentz group is denoted by (ji, j-), while the helicity
of the field is given by h = j, — j;. The number of fermion flavors is denoted as ny, and ny = 3
in the GRSMEFT. All of the fields are accompanied with their Hermitian conjugates that are
omitted, (CpLagys)" = CRrapsé for gravitons, (Frag)t = Fr4p for gauge bosons, (V) = (14 for
fermions, and H' for the Higgs, which are under the conjugate representations of all the Lorentz
and gauge groups.

and totally anti-symmetrize over the particle number indices associated with the identical
fermions as explained by examples at the beginning of section. 3
4.1 Field contents

The field content of GRSMEFT are listed in table 1. The operators are constructed in
two-component Weyl spinor notation and then converted to four-component Dirac spinor
notation using the following relations:

QL=<C§>, UR:<1?2.:>, dR:(c%)’ lL=<§>, 6R2<£i>' (4.1)

QL:<0,QT>, ﬂR:(UC,O)a CZR:(dc70)a ZL:(O,LT>, éR:(ech)' (4'2)

4.2 Dim-6 operator and amplitude bases

Class Cp,Fi,%: 3 types

Ocy 2 | B, Buuw L™ |(12)*(13)°| (43)

O | Co" Wi Wi [ (12)2(13) 26712 (4.4)

Ocyn2 | OE™" Gir, Gt | (12)2 (1325424 (4.5)
Class C1.%: 1 types

Oy | CLumpCL ™ Cryg™ | (12)%(13)(23)2| (4.6)

~19 —



Class C1,2¢?: 1 types

Ocy2mt | HiHTCLun,C1 | (12) 467

4.3 Dim-8 operator and amplitude bases

Class Cp,Fi.%: 2 types

Oy B2 | CLuwn WENTWERY By | (12)(13)2(14)(24) 5714 |
Ocy .62 | CLumnp GG Bry? | (12)(13)2(14) (24) 5434 |

Class C1,2Fi,%: 3 types

(1,2)

BLngB}zéoLuy)\pCﬁV)\p <12>4 34>2
C1,2B1,2 >

(
B B Oy Crng ™| (12)2(13)?(24)?
CruaCL uAme 1775 (12)%(
CLuw\pWLngWLWCL 5>\p (12)2(13)2(24) 257514
CumpCL" Y Gl e GETE | (12)4(34)254044
Clumap GG Crye ™ | (12)2(13)2 (24) 2640

(1,2)
Oty 2wy 2

(1,2)
Ocy2a,2

Class Cr.%: 1 types
OCL4 ‘CL’UET’U CLMV)\pcggTUCiW)\p ‘ <12>4<34>4 ‘

Class CLFp,yD: 10 types

Ocy By enend| Crng (DuBE) @rpvPens)|Cr, 1,[34(12)2(13)2|
Ocy piin | Croag (DuBPY) (Iin?lup) |Cry 1 [34)(12)2(13) 2673
Ocy, BrdndnD ‘ Crun” (D#Bﬁk) (JRS'YdeM)
Ocy.Bragur D ‘ CrLuap! (D,LBEA) (ﬂRZW URm)

Cpy, 1 [34)(12)%(13)%6;2 953

Capa[34](12)%(13) 2558
Crapal34](12)%(13) 254

OcyBraa | Cuiny (DuBE*) (@8 awpa)
OCLWLlZD‘TléchAp (D WI”A) (ZLZlvplei)

OCLWquD‘Tlé‘CLuAp (D WI”’\) (TL¥ Y qLpai)

Cj, 1 [34)(12)2(13)2 (1)

4

OCLGLJRdRD‘)‘AZCLVApM (Dqu”) (JR;%'DdRrb ‘Cfg,f4[34]<12>2<13>2 (AAQ

OCLGLaRuRD‘/\AZCLuAp“ (DuGE) (angrurr ‘Cfs,f4[34]<12>2<13>2 (A2

OC’LGLq(jD )\AgCLZ//\pu (DquVA> (QLr fVPQLpaz)

Class Cpru?¢D?: 3 types

OCLERZHT D2

HUCLA " ((Dyng) 0 (Dlirs) ) |Cr s [341(12)(13)2(14)67

—90 —

Cy, 1,[341(12)2(13)25% (+12)'

Cr, 1 [34)(12)2(13) 2673 (A2

(4.7)

(4.10)

(4.11)

(4.12)

(4.24)



Ocy anqitt 2| H'CLr," ((Dudi) o™ (Dutirai) ) Cra 1, 134112) (13)2(14)6203 | (4.25)
Ocygantip? |9 HiCLr," ((Dyind) o™ (Dyudupai) ) |Cr, 1, [341(12)(13)2(14) d32¢2% | (4.26)
Class C,F,¢*>D?: 2 types
7 v A 7
Ocy gt p2 | HICLa," (D H;) (D, B7Y)|[34](12)%(13) (14)57: (4.27)
Ocywy mrtp| T S HICuy, (D, H;) (DLW ‘[34]<12>2<13><14> (712)1-4 (4.28)
Class Cp,2¢?D?: 1 types
Ocy 2t pe | HiHT (DyCrngn) (DPCY™) |34(12)1572 (4.29)
Class Cr2F.%: 3 types
Ocn2,2 | BLuw BEY Croapme CR7™ | [34]4(12)?| (4.30)
Ocnzm2 | Crapne CR7 Wi 1 WY | [34]4(12) 251112 | (4.31)
Ocn2cn2 | Cropme O G G |[34]4(12) 264142 | (4.32)
Class C1,2Cr?: 1 types
Ocr20m2 | CLiumanCE Y Cruero O™ | 134]4(12)% (4.33)

Class Crt: 4 types

Yy [} €abcCL,uu)\p (CZRgU)‘pCéRr) (ﬂRgJ”UCﬁRf) ‘C][?Q],fs,fu% <12><13><14><15>6a2a4a5

(4.34)

OCLJREREQR

€9 CLuwAp (éRpU/\ple') (urf " qLsaj) \Cfg, Fortafs (12)(13)(14) (15) 324 3

OCLéquﬁR
(4.35)

12 |VEE) O (drgo™aums) (810 quaas ) [CF 1,5, 1 (12)(13) (14) (15) 523623
Crdrq?ur y [} i (J a, A\p N (7 b v ) C[Ll] 123(13)(14)(15) 524 §23 ¢isia
€ ULuvip \ ORpO " qLrbi | \ UR$ 0" qLsaj f27f3f47f5< )(13)(14)(15) as%as5 €

(4.36)
OCqu3 ‘y {] EabcﬁikEjZCLm,)\p (leiCU)‘pquaj) (qubkCUHVQLtcl) Cz:;]slefs<12><13><14><15>6i2i46i3i56a3a4a5
(4.37)
Class Cp,F1,02¢: 8 types
Ocybentirt | HBY CLuva (ERpo? Iri) | Cry 1, (12)%(13)(14) 52 (4.38)
Ocy prinaitt |HBY Cuynnp (drgo™ aurai) [Cra, 7, (12)2 (13)(14)}2 604 (4.39)
Ocy Buqintt |€7Hi B O g (GREC™ G pai) | Cry. 12 (12)2(13) (14)523 €557 (4.40)
. . B . 14
Ocwientrt [T 4 HY Criunag Wi (rpo™ 1) | Cpi, g 12)2(18) (14) (772) (4.41)
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4

Ocywdngrrt |7 FH Y Crywn, Wi (CZRgUuVQLrai) Cra, 12 (12)(13) (14) 65 (le)is (4.42)
o _ . i
OCLWLqﬁRH‘Tli;ﬁijjCLuy,\pWI{)\p (ur% o™ qr.pai) Cf37f4(12)2<13><14>5gge’5k (TIQ)k
4.43)
. — - aq
Ocy Gy dngHt ‘)\AZHT’CLW,\pr’\p (dRZU“VQLrbi) Capa (12)%(13)(14) 652 ()\A2>a3 4.44)
.. .o a
Oy Guain it NG H CLun GR (80 1y )| s (12)2(13) (14)€075 (342) ™| (4.45)
Class Cr,F1,%2¢%: 4 types
Ocy bzt |HiHTBY BIY Oy, | (12)2(13) 2612 (4.46)
) ) iq
Ocy puws i ‘Tf FHHY BY Oy W | (12)2(13)% (12) ‘ (4.47)
Ocywizamt | HiHCL o WENY WL [ (12)2(13)26]4 57215 | (4.48)
Oyt | HH Oy G G | (12)2 (13)25145424 (4.49)
Class C121%¢: 3 types
Oc, 2610t \ (@rplLri) HTCL o, O \Cfg, £1(12)4(34) 67 (4.50)
Oy 2arrt | (AriaLras ) HYCrpumnoCL |Cry 1, (12)4(34)67 504 (4.51)
Ocy2qun it | (AR ELpai) €7 HjCLuwngCE ™ [Cy 1, (12)4(34) 623 €55 (4.52)
Class C1,3¢?: 1 types
Ocysmut | HiH O CLY ™ Crpe™ | (12)2(13)2(23) 2674 (4.53)
Class CL2%¢: 3 types
Oty 2qunirt | (@7 uRra) € HICLun C1 | Cp, 1, [45)(12) 1005 4, (4.54)
_ N ‘
OCLQeRiH‘ (lL?@’Rp) H;Cryx,CL p‘cf47f5 [45](12)46;? (4.55)
Ocy 2angr | (@8 AR pa) HiCLuwapCf ™ [y, 1,145](12) 1672 624 (4.56)
Class C12¢%: 1 types
Ocy2 et | HiHHTHY Cr i ,OF7 | (12)4675 672 (4.57)
4.4 Dim-9 operator and amplitude bases
Class CLy3yD: 3 types
002 |V ICLA (Dudrg) vurea) (lriCo i) [CF 1 g, 1, [351(12)(18)2 (14)dgzeis0

e ’ [] EijCLV)\pH (JRg’ypuRt’J ((DulLri) CO‘”/\lsz) C}i:lf]&f%f

5

[35](12)(13)2 (14)5% cisia
(4.58)
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CJ[;Q]J;S’JC%% [35] <12> <13>2 <14>5:{;1 €asaszas
Cj[”z7f:1,f47f5 [35] <12> <13>2 <14>6E§€a2a3a5
(4.59)
2,
CJ[”2]}.if47f5 [35] <12> <13>2<14>€a2a3a4 ‘
(4.60)

L) Y [l €abeCruap” (JR?O”AZLsi> <CYL?'7PC <DMCZRZ>>
Crdglab Y [] €abcCLunp” (dR?-O'V/\lLsi> (ﬁLfi’V"C (DMJRZ))

OCLJ%eRD‘y {} €abcCrLuap” <(D1LJR2> ’YpeRt> (CZR?U”’\CJR§>

Class Cr2¢?D?: 1 types

Y [l €€l Hy Hy Oy ((Dulez‘)CU“ (Dylirj) C}i]fg[35}(12)(13>2<15>ei2i4ei3i5
1~3 o L
Oyiotizp2 |V [atz] €8 HiCr 70 (D, H) ((Dulipi) Co¥lne; ) |C1 ) [34)(12)(13) (14)eizin s
Y } EikeﬂHzC'L)\p”H (D, Hy) ((Dulei) CU)‘plLrj) 0}12}51 [35](12)(13)2(15) €2 ¢isis

(4.61)

g B
5 5

—

Class Cry¢: 4 types

rls L] = 2,1 L
OCLéRl3H ‘y [} € elelCLuu)\p (eRpO—)\plLri) (lszOO—'m/lLtk) ‘C}Z,f]sﬁfs<12><13><14><15>61315 €l4te

(4.62)
OCL(Z%{ZHT ‘y [] 6abcl—lhC’Lp,ll)\p ((iRgauulLtz) (JR;@‘UAPC(ZR?") CJ[”?;]fo4,f5<12><13><14><15>6§§€a2a3a4‘
(4.63)
OCLCZ%[T]RH ‘y [l2I] 5abceinchuV>\p (ur§oILsi) <gR;U)\pCCZR£) Cj[gz]f;z,h,fs <12><13><14><15>6i4i65a2a3a5 ‘
(4.64)
(12) Y [ €€ H Oy, (JRZUA”LM) (ILsiCo™ quiak) [C1) 1.7, 1, (12)(13)(14) (15)003 eisis eiaio
Cudnlalt|y) [] e* e HiCryuap (JRZU)‘”LM) (lLs;CoM quiar) Cj[c;??,h,ﬁ(12><13><14><15>53§€i3i56i4i6
(4.65)
Class Cp,FL02?¢?: 2 types
Ocypuen2 |V [B] € HHBLY Cryn, (lupiColiy) | €3 (12)2(13) (14) it eisio| (4.66)
0(172) y [] TlgneilfkakHlCLut/)\pWLb\p (leiCUlwlLrj) Cj[fi]ﬂl<12>2<13><14>6i5m6i3i6 <7—12)l:1
QLI @] 15 ey HY O, W (i Colns) €I (12)2(13) (1) iomeisio (12"
VB 7, Hy HyCryuwa g W (I piC ot I 5) 1o (12)%(13)(14) €5 ™Me ™)
(4.67)
Class Cr,212¢?: 1 types
Ocy 2252 | Y (2] €€ Hiy HiCpyap Ct M lpiClirj | Cry g, (12)4 (34) €375 €147 (4.68)
Class C1,21%¢%: 1 types
L - 9
OCL2f2HT2 ‘y (] EikeleJ”H“CLMV)\pCﬁV/\plL];ClLf, C.[fS]f6 [56] <12>461~3@-5 €igig (4.69)
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4.5 Dim-10 operator and amplitude bases

Class Cr,F1,2D?: 4 types

Ocy B w2 D2

OCL W,3D2

O, B.cr2 02|

OCLGL3D2

I IRWE ST N (D Crungn) (DL [534(12)2(13) (14) (34) el 1

W WL (D, Crngy) (D Bre™) | ssa(12)(13)° (14) (24)575"

G{N GRS (DyCrungy) (D" Bre)[s34(12) (13)2(14) (24) 54544

FABCGEGE N (DuCringy) (DFGET) | 534(12)2(13) (14) (34) A2

Class C1,2F1,2D?: 3 types

(1,2)

CL2BL2D2

(1,2)
(QC'LZVVL2

(1,2)

C1,2GL2D?

BLETB (D CLV)\pn) (DMCIZ:)\pn>
BE)‘BET (DHCLV)\pn) (DMCLprn)
WLlé‘TWLléT (DNCLVA/)’I]) (DMCE)\pn)
W{AWer (DuCLupy) (D" Cre-") |s
- v
Gf&.Gfﬁ (-DH,CLV)\pn) (DMCL pn)
GG (DyCLirpy) (DM Cre- ")

D2

534

Class CL3F1,D?: 1 types

Ocy 55,02 | BL*Co™ (DyuCluapn) (D" Cie-")| s34 (12)2(13)2(23) (24) (34) |

Class Cp,*D?: 1 types

Ocy 102 | CrerusCET* (DuClunpn) (DHCP) | s34(12)4 (34"

Class CLF}2FrD?: 4 types

OCLBLWLWRD2‘W1¥/\WI{§" (DyBf") (DpCrapm” )“ 4(12 >< > <23>51314‘

Ocy Wy 2wy D2

EIJKWé(g/\WIZISU (DuCLApn ( Ip“)‘ <23> Ial314

OCLBLGLGRD2 ‘GﬁgAGéfn (DVBﬁlu) (DHCLAP’V] ) ‘ [34] < >< > <23>5A3A4 ‘

OcyGr2arD?

FAPCGEEGE S (DuGH") (DuChagy’)|[3412(12) (13)(28) p s

Class C1,2Fi,FrD?: 3 types

Oy28y B2 | BRCP ™ B (DD Crpme ) |[34]2(12)2(13)2(23)?|
O 2wy wyp2 | CL S WET WL (DD, Crngne) | [3417(12)? (13)2(23) 2515 |
Oy 26,Grp? | CF " GRT G2 (DD Crnpne) | [34]2(12)2(13)(23) 24544

Class Cr,FiyD3: 10 types

(1,2)
C1, By, éRCRD3

(DMCLAPWV) (erpYerr) (D,,D“Bi‘p> Chs, fa [34]534<12>2 (13>2
(DyBY?) (DyuCrpn”) ((DFery) yery) |Cr 1,347 (12)(13)3(24)

— 24 —

(4.75)

(4.76)

(4.77)

(4.78)

4.79
4.80
4.81
4.82

~—~~ o~ o~
—_— — — =

(4.83)
(4.84)
(4.85)

(4.86)



(DuCram”) (l_L?l’Y”lez‘) ((DVD“ Bﬁp» Crapa[34]534(12)
(DvBY ) (DuCrrgy”) (ILin (DHIp:) ) |Co 1, [3412(12) (13
(DyCram’) (Jsz”dmag (DoDMBYY)  [Cropa[34)354(12)(13)%52

(DuBLY) (DuCunpn”) ((Ddy) 2" dira ) |Cro s34 (12)(13)° (20)05

13)252
(24)3;

(1,2)

CpBLIUD? (4.87)

{
)

(1,2)
C1,Br,drdr D3

(4.88)
(DuCram”) (Irgy"urra) (DyDBYY )
(DvBY?) (DuCrapy®) (D ) vumra)

Capal34)534(12)*(13) %05
Capa[34]7(12)(13)*(24) 55

(1,2)
CLBL’ERURD?’

(4.89)
Cs f4 [34] 334<12>2 <13>25§2 532

Cry.a[341%(12) (13)%(24) 872 052

14 ~Q4

(1,2)

\ (DpCrapm”) @L?i’YnQLpai) ((DVD“BI/EPD
CLBLqqD

(DVBép) (DMCL)\an) (CYLT’YU (Dqupai))

(4.90)

3

0(1,2) H; (D#CLAan) (Z_Lf;fy’?lei) (D,,DMWIpr> Clata [34]334<12>2<13>2 (7_12) ’
CLWLID3 i - is,
T3 (DuCrapy”) (DoW ) (Iedn™ (DM11pi) ) Cr, g [3412(12) (13)324) (772)

(4.91)
X . 7
(1.2) I (DuCLapn”) (@Y pas) (D,,D#WL”/J) Cry.72[34]534(12)2(13) 2608 (sz) ‘°’
CLWrqqD3 ) . 7
715 (DuCrrpn”) (DaWEN) (@87 (DFaupas) | Croopa3412(12) (13)% (248 (72 ) 7

(4.92)

aq

2 A8 (D Crap”) (ng'VndRrb> (DVD“Gpr) Cry.pa[34]834(12)%(13)2 ()\AQ)Q
OIS |\t (D, G0 (D, Curg?) (D) 1) Crp, B212) (132 28) (31)
(4.93)
(12) MY (DuCapn”) (mgyMumps ) (DyDEGEN)  |Cy 1, [34]534(12)2(13)? (,\A2)Zf
T 318 (DG (D) ((DPm5) urrs) | 32120133 21) (342)

(4.94)

b i as
12 | ME(DuCiap”) (@l qupas) (DL DIGEN) |Cp, 1, [34)534(12)2(13) 2573 (M2)
CLGLqqD3

. ) a4,
Mg (DuGEY) (DyCrpn”) (027" (D a1pai) ) | Cropa 342 (12)(13)* (24)532 (X))
(4.95)

Class Cp2ypD3: 5 types

O, 26nen.0° \cgpﬂﬁ (DD, Crpme) ((D*erp) v err)|Crs o [34]2<12>2<13>2<23><24>\ (4.96)
CL"™ (DuDyCrrme) (11" (D!11pi) ) |Cra, 3407 (12)2(13)(28) (24)57 | (4.97)

Cﬁpng (DMDVCLAP'U&) ((D”JR$> VVdRm)

OCLQZZDS

Cra, 2 [34]7(12)(13)*(23) (24) o5
(4.98)
Cro,12[34]7(12)%(13)%(23)(24) 054
(4.99)

OCLQJRdRD3

Cﬁ\pnﬁ (D#DVCL)\pné) ( (D“ﬁRZ> ')’VuRra)

OCL 2ugur D3
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Ocr2qq0% | O™ (D Dy Copme) (GLEY” (DM qupai)) |Copa. g, [3412(12)2(13)2(23) (24) 512 603 |

147 Q4

(4.100)

