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Background & motivation

o HQET + CHPT in low energy

Heavy quark symmetry + light quark chiral symmetry = less coupling constants

The other methods = calculating coupling constants
e Preparing for the high order calculation

e Studying the new states

exotic states, hadron spectroscopy

e Extending to double heavy quark states



Building blocks in CHPT

e QCD Lagrangian

L = Loep + 4§+ drs — 5 +iprs)g
Ny=2: (a")=0; Nyp=3: (a")=(")=0

(--+) means tracing over the (flavour and/or spinor) space which is not a number

e Building blocks
w' = i{ul (0" —ir*)u — u(0" — il*)u'},
X+ = uTqu + uXTu,
" = Vru” + V7u",
W= w4 ul FRu,
= uFf”uT — uTFgl’u = —V*u" + V"u",
rt=ovt +at I* =0 —at, x =2Bo(s + ip),

FRY =M% — 9vrk — ek, r”), FIY = 017 — 91" — i[1",1”]

e Covariant derivative )
VX = 0'X + [IT* X], T = é{uT(ﬁu — i) u + (0" —il*)u'}



Heavy-meson fields

&

e pseudoscalar and vector mesons (Qq): a=1,--- Ny, Q =co
(D07 D+7 (Ds)) * (D*(]? D*+7 (D:))
Pll = — 0 ) Pa = *— *0 *
(B~, BY, (By)) (B, B, (B)))

e Covariant derivative: P =P or P~
DrPE = (9t 4 ) P
- . -
D'P = P(0" 4+ T") = (9" +T")P
1
Dt P = — (DD - - - D? 4+full permutation of D’s)
——

n!
n

e tensor representation
1+
H= —¢

2
¢ is a relative phase

(Piy* +6Pys), H= O HTAP



Purpose & procedure

e Construct the Lagrangians: Relativity /heavy quark symmetry
o Expand by momentum and/or HQ mass (M — o)

o Requirements: symmetry (Lorentz, P, C, h.c. and/or HQ symmetry)
e Building blocks properties

o Linear relations

e Relations between LECs (relativity and heavy quark symmetry)

e Relations between two kinds of the independent terms

e Relations or constraints of LECs



Structures of Lagrangians

e Relativity
j — gpp"‘fp*p* —f—jpp*

=N c.p--Pt+ > P PN (0P Pt he)

Ignoring flavour indexes and choosing 6 = 1 in the following

e Heavy quark symmetry
£ =Y D,(H---TH)

(--+) means tracing over the (flavour and/or spinor) space not a number

Heavy quark symmetry forbids I" between H and H

All the building blocks’ properties are in these structures



Properties of the building blocks I

o Chiral rotation (R):
u gruhl = hugR, u? = U,
X & X' = hXh' (X are building blocks in CHPT)
PEP =P, P'EPI=hP! PP P on



Properties of the building blocks II
e Chiral dimension (Dim), P, C' and h.c. (building blocks)

Dim P C h.c.

ut 1 —uy, (u)T ut

h#v 2 —hyu (hw)T h#v
X+ 2 X+ (x+)" X+

T2 H e FUHET g

P 0 -P (PHT Pt
p# 0 P (P#hT  pwl

Drp 0 -D,P (DrPHT  (DHP)T
prPv 0 D,P; (DrPYhHT (Dep)

chvAp 0 —Eunp chvAp chvAp




Properties of the building blocks III

e Chiral dimension (Dim), P, C' and h.c. (v matrices)

For heavy quark symmetry

Dim P C h.c.

1 o + + +
V5 I -+ -
ols o + - +

Y 0 = 4+ F
ot o + - +




Linear relations I

e Partial integration P = P or P*
0 = PD'O" P! + PO~ D'P!

“=" means that both sides are equal if high order terms are ignored

e Schouten identity
E:y,lj)\pAO' o Ea'u)\pA,u o 8qupAV o guua'pA)\ o E,ul//\a'Ap =0

e Equations of motion:

Vi, = %(x— - Nif<x—>)

(D*+ MZ)PT =0, (D*+ Mp. )Pt =0
D'PT =0

V" P =0 (HQET)



Linear relations II
e All possible structures of v matrix and ¢

For heavy quark symmetry

(p) -1,
(p°) :DH, 57",
O(p3) i1 DMV7’757MDV70MV7
(p*) :1, DM, DFAP sk DY sy DV g g DM,
Euvkp’ AP Dp"



Linear relations II1

e Covariant derivatives and Bianchi identity

1 1 :
0= V*V"0 = V'VH0 = 0 + O + % 10
(N B P
+ZOU u _ZOU u _§Of+
0= VI + V2 + VA

e Cayley-Hamilton relations:

0= AB+ BA— A(B) — B(A) — (AB) + (A}(B) N; =2
0= ABC + ACB + BAC + BCA+ CAB + CBA — AB(C) — AC(B)
— BA(C) — BC(A) — CA(B) — CB(A) — A(BC) — B{AC) — C{AB)
— (ABC) — (ACB) + A(BY(C) + B{A)(C) + C(A)(B)
+ (A)(BC) + (B)(AC) + (C)(AB) — (A)(B){C) Ny =3



Linear relations IV

e Contact terms: Only in the p* order

relativity
P(FMF™\P' + H.c. PP FINDDP™™ + Hec.
PR NP 1 e PPN P L e,
P(FFMYDDPY & He. PH(FEXFYDDP 1 Hee.
P{xx" Pt PdetxP'+ Hec. Ny=2
P (Pt P*det xP*"" + He. Np=2
heavy quark symmetry
H(FF*YH + H.c. H(FI"FI"N\DDH" + H.c.

H(xx"H HdetxH + H.c. N;y=2



Constructing chiral Lagrangian

e Piling building blocks (all terms)

e C and Hermitian conjugate is invariant
e Picking out contact terms

e Removing linear depend terms

e By computer




Results



O(p') order

e Relativity
1 * v * * *
%W = p,PD"P' — M2ZPP! - 5 (DIP™ = DP ") (D, Pt — D, PT)

* 1 * * *
+ fQ(Pul‘P TH + H.C.) —+ ngauy,\p(P PuA(DMPV]L _ D”PMT) + H.C.)

Tung-Mow Yan, et al., PRD46, 1148(1992)

e Heavy quark symmetry
.;2”1({122 = (Hiv"D, H) + g{HuyH~s7)

Mark B. Wise, et al., PRD45, R2188 (1992)



O(p') order: Relations of LECs 1

e Heavy quark masses approach: M = Mp = Mp-«

e Preprocessing: Unifying dimensions of relativistic LECs (C),)

C,=C,M", suchas gg=goM
m is the number of covariant derivatives on heavy meson fields

The dimensions of the relativistic LECs in O(p™) order are all 2 —n

eRescale H: H — v/ Me Mvepf

The dimensions of the heavy quark symmetry LECs in O(p™) order are all 1 —n



O(p') order: Relations of LECs II

e T'wo methods to get LECs relations in the heavy quark symmetry:
Method I: P — H

‘ _ 1 1 _

2" — (Hiv' D, H) + (53790 — 7@ Q) (HuxHs7")
1 1 _
+(2M9Q+ 4Mf o) (Huxysy H)

= 2Mgq =2gq = fq =2My
Method II: H — P We choose this

f}(]lc)? — .= 29€lw>\P<P*Nu>\DpP*TV 4 H.C.> + 29M(<PUMP*T“> + H.C.)

= fo=2Mgg =2Mg



Relations of LECs

Generally, at the O(p™) order
p p
LM =3 "C0p =Y CiOx, Cp=CM™,  Op=Op/M™
k=1 k=1

q q p
L5 = "DP=M>_ D> A0,
k=1

=1 =1
We can obtain

Co=M Z Alel, Ay are dimensionless
l

and p — ¢ constraint conditions of Cj,



O(p?) order: Relativity I

On SU2) SUB) O

Pufu, PT 1 1 P (uu,) P,
Putu’ D, Pt 2 2 P (u’urY D, P*T,
P(utuy,)PT 3 iP*H L PR,
P(utu”) Dy, PT 4 PP (Y PET,
Py, Pt 3 5 Py, P,
P(x+)P? 4 6 P™(x4) P,
Py, u’ P, 5 7 "> Py, u, DyAP*T,
Py, P*T, 6 8 Pf_"D,P*T,
Py, P*T, 7 9 Ph* D, P*T,

P ¥y D, P*T, 8 10 e Pfi,.,D\P*T,
P (u,u” ) P*T, 11 ie"*? P(f4,,,)DAP*T, 17

PP* terms ignore the Hermitian parts.



O(p?) order: Relativity II

£ _ _ 2[ <PPT><X+> _ 01<PX+PT> _ CQ<PPT><uNulJ4> — 03<Puﬂu#PT>
+ 5 (D, PD,PY ({uu*}) + — (D, P{u”,u}D, PP

mp P

f; (D Plu, u’]D, P1)] + 2[éo (P2 P*) (x4 ) — &1 (Pl xy P*T)

P*"T> (ufuy,) — 63<P:u"u#P*”T>

(P,
+ 5;‘ (D, P:D, Pty ({ur u”'}) +
P*

Cs * v Ko
- (D, P:{u", u"}D, P*T)
Mpe
‘2 (D Pilut, u”]D, P*T)],
TTLP*

_|_

M. Altenbuchinger, L. S. Geng and W. Weise, PRD89, 014026(2014)



O(p?) order: Heavy quark symmetry

P, SU((2) SU(3)
(Hutu, H) 1 1
(Hu*u"vy,v, H) 2
i(Hutu” JWI?) + H.c. 3 3
<U“uu> ) 4
(u!u”)v,v, H) 5
er O',uVH> 6

x+H)

N O Ut
o

(H

(H

(H
(H(f+"")ou H)
(H

(H

(x+)H)




O(p?) order: Relations of LECs (N; =

LECs in heavy quark symmetry

GO — _op® Q) _op@ G _ _op@ @@ _op®.