Class Cr2¢D*: 3 types

12 HCP"™ ((DyuDyery) (DADpliri))
CLérlHT D | prii (D#CLpn)\l/) ((D,D"eR,) 0”1 (DlLrs))

Cro. 1, [34]534(12)(13)%(14) 572
Cry, 1 [34]%(13)3(14) (24) 52
(4.101)

az  [HECE ((DuDydrg) (DaDyairan) Croupa[34]534(12) (13)2 (14)572 853
7 D4 . - is ca
LAt e (D, Crpy™ ) ((Dy D dig) 0 (Dagurai) ) [Cra. 1, [341(13)3 (14) (24) 572022
(4.102)

(1,2) I H;CP" ((DAD,yur?) (DpDuqrpai)) Chy.15134]534(12) (13)%(14) 632 €'

CLatn DM ¢ Hj (D Crpy™ ) ((Dating) 0 (Dy Diqupai)) | Cps, g5 [34]2(13) (14) (24) 632 ¢i2is
(4.103)
Class CpFL,¢*>D*: 2 types
(12) HY (DyH;) (DuCrpn™ ) (D, DR BE")|[34]534(12)2(13) (14)6572 (4.104)
4 . . .
CLBLIHTDN ié (D, BEY) (DyCpn™ ) (DADHH;)|[34]2(12)(13)2(14) (2457
H012) 7T HY (D\H;) (D“CLM, V) (D, Do) | [34]534(12)2 (13)(14) (772)
4 ] <
LI g (DuCon™) (DoWEP) (DADHy) | [34]2(12)(13)2 (14)(24) (772)
j n~Lpn A i
(4.105)
Class C,2¢?>D*: 1 types
(1.2) HyH (DD, Crnpme) (DFDYCY™ ) | 3,(12)4672 (4106)
2 4 - i .
QDY HCA™ (DD, Cuagne) (DDY Hy) | [3412(12)2(13)2 (242673
Class Cr2F1,2D?: 3 types
028,202 | Crpner CFT (DB (DFBYY) [34]4334<12>2\ (4.107)
Oc2w, 202 | Crome-CHT (DuWin) (DﬂW{M)\[34]4534<12>251112 (4.108)
OCRQGL2D2 Can&—C preT (D Gy V)\) (D“Gf’”‘) ‘ [34]4834<12>25A1A2 (4.109)
Class CrF1,2FrD?: 4 types
Ot muwu Wi |CR Wik (D Bry?) (DLW ) \ [34]4<12><13><23>51213 (4.110)
C)CRWL2WRD2 EIJKCm&p)\ngnf (DNWI{AV) ( .0 )‘ 3)(23)e 111213‘ (4.111)
Oty BuGrenn? | O Gilne (DuBra”) (DGl ) [[341(12 ><13><23>5A2A3 (4.112)
Ocnenznp? | [AECCEPGE e (DuGENY ) (DGE 4 [[3414(12)(13) (23) fAr4242 | (4.113)
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Class C,CrFLFRD?: 3 types

Ocy o pap? | BrerCF ™ CLa” o (DD, Bry) |[34]* < > < 3)?| (4.114)
Occumwan? |CR " WikerCua”o (DD Wgnp)\ 12(13)25121s (4.115)
Ocy CrGrLGrD? CEM G e, CLa” (DNDVG )‘ 2(13)254243 (4.116)
Class C1,2Cr2D?: 1 types

Ocy 204202 | CrerveCR 7 (DuCringy) (DHCEYT)|[34)534(12)1) (4.117)

Class CrFp,yD3: 10 types
Ocn Brenenn? | Chn™ (DuBL,") ((DADyerp) Y7err) |Cpa.ps [3414(13)2(23) | (4.118)
Ocynyiips | Can™ (DuBu,") (Z_Lfn’Y" (D)\Dulei)) ‘Cfmfs [34]%(13)2(23)4,2 (4.119)
O By ddr D? Chn™ (DuBry”) ((DADVJRZ) v”dma) Cr,.1,34]4(13)2(23) 653 (4.120)
Oy Brogn? | Chn™ (DuBLp”) (@87 (DADyaLpai)) | Chov s 34] (13)2 (23)5;;53\ (4.122)
Ocywiiips| T §Chn ™ (DuWpr”) (lLW" (DrDy lez ‘CfQ £5[34]*(13)? <23>( 11)23 (4.123)

i2

OCRWLq(jD3 T]§C§n>\u (DMWI{/)V) (quj’yn (D)\DVQLPGZ ‘CfQ f3 34] <13> <23>6g§ (T 1)1'3
(4.124)

OCRGLJRdRm )‘Agcﬁn/\“ (DqupV> ((D/\D dRP) ViR ‘Cf? Js [341%(13)%(23) ()\Al>a2
(4.125)

Ocranunp? | A aChn™ (Dqupy) ((D)\DVURP) V"R ‘CfQ 72 1341(13)%(23) (AAl)az
(4.126)

OcrGraaps )\Agcﬁnz\u (DqupV) (qu V" (DADvqLpai) ‘sz I3 [34)(13) <23>612 (/\Al>a3
(4.127)

Class CLCRWED?’: 5 types

Oc, Cpenenn® | Cre™CL," o ((DADuDyérp) veenr ) [Cra, s 13411(12)(13)%) (4.128)
O cnitps | Cre?1CL "y (187 (DADLDyliy) ) [Cr 1, [3414(12)(13)352 (4.129)
Ot | Ce™C1 " (DD D) +dra) [Cro s [3411(12) (137033 | (4.130)
Oci Crmunp?| Cre™ Oy o ((DaDWDying ) vounra) |Cpo s [341(12) (13)%623 | (4.131)
OCLCchjD3 CRép)\??CLanﬂ (CjL?i’Yg (DADMDVQLpai)> Cf27f3 [34]4<12>< 3>36;§52ng2, (4'132)

_97 —



Class Cry?¢D*: 3 types

Ocpenimt Dt \HTZ‘CgW ((DuDyvérp) (DrDl1yi)) \cfh £2[24][34]3(13)(23) %672 (4.133)
1 VA 7 a 12 ca
Ocrngrit o |HCE™ ((DuDydrg) (DxDydirai) )| Crr.r,[24][34(13)(23)2012532 | (4.134)
Ocyqinrpt |V H;CR™M (DADyiR®) (DuDygrpai)) |Cr 1, [24][34](13)(23) 2551 €112
(4.135)
Class CrF1,¢2D*: 2 types
Ocwpintpt | HICRM (D, By,") (DAD, D, H;) |[24][34]3 (13)2(23) 612 (4.136)
Oyt ps| T T HICRM (D WY ) (DAD, D, H) | [24)[34)*(13)2(23) (717) * | (4.137)
i3
Class Cr,Cr¢?D*: 1 types
Ocycnmmtpt | HICE CLyY e (DAD,D, D, Hy)|[34](13) 452 (4.138)
Class CLF.*: 7 types
Ocy pot | BLue Bl By B | (12)2(13)2(45)? | (4.139)
By BY Crun WiyeWi™ | (12)(13)%(45)2514%5
O sy 2 | BLye By Cryumy WETEW - |(12)2(14)2 (35)25715 (4.140)
CLuwayWEAWLH By, P B¢ (12)(13) (14)%(25) (35) 57415
0(1,2) CLMV)\/?WI{UgWI{)\pWI{nEWI{MV (12>2<13>2<45>26[2145I3I5 (4 141)
CLWLH Oy WEAN W SOWE W 7 | (12)2(14)2(35) 261214 51315 '
By BEY CryunGilyeGEE | (12)2(13)?(45) 254443
0L a2 | Bue By CryumpGTEG# | (12)2(14)%(35) 264445 (4.142)
CL,uV)\prV/\Gf&LBanBLﬁn <12><13><14>2<25><35>5A4A5
CLumaGEY G WY e WS | (12)2(13)2(45) 251415 §A24
0N ) sy 2| CLywap Gl e GIAPWIMEW 1w | (12)2(14)2(35) 2514 s §A2 4o (4.143)
CryunWE WGP G| (12)(13) (14)(25)(35) 6741 54245
(1,2) dABC B Cryun g G GE e GE™E | (12)2(13)2(45) 454140 (4.144)
C1,B1,G1,3 dABCBLngCLMVApr)\pGEMVGEng <13>2<14>2<25>2dA3A4A5 .
dABEdCDECLHV)\pr)\pGEungnngnﬁ <12>2<13>2<45>2dEA2A3dEA4A5
0L |dABEACPECy,,,\ GINGE, GO GPTE |(12)2(14)2(35)2dB42 A2 dBAAs | (4.145)
fABEfCDECL“VApGﬁAprgnGEnVGEgu <12>2<14>2<35>2fEA2A3fEA4A5

Class C1°F},°: 4 types
Oy 28, w12 | CLuag WE W™ Br Crpe | (12)(13)2(14) (24) (25)26 15|
Ocy2wys |75 CLumae CE Y W e WETIWY 1€ (12)4(34) (35) (45) el 1475 | (
Ocr2y.6u2 | CLunsGEHGE T B Cuye™ [ (12) (13)(14) (24) (25)764445 | (4.148
Ocy 26,2 147 Crpumnn L Gl e GETIGE | (12)*(34) (35) (45) f A4 |
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Class C1,2Fi,%: 3 types

o), [BLrBL Crun, G ‘CLy § 7|(12)1(34)2(35)2 (4.150)
B BY BT CrneroCLmnpCr™ [(12)7(13)%(23)%(45)
o1:2) CLuuApCIIfV%WLTT;\WLITUCLné/\p (12)%(34)*(35) 20"+ (4.151)
CrL3Wy2 CLng‘erL;u/)\pr/ PWI{%WI{TU <12>2<13>2< >2<45>251415
0(1,2) CL;LV)\pr/nSGLTUGfTUCLﬂEAp <12>4<34>2<35>25A4A5 (4 152)
LG | Ol pery CryunCL N GRIE G| (12)2(13)2(23)? (45) 264445 '
Class C.%: 1 types
O | CLiumapCLruopy CF ™ OV X CLye | (12)4(34)2(35)2(45)?| (4.153)
Class Cr,F1, 2y D: 21 types
12 BB (DuClunpn) (rpy™ers) | Cry 55 135(12)%(13)%(34) (4.154)
CBLERRD| B Cryn (DNBLU)\) (€rprerr) |Cr, 1 [45](12)%(13) (14) (34)
a2 B{? B (DyCruspn) (l_L’n“lei) Cr,,75135](12)%(13)2(34)5;! (4.155)
BN B O (DB ) (ILinPiupi ) [Cr, g, 145](12)2(13) (14) (34) 512 '
a2 BB (DuCruap) (JR$7“dRra) Cra,55(35](12)(13)(34) 035 (4.156)
C1,BL,?drdr D v a a ’
HOIREP B Cuing* (DuBua ) (drgrPdira) |Cru g, [451(12)*(13)(14) (34)65;
o2 |BUBL(DuCrin) (@Rgr* urra)  [Cri s [35)(12)2(13)2(34) 823
CrBr2ururD v a a
LOLTIRURD ey oM (D BLn )(uRp’ypuRm> Cra., [45](12)2(13) (14) (34) 52
(4.157)
a2 BYABL" (D Crpy) (@177 qupas) Cy,.£5[35](12)(13)%(34) 67+ 543 (4.158)
CLb2ail| B Crop (DuBro®) (@89 a1pas) | Cr s [45]<12>2(13><14><34>5Z§53§ '

EBIWIA (DuCringn) (ILinlip)  [Cra g [35)(12)2(1
1~4 i v 77
O(CLBEWLZZ_D T WL CLoa,” (D Bry ) (lLfﬁplei) Cra.ss4 ](12>2(
T CLap W (D BY") (Iinlups) | Cro,ps[351(12)(1
(12)(1

7'-7;.BL77 CLll)\p ( 1771/) (lLi'yplei) Cf4f [45]

T BYTWEA (DuCripn) (@u? v aupai) | Crags[35]¢
1~4 i — aj
0L aan | TH W™ Crng (DyuBuy) (@899 qupas) |Cr 1, 145) (12
TI;"CLV/\/)T]WI_I‘VA (DMBfn) ((er ’YMQLpal) Cf4,f5 [35]<12 <13>3<24>6g§ (7—[3).
. _ N\ 4
71 B Cruag (DuWE™ ) (@997 q1pas) |Cr 15 [451(12) (13)2(14) (24) 82 (772’

4

~ 99 —



01:2) WEPAWL P (DuCrinn) (Erp*err) |Cry,p5[35](12)(13)%(34) 07213
L emen Dy O b (D W) (ErprPerr) |Cra, s [45](12)2(13) (14) (34) 6721

(4.161)
WAL (D Crungn) (ILin 1) Cro, 12 [35)(12)2(13)2(34) 514 6725
oUW Crypgt (D) (in?lp) Cry 15 145](12)2(13)(14) (3451 61212
CLWy2UD - i
Rk ey (DLW (P ) Cr, g, [35](12)2 (13)2 (342 oK (7)™
j L P uw¥VLn P fa,fs is
RS Crn g W (DUWET) (110 ) |Cro g5 451{12)2(18) (14) (34) 25 (7€)
(4.162)
a2 WD, Cring) (drgydrra) [Crags[35](12)2 (13)2(34) 0356720
CLWt,2drdr D 7
L ORAR W[I,nVCLV)\pM (DuW[{nA) (ng’Ydera) Cf47f5 [45]<12>2<13>(14><34>6325[213
(4.163)
) WEAWLO! (D Clorgn) (g umra) [Cr g [351(12)2(13)2 (34)53 7212
CrL,W2u D _
LRI B 0 G (DWW (g7 umra ) (Cra,p[45)(12)2 (13) (14)(34) 53307213
(4.164)
WEAWL (D, Crpgn) (59" o) Cr,.1,1351(12)2 (13)2(34) 372 327210
ol WL Cp - (DHWLIUA) (FL9Y° gL pai) Cro s [45)(12)2(13) (14) (34) 514 50 6715
LW12qgD i
s T Gy (D) (@87 0100) |Cro 1, [351(12)(13)2 (34) 33 121K (75)
Ki lJKCy o WY (D W{pn) (LYY q1pai) |Cr, f5[45](12>2<13)(14>(34)5a4612131<( K>z4
(4.165)
MBI (DyuCug) (drgrders) | Cra.s:[35)(12)2(13)2(34) ()\A)
as
OU MG G (DB (s )|Cr ,1451(12)2(13) (14) (34) (M) 7
a,
XA GG (DB (drg*drrs) — |Cra,[351(12)(18)% 24) ()
NGB Cuing (DuGE™ ) (dugy?drrs ) |Crr i [451(12) (13)* (14) (24) (A1)

AAY BEIGAYA (D, s ) (uva”uRrb) Cr,.15[35](12)%(13)2(34) (AA:%)“E’
a4

~4 Ab yAnv 2 A3\

O(C}LBEGLﬂRuRD ARG CLU/\p (D/LBLn ) (URp’YpURrb) Cf47f5[45}<12> (13)(14)(34) ()\53)(14
N CLAm G (DuBY") (ungrunrs)  |Cro 5, [35112) (13)3(24) (A%

A BLy CLoa,” (DHGLUU) (URZWuRrb) Cr. 1 [45](12) (13)2(14) (24) (AAs)aZ

/\AaBpnGAV)‘ D CLV)\pn ( 'Y QLpaz) Cf4’f5 [35](12>2
1~4 AayAnv P . 2
O(CLBL),GLqQD A aG K CLV)\p (D BL?] ) ( 7 QLpaz) Cf4,f5 [45]<12>
MECL A G (DR BE) (@2 aupai)  [Cra,gs135](12)

[45](12)

)‘AZBLW Cruap! (DMGLW) (QLglV’JQLpai) Cfy,1545](12)(13
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METTEGRWIAN (D Cripy) (7 Gupas) |Crar5135)(12)2(13)2(34) (AA2>Z: 713):‘5‘ |
O yan MWL O (D) (a3 aunai)|Cra g, [45)(12)213) (14) (34) (A1) ™ (75 )
MG CL AW (DUGR) (a5 a1pas ) (Croops [351(12) (18)(24) (W42) ™ (710)
NI L Gty (D™ ) (@591 0i) g 451 (12) (13)2(14) (24) (42) ™ (712 )
(4.169)
(1.2) GL G (D Crupm) (Erpyerr) |Cryr;[35](12)7(13)?(34) 64243
25 _
CLutenen |G oyt (DuGiln’ ) (ErorPenr) |Crogs[45] (12)2(13)(14) (35424
(4.170)
1) |GEGE (DuCLiagm) (ILinTups) |Cra.ps[351(12)2 (13)2(34)5}254249
CLGL2lUD 7 i
RO G Oy (DG ) (187711 ) | 1, [451(12)2(13) (14) (34) 72 54240
(4.171)
GG (DyCunpn) (drgydrra ) Cp 1 135](12)2(13)2 (34) 505 542 s
G Crn g (DuGi) (drgr dira ) Cra,545](12)2(13)(14) (34) 335 64243
0 st | P EONEGEMGE (D Craungn) (drgrdres) |Cro.[35]1(12)2 (13)2 (34)a%4242 (X€)™
dABOXCEGEM Cron (DG ) (drgvPdi ) (Cro g, [45](12)2(13)(14) (34)d42As (1€) ™
FABONCLGE™ Cuun (DuGy®) (drgrPnrn) (Cra.ps 351(12)2 (13)2(34) fO424s (X€)
FABCACY Oy GE (DG ) (¥ dnrs) (Crr s, [45)(12)2(13) (14) (34) fO4245 (XC) ™
a4
(4.172)
GAAGEP (D Crurpn) (uRZWuRm) Cry,55[35](12)%(13)2(34) 622 54243
G Cuuny* (DuCn ) (P Cra g5145] (12)°(13)(14) (34) 352642
O | CPOACEGEMGEA (DuCingn) (g umss)  |Cro,g[851(12)2(13)2(34)d 4242 (X€)™
BN GE Cin g (DuGily™) (g unes) |Cro s 451(12)% (13) (14) (34)aC44 (€)™
FAPENLGE™ Cuing (DuGH) (g umes ) |Cr r [35](12)2(13)2(34) 424 (X€)
FAPON CriamGE™ (DG ) (g umes) |Cro s [45](12)2 (13)(14) (34) 4242 (X€)
(4.173)
GL G (DyCrunpn) (9" Lpai) Cra.15[35)(12)2(13)2(34) 5} 50 5424
GE™ Cuingt (DuGin) (@2 1) Cpo 5, [45](12)7 (13) (14) (34)3}1 3254245
oL, M PONGGHMGE (DyCrism) (@Lti7"qupai) [Cra 1:[35)(12)2(13)2(34)51 dCA24a (/\C>
dAPEXCLGE™ Crn g (DuGiia®) (897 upai) |Croops [45](12)2(18) (14) (30)0f2d 424 (x°)
FABEXCLGE™ O (DuGy) <<?L?i7p Qupai) |Cra s [35](12)2(13)2 (34) 372 f ?AQAS (r a: .
FAPONCG CringnGE (DuG) (a0t aupi ) |Cro . [45] (12)(13)(14) (34) 53y 04245 (X€)
(4.174)
Class CL2FpyD: 10 types
(1~3) B} Cre (DyuCrurpn) (Erpy'err) |Cry 1 [45](12)4(34)2
e Bnenn| B CE'e" (DuCrunon) (Erprten) |Cross1351(12)2(13)2(23)(24) | (4.175)
2

Crne Cing (DuBI) (Erpyeny) |Cry 1 [45](12)%(13)2(24)
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BEVCMAP” (DMCLV/\pn) (Z_Li’VHlei) Cf4,f5 [45]<12>4 34)257
Ot puiip| By CLe (DyClingn) (inftpi) |Cruss[351(12)
Crne Cirg (DB ) (1in?lp ) |Cra 1, [45)(12)2
1 By CLe (DyuCropm) (EJR%V“ drra) |Cropal
Cr2Budndn | BENCEe (DuCringy) (drgytdrra) |Cra,ga[351(12)7(13)2(23)(24)53
Crag” i (D, BI)

(24)01]  (4.176)
2

I~
Sl
—
[\
S~ S~ ~ S~ S~ ~
[
T~ N —
w
=~
S~ S~ ~— S~ ~
N
=9
s}
(2]

1) B CLe™ (DuCringy) (umgr*unra) |Cri.ss[45](12)(34)2023
O Banund | BACL " (DuCrum) (rg7 unra)  [Cr, 1, [35](12)2(13)2(23) (24)02
Crng" Croag (DuBi®) (Wrgy uRra) |Cra, g 145](12)2(13)2(24) 2623

(4.178)
gy | PG (DuCruagm) (@i aipe) (Cro 45102 H Y2800
Oty puaan| BOCE e (DuCluam) (T8 qpas ) |Cra 5, [35](12)2(13)2(23) (24) 01203
Crng" Crn (DuBP®) (@87 q1pas) (Cro, 1 [45](12)2(13)2(24) 257253
(4.179)

i4

TGN (DuCLim) (R tp) |Craps45)(12)4(30)2 (1)
D | WG (DuCrngm) (37 0ni) |Crs 33101220312 23)24) (7))

. 15
. - . (2
73O Cruag (DuWE™) (Idn i) Cra. g [45](12)2(13)2 (24)2 (75

(4.180)
(1~3) T WL CLe (DyuCLipn) (GLi? 7" qupai) |Cra,g5[45](12)* (34) 205 (713)2 A
CAVTD WA (D Cungn) (@85 a1 (Cro o 351(12)2(18)2(23) (20)028 (1)
3L g (DUWVEE) (7 ) | U5101212003)2 2012501 (1)
(4.181)

as

. NALGHE CLM (DuCrngn) (drgrdres) |Cro g 45112)4(34)2 (X
CL2Guindn D MEGACPTe (D, Crungn) (drgrédnr) | Cro [35)(12)2(13)2(23) (24) (A2
MLy Crung (DuGE) (drrPdn) | Cr, 1, 45](12)2(13)(24)% (M)

as

aq

aq

(4.182)
MG LN (DyCrngn) (g umes ) [Cry p, [45)(12)1(34)2 (Ma) ™

O amun MEGAACET e (D Cringy) (mgrEurm)  |Cry g, 135)(12)2(13)2 (23) (24) ()

MECLne A Cn (DG ) (g ure ) |Cr. g, [45](12)2(13)2(24) (A45) ™

as

aq

aq

(4.183)
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043 AapA
CL2GLaGD | N GPVACE 1

MG Cne” Ouuny* (DuGR™) (G2 upai) (Cra g, 145112)7 (13)2(24) 2572 (x)

Class Cry*D?: 4 types

Y [51] €abeCrap* ( ( Dvurb CUR? é(DMdR@ JApCéRO Cz]fs 1272 135)(12) (13)2(15) (45 €asasas
V[0 eaneCrag™ ((Dviir?) Ciir§) (drio™C (Duerr))  |CH 4 4 545 (12)(13)(14)(15) €azasas
Y (215 €aneCrrg™ ((Dudig) € (Dony)) (anbo™Cang)  |CPp, 17 [34)(12) (13)(14)2(35) €azass
nggi)enaanz Y [615] €ate (DuCrungy) (wrboCig ) ((DHdrg) o#"Cenr ) (C 1, 1,7, [341(13)2(14)2(25) eagasas
Y ] canCragrantCang ((Dudng) o*C (Dyény)) il 135(12) (13)2(15) (45) easasas
V] €ancCrrg™ ((Dudng) Cenr) (Do) e*Cing) |, 1,7, [45)(12) (14 (15)(35) €azass
Y ] eaneCrrp* (draC (DMéRT)) ((DuaR’;) o)‘f’CﬁR‘g) el 1341(12)(13)(14)%(35)asay0s
Y B €ate (DuCrirgn) (drgorCen, ) ((Drart) o Cag) (LY, 1,7, [341(13)2(14)2(25) easasas
Y |E] €ancCrrg™ ((Dudng) o Ceny) ((Doiint) o™ Ciing ) (Y, 1,7, [45)(13) (14)2 (15)(25) azass
(4.185)
(iR qLaj) €/ Crng™ (Duerp) o™ (Dyliri))  [Cpa gy gu.s5[351(12)(13)2(15) (45) 55 iaia
0L (ARG (Dutrsaj)) (Durp) 0lri)  [Cryogo,a, s [341(12) (13)2(14) (45) 64 ¢isia
€7 Cuag"™ (urf (Dutrsaj)) (Erpo™ (Dplrri) ) |Cpaypafu s 545(12)(13)(14) (15) 551 '™
- eijLAp”“(( werp) (Duliri)) (WRE0qusa5) | Caoty s 145)(12)(1 >2<15><35>5ggef3f4
6Z]C’L/\py“ (D ﬂeRP)lLM) uRtJAp(DVQLsaj) Cf2,f3,f47f5[34]< 2)(1 ><14>2<35>533161324
€701 (erp (Dpuliri)) Ez‘m?o*ﬂ (Dqusaj)g Ca foofu.f535(12) (13) (14) (15) 504 eisis
€7 (DuCLuxpm) (uRtU GLsaj ) (D"€rp) 07M1ri) |Cpy, g, f2.451341(13)(14)(25) dg et
€ (DuCLunpy) (erpo”Lri) (U T (DM qLsas) ) (Chato a5 [35](13)(14)(15)(25) G52 ™
€I CLA" (Dpurp) o9 lLri) (ﬂR?O"’A (DutLsa) ) |Caufotuts [45)(13)(14)%(15)(25) 55t €'
(4.186)
Y T (@} ars0; ) €9C0A" ((Dudrg) o (Duguns) ) [CF 1,7, 5,351 (12){18)2{15) (45) g ozt
Y [ €9 G uRg(qumeg (D dRp "Qvazg Cl 1y o, gy [341(12){13)(14) (45) g oz '
Y [5:] €79CLA"" (R? (Dyqusas) ) (drio™ ( D#qubZ cfj fofags 515 (12)(13)(14) (15) 031 553 '™
Y [E] €9 Cr, ED#dRZ; (Do) (arbo qusas) — |CF gy 1 [451(12) (14)2(15) (85) gt gz eioi
Y [1] €9 Cp " ( (Dpdr qubi) (uRtU ? (D saz ) CHl o s [341(12)(13) (14)2(35) 081 033 5%
Y [E12] €9Cn " (drg (Dugurns)) (GR00™ (Dudrsa;))  |Cop p, 1535 (12)(13) (14) (15) 208 eisia
Y [ €7 (DyuCunon) é“R?U”AQLsa]‘) ((D “JRz) ”pnq“’"') CE 1o 1 1341(13)2(14)2(25) 504 503 0%
Y ot |V I € (D, Crinpn) (o™ ar) (o™ (Dqusas)) CF g, 7,1, 351(18)3(14) (15) (25) g gzt
Y [ € Cun ™ ((Duddny) 03 auri) (o™ (Do) ) |C g, 5, 1451(18)(14)2(15) (25) gz
y __ (ﬂR?quaj) PV ((D JRZ) o (DVQLrbi); C[f12 1fo4 15[351(12)(13)(15) (45) 041053 €™s™
Y [E] 7Cua (and (Duarsay)) ((Dudng) o™airmi) — |Cllp, 1, [34112) (13)2(14)(45) gt gz eiai
Y [H] €7Cin (an? (Duarses)) (drge™ (Duaurss))  |Cl g, g 515 (12) (13)(14)(15) dgsaaaelais
Y |[H] €9 EDudRzg (Dqu)) (R0 ar0ai) |l a7, 145)(12) (14)2(15) (35) s agaetais
Y [H] €7Cin ((Dudrg) aurn) (ko™ (Duarses))  [Ch7 5, 1, 1341(12)(13) (14)2(35)aaoga i
Y [H] €7Cia (dng (Duarrni)) (arbo™ (Dudrses)) ol 535(12)(13) (14)(15)002 63 ivia
Y [H] € (DuCrirm) ganganLsaj) ((Drdrg) o™ aurs) |CL7Y g, 5, [341(13)2(14)2(25) s a3z et
Y {B] €7 (DuCrunpm) drgo?qur) (ko™ (DFgrea;)) c;z*}}mfa[ 5](13)2(14) (15)(25) 594 53 ¢sia
Y [H] @ Curg ((Dudng) onPawrni) (o™ (Dotuoa)) [CF g, 5, B51(18) (14)2(15) (25) o5zl

)\AaGA&/CLEApn (DMCLV)\pn) (qL?«i’YMquai) Cf4,f5 [45]<12>4<34>2524 (AAS)

as

(D) (9 per) |Crosl3512)° (12 28) (203 (1)

-3

3 —

as

(4.184)

(4.187)




— —
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,ﬁ
]
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(1~12)
OCqu3D2

=R BRI ER

A VI VR VA A A T I I VI

FE] R B

o] ]
LE

L]

1] €9e* eI Oy M sk C Lt ((Dulei) Co*r (-DVQL’r‘a,j))
a1el] €9e* el Oy, ((Dyqrsk) Cqrier) (lez'CU’\p (Duqt.raj)
L1t €€ el Cp " ((Dylipi) C (Dydrrag)) (Qstk;CO”\”QLtcz
ee* el Oy qrsok C L ((D,JLpi) Ca?? (DVQLraj)>
ulipi) CoNqLra;
I1piCo™ (Duqrras)

e“bceikeleL,\pV”((DVQstk)CQLtcl) (D
ePe* el Oy ((Duqrsvk) Cartct)

6abceike‘jlCtL)xpVM ((Dulei) C (DVQLraj))

€Weeld kL O\ Y qr sbk Cqriel ((Dulei) Co™r (-DVQLraj))

=R =
o]

€eet ek O\ )P (IpiC (Dpqurag)) ((Dl/qLSbk) CU’\pQLtcz)
ee* el Oy qrsok C Lt ((D,JLpz‘) Co™* (DVQLmj))
ek el O\ Y ((Dugsok) Carier) (lez'CU)‘p (D,uQLraj))

6“bc€ik€jl0mp”“ ((Dulipi) C (Dugrraj)) <QstkCU>\pQLtcl)

> 1214 67,31'5 €a304a5
> 1214 6i3’i5 6CL3CL4(:L5

5)(4
(4
<25>612Z4€Z3ZQ 6a3a4a5
(
(

Class Cr,FL0?¢D?: 8 types

(1~8)
Cy,BreglHTD?

HTCpp, " (DB’ ) (Dyerp) i)
HYCrp"" (DuBy’ ) (erp (Duliri)
HTBY Cpy,"" ((Dpéry) (DylLri))

H (D,,Cryrpm) (D*B) (éRpUV)‘le'
HYB" (D, Cryapm) ((D“éRp) My
HY Oy (DyBuy?) ((Dery) o™i
HY B (D,Cryapm) (éRpU”/\ ( DulLM))
HY BL,Crp ((Dyéry) 0™ (Dyliri) )

~ 34—

(qubkCG’\”QLtcl

(4.188)

C s 1435](12)2(13)2(45) 572
Caa545(12)%(13)(14) 67
Cts.fa [45]<12>2<14>2<35>5’4
Ct,, f4534<12> (13)(14)6’4
Cs,, f4535<12>2(13><14>5l4
Cro,2[34](12)(13)
Ca,14[35](12)(13)
Cry.1,45](12)(13)(14)%(25




HY O (DuB) ((Dodig) diras)  [Crugal35](12)2(13)2(45)]4 95
HYCLA" (DB’ ) (s (Dugrai))  |Cry gasa5(12)2(13)(14)5758
HYUBY Cuag ((Dudrg) (Duguras))  |Cra,ra[45](12)2(14)(35)672 58

O oottt 2| HY (DuCruon) (DVBI) (A0 auras) |y pysaa(12)2 (13) (14)85 02
HYBE" (D, Cugn) ((Ddrg) 0 quras) - |Cra.isis (12)2(13){14)5;2 621
HY O (DuBry?) ((Dodng) 0™ auras ) Cr 1, [341(12)(13)2(14) (24)672 502
HYBE" (DyCrpn) (o™ (D*auras) ) |Cra,za[35)(12)(13)?(14) (25) 6,234
HY By Cua,™ ((Dudr) 0™ (Dygura) ) |Cro. 1, [45](12)(13) (14)2(25) 872 02

(4.190)

€1 H;Crap"" (DuBr’) (un (Dyipai)  |Crsp[35](12)2(13)2(45)dg3 ¢l
€1 H;Cr," (D, By ((DuﬂR?)Qme-) Cs f4515(12)% (13) (14) 55337
€ H; By Cpa," ((Dyiir?) ( Mqum Cy, 12 [45](12)2 (14)2 (35503 ¢iais
06 m samaip2 | €7 Hi (DuCruapn) (D* BY") (anto"™ qupai)  (Cry.p,554(12)2(13) (14) 082 €275
e H; B{" (DyuCLyxpn) (UR? A (D qupai) ) |Crs,pa835(12)7(13)(14) 053 €%
€1 H;Cp,"" (DyBry” )(uR o™ (D qupm) cf37f4[34}<12><13>2<14><24>5ggei3i5
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FABONCLGE™ Cuun il ((Duting) v une ) |Cro.r [35][45](12)2(13)2 04240 (1)

G Crin (DuGiy?) (amgy ung Cry 12 [45]2(12)2(13) (14) 33 54245

G Crn " Giy? ((Dyiing ) Y urra Cpy.5,135][45](12)2(13) 2501 54245

(4.255)
AABCXGGEY Crn g (DuGity”) (@27 e ) [Cropa[4512(12)2 (13) (1) 5720424 (3€) ™
AABONCLGEN CrynGif (@27 (Dutipas) ) |Cry 1, [33][45)(12)(13) 2073404245 (AC)@
OC}LNC?LGquD fABC)‘CZGgWCLMp# (Dqunp> <‘jLI;i7)\QLpai> Cfs,f4 [45]2<12>2<13><14>6f43fCA2A5 ()\C>az
FAECNCHGE™ Cuun Gt (@22 (Dudpai) ) |Cro,ra[351145112)2(13) 2573 fOA242 (X€) ™
GA™ Crung (DuGE?) (289 aupai) Cra,a 4517 (12)2(13) (14)572 55354249
G CLa " Giy? (a8 (Dydipa)) Cry,1,[35][45](12)2(13) 2572 50304245

(4.256)

Class C12FrynpD: 10 types

Cpaa[4512(12)4(34)| (4.257
(4.258

Oc, 2BrererD ‘ By Cre® (DuCLurpm) (€rpy"eRr)
Ocy 2 | BR Cre™ (DuCringy) (Iinlp ) |Cro, 1, 14512 (12)4(34)572

)
)
Ocy 2wiin [T S WA CLe™ (D Cuan) (137 M1pi ) |Cra, 4 [45]2(12)*(34) (TIS)Z‘ (4.259)
)
)

O By p| BR CLe™ (DuClinpn) (drgydrra) | Cro. 1, [451(12)(34) 531 (4.260
OCLQBRERuRD ‘ BEVCLﬁp)\M (D CLV)\D?’]) (aRg’ynuRra)

OCLQGRdeRD‘/\ LGRS CLe! (DyuCrupn) (dRp”y drrb ‘Cfs £4[45]%(12)%(34) (/\As)
(4.262)

@cchRuRuRD‘AAbGAg”CLg” M (DpCruapn) (URpV"URrb ‘ny, 74[45](12)*(34) (/\A5)

Cpapal45]2(12)" (34) 05

(4.261

as
(4.263)
O 2 Brgan | B CLeP (DuClLupm) (@8 dLpai) |Crs, . [45]7(12)1(34) 612 52 | (4.264)
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i3

. y ;
Ocy 2wiqan | T s WA CLe? (DuCLurpn) (LY qLpai) |C s, 1, [45)%(12)*(34) 643 <T 5)1‘4

(4.265)
Cro, s [451212)! (34)372 (345) ™
(4.266)

OCLQGquD ‘ AAgGQEVCprAM (D;J,CLI/)\pn) (qu;-i’ynquai>

Class Cr,Fry?¢pD?: 8 types

HY Bry?CrLa” # ((DpDyery) 0™ lirs)  [Cr, 1,[351%(12) (13)%67
1~3 . - 5
O(CLBF){éRlHTDQ HYBR PCLyY * ((Dyéryp) o™ (DulLri)> Cf27f3[45]2<12><13><14>25;’i }
HY Br, Cra? ot (erp0™ (DpDyliei))  |Cp 1, [35]145)(12) (13)2 (14)07
(4.267)
. i3
1 YW Cun” o (DuDuery) 0™ i) |Cpoopy352012)(13)° (+12)
(1~3) -
Culbnant 102 71 T, CL (D) 0™ (Dutirs))|Cro s 4512012) (13)(14)7 (710)
T HUWE,PCLY # (erpo™ (DuDyliri))  |Cry 1, [35][45](12)(13)2(14) (Tfs)u
(4.268)

3

3

HY By Cua” o ((DuDudrg) 0™ aurai)  |Cr, 1, (352 (12)(13)3 57302
1~3 . _ is cas
Ot Bnnatit 02| HY By Cu’ s ((Dydnd) o™ (Dotirar)) | gy 4512(12) (13) (14)2532623
HY By CLa” o (drgo™ (DuDyrai))  |Cra g, 35][45)(12) (13)2(14)6725
(4.269)
_ 3
T HYWEPCLY # ((DuDydn) 0™ quras) — |Cps [35]2(12)(13)25 (715)i4
(1~3) 4 _ )
CuWinduatt D2 713 HUWE,CyY ot ((Dudrg) 0™ (Do) ) |Craory [45]° (12) (13) (142053 (1)
Tl WL (drge™ (DuDytras))  |Croa[3545](12) (13)2 (1400 (1)
(4.270)

i3

i3

7 iz 5\ 3
)‘AZHTiGéanLAVpH ((DuDung) Un)\QLrbi) Cf27f3 [35}2<12><13>35iz (/\Ad)az
(1~3) . — i as
Cr.GrdrgH'D? )‘AZHTZGQWPCLAVPM( D#ng) o™ (DVqLTbi)) Chats [45}2<12><13><14>25i2 ()\A5>a
_ . as
MEHIGH, Ly (drgo™ (DuDyaurni))  |Crora[35]145112) (13)2 (1457 (A2) "
(4.271)
€0 H; By, Cra’p (irio™ (DpDydupas) ) |Cpa p,[3512(12)(13) 250202
1~3 g B ) -
OO, Bngr 12 | Hy By Cua? g ((Dyig) o™ (Dudipai) ) |Crars452(12)(13)(14) el
€U H;Bry?Cra” o ((DuDyitnd) 0" qupai ) |Co, 1, [35][45](12) (13)2(14) 332 ei2is
(4.272)
. . 12
L H W Cun o (0™ (DuDudupai) ) |Cpauga[3512 (12)(13)053€i4k (710) *
(1~3) o ao i 2
CuWnain D2 | 71 I HyWh O ((Dyiind) o (Dugupa) ) (Cra, [ 4512(12) (13)(14) 2052 €04% (r12) *
. 12
T H; Wh LA (D Dyting) 0™ dupai) | Crauga[351145](12) (13)2(14)22€0 (r12)
(4.273)
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MGy CLa? ! (iimbo™ (DuDydipa)  [Craa[352(12)(18)31s (X45)™
(1~3) C 3 \a
CrGrain HD? | NASEU H,GA,PCLY ((Dyapj) o™ (Dqu,m,-)) Cry.,[45]2(12) (13) (14)2¢i2ia ()\A') ’
Meed HyGilyCryp ((DuDyiin?) 0™ qupai) — |Cr, 1, [35][45] (12) (13)*(14) it (AA%%
(4.274)

Class CLy?1?D?: 21 types

y[n B Cra™ (Dpérp) vers) ((Duerr) Yere) |Co
5

O(c}:ée Y |2 l} Cu” s (e ene) ((DuDuerg) 'ers) Cl i, 134
R

12)(13)3
45)2(12)(13)(14)(15)
(4.275)

I I CLa\"p (éRr'Y eRt) ((DpDverp) 17 ers) Cf27f3:f47f5
I I CL)\VpM( ueRp)’Y eRs) ((DueRr)'Y eRt)

)
=
=
=
=

O~ O ((Dyeryp) Yers) (I (Dulirs) ) (Cra o pu. g5 14512 (12)(13) (14) (15)572

CrérerllD?