C = 2D§ >, CyY = 2D§ ) P = —4D{), CF = 4DY
2 2 2 2 2

Cé)zle acfo):_ 2 acfl)zoa C(1(2):2D1(l)

6 = 2%, & =apl?, € =202, 62 = 2D
CD = —apP C2 =0, ¢ =0, ¢ =20
Constraint conditions
0=CP+C, 0=CP + 01, 0=C + 01,
0=CP + 03, 0=CP +C2, 0=CP +CfF,
0=CP, 0=CP+C2, 0=C1, 0=C1,
0= 0=cf)



O(p?) order: Relations of LECs (N = 2}

LECs in heavy quark symmetry

0= 2, o7 <20, 1 =2 89 = 2,
~<2> —4d3 >, = 4d3 >, <7> = 2d1 >, P =24y,

2 ~(2)
§3>_—4d3, &2 =0, &Y =0, &Y =24, & =24,
Constraint conditions
0=+ 0=+, 0=cP + &},
0=c? +c3, 0= cf.?), 0=c + 6%),

~(2 2 2
o= 0= 0= 2 0



O(p?) order: Relativity I

On

SU(2) SU(3) O,

eHv pPu‘uuUuADpPT
£~:‘L“'AﬂP(u“u,,uk>D,JP]L

Putf_ YD, Pt 4+ He.
Puth,? D, Pt 4 H.c.

Pulh? D, Pt + H.c.

eV P PfL L usD, P+ Hee
iePMVAPP(f o us Dy PT

it AP Py un) D PT
iPVHfy Y Dy Pt
iP(VHfi,")D, Pt
iPutx_D, P! +H.c.
E“VA‘DP*MUV’U«,\UGDPP*TU + H.c.
E“’VAPP*“UV’U«,\UGDO-P*TP + H.c.
5‘“’>‘pP*,,,u,,u"u)\DpP*T,7 + H.c.
e“uka*uu,,uauanP*Tp + H.c.
e“uka*uu“uyuADpP*TU + H.c.

E“VApP*uu,,uousD)\GL;P*Tp + H.c.
e“VApP*u(uuu)\uU)DpP*T,, + H.c.
E“VAPP*u(uuua)u)\DpP*Tg + H.c.

E“VAPP*u(uyua)uADUP*TP
e“”’\pP*u(uyu”)u[,D)\P*Tp
e“”’\pP*u(uyu”)u‘kag(;P**p
P*Pu, f VAD, Pty 4 Hec.
P*HyVf_ 2D, P*Ty + He.
P*ruf_ ,ADy\P*T, + H.c.

P Hyvf  ADyP*t, + He.

1

D Ut W N

15
16
17
18

1

D OUEs W N

4

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

iP*H (Y, f1V YDy, P*T\ + Hec.

iP*(vY fy My Dy P,

MVAPP* uy,xy DaP*T, + Hec.

VAP P* () DAPET,
PVAP P* (x pYuu DA P*T,
iP*Mu’x_D,P*t, { He.
MV P* iy, Dy P*T,
ielVAP Y (x ) D\P*T,
Pu“u“u"P*T,,
Pu“u"uHP*T,,
Pu“u”uuP*TM
Pu“u”uADW,P*TA
Pu“u’/uAD}MP*TV
Pu“u"uADV)\P*TH
P(u“uu)u”P*T,,
P(u“u,;u")P*h,
P(u“u”>u>‘D,“,P*Jr
F’(u“'u”u>‘)D,“,F‘*Jr
AP Py, f o\ P
VAP PF L uy PHY
MNP Py f 7 Dyg P*T,
eHYAPPF_ L u Dy, P*T,
PVAP Puy by, Dyg P*T,
ePVYAP Phy, T uy, Dy g P*T,
EMV}\pP("uf—uk>P*Tp
MVAPP(u, f_ %) Dyo P*T,

Ty oy

39
40
41
42
43

44
45

46
47

49
50
51



O(p?) order: Relativity II

P*Hy, k"2 D, P*Ty 4 H.c.
P*HyVh, AD, P*Ty + H.c.
P*Fu’h, 2Dy P*T, 4+ Hec.
P*Fu’h,ADyP*T, 4+ H.c.
P*Fu’h D,y , P, + He.
P*H(u, f_* D, P*T\ + H.c.