CLa" " ((Dyerp) Y7eRs) (lfLi’VA (Dulm‘)) Ca, fo fa. £ [35][45](12) (13) 2(15) 572
Cra” o ErprPers) (ILiv (DuDulir))  |Cra ga,gass 34145 (12)(13)2 (14) 572
(4.276)
CLr”p (@89 ) (DuDueny) 1 disa)  [Croogyopass 134][351(12)(13)301 53
S&&le CLAp”“(( 1€Rp) VAR sa) (éLg”'jA (Dyan)> C o fanfanfs [45]2(12) (13) (1 ><15>§;gagg
Ao (Dyerp) ¥ drsa) (@7 (Duliri) )| Co g 0.5, [351[45)(12)(13) (15)672 s
OLW (erpY?drsa) (@8 (DuDuliri))  |Crosso,funss[34][45)(12) (13)2(14)67 58
(4.277)
Cin o (i e ) ((DuDydrg) v drsa)  [Cragy a5 [341[351(12) (13) 3672 804
) Con™ ((Pudig) 1) (i (Dulsr) |Cro o s 45 (12)13) 1 ><15>6;§63;
CLa”s ((Dudrg) v dnsa) (Wi (Dulirs) ) | Cpa g .1 [35]45](12)(13)(15) 522 32
Crn” ot (drgr*drsa) (ILin* (DuDulri))  |Cpogy g5 134][45](12)(13)2 (14)673 538
(4.278)
CLa” ! (ﬂR?W’\URta) (iLivp (DuDuZLpi)) Chy.to. 0,15 [34][35](12) (13)3672 523
) |G (10 (D) ((Dywwum) Charfo s 145]2(12) (13)(1 ><15>6;z<5:;§
Ca”p (lLsy” (D lez ((D ﬂR?)VAURm) Cha fafa.15[35][45](12) (13)*(15) ;2 663
Cra”p (ILby le D pDyury) ¥ URta) Ca.forfurts [BA[45](12) (13)(14) 6,264
(4.279)
Cua” o (@87 Gurai ) (DuDuerp) ¥ers)  |Croogy g ps (3135 (12)(13)3572002
Gt pa| G (Duerp) 77ers) (@89 (Dutiras) ) |Crasgopangs [4512(1 >< 3)(14)(15) 872052
Cin o (Dyenp) vers) (@i (Dugurai) )| Caogo, 0.1 [35][45](12) (13)2(15) 87255
CL)\VPM(ERPVP‘?RS) <QLt7 (DuquLrai)) sz,fs,f47f5[34][ 5/(12)(1 ><14>5235a3
(4.280)
Cin’ o (i aurar ) ((DuDodng) 7ers)  |Cragyopu s 134]1351(12) (13) %672 53
P (o vy ((Dudrg) v7ers) (ILin* (Dutrra)) |Cragsooss USP(12)13)(1 ><15>5;gagg
Cia?p ((Dudrg) 17ers) (1L (Duturai) ) [Cra gy o5 135][45](12) (13)2(15) 57202
Cun’ s (drgrPers) (ILiv* (DuDutura)) | Craufaso.ss 1341145)(12) (13)2 (14)51253

(4.281)
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Y [ 61 Cun” o (1470 ) (Iin? (DuDilips) ) cfzfm [34][35)(12) (13672572
Y [T, 512 Cpa, " (zmp (Dylips)) (147 (Duliry) ) €, ,m f4fo{4512< 2)(13)(14)(15)526
y[n 7L (L (Dulipa) ) (1L (Duliry) ) (Cy, 1, 135]1451(12)(13)2(15) 512572
O ratps| Y [ ] Con (i) (in? (DuDuliye))  |CEEL (341351 12) (13351265
Y e Cuar (i le Wiy? (DuDylig))  |Crph D [34)[35](12) (13)30}2012
Y ELE] covo (i) (i (DuDp)) - (el [34](35)(12)(13)8 57257
Y [ Cone (iin? (Dubip)) (Wi (Duirs))  |Clty L [4512(12) (13) (14) (15) 872672
Y |,| Cup (Ii? (Dylip) ) (A (Duliey)) | Cp L 135[45)(12) (13)2(15) 072672
(4.282)
O’ (enrrens) ((DuDvdrg) Vdnsa) [Croop s [341[35](12)(13) 0
(~t) \Cpp (D dRp) dica) ((Dufrr) Vere) |Cpogopors[4517(12)(13) (14) (15)85
CrdrdrérerD?
Cua” ((Dpn) 7 dRsa) ((Duerr) Y ere) |Cracgo,gonss 13511451 (12)(13)2 (15)55
CLa”p! (drpy dRsa DuDVéRr) ’)’}\eRt) Cha, g, 14,15 [34][45](12)(1 >2<14>§g§
(4.283)
Cra”p" (uRr'V URta) DuDvéRp) YPers) Ca fs.fa,f5 [34][35](1 ><13>36a5
gLNéi)eRaRuRm Crap"" ((Dyuérp) v ers) ((DuﬁRg>7>\uRta) Cha.fs. 10,45 145]%(12) (13) (14) (15) 645
CLa” o (Duenp) Yers) (Din®) Y una ) (Cr gy 1155 135][45)(12) (13)(15) 83
Cra” o (Erp ens) ((DuDyiin®) Y urta)  |Cry py .55 [34][45](12) (13)2(14) 585
(4.284)
Y [, 610 Cray (drbydas ) ((DuDudig) 17 drsa) M% Ms [34][35](12){13) 651033
Y [, 61 cww((n dR,,) YVdisa) ((Dudrl) Pdres ) |CF MS f4j5[45] (12)(13) (1) (15) 853033
ey PEBEEICL, # ((Dudig) 7dnsa) ((Dodi?) 2 dre) cfzfg 115 (3511451 (12) (13)2(15) 63623
craazp2 |V B, ] Cra? ot (drir drey ) ((DuDvdry ) 77 dRsa Qfdlfljf [34](35](12)(13)® 031 55
Y [B.6m] Crar, m thbg Eép,pucza;; wdm; Cpr ey [34]185)(12)(13) 94 622
Y& CL,\”,J“( )‘thb ((D DVJR;) ’Y”dRsa) fi}l ft}l [34][35](12)(13)%054 953
y _|,| ch((D drg) vdrsa) ((Dudrt) ydran)  |Clp i (4512 (12) (13)(14)15)dg00
Y B Caot ((Dudrg) 17drsa) ((Dodrl) Pdris) | Clply 2 135]1451(12) (13)2(15)53452;
(4.285)
CLa" " (ERIM’\URtb) ((DuD &R;‘i) ’7de8(1> Cra s, f.55 [34][35](12)(13)%04 053
Crng ((Dudng) 17drsa) ((Doiink) Y unes) |Cra. gy pu, 7 [4512(12) (13)(14) (15)524 533
CrLa”p" <DuJRZ) ’Ydesa> ((DuuRr>7 uRtb) Cha fata.1535][45](12) (13)(15)dg2 65
(C}:J?dRERuRDZ CrLa” " CZR;’Ydesa DuDvuRr YMuri Cha g fa. s [34][45](12) (1 > <14>5g§53§
Cua”pt (urby urta) ((DpDydr) v drest Cra.fs.f0.55134][35)(12) (13) 3555 54
CrLa™ <(D[LJRZ> ’Ydesb> ((DuﬁR?> V’\URta> Cha o, f0,15 [45]7(12) (13)(14) (15) 355 554
CrLa”p" (DufiRZ) ’Ydesb> ((DVURT)V URm) Cra,fo.11. 15 [35][45](12) (13)%(15) 553 54
CLa” " JRZVPdRsb) ((DHDVURT)W uRm) Cha ffa. £ 134][45](12) (13)*(14) 552 5
(4.286)
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Y [ Coa? ot (i un) (DpDuiing) 7unse) — |Chy, p, [341[35)(12) (13)2 582023
B O ((Duing) vunsa) ((Dviin?) v une) fi]f3254f5[45}2<1 )(13)(14) (15) 352523
s Y [l 2] Cra”p ((DuﬂRZ) 7PuR5a> ((DVURT>’Y ube) Cf2f3 f4fa[35}[45}< 2)(13)*(15) 054053
OC'Lu2 uz D? y [plr] CL)\V/)H (U'Rr'y URtDH DuDuuRp YPURS(L sz]fjflélfs[34”35}< ><13>35g§53§
Yy I CL)\ pu U/RT’Y URtb D,LLDV'&RZ ’ypuRsa f2f3 f4f5[34}[3 K ><13>3633633
y I El Cravpt (ﬁ "y URtb> <(D DuﬂRP) VpuRsa> fm ;4}])[34] 35](12)(13)551 55
Y [BE] o ((Duting) 17ursa) ((Doiind) v urin) cmg i [4517(12)(13) (14) (15) 081502
Y [EbE] conot ((Duing) vunsa) ((Doiind) v unen) | Clfl il 185145](12)(13)2(15) gz
(4.287)
y[] EabcEijCL/\pVM( D WERp 'Yp07 bl) <(D UR, QLt]> CfQ fa,fafs [30] 4 ]( ><13>2<15>61425603a4a5
(ClLNéi)qQaRDz Y €abc€i CLA" ! ( ROy ) (DuDy eRp)VquL[:) C[flg ;; f4f5[34][35]<12><13> €iyis€azasas
y 60,1,.56,;]'0]_,,\”,,“( DHPRP 'prqL ) (D URT /\C(]L ) C[flz 1}‘]3 fafs [45] 12><13><14><15>€14105a3a405
y fabceijCL)\VpM( 'YPCQL )((D D,ury) )\CQL/ ) C[fl2 1f3 f4f5[35][40]<12><13> <10>614255a304a5
(4.288)
apcei O (I CqLT) (DuDudrg) 17CILE)  |Craosn s BAB5I(12)(13) isisanasas
(C}N;)Z” D2 €abc€ii CLAp™" ((DHJRZ) VPCZLQ) ((DuuRr) )\Cth ) Cha fo,fafs [45}2<12> (13)(14)(15)€44i5 €azasas
qu _ — .
T e Cuat (DudRZ) v’ ClLﬁ) ((DuuRr) Oy’ ) Cha g, 1,15 [35][45](12) (13)*(15) €1, €azaga5
EabceijCLAVpN JRZ’YPCZL’;) ((D#DUURr) )‘Cth ) sz f3,fa, f5[34H45]<12><13> <14>514zgeaza5aa
(4.289)
CabCC’L:]:CL)\Vp (quaJC’Y uRtC) ((DﬂDylei)C’ydesb) Cf2_’f31f4 [34“35](12>< > 12136113(1411
O(1N4) eabc ”CL)\pV ((D lel) ’Ydesb) ((Dquraj)C’Y)\uth) sz"f&le 5[45}2<12>< < >< >612.236a3a4a5
COrdnlqupD? | cabee “CLAVP ((D lez)C'Yde.sb) ((Dquraj)C'V/\“Rt() cf2 f3,fa,f: [35“45]<12>< > < >6121'36a,3a4a5
e O (1 C1Pdiss) (D Do) CTURLE)  |Chaon g o [BATAS](12) (13)2 (1) t2is osasar
(4.290)
y[] 5abCEZ‘jCL)\Upu (qub]C’Y uth) ((DuDqupm) O’Y eRS) C 2 3, f4, f5[34][3 ]<12><13>3 i2i36a2a3a5
) Y [T €€ Cr " ((Duupas) CyPers) (Dyqurs;) Cy urie) [Choy, 11, [35][45](12)(13)2(15)€t2is eazasas
PR Y I eobeet Oy (qrn O unee) ((DuDudupai) CrPers) Cflzfj 10,5 [34][35](12)(13) P2t grnasts
y EabCEijCLAVp'u (( ILquG,i)C’ypeRS) ((Dqurbj)C’Y)\Uth) Cf2f3 ok [45]2< >< >< ><15> i2ig cazazas
(4.291)
Cra (q-L;”‘v*qu) (1297 (DuDulipi)) |Cravgooposs BABSI(12) (13512012023
Crng™ (127" (Dulipi) ) (@677 (Dutirag) ) |Cra, g g1 [451(12) (13) (14)(15) 872675 532
|G (e sz ) (@07 (D)) oo B2 0397005 300
1~8
o ttaan? |CLAY o lmplez QLt gl (DuDVQLraj)) Ch, g, 11,55 [34][45](12) (13)%(14) 6,257 643
Cra o (a8 dLrag (ZLSW’J (DuDVlei)) Cofio .15 1341 [35](12) (13)35;2572 643
Cing (1L (Dylipi) ) (@5 (Dutirag)) |Coagoosonss 4517 (12)(13) (14) (15) 672672542
Om o (Iudy? (D le ) (qLW (Duiras)) [Cra, o gu, 15 [35][45] (12)(13)2 (15)072 672 63
# (471) (38 (DuDuttiras))  (Cragy s, [341[45](12) (13) 214522512623
(4.292)
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CLdrdrqqD?

Crqqurug D?

CLa” " ((?L?i’v’\QLrbi> ((D/LDVJRZ) Vdesa>
CrLap™" <(D/LCZRZ) ’Ydesa> (@L?WA (DVQL'rbi)>
CrLa" p* <D/Ld_Rg> ’Ydesa) <§L?i7’\ (DI/QLrbi)>
CrLaV JRZ'Ydesa> (QL%"WA (DuDVQLrbi))
CrLa” " (ngi’Y)\QLmi> ((DHDVJR§> Vdesc>
Crp"™" <(DHCZRZ) 7pd35c> (QL?’YA (DVQLrai)>
<DHJR;;> VPdRsc) <6L§l’7>\ (Dqu'rai))
d_RZ’Ydesc> <§L§i’7)‘ (D;ADVqLTai)>

v o
CLyYp

v o
CLaYp

CL)\Dp'u (UR?V)‘Uth> (QLgi’Yp (D}LDVquai))
Cra"" (@S (Dpqupai)) <(DuaR?)7/\uth>
CL)\ p'u (qLé 7p (Dqupm)) <(DVﬂRg) rYAuth)
CL)\VpH (QLS 'YpQLpai) <(DMDV71R?) 'YAuth>
CrLa” " (UR?VAUR@ (q.2? (D Dyqrpai))
Crr”™ (q.%* (Dugipai)) ((DVUR,«)V URtb)

‘<‘<‘<‘<‘<‘<‘<‘<‘<‘<‘<‘<‘<‘<‘<‘<

Class Cr,F1,Fro?D?: 5 types

Cy,B1,BRHH' D2

Chofin s [34][35)(12) (132672 504 532

Chofirfa 5 [45]7(12) (13) (14) (15) 6,2 504 692
Chofirf s> [35][45](12) (13)%(15)67 624 52
Chofis. 1145 [34][45)(12) (13)2(14) 6,2 522 53
Chofis. 1145 [34][35)(12)(13)36;2 603 604

Chofis. fuf[45]2(12) (13) (14) (15) ;2 643 504
Co. fa fa.15[35][45](
szyf:s,fmfs [34} [45] <

)(13)2(15)672 022634
) (13)2(14)672 523 524

i5 a2 as

(4.293)

Confio s [B41[35)(12) (1336725225
Chofis. fufs (4512 (12) (13)(14) (15) 6,2 552 555
Chofis. 1245 [35][45)(12) (13)(15) 6,2 522523
Choforfiu. 5 [B4I[45](12) (13)%(14)6;2 652523
Cha, fafu. 5 134][35](1 11042003
[45]
[35]
[34]

12
12

2)(13)3612522503
Cafauanfs (4517 (12) (13) (14) (15)0;2 04205

CLa” o (@37 (Dugupa)) (Do) Y unes )| Cra. o 11,55 [35][45](12)(13)2(15)672 542003
CLn” o (@8 aupai) ((DuDuin?) Yurin)  [Cpo gy g5, [34][45)(12)(13)(14) 822602603
(4.294)
[, 512 Cra” p* (th v qubJ) (@2 (DypDyqupas))  |[CHA, | 1341[35](12) (13)362 67 522 503
(6121 G121 Cag™ (@129% (Dpgipas)) (@83 (Dugures)) c}ilfdffdusu 2)(13)(14)(15)3;25;2 50252
(61, 612 Crn” o (a8 (Dudipas)) (@2 (Duures) ) [Cofe f4f5[301[45}<12> 13)2(15)6,20;2 532622
(B3 5] Cin” o (@8 arny ) (@8997 (DuDuipai)) | Copy, s, 34351 (12) (13)3512 67202253
(B3 5] Crn™ (G897 (Ddipad)) (@ (Doaeny) ) |CEA, 1 [4512 (12) (13)(14) (15)572 572 692008
5, G G (7797 (D) (@b <quLrbj)c}21Mf [35][45)(12) (13)2(15)5}2672 542672
Vo (@t e ) (@897 (DuDuaipas) | Copety, B41351(12) (13)25726720:2 5
Cun” o (@47 gty ) (@277 (Dp Dot pas)) c}?f;;m[341[35]<12><13>d<5;§62:6::633
Y (@ ) (@85 (DuDuaipa)  [CL f4f5[341[35]<12><13>3633633633633
Yo (e ) (@877 (DuDotpas)  |Cppbiy [341185)(12)(13)367267 55254
| Cono (@t aur; ) (@997 (DuDvaipas)) — |Chp L [34]135](12) (13)2572 6720325
] CLa (@49 (Dudipai) (aLi’jv Dygursy))  |Chptlyi 4512(12) (13) (14) (15)572 572 822602
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1 4 13 S4
(1~42 HT CLV)\pnCVA ( ) lLi’Y“lei Cf37f6[46]<12> <34>5z:516 (4511)
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— i — a 24 Sag
Crapur HH'D HYCyp py OV (D, H,) UREY URra ) |Cs,f6[46](12)%(34) 672 620
i v 4(35)8%6¢iais | (4.515
Ocy 2anin 12| € HiCLunpn L (DyuHi) (g dira ) | Cro 1,[561(12)4(35) dac e’ | (4.515)
. _ 4 1 (2 a,
H;HY G (D, C’LuApn) (@ qupai) | Crs.£6[56)(1 2>4<35>5;5£5Z§
(1~4) H Y CryxpnCy ™" (DyHj) (@597 d1.pai) | Cri i [46]<12>4<34>6§§53362‘; (4.516)
CL2aaHHID |, i opAP ( l? (7Luxpn)(qL?f7“qua¢) Cﬁhﬂi56]<12>4<35>5ﬁ52252§
H”CL AnCE Y (D H;) (GL " qLpai) | Cy 5 [46] (12)*(34) 673 5145
Class Cr2¢3D?: 3 types
H;HTHUCy " ((DuéRp) o™ (Dyliri) ) |Cra 1, [36](12)(13)%(16)5;2 6
2 13 §i4
HYHVCyy\ ) (DyHy) ((Dyerp) 0Mlri ) |Cry,1335](12)(13)%(15)0;2 ;!
2 13 §i4
OO i o | HIHT Cry, (D Hj) (erpo™ (Dyliri)) |Cpa,p341(12)(13)%(14) 6267
e ; (] 14
o HHY Ly (D, HYY ((Dyeng) 01100) Croopy [56] (12) (13) (15) (16)6% 57
. 13 14
HjHVCrp,"" (DyH' ) (erpo™ (Dpluri) ) |Cpa, g, [46](12)(13) (14)(16)5;2 57
. 1, 14
HYCy " (D Hy) (D HY) (eRpo™ i )| Cp 1, [45](12) (13)(14) (15) 57267
(4.517)

2
H;HUHTICYy o0 ((D dr& )a P (Dyqurai)) |Cro.r,[36](12)(13)2(16
HYHY O (D, H) ((Dudr) o ra
oLy HYHYCpp, (D Hj) (drgo™ (Dqurm‘)) Chs. g5
CLdRqHHT2D2 . . = )\p >
HthOLApVH Dth (DﬂdRp)U quai) Cf2,f3
HiHCpy\ " (DyH) (dr&o™ (Duqurai)) |Ca,p,[46](12)(13)(14)
HICy " (D, Hj) (DVHTi> (JRgU’\pqui )
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M HRHVCLp™ (DyHj) (arfo™ (Dudvpai) ) |Cra,p[35](12)(13)%(15)872 652’
ek Hy H Cpp," (D Hy) ((Dpiir®) 0 qupai ) |Cra 15561 (12) (13) (15) (16) 6,2 5425
OB o | @ Cuny™ (D Hy) (D Hy) (15 a1 ) |Cro g 45](12) (13) (1) (15) 8720736
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(4.519)
Class CpF,¢*D?: 2 types
(12 H;HHCL\ (D,H) (DuBy) B0 A0 080005
C.,BLH2Ht2D? ; .
L H;HY B Cp, (D, H;) (D, HT) | [45](12)%(14) (15)67 5,1
1 HHYH Cpy, e (D, H;) (DLW [[561(12)2(15)(16)672 (72 z:
(15) 1 H T HCr oy, (D, Hy) (DLW [[46)(12)2(14)(16)672 (72 4
CLWL,H2H2D?2 i1