P (u¥ f_ MyD, P

P*H(u, h* YD, P*Ty 4 H.c.
eMAPP* Y, f 2\ D,P*T, + He.
é_p.ukpp*uvufi)\aDaP*Tp

B R L DN
iePVAP P fL o u” D,y P, £ Hee.
iePVAPP*  fi o u” Do P, 4 Hec.
ielVAPP* i, Tu\D, P T o 4 Hec.
ielVAPP* i, Tue Dy P*T, 4+ Hec.

iePVAP P (fua)u" Dy P, 4 Hee.
iePVAPP*  (fL, T YuaD, P, + Hee.
iePVAPP*  (fu au”)D,P* T, f Hee.
it AP P (f1,Tu\)DpP*T o + Hec.

iP*HY,, fi V2D, Py 4+ Hec.
iP*HVY L, ADyPYT,

19
20
21
22
23

24
25
26
27
28
29
30
31
32

33
34

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

40
41
42
43

VAP P(u,hy 7 )Dy o P*Y,
pPvrf_ v P*t,
PVHf_VAD,, P*Ty
PVHRYAD,,, P*Ty
iPfytYu, P,
iPutfy, VPt

iPfi P urD, P,
iPut f V2D, Py
iP(f Py, P*Y,
iP(fy MV yur D, P,
iP(fi MV, )P,
iP(fy " ur)D, P,

e AP PV, f1,7 Dag P*T,
ielVAP P(V 1,7 ) Dag P*T,

P’U,MX+P*T“
PXJru”P*TM
P(u"x+)P*T“
P(X+)u“P*T“
iPx_tpP*t,
iP(x_MyPt,

52
53
54
55
56
57
58
59
60

61
62
63
64
65

66
67

68
69
70
71
72
73
74
75

76
7
78

79
80
81
82
83
84

PP” terms ignore the Hermitian parts.



O(p?) order: Heavy quark symmetry

On SU2)SUB)  On SU(2)SU(3)
(Hutuyu”~v5v, Hy + Hoc. 1 1 (H(uM f_ Yo, v, H) 19
(Hutu”w,vs5v, H) 2 2 <H<uuhl/>\>0"“_,’u>\H> 20
(Hutuw”uy5y, v\ H) + Hec. 3 3 (HVHMf_ Y y5v, H) 13 21
(Hutu"” u>"y5'yl,v“'u>\H) 4 4 (HV“f_VA'\/yy,iv“v)\H) 14 22
(H (u*up)u” vy, H) 5 (HVHhyys5v0 H) 15 23
(H (utuyu”) v5 v H) 6 <Hv“h“*kumﬁ> 16 24
(H(u“u")u V5 Yuvp vy H) 7 i(HfyHY u“’yo’y,, H) + H.c. 17 25
(H{(uMtu"u )'yo’yu'u,,'UAH> 8 W(HfyHu 'yo’yuv,,'l))\H> + H.c. 18 26
ieM VAP (Huyuyuyvp H) 5 9 eMVAP(H [y unvp HY + Hec. 19 27
zeW*NH(u“uyumv,,H) 10 MYAPCH (f oy Yurvp H) 20

i(H u“f_u v, H) + H.c. 6 11 EHVAP(H<f+,“,u>\>'UpI:I) 28
(Hut f_"Xo, vy H) + H.c. 7 12 (HVH* 4, v, H) 21 29
(Hut f_" o, v, H) + H.c. 8 13 (H(VHfi,Y Yo, H) 22
i(Huthy," v, H) + H.c. 9 14 (Hutx yvsv, H) + H.c. 23 30
i(Huth" v, H) + H.c. 10 15 (H{uF x4 )vsvu H) 24 31
i(HuPh¥ vy v,vy H) + Hec. 11 16 (H (x4 )ulysy, H) 32
(HuPh**o,,vy H) + Hec. 12 17 i(Hx_ sy, H) 25 33
(H{u* f_"YouvaH) 18 W(H (x—")v5v, H) 26 34

Relations of O(p®

) order LECs are in the attach file (click here)



I. THE RELATIONS OF LECS AT THE O(p*) ORDER (N = 3)

CP =0, =0, 0P =0 CY =0 CY=2D), C=2Df), ¢ =2D),
. . ) 1 - 1 -
G =20, 9 =0, € = D+ LD, 6 = Y+ D + Lo, o =0,

c® =0, c®=p®»4+ DY+ DY + %pggy, c® =2op® 4+ DY 4 3DP, ¢ =3D®)
C’l(:;) = D((ig)> C’l(g) = 2D§,3), ég) = 3Dé3), 62(3) = D(S) C'21 =0, 022 = 4D§3), Cé?,) =0,
C'z(i) = 2Dﬁ), éé? = QDg), 62(2) =0, C'z(:;) =0, 028 = 2D14 ) 02(3) =0, C'30 =0,

G = 4Dy, € =2Df), CF) = 2D, CfY = 2D, ¢ =205}, ¢ =0, CF =0,
Ci =4Dy, €5 = DY + 2D, Ci) =0, Ci =2DF), CF) =0, CF =0, CiY =0,
O =0, Y =0, ¢ =apf), CY =0, O = D), ¢4 =20,

C® =2p$® +opP ¢ =2p® ¥ =0, ¢ =0, ¢ =0, Y = 2D

Gy =2ng, O = DY, CF) = 2D, ¢ =0, Y =0, Gy = 2D, ) =217,
Cii =20, G =0, G =0, G = 2D, O = 2D, CF = 2D5), O = 2Dy,
CiY =0, ) =20, ¢ =2D5), ¢ = 2D, CF) =0, ) =0, CF) =0,

O =0, O = 2D, O = 2D, O =2y, O = 2D, O =20 +2D.
Gy = 2D5) (1)

II. THE CONSTRAINT CONDITIONS OF LECS AT THE O(p’) ORDER (N; = 3)

0=C® 0=c?, 0=c%, 0=CP, 0=CP 0=c¥® 0=C%,

0=200 1%+ ¢ 0=4c® 1% 0=0c% 0=C¥® 0=C® 0=7C9,
0=C® 0=CP, 0=C% 0=CP 0=C® 0=C, 0=C%, 0=CP, 0=CP,
0=C 0=CP, 0=C%, 0=CP 0=cP 0=CP, 0=C$, 0=CP, 0=CP,
0=CP 0=, 0=CP, 0=CP 0=C® 0=CP, 0=C% 0=CP, 0=CY,
0=C® 0=C9,0=CP, 0=CP, 0=CP 0=CP 0= 0=CP, 0=CP,
0=Cp7, (2)





I11.

5§3) =0, Egg) =0, 5:(),3) =0, 55;3) = 2dﬁ) ( - 2d19 ) ~(3) = 2d20 )

. . . 1
(3 ~(3 3) ~(3 3 3) (3 3) (3
Cs()) =0, Cgo) = dg3)7 Cgl) = dé e §d§5)7 052) = ng)a 053) =
(3 3 (3 3) ~(3 3) ~(3

§6) = 4dé )v 57 =0, (18) = Qd((a )u 59) = 2d§2)7 éo) =0, &y
~(3) 3 3) ~(3) 3) ~(3 ~(3
Cé4 = 2d§3 ) 25 = 2d§5 ) 26 = 2d(16)7 §7) =Y és) =0, ¢ 2%
~(3 3) ~(3 ~(3 (3
Cél) =0, 32) = 2dé0)a §3) =0, §54) =0, :(35) =0, gﬁ) =0,
~(3 3) ~(3
04(10) =0, 41) = d15 ) 42) 4d(1 )7 513) = 2d( ) + 2d§5 ) 4(14 =
54(135)5 = ngg)v 49 = 2d§s3)» 550 = 2d(1?§)7 ~(3) =0, 5&2 2d1?:)5)7
~(3) 3 3)  ~(3 3) ~(3 ~(3

é5 = ngm éﬁ) = 2d§5)» Cé7) = 2d(18)7 ( ) =0, ( ) =0, ey
(3 3) ~(3 3)  ~(3 3) ~ 3
Cé:s) = ngs ) C((a4) = Qdéz«s)» C((as) = 2d(24)7 & 2d§5 + ngs )

IV. THE CONSTRAINT CONDITIONS OF LECS AT THE O(p

~(3) ~(3)

~(3)

Co9 =

Ceo =

THE RELATIONS OF LECS AT THE O(p?) ORDER (N = 2)

=24, & =24,

Qé§=2¢$+ﬁﬂé§=0,
~(3) _

3

y Cog =

3) ~(3
1), &)

&—0

~(3
=0, &y =
:2d14, 5&4):

() 0, (

Cgl =

3) ~(3
24y, &) =0,

3
d(17)7

=diy) +2

3
C39 = 2d10 )

G
Cr =

B _
C37 = U,

0, &Y

€45 = 0,
~(3)

)

=0,
= ngt? )

=0,
(3)

%) ORDER (N; = 2)

~(3) ~(3)

0=2c 0= 0=cP, 0= 0=, 0=cP, 0=, 0=48% +&¥ 0=2¢?
0=é, 0=23 0=2F, 0=27, 0=23, 0=a7, 0=&, 0=a3, 0=&],
0= 0= 0= 0= 0=l 0= 0= 0= 0=l
0=éy, 0=2F 0=2F, 0=, 0=, 0=, 0=2g, 0=¢7, 0=,
0=c, 0=2F, 0=2, 0=27, 0=5, (4)
V. O(p?) ORDER: RELATIVITY
On SU(2) SU(3) O, SU(2) SU(3)
P (uFuy,)uu, P 1 1 PV, VYD, P, + Hee, 187
P(uru”yu,u, Pt 2 2 PV P 188 338
P{utuy)u?urDy\ P 3 3 PP 189 339
P{u'u”)u,u Dy P+ Hec. 4 4 Pf A AP, 190 340
P{utu”yuruy D, P 5 P YDP, 191 341
P{uFu?yuruP Dy, P 5 6 P*f."r D, P 192 342
P(uruu?)u, P 7 P™fLPDy P, 193 343