1L H H HY C v (D, HY) (D, W) |[36](12)2(13

(12)%(
(12)%(14)
T HUHMWIAN Cy 7 (D H;) (D Hj) - |[45](12)2(14)
(12)°(13)
(12)%(13)

i3
‘6 is
. . . 7
T H WS Co e (D Hy) (D, HY |[34)(12)2(13) (14)55 (72 Z:
(4.521)
Class CL2¢4D2: 1 types
HHHTHY (DyCrosn) (D“C”’\‘"’) s56(12)46%2 014
0~ H; H“H“C’”Apn (DuCrurpn) (D*H;) S46<12>45Z§5Z‘I
CL2H2Ht2D? HT’LHT]C Cl,)\pn D H DM 19 451367,4 (4522)
LuvApn ( ( ) S45< > i5Yig
H;H JCLV,\pnCEAp” (D, H;) (D“HT’> s34(12) 1522518

Class Cr2y*: 4 types

(1,2)

CRQJRéRﬂ%{

CJ[cl] f2,f3fa [56]4<13> <24>€a1a3a4

Y [ EabcCRuy/\pCﬁyAp ((ZR;O'%CERT) (ﬂRgG%CﬂR%)
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Class Cr22¢3: 3 types
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Class Cr,2¢*: 1 types
Ocysppte | HiHHTHY Cr i O Oy ™| (12)2(13)2(23) 2612572 (4.563)
Class C1,2%¢3: 3 types
O, 2gup HHT2 (quluRm) et HiH HYI Oy 0, C1 2 \ Co s [67](12)46;2 607 €igiy | (4.564)
Oy zenirzirt | (ILdenp) HiHHYCLyun CEY |, 1, [67](12) 1572008 (4.565)
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Class C1,2¢%: 1 types
Ocy2psprts | Hi Hy Hy HY HY HECy 0, O1 2| (12) 455 61670 (4.567)

5 GRLEFT operator/amplitude bases up to dim-10

5.1 Field content

The field content of the GRLEFT are listed in table 2. Similar as these in the GRSMEFT,
the operators are constructed in two-component Weyl spinor notation and then converted
to four-component Dirac spinor notation using the following relations:

) o) o (2) =) () ) ()
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Fields | SU(2); x SU(2), h | SU@B)¢ U(l)gm | Flavor B L
CLapys (2,0) —2 1 0 1 0 0
G (1,0) ~1 8 0 1 0 0
Flap (1,0) —1 1 0 1 0 0
Va 3,0 -3 1 0 Ne 0 1
€a 1.0 -1 1 1 Ne 0 1
€ca .0 -1 1 1 Ne 0 -1
Uaa %70 —% 3 % Ny, % 0
ul, 3.0 -1 3 ~2 Ny, -1 0
doa 1.0 -1 3 -1 ng 0
&, I 1 R N IR

Table 2. The field content of the GRLEFT, along with their representations under the Lorentz and
gauge groups. The representation under Lorentz group is denoted by (ji, j,-), while the helicity of
the field is given by h = j, — j;. The numbers of lepton flavors, u-type quark flavors and d-type
quark flavors are denoted as n., n, and ng respectively with n, = 3, n, = 2 and ng = 3 in the
GRLEFT. All of the fields are accompanied with their Hermitian conjugates that are omitted,
(CLagys)t = CRagss for gravitons, (Frop)t = Fg g for gauge bosons and (o)t = (¥1)4 for fermions,
which are under the conjugate representations of all the groups.

5.2 Dim-6 operator and amplitude bases

Class CLF1,%: 2 types

Ocy 12 |CP Finp Fryw| (12)2(13)?) (5.3)

Ocay? | O™ G A G | (12)2(13) 26424 | (5.4)
Class C.%: 1 types

O | CLiumapC ™ Crne™ [ (12)2(13)2(23)?| (5.5)

5.3 Dim-7 operator and amplitude bases

Class CLF1 1% 6 types

Ocyrw? |V [H] CLumnp Y (v1,Cotvry) c}§1f4<12>2<13><14>\ (5.6)
Ocy Frener, | CrunFy” (Erpo"” eLr)|Cp i (12)2(13)(14)| (5.7)
Ocy rynds | Cruma i’ (drgo dLra ) |Cpa sy (12)2(13)(14)522 (5.8)
Ocy ranu | CLump Py (rgo ulya )| Cro.p, (12)2(13) (14) 538 (5.9)
O G, | N ECLuns G (dro dLey) Cp. i (12)2(13) (14) (M=) (5.10)
Oy G, NECLuwA G (irgor ulyy) ‘Cf3,f4<12>2<13><14> (AA2)Z: (5.11)
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Class C1,29?: 4 types

Ocy2v2 | Y [B1] Crpman Ol iy Cre | CFy, (12)4(34)|
(érpeLr) CLMV/\pCﬁVAp ‘Cf3,f4 (12>4<34> ‘
(drgdLya) CLMVAPC“”” Cppopa (12)4(30)523

(ArguLra) Cruman L™ |Cr, 1, 412)" (34005

OCLQEReL

OCLQCZRdL

OCLQERUL

Class C1,21%: 4 types

[212] CLpwap L iy [CF 1 [34](12)%]
( reRp) CLMV)\pCuV P ‘Cfs fa [34] (12>4‘
Oc2and, | (dur"dipa) CLumpCl™ |Cpa, g [34)(12) 4022

OCLQURQL ‘( Lr uRpa) CLp,I/)\p ‘Cf3 f4 ]<12>45gi ‘

OCLQDQ

OCL eReL

5.4 Dim-8 operator and amplitude bases

Class Cp,F1%: 1 types

Oy 62 | CLuwng GG Ly P | (12) (13)2(14) (24) 54344 |

Class CL,2F1,%: 2 types

CLyuwapCl P e IS | (12)4(34)2

(1,2) )*(34)
Crurp FY! F“ Crne™|(12)%(13)2(2
(12)%(
(12)*(

CL2F2

4)°
12)4(34)254s4
2(13)%(24)264s A4

CrupCt” G ngWE
CL;U/)\,OG ngGéijLné/\p

(1,2)
CL2G?

)
12)
Class C,%: 1 types

TV VA
Oyt | CLngro Crim, CLET O [ (12)(34) 1

Class Cp,FyynpD: 11 types

OCLFLI/DD‘CLZ/)\pu (D FﬁA) (DLT"YPVL;D ‘Cfs fa [34]<12>2<13>2‘
OC’LFLeReRD‘CLVAp (D Fy Cr,,1,[34](12)2 <13>2‘

) (erpY err)
1) (ELrPeny) | Craupa [341(12)2(13)%

B (drg#dna) |Cra, g [34112)2(13) 2023
F) (dutyPdLye)
Fy ) (URpW’DURm>
FY )

) (0154 uLpe

OCLFLeLéLD ‘ CLI/)\pN

I

OCLFLJRdRD ‘ CLw\p

Cf3 f4 34 2<13>2532

Cf3,f4 34 2<13>26g§
Cr.14[34](12)7(13)%633

(PuF
(D
OO0, Fydy.d,D \ CLip” (D
Ocy.Fragur D ‘ CLunt (D
(D

OCL Frup,uy, D ‘ CL V)\p“
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(5.20)

(5.21)

(5.22)

(5.23)



OCLGLJRdRD‘)‘AZCLuAp“ (DquM) (JRZV"dRrb) Crapa[34](12)(13) (AAQLS (5.31)
_ as
OCLGLdLJLD‘)‘AgCLuApM (Dqu”) (dLrb’YPdea) Cspa[34](12)%(13)? ()\A2>a4 (5.32)
_ a4
OC’LGLﬂRuRD‘)\AbOLVApM (D C7YL A) (uRngpuRrb) ‘Cfa f4 34 12 <13>2 ()‘AQ)G?’ (533)
OCLGLULULD‘)‘ bCLV/\p (D GLVA) (uLT ’YPUL fl) Cfs f4 34 12 <13>2 ()‘Ag)ai (534)
Class Cr2F,%: 2 types
Ocnzr2 | Crame O™ FLuw Y™ | [34](12)2 | (5.35)
Ocn2cn2 | Cropme O Gt G |[34]4(12) 264142 | (5.36)
Class C1,2Cr2: 1 types
OCLZCR ‘CL;W)\pC C'Rngﬂjcmé ‘[ ] <12>4‘ (5.37)

Class Cry®: 17 types

Ocyenen? |V [E] Cuwns (Erpoers) (sCotvv)|C ) 0 (12)(13)(14)(15)|  (5.38)

y [ ] CLup (eLsCoery) <éRpa)‘pCéRT) ch <12><13><14>(15)\ (5.39)

(BT aneCryany (o ere) (dnso™Cdt) [CE 1, (12)(13) (1) (15)capapas|
(5.40)

CJ[”i]f3,f4,f5 <12> <13> <14> <15>€aza3a4 ‘
(5.41)

Y [ €aneCrpuny (drgo™ Ceny ) (mbor” Cung)|C ) 1 (12) (13)(14) (15) uzasas |
(5.42)

Ocye2e2

OCLJ%GL

Oy viin ‘y B €aneCrpmap (anso# viy) (drgo Cdr?)

OCLJRéRaZR

Y [E] Crmn (drgo¥dLna) (msComnn|C o (12)(13)(14) (15)032

OCL JRdL l/2

OCLd_RdLéReL

Crywag (Ao dLra) (erso™ers)|Cry g, (12) (13)(14) (15)523
CLywp (éRro'/\depa) (urloH vy) \cfQ, Foufu g (12)(13)(14)(15)22
Cuyry (drfo™ers) (uLaaCorvi)[Cr, 5, 11 7, (12)(13) (14) (15) 552
N {} CLuvrp (aRZOAPULra) (vLsCot ) Cﬁ]’f&fﬁs<12><13><14><15>5g§

OCL d,ERVUR

OC’L drer,vur,

OCLuzuRuL

(5.47)
(5.48)

Cf2,f3,f4,f5<12>(13><14><15>5:ﬁ
Y [0 B8] Crpung (dLsaCot”dLuy) (drgo™Cdg?) |CEH2, - (12)(13)(14) (15) 24583
y [, } CL;W)\p (dLsaCO'“Vstb) (CZRZUAPCCZREZ)

— )\ —
Ocyéneranur | CLuap (eRpU peLr) (ur%o"uLyqg)

(1,2)
CLB

chhlbd (12)(13) (14) (15) 62162

(5.49)

Cf27f3,f47f5<12><13>< >< >533532
Cha. fs.f0.£5(12)(13)(14) (15) 655 6

(1,2)
CLJRdLﬁRuL

CL;U/)\,O JRgU)\deTa> (ﬂRgUW/uLtC)
JRgdAderb> (ﬂRbO'lwuLta>

S

CLMV)\p
(5.50)
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(12) |V 6B Cryny (argoCuint) (uLoaCotulen) | CEIRY, ¢ (12)(13)(14)(15)62408
Cra2u? _ _
PR Y B ] Cwa (TR0 CTRY) (uLsaCo uLy) |l (12)(13)(14) (15)624582

(5.51)

Oty en |V ] €2 Crpuny (erio dLe) (dLpaCodLyy) [C1 1, - (12)(13)(14)(15)ev20004]

(5.52)

Ocy 2 ug |V B €Cyinny (dLpaCodLyy ) (uLocCovi) |CRY, 1, 1, (12)(13)(14) (15)ev2004|

(5.53)
Ocydpera | Y F €“Crymny (dLPﬂCJ)\peLr) (uLsyCo*uLec)|CH o+ (12)(13)(14)(15)ee2405
(5.54)
5.5 Dim-9 operator and amplitude bases
Class Cr,F1,9?>D?: 6 types
ay  |VEEIF™(D, CLW ((DHv1y) Covuny )| €7, 1341(12)(13)(14) (24)
CLFLV2D2 v [1,1} 2 (555)
Y [] Curp (DuFY) ((Dorny) Cone) | Cilssa(12)2(13)(14)
1.9) Crrg”™ (DuF”) (Duerp)enr)  |Cry pis3a(12)2(13)(14) (5.56)
CL Fierer,D? .
LD BT (D, Clngn) (D#eRp) 0 ey ) |Cr 1, [34)(12) (13)2(14)(24)

012 |Cuxg (DuF?) ((Dudng) dLra) |Cry pissn(12)*(13) (14)52 (5.57)
O FrdrdL D2 FP”] D CLV)\pn (( 'udRp) VAdL'ra) Cfs f4[34}<12><13>2< ><24>5a§ .
w Oy (Duf?) ((Defing) ulea)  |Cpp o123 |
OnFyfinus, D2 Fpn D CLV)\pn ((D'u )O-V)\U'L’I’a) Cfg f4[34]<12><13> < >< >5(61L4 .

12 )\AbCL)\qu (D GAMJ) ((D dRp) dLrb> Cf3 f4$34<12 ( )
CLGLARrdy, D?
LGLARdL )\AbGApn D CLV/\pT] (( D#d a) V/\dL’I’b) Cfa,f4[ ]< ( )
(5. 59)
(12) )\AbCL)\pV” (D G‘A)‘p) ((D uRp) ULrb) Cfs f4834<12 ()\"42)(14
CLOLIRLDE A0 Ao (D, Crog) ((DPiRS) 0" uLny)|Cr, 1. [34)(12
p77 13, f.
(5. 60)
Class Cp,24?D?: 4 types
I\ 2
08’22) - y [] VLpCVLr (DMCLV)\pn) (D‘MC pn) C][l‘3]f4834<12>4<34> (561)
Y T CLe (DuCrungn) ((DFvp) Cotvun, ) |CH, [34)(12)2(13)2(24)?
(1.2) (erperr) (DuCringm) (DFCYN) |Cy, pi534(12)4(34) (5.62)
2g 2 _ .
AR LN (DClagn) ((DPeRy) 0% enr ) Cry 1,[34)(12)2 (13)2(24)?
(2) | (dR5dLra) (DuCronon) (DHCPY™)  |Cry pusaa(12)4(30)5 (5.63)
2 2 - .
CLRAD O M (D Cringn) ((DFdRG) 0 dLra ) |Cr 1, [341(12)2(13)2(24) 2504
1,2 UR ULy q (D CLux ) D“CV)\pn Cf . 534<12>4<34>5g4
O(CL%ZRULDQ ( b ) : o ( L ) o ° (564)

Crapa[34](12)%(13)2(24) 05

CLg)\Pﬁ (DMCLV)\PW) ((D“ﬂRg) U‘ﬁyqua>
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Class Cr, Fry?>D?: 6 types
Ocy rrwep? |V [B] Frn?Cua?s (DuDuviy) Com o, )| €1 13412 (12)(13)%| (5.65)
OCLFRéR@LD2 FrpPCLA" " ( D Dyerp) o eLT) Cta, f3[34] (1 ><13>3‘ (5.66)
(I)CLFRJRdLD2 FRUPCL)\VPN ((D D dRp) Un)\dLTa) Cf2 f3[34] <12><13>35a3 (5'67)
Ocy, Friius 0? | Frn? CLAY o ((D D uRp) o uLm) Chy. 1 [34]2(12) (13)35% (5.68)
. as
Oty Grindnp2 | X 0GR CLA" o ((DuDudRZ) U"AdLrb ‘sz,fs [34]*(12)(13)° (AA )@
5.69)
Oc i A GA pOp v b ((DDyaRe) o™ Ly )| Cr, 1 [3412(12)(13)3 (AA4)™
orGrinuD? | N aGRrr”CLA p pDvury ) o uLyy ) |Cy, £, [34]°(12)(13) w
(5.70)
Class Cr,F1,12D?: 6 types
Ocyrp2| Y [B] Cong™ (DuFY?) (Duiny) Ciny)|CF, 13412 (12)2(13) (14)| (5.71)
Oty Fyenenp? |Cirg™ (DuF7’) (vr (Duenyp))|Cr 1 [3412(12)2(13) (14)| (5.72)
Oy myandp? | Cire”™ (DulY) (dis® (Dudipa) ) |Cr 1 [3412(12)2 (13) (14) 533 (5.73)
OCLFLuRﬂLD2 CL)\pV ( )( Ta( VURpa ‘Cfg f4 34]2<1 > <1 ><14>5a3 (574)
as
O, Gua o | N5CA" (DuGEY) (dLs® (Dudrpa) )| Cryo 1842 (12)(13)(14) (X2)
(5.75)
o o p2 | AaCy v (D,GAN )|Cr s [3412(12)2(13) (14) (A2 “
CrLGruriLD? [ A 5 CLp ar” uURpa f.£2 13417 (12)%(13)( o
(5.76)
Class C1,2¢2D?: 4 types
Ocy 222 |V [E2) LpCor (DyuClungy) (DECY) |CP [34]34 (12) (5.77)
Oc 2o, 0| (ELrerp) (DuCringy) (DHCI) [Crr 1, [34)334(12) (5.78)
OC«LngJLDQ (JLradRpa) (D,uCLV)\pn) (D“CE)\’D”) ‘Cf37f4 [34]834<12>4(53513 (5.79)
Oty 2unan 02 | (s “unpa) (DuCrungm) (DHCP) [ Cy, 1, [34) 530 (12) 022 (5.80)
Class Cp,Fi,%%: 10 types
12 |V [ CLyuwap L I v, C, C[z <12>2<13>2<45>
Ot m22 |y, [ o o , (5.81)
V[B] Cluman L FLy” (pCouny) |Chp (12)2(13)(14)(35)
(1,2) (éRpeLr)CL/w)\pF "FY Cr.f5(12)%(13)%(45) (5.82)
CLIL2eReL | Oy a o FL FLy” (Erpo™evr) | Cr, g, (12)%(13) (14) (35)
(1,2) L (ddeLra> CL,UJ/)\pF Fu Cf4 f5< 2>2<13>2<45>6gi (5 83)
LB O T Ly (dR 0”“dLm) Cra,p5(12)%(13)(14)(35) 053
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o2 (ﬂR;uLm) Crywro L F1 Cr,.15(12)%(13
-

O O P Ly (ﬂRZO”“uLm) Cr,.5,(12)%(13

(1~3) (drpdLrs) XMECLun FYPGE™ |Cp, g (12)2(13)2(45) (X*42)

(5.84)
(
)*(13)

O FLGrdrds, | MY CL o, FD Gm (drgo™ L) |Cp, ,(12)2(13)(14)(35) (AAS)Z5 (5.85)
> 2

4
5

{
A CL i, G (dRpaWdL,,b) Cy, 1 (12)(13)2(14)(25) (AA3)M

(anguLrs) AA”OLWFLPG%W Cr, 15(12)2(13)2(45) (M)

Cr iy Gurn | NALCL ) G 7 (ango™uly,) |Cp, 1, (12)*(13)(14)(35) ()\Z;l)ml
MO Crun o GEVIFL? (iimgo uLyy ) Cr, 7, (12)(13)2(14) (25) (w)m
(5.86)
o0 Y [6] Crua, GEAP G 1y, C CE 0 (12)2(13)2(45) 5424 (5,87
VY [B] Crum GGy (npCamin,) (€)1 (12)2(13)(14) (35) 5424
12 | (ERrpeLr) CLua,GLYGLH |Cy, 5 (12)*(13)%(45)5424 (5.88)
CLGL2eren | O GV Gy (Erpo™err) |Cry 5 (12)7(13)(14) (35)54243
(JRgdLm) CLuno GG Cry5(12)2(13)2(45) 855 54243
s CLump GGy (drgodLy,) Cra.p (12)2(13)(14) (35) 503 5424
CuGudndy | (dgdLoy) dAPONLCLua GENGER | Cr, 1, (12)2(13)2(45)d %424 ()
AABONCE O GENVGE ¥ (drgomdLy ) Cr, 1, (12)(13)(14) (35)d A2 () )“i
FABOXECLunsGEY GE (drgo™dLyy) |Cry g (12)2(13) (14)(35) f 42 (1) ™
(5.89)
(ﬁaguLm) Crunp GG Cry. s (12)2(13)2(45) 525 54245
CLumap GG, (pgo™uly, ) Cyo. g (12)2(13)(14)(35) 55 54243
2

(12)%(13)
. (12)%(13)
OCLGL271R"L (ﬂRgqub) dABC)\CZCLMV/\pr)\pGEIW Cf4,f5<12>2<13> A2 ()\C)as
(12)%(13)
(12)*(13)

aq

35)dC424s (AC)“S
35>fCA2A3 ()\c)

&8

dABONCE Oy GIVGE, (o ulyy) (Cr 1, (12)2(13)(14)
fABC/\CZCLﬂV,\pr)‘pGEUU (ﬂRZJmLuLTb) Cf47f5 12)2(13 <14>