On SU(2) SU(3) O, SU(2) SU(3)
P(utu,u? ) u* D, Pt 8 P ") fu, P+ He. 194
P(uFu?uM)yu, D,y PT 9 PN P, 195
P(uFu?uryuf D yyp, PT 10 P*(f1,")f+D,\P*T, + H.ec. 196
P(uFuy,u¥u,) Pt 11 P*(f") f1.,P Dy, P*1, 197
P(uFuuyu,) Pt 12 P*u,u?x P, + He. 198 344
P(utuyu’u) Dy Pt 13 P*u’u,x+P*T, + He. 199 345
P(uFuuyur) Dy P 14 P*u’u, x4+ P, + H.c. 200 346
Puruu MiP) Dy, P 15 Py, xu’ P, 201 347
Pu“uuu”uuPJr 16 P*“u”XJru#P*TV 202 348
Pu“ul’uuuyPJr 17 P*“u”XJruVP*TM 203 349
Putuu?urDyy Pl + H.c. 18 P*u’urx4 D, P*T, + H.c. 204 350
Putu’u,ur Dy Pt + H.c. 19 P*u’xiurD,\P*T, 205 351
et Py, fo, PT+ Hee. 6 20 P {uyu’)x. P, 352
M Py, f- 27 Do PT 4 Hec. 7 21 P {u,u’ x4 )P, 206 353
el Puyu® f 2D po PT 4+ H.c. 8 22 P**(u’x4)u,P*T, + He. 354
M N Py, fau® Dpo PT + Hec. 9 23 P*{xy)uu’ P, 355
MM Py, hy% D,y PT 4 Hee. 10 24 P*{(u’u,x4) P, 356
e M Pluy, fouyu, P 25 P*(xi)u’u,P*T, 357
eM M Py, f—, 7 YupD o P 26 P {u’u,) x4+ P, 358
PP P (1, u®) fy\ D po PT 27 P**(u’u,x4)P*T, 207 359
MM Py, u’ f 0 ) Do PT+ Hee. 28 P*M(u’x4)u, P, 360
M Pluy, by, Yup D o P 20 P*H(xi)u’u, P*T, 361
Pf M f_ Pl 11 30 P {u’ut)yx4+Dy\P*T, 362
Pf_f_ AD,\Pf 12 31 P*“(u”u)‘X+> AP, 208 363
Pf_"h, D, P!+ H.c. 13 32 P {uYx ) u D, PrTy, 364
Ph#*h,,, Pt 14 33 P*“<X+)u u*D, P, 365
Ph*h, D, Pt 15 34 e pr x4+ P, + He. 209 366
PR RA D, P 16 35 e P*,h,xyDy\,P*T,+He 210 367
PurVY f_, PT + Hec. 17 36 P u,x AP, + He. 211 368
PurVY f_, D, P!+ Hee. 18 37 eMP* u,xi"DyP,+He 212 369
PurVY f_, D, P+ He. 19 38 Poyg,rpP, 213 370
PutV ,hAD,\PT + H.c. 20 39  Preyyv, Py, 214 371
PutNYhA Doy, PT+ Hee. 21 40 Py "AD,\P*T, 215 372
P(f-" f_.)PT 41 P {x4,") P, 216 373






On, SU(2) SU(3) O, SU(2) SU(3)
P(f ’“’f D, Pt 42 P {x4v )P, 217 374
P{f-"h, D,\P! 43 P*(x:")D,\P*1, 218 375
P(h“”h,w> 44 P fL x4+ P, + He. 219 376
P(h#* ) Dy Pt 45 iP(fy Y x P, 220
PR W YDy, PT 46 P {(f1 " x+) P, 221 377
PutNY f_ ) PT 47 AP () fi P 222 378
P{u"VY f_, MY D,\ Pt 48 Py P, 223 379
PutV" f_, M) D, 2Pt 49 P {x;i)x+ P, 224 380
P(ulV ,h*A) D,y PT 50 P(x2)pP*T, 225 381
P(uFNYB) Dy P 51 P (x4)(x+) P, 382
iPf " u,u, P+ Hee. 22 52 ieMP* uupx- P, + He. 226 383
iPut fy Y w, P 23 53 e P, x_u\P*T, 227 384
iPf " u,ur D,y P+ H.c. 24 54 ieMP* u,u’x_ Dy, P, + He. 385
iPf " u M, D,y PT + H.c. 55 et P* (u,uny—) P, 386
iPut f1,, v D, PT + H.c. 25 56 et P (xYu,un P, 387
i P(f+" ) P 57 iP*f_,Yx_P*t, + H.c. 228 388
iP(f+"u,ut) D,y Pt + H.c. 58 iP*h,"x_P*T, + H.c. 229 389
ieM PP f o foa,PT + Hee. 26 59 iP*h*" x_D,\P*T, +H.c. 230 390
ie" P f i f-2" Dy P+ Hc. 27 60 iP*u,x_"P*, +H.c. 231 391
ieM PP fo ) Dpo PT 4 Hec. 28 61 iP*u’x_,P*T, + Hec. 232 392
ie" PPV, 1, urD e Pt + Hec. 29 62 iP*u’x_, P, +He. 233 393
Pfi fonPr 30 63 iP*u’x_*D,\P*T, +H.c. 234 394
P f1, D,y Pt 31 64 iP*{h,"x_)P*T, 235 395
Pf") f1 0 PT 32 iP**(x_)h," P*T, 396
P{f") f1, D\ Pt 33 iP**(hv ) D,\P*T, 236 397
Putu, x4+ PT + H.e. 34 65 iP*(x_)h"*D,\P*T, 398
Putxu, Pt 35 66 iP*{u,x_")P*T, + H.c. 237 399
Putu¥x 4D, Pt + H.c. 36 67 iP*{(x_")u,P*T, +H.c. 400
Putxu? D, Pt 37 68 iP*(ux_,)P*T, 238 401
P(utu,)x+ P 69 iP*H(x_")u, P*T, 402
P(uFuy, x4 ) P 38 70 iP*(u’x_M)D,\P*, 239 403
Pufx 4 )u, P 71 iP*H(x_Y)urD,\P*T, 404
P (x4 )utu, P 72 e PE foax-P T, + He. 240 405
P{utu”yxy Dy, Pt 73 e P (i) x-P*T, 241