—~
=~
t
o~~~ =
I

aq

(5.90)
Class C,2Fi,%: 6 types
(1,2) Y CLuvkpcfyApFLnﬁ (VLPCU%VLT) C[l R <12>4< 4)(35) (5.91)
2 2 » .
ity CF Crne™ (pCo™ s ) c[“ (12)%(13)2(24) (25)
(1,2) CLuwnoCE Y FLne (eRpo'ngeLr) Cr.f5(12)*(34)(35) (5.92)
2 .
Cr?Fierer CL,LW)\pFL CLné ( pangeL’/‘) Cf4,f5< >2<13>2< >< >
(12| Oy O™ Fuye (d aangdLm) Cpa, s {12)*(34) (35)05; (5.9
9 .
L Fdndr CL,uI//\pFMVCLng ( ngdLTd) Cf4 f5 12>2 > < ><25>6gi
(1%) ) CLMV)\pC pFL né ( g Ugqua) Cf4 f5 4 ><35>6a5 (5 94)
Cr2FruruL CL;LV)\pF[lfVCLﬁﬁAp ( g oul a) Cf4,f5 2 > < ><25>5gi ’
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A3\
g IR %o 12)4(34)(35) (A
(1.2 MECLuapCE ™ Gl (drgo™dLiy) |Cri ps(12) (M)

aq

as
: T a 2(13)%(24)(25) (M)
C1,2GLdRrdy, )\AZCL;W)\pGéMVCLnf)\p (dRpUngdLrIJ Cf47f5<12> < > < > ( )(4595)
A3\
M Criuag O Gl (amgo™uln) [Cr, 1, (12)4(34)(35) (A )
(12) Lo ! 2(13)2(24)(25) (A%
OCLQGLaRuL )\AZCL;WAPGLu CLng)‘p (uRpU%ULrb) Cf4,f5<12> (13)°(24)( ( 55.96)
M: 4 types 2 2 (5.97)
pvné Ay Cuy ct? (12)%(13)%(23)*(45)
Ocys2 |V [l CruwaeCr, " Crg P ripCrne |C 2(23)2(45) | (5.98)
CLumapCL ™ Crpe™ |Cy, 7, (12)2(13)2(23)%(45)
OC 3greL (eRpeLT) LpvAp™~L g 9 2(45) 895 (599)
’ - CLY ™ CLye™ | Cpy 1, (12)2(13)2(23)2(45) 03
OC 8dpdy (ngdLra) CLMV/\,D L U3 ’ 5 as (5 100)
L 1S Gy |Cp, 1, (12)2 (13)2(28)2 (45) 835 -
OC 3uRur, (ﬁRZ“Lm) CL/W)‘PCL Lng fa.Fs
LYURU
Class CLFL*9?: 10 types ) (5.101)
¥ E i, Ciny O, 45](12)2(13)%
Ocy i 202 |V o] Crywxe FL L 7LpCone | Cp ) (5.102)
' R |Cr, i [45]12)213)%
Oc, 1 2ene;, | (ELreRp) CrLup 1 Fy) a5 (5.103)
Cufitenc M E|Cry g, [45](12)2(13) 260 '
o CLuwap FLYPEIY (Cy, 1 145]
Ocy 1 2dgd (d dRP“) Ldp (5.104)
CLi . FYP R |Cp 1, 145](12)2(13)26% | '
OCLFLQURTLL ‘ (UL URpa) CLMV/\/) Jo >2 (/\A3)a4 (5.105)
bd ) 5 CL et pr/W Chafs [45](1 ) (1 as
OCLFLGLdeL ( Lr “Rpa b 2 2 (\As “ (5.106)
) At R G g, 1 45](12)2(13)2 (310)"
OCLFLGLURUL ( ULy URPG b HVAp o ) 25,42143‘ (5107)
GA)\pGA,uVDL CDLT Cf f5[45]<12> <13>
Ocy 6202 |V [117] CrywnyGL PG P ! 25A2A3 (5.108)
oL ANp A 45](12)%(13)254244|
_ G PG Cf4 fr[
OCLGL erer ‘ (eLTeRp) CLMV)\p ’

2 13)25@46142143
ApYApv Cf N [45]<12> < as a
) ( dRP“) CrusGL Y G ANpBuv | ' 5[45]<12>2<1i’>)2fllCA2A3 ()\C)a:
O, 2 dnds (1R pa ) dABONCECryun, GEN GER |Cy, g, (5.109)
aq §A2A3
12)%(13)25245
B GAMV Cf s [45]< 5 a4
(1,2) (e uRp“)CLWAp(C;L GireGB|c ' 15 [45](12)2(13)2dCA243 ()\C>a5
OCLGL 2uRrar, (ULTbURpa> dABC ) QCL#VAP faJs (5.110)
Class C1*y”: 4 types 2 /a2 (5.111)
pvné M Cip, |C12 [45](12)%(13)2(23)
Ocy3p2 |V [e] CLpwrpCr "~ Crne P 1y Ciny f4f5< 22(13)2(23)? (5.112)
prné Ap 45](1
OCL3€R€L ( LreRp) CL/WApCL CL:E f\le,fs[ ][45]<12>2<13>2<23>25a4 (5,113)
v, P as
Oc, 34 & (dLradRpa> CLuuApij Crne™|Cpy 15 ) , 25&4‘ (5.114)
o o 00205225
Oc¢, 3 RfL‘(_LrauRpa) CL,HV)\PCL Lng is
L7URU
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Class Cry*¢D: 52 types

Chl 1 [351(12)(13)2(14) |
(5.115)

C i . [351(12)(13)2(14)

cl L [351(12)(13)2(14)
(5.116)

OCLV317D ‘y } CLZ/)\p“ (let’Yp (DMVLp)) (VLTCO'VAI/LS)

(1,2) y [] CL]/A’DM (éRp'YpeRt) ((D,LLZ/LT) CO-VAI/LLg;)
CrLeérerv?D B
LERER Yy [} Crux! ((Dyuérp) v ere) (VLTCUVAVLS)

(2 [V Crn (enfesy) ((Duvey) Com ) R 1 135)(12)(13)(14)
Crerepv?D _
Ly ] Croag (n? (Duewy)) (veCo ) [ 1 1 1851(12) (13)2(14)
(5.117)
0(1,2) CLV)\pM (Ith’VpC (DuéRp)) <€LTCO'V)\VLS sz,f3,f4,f5 [35]<12><13>2<14> (5 118)
CrereLvvD _ _ :
LEREL CL,/)\p‘u (VLtfyPC’eRp) ((DMeLr) CO’V)‘VLS sz,fs,f4,f5 [45](12><13><14>2
(1,2)2 Yy [] CLuApM ((D,uéRp) 'YpeRt) (éRrUV)\eLs) Cf2f3,f4,f5 [35]<12><13>2<14>
Ccre D _ _
R Y ] Croag (Duenp) v0ens) (erro™ens) [Chp 5, 1 [351(12)(13)2(14)
(5.119)
ol Y [25] Coa (177 Ceny) ((Dyery) Co™ers) |CH 1 1 135](12)(13)2(14)
erefer, D _ _
P [E] Croa (e1iv7C (Dpery)) (enrCoers) |11, 1 1851(12)(13)2(14)
(5.120)
12) [V Cun (drgvPdnia) ((Dpvir) Coug ) [CRL L 1 [35)(12)(13)2(14) 023
Lty [H] Crong ((Dudng) Vdnia) (rCo vns ) |CRYL . 1 1851(12)(13)2(14) 582
(5.121)
(12 Cron ((Dudng) Yunia) (eLrCo i) Cr, gy 1,55 [35)(12) (13)2(14) 53
CrdrervurD T a v a
LERCLYER OLV)\p“ dRp’}/puRta) ((DueLr) CO’ )\VLS) Cf2,f3,f4,f5[45]<12><13><14>25a2
(5.122)
w2 |Cln” (Dudr) +7drea) (éRrUV)\eLs> Cho.gs.£2.451351{12)(13)%(14) 653
CLIIRERAL] O (g1 dria) ((Duerr) 07 ens) |Cra g pu. g5 145]1(12) (13) (14) 2623
(5.123)
0 [V Gt (A7 dLya) (D) Coun, ) |CE 4 o [35)(12) (13)2(14) 022
LDy ] Cron (di®y? (DudLypa)) (v Covns) €L, 1 1851(12)(13)2(14) 622
(5.124)
8’? CLZI)\pu (T_J,Lta”yp (Dudea)) (éRTUV)‘VLS Cf27f3’f4’f5 [35]<12><13>2<14>5g§
errur, D _
HAAE O (@i dLpa) ((Dprr) 0" V1s ) |Cro g o, [45)(12) (13) (14) 2552
(5.125)
12 |Cuag (du®y” (DudLya) ) (Frro"ers) |Cry g.10,55 [35)(12)(13)2 (14)022
ABERAD| Cpp g (AL dLpa) ((Duerr) 07 eLs )| Crau g [451{12)(13) 14) 2552

(5.126)
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(12) Cron (7717C (Dudng) ) (ALraCo" vs)|Co g, 10,55 [35)(12)(13)2 (14)52
CLIBID O (77 Cr) ((DpdLra) Co v ) (Cry g, 1,5 1451(12) (13)(14) 2522
(5.127)
12 |Cun ((Dudrg) vere) (Frs0™ dLra ) |Croupoopa.ss 351(12)(13)2(14)853
Culndenenll oy (drgrPent) (erso™ (DudLya) ) (Cry fo5..55 [45](12) (13)(14) 2533
(5.128)
(12) Crua® (eLy’C (DHCZRZ)) (dLmCU”AeLs) Cra, f. .45 [35](12)(13)(14) 58
CLIRBAAD] Oyt (177 Clny) ((DpdLya) Co"ers ) |Cry gy 11,55 [45)(12) (13)(14) 202
(5.129)
o12) Y [E5] Croag (rgrPunia) (D) Co v, ) [CF) L/ 1 [35)(12)(13)2(14)0%3
Crv2uRru
w2y [ Croag ((Duting) vuna) (vieCovns) (CLYL 4 1 [35](12)(13)2 (14)023
(5.130)
(12) Cruag (Duerp) 17 dRta) (ﬁR?U”AVLs Chafo.fa, 15 [35](12) (13)*(14) 852
Crdrervur D _
LRI gt (Rp 1 dia) (Dutin®) 0" s ) |C gy 10,55 [45)(12)(13) (14) 2023
(5.131)
o) Crun ((Duerp) Yunia) (@R err ) [Cry gy 1,75 35](12) (13)2(14) 823
CréereprururD _ _
R CLoa! (ErpyPUuRta) <UR30”A (Dyerr) ) |Cra, g, 71,45 [45](12) (13) (14)%553
(5.132)
o2) CLp! (€Ley” (DudLya)) (UR?UVAVLS Chaf.faf5[35](12) (13)2(14) 052
CrLdyervurD _
HAAIRE gt (1 dLpa) ((Duiing) s ) (Cra. gy .15 [45] (12) (13)(14) 252
(5.133)
(12) Crn (71.67” (DudLpa)) (R, 0" Cin) |Cp gy, 11,55 [35)(12)(13)2 (14522
CLdyegrvur D _ _ _
LS Ot (71417 Lpa) ((Dyérr) 0 CliR) (Cp, gy 12,55 [45)(12)(13) (14) 2022
(5.134)
o012 |V s iy ula) (Durnr) Co"vns) [CF 1 p, 1 851(12) (13)2(14)32
CrLrv?ura _
Lyt D yH Cra (iv? (DyuLypa)) (VLTCO—MVLS) Cill s 1350(12)(13)2(14)502
(5.135)
12) Crng (AL (Duerp) ) (uLnaCo™ vy ) |Cr gy 11,15 [351(12)(13)2(14) 582
Crdyervur, D 7 a v a
LD O (drirPeny ) (DuuiLya) Co™ v ) (Cry gy 11,1 [45](12)(13)(14)258
(5.136)
o2 Crng® (1177 C (Dyerp)) (e1rCo" uLsa) |C gy .5 135](12)(13)(14) 32
Crererur,ur, D _ _
LRI Ot (14997 Ceny) (Derr) Co Lo ) |Co gy 0,55 [451(12) (13) (14) 2502
(5.137)
0(1,2_) C'Lu)\p'u (DMCZR;> ’YpeRt) <ULTGCO-V)\VLS) Cf2;f3,f47f5 [35]<12><13>2<14>6g§
Crdrervur, D T a v a
rinen Dl O (drgPent ) ((Dutilea) Co™vis) (Cpo gy .15 [451(12)(13)(14) 202
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7 2
(12 Crung (777C (Dydig ) ) (eLrCo uLoa ) Cr, g 11.55[351(12)(13)2 (14) 828
drevi 7 2
LTI O (L Cdrg) ((Dperr) Co" uLsa) |Cofo funss [45]<12><13><14z 04t |
5.139
2
(12) Crag (777 C (Dyting) ) (uLraCo vis)|Co gy 10,15 [351(12) (13)2(14) 323
o 2
OCuvmanuD Cron (7n?Ciing) (Dilra) Co™ i) cf27f37f4,f5[45](12><13><14i 5%10)
5.1
2
(1,2) Croap! (Duérp) v7ere) (ﬂR?ff”AuLsa Cho,fs,fa.£5[35](12)(13)(14) 653
¥ u 2
CrérertirurD CLZ/)\p# (éRp’yPeRt) ((DM{LR?) UV)\ULsa sz,f31f4,f5 [45]<12><13><14> 53; )
(5.141
_ 2
(1.2) Crua® (eL17” (Dyeryp)) (UR?U”AuLsa Cho, f,f,45[35)(12) (13)=(14) 653
eLEL 2
craeinidcy | (ELnPerp) ((DuaRg) 0" uLsq ) |Ch, s, a5 [45] (12) (13) (14) 2524 |
(5.142
7 = c Jj_a (2] 2 )
012 |Vl caneCuin (dnbo s (1,27C (Dudry) ) oty s B30
IRy (8] e0peCran (drlo"vms) (we97C (Dyudng) ) (€17 1. 1 135)(12) (13) <14>ea(ga3ﬁg)
7 J.c Jj_a (2] 2
12 Ve canCront (drboevs ) (duiy’C (Dudny) ) Chasysut [35}<12><13>2<14>ea2a3a5
Cudidieby) [] €abcCLurp (CinU"AGLs> (JLtC’YPC <DudR$)) Clto a1, 1351(12)(13) <14>6z25a31ai4)
4 Jj_a g b v g ¢ [2,1] 12 13214aaa
Ocritenn |V [F] eaneCrong ((Dudn) voens) (drbo ™ Cdns)|Clp . 1 [35)(12) (13)% >e(25 .3125)
7 7. 2
(1,2) €abeCLuap" aRQUV)\VLs) (stCVPC (D#ng) Ctafs,farfs [35](12)(13)*(14) €azazas
dnd, 7 7 2
CrdrdyviinD GabCCLV)\pM stC'YpCdRZ) ((D;LﬂRg) UV)\VLS Cf2;f3yf4,f5[45]<12><13><14> 6(1(2(13&;16)
5.1
(1,2) eabcCLV)\plL ﬂLtC’YpC (D;LgRZ)> (éRrUVACaRf;) sz,fs,f4,f5 [35]<12><13>2<14>6a2a4a5
Crdreninm.D GabcCLu)\pH ﬂLtC'VpCJRg) ((DMéRT) UV)\CTLRS) Cf2,f3,f4,f5[45]<12><13><14>25tz25a41a;17)
Jj_a 7 v ~_C 2] 2
002 |V el (7y°C (Dydng) ) (drbo Cint) C{f ffud [35]<12><13>2<14>6ama4
Crdirinb|y, [} €abcCLurp" (DLt’YpC (Dung>> (deZUV)‘CﬂR@ )ty a5 135)(12)(13) <14>6225an28)
7 S —a v = 2] 2
0(1’2) y [] eabcC’LV)\p'u <stc,pr (D,LLERP)) (uRrU )\CURIS)) C{1271]f]3f47f5 [35}<12><13>2<14>6a3a4a5
ARSI Y (] careCrung (dar?Ceny) (Dpiing) o Cint) |1 1, 1 [351(12)(13) <14>ezs5aﬁg)
J_a = v —_c [2] 2 .
0(172) Y 1] €abcCLup" (éLt’YpC (D,udRp)) (uRQU )\CUR3> C{f7£3f47f5 [35]<12><13>2<14>6a2a‘5a4
ALY ] caneCron* (177 Can) ((Dyiint) o> Carg) |ClhY, . 1 135)12)(13) <14>ez25a31a§0)
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Y (6] Crong® ( (Dudrgy) 7dros) (dRza"AdLsa; c;21f3,f4,f5 [35](12) (13)*(14) 852633
@g;JA%)deLD Y [ Croay® ngy_ﬂthb) ((Dud;}?) " Ly, C%f]ﬁ’f“fs[45]<12><13>§14>26§§5f
Y [ CLng® ((Dudrg) 17dros) (de;aMdLsa; C 1y puoss 331 (12)(13)2(14) 6524633
Y (] Cuas” E&ngdm) ((Dudnt) o dLaa) |C15) 1, 1, [451(12) (13)(14) 2052053

(5.151)
Y [15] Croy” EstwaC (Dudrg)) (dLrpCo Ly, ) C’?’ ot [35]<12><13>2<14353§53§
(C}:;gdim Y [#T5] Crua,* flLtbprng)((DudL,)b) Co* Ly, c}f{m’k[45](12><13>§14> 5%15?5
V[ G (dnitv#C (Dudng) ) (dLrnCodLsa) €11 1, 1 [351(12)(13)2 (14534502
V] Croa (dritv?Cdrg) ((DudLyy) CodLya) |CLY 1, 1 [45](12)(13) (14) 2604502

(5.152)
Crong ((Dudrg) 17unie) (TS0 dLra )| Cr gy 1011351 (12)(13)2(14) da2023
(8 |Cr® (drgr unie) (arSo™ (DudLya)) |Cra gy g5 [45](12) (13)(14) 258202
A gt (D) vunea) (G207 L) |y g5 [35)(12) (13)2(14) 5226
Crn (drgrPuna) (anbo™ (DudLys)) (Cry. 11,545 (12) (13)(14)2583 62

(5.153)
Crn (#:*97C (Dydng ) ) (dLinCo" uLa ) |Cra o 11.ss [35]<12><13>2<142533533
ol Gt i "7PCdr ) _((D,LdLrb) Co"uLy,) cf%f?),f%fs[45]<12><13>§14> 523525
Crnt (#:97C (Dpdng ) ) (dLraCo™uLse ) |Cr g.1.,55[35)(12)(13)2(14) 03352
Crn (#0097 Cdrg) ((DpdLra) Co™uLse) |Cr gy 1.,55[45)(12)(13) (14) 2923501

(5.154)
Crn ((Dudrg) v druy) (ar20" uLa ) |Cr, 11,15 [351(12)(13)2 (14)02: 623
(~t) O (drgrdre ) (Dutink) o uLea ) [Cra,go.70,55 [45](12) (13) (14) 2588 623
A gt (D) 77drsa) (880 L) |Cpo i o1 [35)(12) (13)2(14) 5235
Crn (drgr*dria) ((Dptint) o L) (Cra 10,5545 (12)(13)(14) 2583624

(5.155)
Crag (din? (DudLya) ) (anto™uLye) Cp gy 0,55 [35)(12)(13)2 (14) 052624
e 2 C?Lt“Vdew) (<Dnﬂrf;‘f)0“uLsc sz,fa,f4,f5[45]<12><13>§14>25§§5§§
Crag (dLi®y? (DudLpa) ) (arbo uLy) (o gy 0,55 [35)(12)(13)2 (14) 55262
Crun (dLiv7dLya ) ((Dyint) 0 uLeb) |Cpo gy 0,55 [451(12) (13) (14) 2582621

(5.156)
Y 6] Crong# ((Dyting) v7un) (uRgoMuLsag c}?f& 41.7,135] <12><13>2<14z<sgg(sgg
Og;guR’uLD Y (2] Cron” (ngyuni) ((Dua?gz) MLy c%]ﬁf%fs[zxs]<12><13>§14> 5(33523
' V|| Crua (D;L'[LR;> 'YpuRtb> (URgal”\ULsag Clhu g5 135](12)(13)%(14) 63455