Q

n

SU(2) SU(3) Oy,

SU(2) SU(3)

]—%u“u”x_s_>DW,PJr
]3<u“)(+)u”DWPT
P()(.Qu“u”DWPJr
Pyy*, P
Py " D, P
P(x4#, )Pt
P(x+") D, PT
P2 Pt
P{x+)x+P'
P(x%) Pt
Plx+)(x+) P!
iPh*x_D,, Pt + H.c.
iPuty_, PT + H.c.
iPu“X_”DWPT + H.c.
z’P(h“" _)D,, Pt
iP{x-)hH" DLWPT
iP{utx - u>
iP(x-")u, Pt
iP(utx_")D,,, Pt
iP(x-*)u”D,,, Pt
Py2 Pt
P(x-)x-P1
P(x-){x-)P1
P(Fp" Fr,,) P+ H.c.

P(Fi* Fr,,")D,» P! + H.c.

P{xx") Pt
Pdet P +H.c.

P (u,u? )yu, ur P*Ty + H.c.

P {u,u” wru, P*Ty + H.c.

g

)
)

H(wu? yutuy P,
P (u¥uy, yu, u Py
u’uy, yutu, Py
P (uvu, yutuy P,
P {uul)

{
{
{
{
{
{

u,,uAP*TM

39

40
41
42
43
44
45
46

47
48
49
50

51

52

53

54
55
56
o7
58
59
60
61

62
63

74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106

e P* L (froax—) P,
e P (x=) FraP*T,
p*uXQ_p*TM
Py P,
P*“< )P
*H(Fru” Fr,M P\ + H.e.
“(F AR P, + He.
(Fr"Fr ) D
P(FL P Fp,P) Dy
Py P,
P*H det XP*TM + H.c.
EMVAPPU“UVU,\UUD[,P*TU
ENV)‘pPu“ul,u,\u"DgP*Tp
E“”)‘pPuuu,,u"uADpP*Tg
6“”)‘pPuMuVu”u>\DUP*Tp
€W>“’Puuul,u“ugD>\P*Tp
ENV)‘pPu“u"uyuADpP*Tg
eM A Puyu®u,uy D, P*T,
6“”)‘pPuuu‘7u,,ugD>\P*Tp
6“”)“’Puuu"ugul,D>\P*Tp
s“VApPu“ul,u"u‘sD)\mgP*Tp
ez“”)‘pPuuu"ul,u‘SD,\m;P"‘T
5"”)‘F’Puuu U u,,D,\U(;P f
el P (u,u® Yuyup D, P
el P (u,u” Yuy,up Dy P*T,
ghApr p wuu” Yuyug Dy P* Tp

(
(
eM2 P (u,u Yu,u’ Dygs P,
(
(

*[4

B

el P (uyuyup)u D, P,

el P (uyuyuyyu® Dy P*T,

P, + He.
P, 4+ He.

242
243
244

245
246
247
248
249
250
251
252

253

254

255
256
257
258
259

406
407
408
409
410
411
412
413
414
415

416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438






O SU(2) SU(3) O, SU(2) SU(3)