V] Cron (argr unes) ((Duiinl) o uls, C}i’ﬂhk[45]<12><13><14>25£;§5§7)
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Y [25]) Crnp (a1 C (Dyiing ) ) (uLnCoula)|CH f 1, 1 [35)(12)(13)2(14) 53262
ol V[T Cran, L**Ciing ) (DyuLey) Co™uLsg ) |CP) e £, [45](12)(13) (14) 62162
LURUT UL,
Y [E] Gt (P C (Duiing) ) (uLnCouLy) (€l o £,[35](12)(13)%(14) 62162
V] Cron (antv#Cing) ((Duuley) Coulya) |CY 1 [45)(12)(13)(14) 253162
(5.158)
ol Y (2] € Crng? (urteCy? (DypdLya)) (AL Co v ) [CRy 1 35](12)(13)2(14) eva0aes
DY (] e Crung (unicCy? (DpdLya)) (dLrCo i) |CLfl 4 1 135](12)(13)2(14) co0aes
(5.159)
ot Y [e:] €Cring (ers0" Ly ) (dricC? (DudLpa))[CRYy 1, 1 [351(12)(13)2 (14)ev200s
Ldrdicer y[] €abeCy 0 P (éRsaMdL,b) (drecC? (DyudLpa)) |Cl) . 1 [35](12)(13)%(14) o205
(5.160)
Ocyapenn |V [H] €®Cring (eLey? (DudLpa)) (dLpnCo L ) |CyL, 1 185)(12)(13)2(14) crzanas
(5.161)
012 e Crngt (drteCY? (DudLpa)) (uLrsCo" vis)[Cra 11,75 [35](12) (13)2(14) ev20a0s
vur, D asa,
Crdndiyu eabcCLV)\p“ (drtcCyPdLpa) ((DM’U/Lrb) Co vy, Cha.fs.fu.fs [45]<12><13><14>25a2 s
(5.162)
O(Cl’fl) . GabCCLl,)\p” (urtcCHP (D/Ldea)) (€LTCO'V)‘uL3b sz,f3,f4,f5 [35}<12><13>2<14>6a2a4a5
LOLELYIRUL 6abCC'LL//\pH (uRtCC'Vdepa) ((DueLr) COJ/)\ust Cf27f3,f47f5 [45K12><13><14>26a2a4a5
(5.163)
002 |VIEE i (1 (DpdLya)) (dLrCo  uLac) [CLl 1, 1 [35](12)(13)2 (14)enaess
RPN (] e Crungt (in® (DudLpa)) (dLiCo ulyc) L 1 [35)(12)(13)% (1) rzeses
(5.164)
002 |V €O (dricCr? (Dyery)) (uLraCo™uLey)|CF), 1, 1, [35)(12)(13) 2 (14)eaaaacs
RAED 1y [l € Cuun (drecCyPery) (DyuLra) o uLuy) €1, 5, 1, [35)(12) (13)2 (14)evrees
(5.165)
o0 |VIE iy (eniCy (DudLpa) (uLnCouLy) c}"j s [35](12) (13)2(14) eazasaa
ALY [F] e Crong® (eriCrPdLpa) ((DuuLes) Co uLsc) |Ch 7, 1, 135](12)(18)2(14)evzeacs
(5.166)
Class Cr2F1,%: 6 types
D VA 2
OCRZFLVZ y {} CRM,,)\[,CM pFLng (VLPCJnngr) C[ ] 3 [45]4<12><13>‘ (5.167)
Oty Fner, | CrpmnsCl ™ Fine (erpoery )| Cp,. 1, (451 (12)(13)| (5.168)
Otz rydndy | R Cl ™ Fine (drgo™dLya) |Cr, 1,454 (12)(13) 823 (5.169)
VA —
OCR.ZFLﬁRUL CRIWAPCﬁ pFLﬂf (uRgan£ULTa) Cf2,f3 [45]4<12><13>5g§ (5.170)
A 7 as
Oty ina, NS s Ol Gilye (drgom L) |Cp 45110120 13) (V)] (5.171)
_ as
OCRQGL’ERUL )\AgCRMVAPCu GL77§ (uRgUHSULTIJ ‘Cf27f3 [45]4<12><13> ()‘Al)a2 (5.172)
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5.6 Dim-10 operator and amplitude bases

Class Cp,F1,2D?: 2 types

Ocy Fruu2pe |GEY GRS (D CLyrgy) (DM FLEM)| 534(12) (13)2(14) (24) 54344 | (5.173)
Ocyo02| [APCGEEGEN (DuCrungy) (DPGH) |534(12)2 (13)(14) (34) fA2As444 | (5.174)
Class C1,2Fi,2D?: 2 types
(12 |FuerFt (DuCloagn) (DHCPY7) | s3a(12)4(34)2 (5.175)
2 212 T .
LD AT (D Crunpn) (DM Crer™) |s34(12)%(13)2(24)?
CL2GL2D? GAYAGAST (D, C DHCY o P 192)2(1 24)25A3A4 ( ’ )
LYAGEET (DuCrupy) (D CLe-") |534(12)*(13)*(24)

Class C1,3F1,D?: 1 types

Ocysm,p2| FL*CLo™ (DuCrupy) (DCre, ) |534(12)2(13)%(23)(24)(34) | (5.177)

Class C,*D?: 1 types

Ocy 102 | CLervpCE? (DuCringn) (DHCEY) | 534(12)1(34)" (5.178)

Class C,F1,2FrD?: 2 types

Ocy o Granp? |GAAGEE (D F") (DyuCligy”)| [34)2(12)(13)3(23) 54344 (5.179)
Ocy 1260 | A ECGEAGE N (DG ) (DyuCragy”) |[3412(12)(13)3(23) fA24344 (5.180)
Class C1,2Fy,FrRD?: 2 types
Ocy2 iy mnp2 | CF F FR FL (D Dy Crpne) | [3412(12)2(13)2(23)? | (5.181)
Ocr26u6rp? | CL M GAAGE 1 DDy Crapme) |[34]2(12)2(13)2(23) 20441 | (5.182)
Class Cr,FiyD3: 11 types
12 |(DuCuap®) (eyp) ((DoDPEY) ) |Cry 1, [34)534(12)2(13)2 (5.153)
Cr,Fy,vvD3 U\ (= .
LD (D)) (D) (7 (D)) [Cr, 1, [341%(12)(13)3 (24)
(1,2) (DMCL/\/JUV) (erpYerr) (D DMF/\p) Crs, f4[ 4]s34(1 2>2<13>2 (5.184)
ere 3 .
AR (D, ) (DuCrpn”) (D#eRp) Yers) | Cry 1, 3412(12) (13)3(24)
(12) (DuCrapm”) ((eLry’eLp)) (DVD“FL ) Cta,a[34]534(12)%(13)° (5.185)
Cr,Fyerer, D3 U\ (= .
LD (DY) (DuCrapn”) (s (DPeny)) |Cr, 1, [341°(12) (13)3 (24)
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12  |(DuCirpy”) (drg"drra) (DyDMFR’) |Cpapa[34)s30(12)2(13) 2028
C 3 v J_a a
WAL (D, ) (DuCrapn”) (D dng) v1drra ) [Cro 1. [3412(12)(13)° (24) o2
(5.186)
12 | (DuCiry”) ((dLry"dLya) ) (DyDHFLY ) [Cry 1, [34)34(12)2(13) 258
Cp, Fdydy, D3 A N a
LAY (D, ) (DyCrapn’) (die®y" (DFdLpa) ) |Cry 1, [34]2 (12) (13)3 (24) 523
(5.187)
(12) (DuCrap”) (irgy"unra) (DyDMEY?)  |Cry g [34)534(12)(18) 258
CLFyugur D3 _
T (DR ) (DuCragm®) (D5 ) 1" umra ) |Cra s34 (12)(13)° (24052
(5.188)
(1.2) (DuCapy”) (i, *y"uLya) ((DDREY) )|Cp 1, [34]554(12)2(13) 2502
Cr,Fy,ur,uy, D3 _
DT (DY) (DuCapn®) (e (DPuLya)) |Cry 1, [34]2(12)(13)3 (24)022
(5.189)
2 DG (drgrtdes) (DDGEY)  [Cr g 34)s0(12)2(13)° (M)
CLGLArdg D3 - (g
T ML (D GEY) (DuCrag”) ((DVdig) Y1dien) |Crr pa[347(12) (13)324) (A7) °
(5.190)
Aa v (7 b AN 2 2 (A%
(12) M (DyuCua”) (dur"y1dLpa) (DDIGEN)  |Cp, gy [34]534(12)2(13) (A2
CLGLdy,dy, D3 & ag,
ERETING (D) (DuCrap®) (s (DHdLya) ) |Cri, g [3412(12)(13)% (24) (X*2)
(5.191)
(12) N (DuClr”) (e "umen) (DeDMGEY) |G s B41saa (1220137 (W)
CLGLurur D3 B N
CETINAL (DGEY) (DuCray) (D amg) vMumes ) |Cr g B4 (12)(13)(24) (M%)
(5.192)
o12) )‘Ag (DuCrapm”) (ﬂLranULpa) (DVDHGI?M) Chafa [34]534(12)*(13)? (AA2>W;
Cr,Gruy,u1, D3 ¢
TN (DG ) (DuCuan) (W (DMuLya) )|Cpo g 3412(12)(13)24) (X12) °

(5.193)

Class C2ypD3: 7 types

Ocy 2503 |C1"™ (DuDyCrrpne) (17" (DF1p))|Cry 1, [3417(12)2(13)2(23) (24) | (5.194)
Ocyzenen? | C”™ (DuDyCpme) (Derp) v err) |Cra. 1, [34]2(12)2(13)2(23)(24) | (5.195)
Oty 2ere 0t | C1™ (DD Capme) 6Ly’ (DPevy))|Crapa[34]2(12)2(13)2(23)(24) | (5.196)

CLP (DD Cirgne) ((DHdrg) 7 dira ) |Cro, g [3412(12)2(13)2(23) (24) 523
(5.197)
(

OCL2JRdRD3

Cﬁ’”’f (DyuDyCioapme) (JLTa,.yV (Dudea)) ‘Cf&h [34]%(12)2(13)2(23) (24) 623
5.198)

OCLQdLJLm
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Cﬁpn& (D,uDuCLApn&) ((D“ERZ) 'YVURra)

OCL 24gugr D3

Cry 12[3412(12)2(13)2(23) (24) 604

(5.199)

Ocy2unin, 08 | CL™ (D Dy Crnpne) (s (D*uLpa))|Cr, 1, [34]2(12)%(13)2(23) (24) 5% |

Class Cr2F,2D?: 2 types

OCRQFL2D2

CRpmerCE™ (D FLu) (D“Fﬁ”\)
CronezCET (DuGn) (DFG ) [[34) 554(12) 254142

[34]4334<12>2\

OCRQGLQDQ

Class CrF1,2FrD?: 2 types

Oty 1 Gurp? | CHE” Gilne (DuFLAY) (DyGH )| [3414(12)(13) (28) 5424

FABCCEP G e (DuGEN") (DGE ) |[8414(12)(13) (28) f 14243

Ocp6L2Gr D2

Class C,CrFL,FRD?: 2 types

A v
OCLCRFLFRDZ‘Cf{m FrerCLa” " (D,uDVFan)‘[34]4<12>2<13>2‘

A v
O cnuenn? |CR " Glte-CLa” o (DD GH, ) | [34]4(12)2(13) 254240

Class Cr,2Cr2D?: 1 types

Oci 200202 | CrerveCR (DuCrungn) (DHCY ) [[34)s34(12)*

Class CrF1,ypD?: 11 types

Ocy FviD? ‘Cf’m*“ (DuIL,”) (FLey" (DaDyrrp)) ‘sz,fs [34]%(13)(23) ‘

O Frenenn’ | Chn™ (DuFLo") ((DADyery) Y1ery)|Cpap, [34]1(13)2(23) |
Ocpryee?| Chn™ (DuFLp”) (€L:7" (DaDyery))|Cry, 1, [34]4(13)2(23) |
Chn™ (D Fiy") ((DADudig ) v1dra ) [Croor, [341(13) (23) 53
CRa™ (Duki,") (JLTLW" (DADudea)) ‘Cf%f:s [34]*
Ocy Fyanun0? | Chn™ (DuFL,") ((DADuﬂRg) 'YnuRra> C o [34]%(13)%(23) 523
Oci Frugan,03 | Chn™ (DuFrp") (@, (DaDyuLya))|Cr, 1, [34]4(13)2(23) 552 |

OCRFL drdr D3

(
(

13)2(23)642

OCRFLdLJL D3

OCRGLJRdRm

OCRGLdLJLD3

OCRGLTLRURD3

OCRGLuLﬂL D3

~9] —

MOk (DuCE,”) ((DaDudrg) Vidrrs) |Cro py[341113)2(23) (A1)
MR (DuGHy”) (i (DADudLpa) ) Cr, g, [3414(13)(23) ()
MECE M (DuGE,Y ) ((DaDyiing ) Yunrs) ‘cfz, 75[341(13)2(23) (M)

N0k (DuGHy”) (W (DaDyuLiya) ) [Cpo s [3414(13)2(23) (A1)

(5.200)

(5.201)
(5.202)

(5.203)
(5.204)

(5.205)
(5.206)

(5.215)

az

as
(5.216)

as

a2
(5.217)

a2

as

(5.218)



Class C,CrpD3: 7 types

Oty crwmp? | Cre?1CLy o (71:7E (DADLDp) )| Cp 1 [3411(12)(13)? (5.219)
Oty Crenen? | Cre”CLp" o ((DAD Dyérp) 7561%) Cra, g 134141 ><13)3‘ (5.220)
Oc, Crepop’ | CrePMCL,Y #( eLryS (DaD,Dyer,p )\cfz, PREZIE (12><13>3\ (5.221)
Oty crninanns| Cre”CL st ((DADLD,dRE) ¥dra) [Cra. 1, [34)1(12) (13)362 | (5.222)
Oy ey, 03| Cre™CL ot (d1r®yE (DADLDydLya) )‘cf2 £ 13414(12)(13)3622 | (5.223)
Ot Cranunp? | Cre”1CLy" oy ((DADuDyiing ) Yourra) [Cr 1 [3411(12) (13362 | (5.224)
Ocy Crup i, 03| Cre” nCvanu< 1+ (DAD, DyuLya) )\ch 5, [34]1(12)(13)3682 | (5.225)
Class Cp,F1*: 4 types
Oy myt | Crpmnn FLag F{ FL FLY | (12)2(13)(45)?| (5.226)
CrunapFL T Glye GRS |(12)2(13)? (45) 254445
O a2 | Clumap Flne Fp"GHTEGH | (12)2(14)2(35) 254145 (5.227)
CryunoGi A G Fr P Fre | (12) (13) (14)%(25) (35) 644445
2 |dABOCL u FP G GB L GEME [ (12)2(13)2(45)2dAs AsAs (5.228)
OLFLGL3 dABCCL,uz/)\pFLn.ﬁGfAprungng (13)2(14)2(25)2dAs A4 As

dABEdC’DECLHV)\pGé)\pGEuunggGDng <12>2 <13>2<45>2dEA2A3 dEA4A5
oL a, dABEdCDECLWAprAPGE%GEWGD”& (12)2(14)%(35)2dBA2 43 gBAs4s | (5.229)
fABEfCDECL,uy)\pr)\pGEEntnyG <12>2 <14>2<35>2fEA2A3 fEA4A5

Class CL,2F1,3: 2 types

Ocy21,Gr2 | CLuma GG CLy M LY [ (12) (13)2<14> (24)(25)254445 | (5.230)
Oci2602 | FAPC CLuap CH P Gl e GE TGP 1| (12)4(34) (35) (45) fAsAe4s | (5.231)

Class C1,2Fi,%: 2 types

002 |CrunpCE ™ Fue P Crye™ | (12)4(34)*(35)° (5.232)
CuLip? CLnfT’UCL}U/)\pC )\panFTU <12>2<13>2<23>2<45>2 .
002 CrumapCr ™ G 1o GV Cr e [ (12)4(34)2(35) 264145 (5.233)
LG | Oy Cryun Cf N GRTE G| (12)2(13)2(23)? (45) 264445 '
Class C1.%: 1 types
O | CLiumapCLropy CF ™ TV PX Oy | (12)4(34)2(35)(45) | (5.234)
Class CL,F, 2y D: 18 types
Ly FYAFY" (DuCrunpn) (o7 vnp)  |Cra g [351(12)%(13)%(34) (5.235)
CEBTD|F Crng (DuFin®) (PLn®vip) | Crass [45](12)2 (1) (14) (34) '
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35](12)2(13)2(34)
(1,2) FI’:)\FI'?U (DuCLurpn) (erpy 6,1):{7«) (ij4,f5{45%21252<13><14><34> (5.236)
OCLFLQéReRD FnVCLl/Ap'u (D FLn eRp’Y eRT fa,fs , >2<34>
- 12)#(13
o 78 1L (Duign) ELar oo Cf4’f5[35]<12>2§13><14><34> (5:257
CrFr%ereLD FTI CrLuap” (D Iy, ) (éLryPeLp) |Cy,f5[45](12)
2 2 as
2N nldl D C ( "}/ dRTa) Cf4,f5[ ](12> <13> <34>5a4 (5.238)
12) FLoFy bvAen p Cy,.15[45](12)%(13)(14)(34) 6%
CLFLQdeRD FT]VCLV)\p (D FL'r] )(dR Y dRra) f4,f5
2 2 aq
PR (D CLVW)( LA dea) Cy,.15135](12)%(13) <34>6a55 | (5.230)
12) L oL 2(13)(14)(34) 6%
CLRAAD vy (DuFin®) (ds"17dLpa) |Cra 5 45112)2(13) (14) (34)02
2 2 He5
FEAFLP”Z D CLI//\pn (ﬂRp’}/ URra) Cf4:f5[35]<12> <13> <34z314>6 . (5240)
1,2) 2 14 a
O(CLFL%RURD FEVCLVAP (D Fr, ) (uRp’YpURra) Cri,15145](12)(13)(14) 4
L, 35](12)2(13)2(34) 524
1) FAF (DuCripn) (L v uLya)  [Crogsl 5}<12i2213><14><345>5$4 (5.241)
CIJFLQUL’&LD FI?VCLV)\p# (DMFLU)\> (ﬂLra’YPULpa) Cf47f5 [4 K Z as
. 2(13)2(34) (A4
MG (DuCrangn) (drgydrrs)  [Cra.z1351(12)2(13)%(3 >(> (A)Xj)%
¢ T a 2(13)(14)(34) (A4
(1~4) AAZanVCLV)\p (D FLn )(dRp"deRrb) Cf47f5[45]<12> < i< >< " as a4
OCu G MO GAY (D, FE™) (dRZV“dRrb) Cra.s5[35)(12)(13)7(24) (>‘ (aﬁ )as
a VApPT] B 2 4> )\ 3
A (dreyPdrrs )| Cryps[45](12) (13)2(14) (2 a
M Crng Fip ( pGL ) (dRW dr b) sl (5.222)
4
2(13)2(34) (A3
‘WWWMD%W@MM%)%mmmmMMQ&W4
2(13)(14) (34
(1~4) ~ )\AQGA”']VCLU/\p (D,UFLW ) (dLr 'ydepa) Cf47f5 [45}<12> < i< >< AS s as
CLiLGrdidLD AvA (D, Fm7 (dL ’)”udea) Cf4,f5[35}<12><13> (24) (A )as @
bCLV)\pnG A odl c [45}<12><13>2<14><24> ()\Ag) 4

NAD FPIGAYN (DO ) ( [
(1~d) AAbGA"”CLV,\,, (D Iy, ) (uRZ’ypuRrb) Cra.s5[45
OCLFLGLﬂRuRD A CL R GA VA D FPTI ( Rp’YMURTb) Cf4,f5[35
vAp1
) [

2 2 243
wgvPuns) [Cr, 1, [35(12)2(13)2(34) (3%)

)
5
12)(13)3(24) (AAS)a4
As)
V) (angrPunsn) |Cr, 5, 1451 (12)(13)2(14) (24) (M5
A O Frn (D G (“Rﬂ UR ”) fa.fs (5.22{4)
a4
2 2 243
/\A“FPUGAV)‘ D,Cruxpm) (qu ’YHULpa) Cra,15[35](12)7(13) <34>( );115)“4
2 1) (A4s
et MWWQW(D&J@MW%Q%MMMHMMWZMas
OCLFLGLuLﬁLD Ao on . ) C P [35]<12><13>3<24> ()\ 3)a
G v D Fy ( ’Y Ulipg fa.f5 5\ as
¥ i w PuLya ) |Cry. 1, 145] (12)(13)2(14) (24) (/\A3)a5
bCLV)\p B, (D G4 ) (ULr Y ulpa 4,f5 (5.335)
5 2(13)2(34) 54245
12 |GLGLI (DuCripy) (7Ley*vip) |Cra, s [351(12)%(13)*(34) (5.246)

. 2(13)(14) (34) 54243
CLOZD] G Oy (DG ) (77Pv1) | Cri 15 [45)(12)2(13) (14)
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0(172)

CL GLQéReRD

(1,2)

CLG12ererD

(1~6)
CLGL2drdr D

(1~6)
C1,G12dydr,D

(1~6)
OCLGLQﬂR,URD

01~6)

CLGy.2urur, D

Gél/)\Gépn (D/JCLI/)\pn) (éRp7“€RT)
Gﬁ"?VCLV)\p‘U’ (DNGén)\) (équ/peRr)

GfV)\Gfpn (DHCLVAIWI) (éeryNeLp)
G Crya,t (D#anA) (eLyPeLy)

GG (DuCrigy) (JRgA/HdRm>

G Crng (DG ) (dgr?dnra)
dABONCEGRMGE (D, Crungn) (drgrdnrs)
dAPCXCLGEW Cron (DG ) (A )
FABOXCLGEW Crp gt (DuGH) (drgrPdrn )
fABC)‘CZCLV/\pnGEM (DMGfpn> (gRZ'Y”dRrb>

G G4 (D, Crurpm) (JLT“W“dea)
G Crn g (DuCity) (s d Ly
dABONCegAmGBrA (DuClurpm) (JLrbv“dea>
dABC/\CgGE"”CLuAp“ (Dqun)‘) (gLrb’Y”dea>
fABONCagBmv Yy, 1 (DMan)\> (JLrb’Y’Jdea>
FABENCLC 5 oy GEPA (D#Gfpn> (JLrb'Yudeu)

GR G (DuCriapn) (QRZVHURT‘J

G O p (DqunA) (ﬂRZV”URra)

AP GAPGEA (D Cryapn) (i urs)

dABENCE GB Oy P (Dqun)‘> (ﬁRZ’YPURrb)

FABONCEGE™ o (DG ) (imgPunns)
(

ABC\Cb B el
I CunmGL” D’LGLM) (UR;WURTJ

Gél/)\Gépn (DMCLVApn) (’l_LLra’y”uLpa)

G Crun (DuGity®) (s "y uLpa)
dABC)‘CngMGEM (DuCLurpn) <ﬁLrb7”“Lpa>
dABONCLGE™ iy (DuGY ) (st 7PuLpa)
FABENCGGE™ Cupn (DG ) (7 ulya)
fABC/\CIc)lCLV)\pnGEV/\ (D#Gépn) ('ﬁLrb’YHULpa>
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Cra,15[35](12)7(13)%(34) 124
Cy. s [45](12)2(13) (14) (34) 54245

Cy, £5135](12)%(13)%(34) 54245
Cy,45145](12)7(13)(14) (34) 54244

(5.247)

(5.248)
533 5A2As
34)50 54245
243
FCA2As ()\C az’

as

Qaq

34>fCA2A3 ()\C) .
(5.249)

as

—
w
N

N - RN e N )

aq

().,

34>dCA2A3 (/\C) a4
a,
5](12)2(13)2(34) fCA2A4s ()\c a’

as
5\ a4

as

(5.250)
ysgga
(34)5;25142%

>dCA2A3 ()\C>a4
(14)(34)a44s (Ac)a5
)
(

as

as

fCA2A3 (AC) a4
34>fCA2A3 (;é)
ay

(5.251)

as

C,.1,135](12)%(13)2(34) 53154243
Cy,,£5[45](12)2(13)(14)(34) 522 54243
Cp,.55[35](12)2(13)2(34)dC A2 (/\c):

](12)(13)

](12)(13)

](12)*(13)

Cr..75145)(12)(13) (14) (34) a2 (X€) ™
as
Cr,.15[35)(12)2(13)2(34) fOA2 45 (1€ as

a
5(14

Cy, 15[45](12)2(13)(14) (34) fCA24s (/\c)
(5.252)



Class C12FyD: 11 types

1(12)%(34)
O(C}L’;SF)LVDD FIZACET]EM (DMCLV)\M]) (DLT’)/gVLp) Cf47f5 [35]<12>2<13>2
1(12)%(13)

(1~3) v
OCLQFLéReRD ‘FL)\Cw?7 a D CLV)\PU ERp7Y eR’") Cf4’f5 [35

e Crag (DuF )< (ErpYPerr)|Cryps[45](12)2(13)2(24)
ngCLg)‘pn (DuCLurpy) (eL )

O(l QPELeLeLD Iy )\CME# D CLMpn (é )

CLye” CLuAp (DuF; )( errY eLp) |Cra, g5 [45](12)

) (d {

{

{

(1~3)
Oty 2y dnann | FY Acpn “(D CL,,M,)( RYY dRm) Cr,.55[35](12)2(13)2(23) (24) 625

(5.256)
gy G (DuClingn) (dirt9¥dLpa) (Crogs 45)(12)(34)%03;
Oty 2R and, 0 |FEACE 6" (DuCringn) (AL dLpa ) |Cr, 1s[35)(12)2(13)2(23) (24) 53
Crng" Crag (DuF) (dr“2PdLya ) Cr, 15 [45](12)2(13)2(24) 253
(5.257)
(1) FfYCre™ (DyCrungn) (ﬂRZ’V“URm) Cr.15145](12)4(34)%0%;
OCL2FL17RURD Ff)\cfniu (DMCLV)\W) (aR%guRm) Cf4,f5 [35]<12>2<13>2<23><24>5gi
Crug g (DuF ) (g urra ) |Cra. s [451(12)2 (13)(24) 26

(5.258)
FYCLeM (DyuClLunpy) (UL "y uLpa) [Cy, 5 [45](12)4(34)250
Ot wpn o | FAC e (DuCrpn) (0,95 uLpa) |Cpy 55 [35)(12)2(13)2(23) (24) 534
Cng™ Cing (DB ) (e v ulpa) | Cy, 1, [45](12)2 (13)2(24) 2031
(5.259)

(13) MLGLE CLe (DyCrupm) <JR§7”dRrb) Cra.s5[45](12)*(34) (A9 ai

C12Gudndn D MEGRACE " (D Cringn) (drgrSdrr)  |Cro,p[35(12)2(13)2(23)(24) (M2) ™
as a4

MECryg Cuung (DuGE™) (drgrdrrs ) |Cra. g, [451(12)2(13)(24) (M) *

(5.260)

- MEGAECLA (D Cringy) (diety#dLypa) |Cr 5, [45)(12)4(34)2 (/\A3>Z:
C12Grdrdy, D| AALGAACE 1 (D, Cronpm) (JLrbydepa) Cy, 1 135](12)2(13)2(23)(24) ()\A3)
MECLY CLn (DuGE™) (dLi*1PdLya ) Cr, 1, [45)(12)2(13)2(24)2 (A42) ™

as

(5.261)

aq

as
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as

MEGE CLeM (D Crngn) (Trgy urrs) |Cro,s5[451(12)% (34)2 (AAS)M
i NASGAMACIH (D, C TR c 12)2(13)2(23) (24) (M3
Cu2CranurD | N GO (DuCruapn) (Urpy urry ) | Cry, 15 [35](12)7(13)%(23) (24)
MECLye > Crn (DG (n g unes) [Cr, 1, [45](12)2(13)2(24)% (M9) ™

as

O

aq

a4
(5.262)

. MGG O (D Crangn) (W7 ulpa) [Cri s [45]12)4(34)2 (M)
O( ~2) - )\AaGAV/\Cf/W B(D,C = b g L C 2 2 4 >\A3
Cr2Grugan D (MGG AC e (DyCLunpy) (ULr"y uLpa ) |Cry, 55 [35](12)%(13)2(23) (24)

MECLE Cring” (DuGH™) (1, "97upa ) [Cry 1 [45](12)2(13)2(24)2 (A) ™

aq

as

as

(5.263)
W: 18 types
Y [BITTe] Cra sy (D) Co™ (Do) ) €U 1 1 185](12)(13)2(15) (45)
0U~ |V [E] G wsCone (Durny) Co¥ (Do) (€, B5112)(13)2(15)(45)
Y B CuagvnsCone (Duvry) Co™ (Dynr)) - |CLT 5 [351(12)(13)2(15) (45)
VB | Con™ (Dumns) Cove) (Dumny) Co¥unr ) |CRT 1 351(12)(13)%(15) (45)
(5.264)
Y [ Cuag"visCre (Dyéry) 0 (Dyevr) ) B 11 1351(12)(13)2(15) (45)
Y [12] Con™ ((Dyérp) evr) ((Dovns) CoMouny) |CR L [45)(12) (14)%(15)(35)
Y (1) Cung™ (erp (Dyenn)) (Do) Co™ine) -\l g, [341(12) (18) (14)2(35)
a0 VB (DuCror) (Erpoerr) ((Drvs) Couny) |CF) 1,1 [341(13)2(14)2(25)
Y [ G (Duerp) onPery) ((Duvis) Coue) [CF) 1 1 1 [45](13)(14)2(15) (25)
Y [El] G ((Durs) Cvwe) ((Dyerp) oenr ) |CLY, 1 [35](12)(13)%(15) (45)
V|| Crap” (Dyrrs) Cone) (erpo™ (Dyers) il o 5 s45{12)(13)(14)(15)
V] Cone™ ((Duery) (Doers)) (msCome) |7 11 [34)(12)(13)(14)%(35)
Y] (DuCruapn) (VLsCo”*VLt) (D¥erp) o™er,) |C 1 1 [341(13)%(14)2(25)
(5.265)
Y (62 518] gy ensCere (Dyerg) o C (Dury)) — |CLiy, . BOI(12)(13)°(15) (45)
Y [ 612] Cu™ (Dueing) Crer) (Ders) CoMene)  |CR1, 5 [45](12)(14)%(15) (35)
Y [, 612 Cin ™ ((Doers) Com™evs) (Duing) 0P Cenr) |Chai, 1, [341(12)(18) (14)% (35)
10 Y ] Cuan™ (Dvews) Cewr) ((Dyery) o™ Cer,)  |CPH) 135](12) (13)2(15) (45)
RN [ ] (D Cringn) (ensCoens) ((DRery) 071Cery) |CbL L [341(12) (13) (14)(35)
Y (B3] Cun™ ((Duemy) Cemr) ((Duews) Covens) - |Cpy, [45)(12)(14)%(15)(35)
Y [EL B (DuCunom) (erpo?'Ceny) ((Ders) Comers) |Chiphl [341(12)(13)(14)%(35)
Y [ G ((Dvera) Ceve) (D) ¥ Conr) |y i 851(12) (13)°(15) 45)
Y [ELE] Cuae™ (Dueny) € (Do) (ensCoer cIMHE (347 (12)(13) (14)2(35)
(5.266)
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Y [erTs] €apeCrap™ DVJ ‘e D,dr?®) c*Cdgr? (3]
Y ' (J c ! (( URS) Lt _<( HdRp) g pCdRT) szf%fzi fs [35]<12><13>2<15><45>6a2(zza4
In RseLt) €abcCLap" ((DudR“> oM C (D d; b) clzl 2 ‘
- o . 5) o vdr?)) [CRHL, - 135)(12)(13)2(15) (45)e,
CLd3 e, D? Y €abcCLA"" | ( DudrS a\ s O ds [2,1 2aan
wde,nz|Y | , VRS Dydry) o Cdr?) [CRfl 1 [34)(12)(13)2
Yy €abeCLr"" ( ( DydrS dR o™ J[w?ﬁ S RARAARA S
5] e VdRE raoC (Dudrl)) |CR, 1,515(12)(13)(14)(15) e,
i (e (o) o -
- s abc YL
! _ o ((Dudn) 0 (Dudr?)) et [351(12)(13)2(15) (45) aya0,
€arcCrap” ((Dvdr?) e D,d A (1,1,1]
2 o ((Dudn) ene) ((Dudng) oCdg?)  |Clp [ [341(12)(13)2(14) (45)€asaga,
5.267)
y[] 6ELbcCL)\ v ((Duﬁ ¢ vy, D J a AP Cldr? (21 (
Y [elr] €ap, CL)\pV/‘ D ;Sz Cf)((D( JH bl;§><a Cf\lRT)) C[lef3 o B2 (181 45) e
abcCLAp wdrp vdrY ) ) (urSo™Mne) |C [45](12)(14)2(15)(35
Y 6] €apeCrr, " EED Gnt) Ca) ((Doin€) o> [fzzlfs Jafs Y(35) €azazay
o [ ) wdr; RT_) ((Dvis) one)  |C2 1 1 134112) (13)(14)2(35) caraa,
L dviin D r €abc( ,uCLu/\pn) (dRZUpnCdR2> <(D‘uﬂR )O'V/\VLt) C;Z]f Fuf 835(12)(13)(14><15>6
Y (ur§VLE) €abeCLa,™ ((DMJR,“) o C (D dr >) C[l’ﬁ o 2 S
y Cf \ VB ~ ¢ i v f2ﬁ57f47f5[35]<12><13> <15><45>6a2a3a4
Il €abeCLAp ((DyuRrS) vie) < DudRa> U)\pCde> C[l,l] 2
y C » = a P T fgf;,f4,f5[34]<12><13> <14><45>€a2a3a4
|[r]] €abe™LAp ((D/LdRp) Cdg? ((DuﬁRc) U’\”VLf> ctt1] 4 2
Yy D, C i A -0 ) fzf:s,f47f5[ 5](12)(14)(15)(35) €azazas
] Eabc( I Ll/)\pn) (UREUV VLt) DHAR4 O-PTICJ b C[l’l] 34 2
¥ [8] canCung ((Dyin) o7o1) (( Dy iy {fﬁ’f“fs[ PRONOSUNEASES
]| Cabc vURg v a
| ]] p R Lt ;LdRp o, CdRy Cf2f3 fa,f5535 5(12)(13)(14)(15)€aza3a,
5.268)
y[} €abcCrap" M | ( Dyt Y) Cugs§ D, dr?) c*Ce 2] (
e A (Do in§ (Dudg) o™ Cery) |5y, 351 (12)(13)2 (15) (45) ey,
STt €abe L,\p D,ug?) Cugr§ dr%c*C (D, éry) ct? ”
T D, Py C (b p . WERT {zz]fs f4f5345<12><13><14><1 5)€azasas
abe P R ERr i
O(1~9) Ve e D, C i A " )) <uR o Ry sz fa.fafs [34](12)(1 ><14>2<3 )€azasas
Cudnén i, D? abe (DuCLrgn) (“Rs Cli) ((D“dRP) o0 ) |CF , 1,7, [341(13)2(14)2(25) |
Y (] anecCrr, i Ciing ((Dudng) e*C (Dyer.) ) el fo[35]<12><13>2<1 ><4;2>a4%
= » - ! 2, f3,faf5 €azaqas
Y [El| €abeCrr,” {DudR;) CeRT> ((D,,H,R’;) o)‘PCﬁRf) el L [45)(12)(14)2(15)(35)e O
Y [E] €aneCrrg (driC (Dyer.)) ((DyaR’;) a*ﬂcaRg) c}ljlf] ’: fu [34](12)(13)(14)2(35) o
y €abe (DAU‘C’LV)‘/T’]) (JRgo’PWC’éRr) ((DHHR2> UMC@R%) C}f:f'f‘lfs [34](13>2<14>2<25> €azagas
y 6abcCVL Vi D CZ a P e 7.b 7 *’c L Coatacs
Ao (( » Rp) o C’eRr) ((DyuRs)aMcuRt) el 145)(13)(14)%(15)(25) €asagas
5.269)
Y [6re] C’L,\p"“VL Criy ((Dpd A (
s D (2]
Y (1] o ( (Dl (dL R)ng? e ) 6{51’f3’f4f5[35}<12><13>2<15><45>6m
P Rp ra VVLS CU PuL C [45}(12><14>2
" 15)(35)893
Y [612] Cpap 7 (dr (DpdL D ) o < .
AU ¢ g ) (( VvLs) Co uu) B [341(12)(13) (14)2(35)6%
) pe (1] (DuCrunpny) (dRpUpndLm> ( s) Co" v ci? 2(14)2
LdrdLv? D y[ C Lt f27f37f4f5[34}<13> <14> <25>5§
] Lo ((DudRp) 0Ly, ) ( JLs) Co™ uLt) Cl 1 145](13)(14)%(15)(25) 823
s 14 B
Y [El] Cua, (Dovs) o) (D dR® )a PdL ) ¢t
VBl Gy ra Jodnofass 1351(12) (13)(15)(45) 053
L (Dyvs) Cone) (drio™ (DydL, )) el
vl oy o - f27f37f4f5845< 2><13><14><15>5a2
LXp ((DudRp> (DudLra)) (I/LSC'U pVLt> et 34 2
Y 3| (DuCrua )(u Co"? )( DHdj f%ﬁg’m[ SRR
t n“ Ly LsCOo "V @) gf ’
o1 Lt ( Rp) a ndL'ra) Cf27f3,f4f5 [34}(13>2<14>2<25>533
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(1~9)
Cr, ngL erer, D?

(1~9)
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Cpy 12 [45]7(12)%(13) (14) 542445
Cf, 7.[35][45](12)2(13) 254245

Cy.1a[45]2(12)2(13) (14) 54245
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GA™ Crun#Gi'y? ((Dyting ) v unra

dABONCLGE Cryp g (DuGHy?) ("7 uLpa)
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Oy 2 Fer 0| TR CLe™ (DuCrupm) (eLrenp) | Cra.p,[45](12)(34)|
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Cry,14[45]7(12)*(34) 052 (5.322)
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vop
CL)\ P

v o
CL)Yp

(1~4)
CLCiLeLl/uRD2

v
CL)\ p

v
CLaY
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6 Conclusion

In this study, we step-by-step build the amplitude-operator correspondence for spin-2
particles and fields. We first demonstrate that the Ricci tensor and Ricci scalar components
of the Riemann Tensor can always be dropped by field redefinition in the basis construction.
Thus the only component that should be retained in the Lagrangian is the Weyl tensor C,p0-
Second, we prove with Bianchi identity that both DQCWPU and D*C,,, s are functional of
Ricci tensor and scalar, thus both of the term can be set to zero in finding operator basis
at a given dimension, which corresponds to setting EOM of Weyl tensor to zero and put
the graviton in the amplitude on-shell. Finally, we illustrate that in the spinor notation,
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only the single particle module for the building block D"C} /g with totally symmetrized
spinor indices need to be retained. Because any anti-symmetrized spinor indices would
yield DQCWW, DHC\ype or [Dy,, D,] and can be set to zero according to the proceeding
argument. This is exactly the same as the amplitude-operator correspondence for the fields
with helicity |h| < 1. Therefore, we can use the Young tensor method to construct the
complete and independent operator basis for the gravity EFTs.

One difference compared with our previous work is that, when obtaining the operator
m-basis, to avoid the time-consuming process for simplifying the chain of ¢ matrices, we
directly construct over-complete Lorentz structures for an operator type by exhausting
all the different contractions between Lorentz indices. By mapping candidates of these
operators to the corresponding on-shell amplitudes, one can obtain the coordinates on
the y-basis amplitudes, which helps us to select an independent set of monomial Lorentz
structures as the m-basis.

Using this updated algorithm, we obtain the complete and independent on-shell Lorentz
structures and amplitudes for the gravity EFTs involving (Goldstone) scalar, gauge boson
in Yang-Mills theory, and spin-1/2 fermions. Finally, taking the gauge and flavor structures
into account, the GRSMEFT and GRLEFT operator/amplitude basis are obtained up to
mass dimension 10.
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Note added. During the preparation of this work, ref. [44] appeared, which implements
our algorithm for enumeration of the SMEFT operators up to dimension-12 and GRSMEFT
up to dimension-11. However, in their work, they express the operators in terms of the
fields with purely spinor indices for the Lorentz group, and with purely fundamental indices
for the gauge group, basically the y-basis in our notation. In contrast, in our work, we
convert the y-basis operator into the form of m-basis, where the field strength tensor
and Weyl tensors are written in terms of ordinary four-component Lorentz indices, and
the corresponding gauge indices are expressed in a more commonly used notation. This
conversion is a non-trivial task and is one of our new updates to our previous algorithm. In
addition, we also provide the independent amplitudes for each operator type in the bracket
notation.
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