P (uu? yutuf D,y P, 4+ Hee 64 107 P(utfu?)h, D, P*ty 260 439
P (u,u? ) uruP D, P*Ty\ + H.c. 65 108 P(utfu?)h,Dy\P*T, 261 440
P {u,u”yuruf Dy, P*T, 66 109 P(ufu’)h*D,,\P*T, 262 441
P {u’u, ) uruP Dy, P*T, 67 110 P(ufu’)h* D, ,P*T, 263 442
P (u’uMu,uf D,y P, 68 111  P(utf_,")u*D\P*T, 264 443
P (u’uMu,uP Dy, P, + H.c. 69 112 P{utf_,")u*D,P*T) 265 444
P (uuMuPu, D, P*T, 113 P{utf_"*)u, D, P*t) 266 445
P (uuM)ulu,D,\P*T, 114 Pu!f-"u, D, P*ty 267 446
P {(u’uMyufu® Dy e P, 70 115 Putf-"u,DyP*t, 268 447
P (uutu, ) ur P*Ty + H.c. 116 P{utf_"YuPD,,,,P*Ty 269 448
P (uuutyu, P 117 P{uth,”)u*D\P*T, 270 449
P (uuuyuy P, 118  P(uth,”)u*D, P*T) 271 450
P (uru,uuy P, 119 P{uth* yu, D, P*t) 272 451
P (uu’u)uP Dy P*T, + Hec. 120 P{uth* )u, D, P*Ty 273 452
P (u,u’uyuP D, Py 121 P{uth**)u, D\P*, 274 453
P {u,u’uryuf Dy, P*T, 122 P{uth* ) uf D, Py 275 454
P {u’u,ur)uP Dy, P*T, 123 P(uPh")uP D,y \P*1, 276 455
P (uYu P, Dy, P*T, 124 P{uth*)uf D, ,P*1, 277 456
P (uurMuP)u’ Dy o P, 125 P{utu,f-")D,P*t) 457
P {uutu,ut) Py 126  P(utu’ f-, ) D, P*ty 278 458
P uvutuy, ) Py 127 P(utu” f-,N)DyP*f, 279 459
P (u,ututuy) P, 128  P(utu’ f_,N) D, P*Ty 460
P (uru,utuy) P, 129 P{utu’ f_,N)Dy\P*T, 461
P (uutuyuy) P, 130 P{utu? f_*)D,,\P*, 462
P (uu’uruP) D, P, 131 P{utu,h* ) D, Pty 463
P (u,u’uul) D, , P*T 132 P(u*u’h,*)D, Pty 280 464
P (u,u’utuP) Dy, P, 133 P{utu’h,)Dy\P*T, 281 465
P (uu,uruP) Dy, P*, 134 P(u'uh,)D,P*ty 466
P {u’uPu,uP) Dy, P*T, 135  P(u*u’h,)Dy\P*t, 467
P {u’uPuPu®) Dy po P*T 136 P{utu’h*)D,,\P*T, 468
P utu,ut P*T 137 P{utu’h ) D,\,P*T, 282 469
P*“uuu”u/\ul,P*TA+H.c. 138  P(utu’h*)D wap P TM 470
Py utu, PHTy, 139 Putu,f " D, P*Ty 471
P*“u”uuu)‘uAP*TV—i—H.c. 140 Pu”u”f_uAD,,P*T,\ 472






0, SU(2) SU(3) O, SU(2) SU(3)
Py u,utuy P, 141 Putu”f, DyP*T, 473
P*#u”u)‘uVUAP*Tu 142 PUHUVf—VADuP*TA 474
Pty uutuf D,y P*T, 143 Puru”f_,*DyP*t, 475
Pty u’u P D, P\ + Hec. 144 Pu“ul’ff)‘pDuVAP*TP 476
Pyt utul D, , P 145  Pufu,h?*D, P*Ty a7
P*#u”uuu’\upD,\pP*TV + H.c. 146 Pu“uyhu)\DVP*T)\ 478
Pyl u,utuP Dy, P, + Hec. 147 Putu”h,DyP*1, 479
P uPu,uf Dy, P, + Hee. 148 Pulu”h,” D, P*y 480
e P* uun f-,” P + Hee. 71 149 Pubu’h,DyP*f, 481
el AP P* il fy,P*1o + Hec. 72 150 Putu’h D, P, 482
el AP P* il foyo P, 4+ Hee. 73 151 Pufu’h*D,\,P*T, 483
e P, f, P + Hee. 74 152 Putuh D, P, i84
et AP P* utu, fyo P, + Hec. 153 Putf_,"u*D, P*Ty 485
e P uu, [ P*t, + Hee. 154  Putf_,"u*D)P*T, 486
NPt uun 7D Py + He, 75 155 Putf_"u,D,P*, 487
A P* i, u f30Dpe P + Hec. 76 156 Putf " u, D, P*Ty 488
guw\pP*yuyu"ffA‘;Dp(sP*To +H.c. 77 157 Pu“f—VAUvDAP*Tu 489
AP P*uu f2°Dys P, + Hee. 158  Putf " uf D, Py 490
eV P fo  Dys P, + Hee, 78 159 Pulh, u?D,P*Ty 491
™ P, £\ D,s P, + Hee. 79 160 Pufh,"u*D\P*, 492
N P, o  Dag P, + Hee. 161 Purhu,D, P 193
eMAP P* u,unh,” P, 4+ Hee. 80 162 Pulh* u,D,P*t, 494
N P hyg P, + Hee. 81 163 Puth* u,DyP, 499
A P* T, by PH L, + Hee. 164 Pulh* ufD,,\P*, 496
ehM P, unhd D, P s + Hee. 82 165 Pulh"ulD,,,P*T\ 497
8uw\pp*uuyu/\hC”SDm;P"‘Tp +H.c. 83 166 Pu”h”’\u”Dy,\pP*Tu 498
M2 Py, uhy’ D po P15 + Hec, 84 167 Pf_Mu,u*D, P, 499
5#V/\pP*uuyu"h,\6Dp5P*Tg + H.c. 85 168 Pf_"u,u*DyP*, 500
MM P* u,u”hy® Do P, + Hee. 169 PR u,u*D, Pty o0t
MM P, u” hy® Dys P, + Hee. 8 170 Ph*u,u*D,P*, 502
e P* L uu,hy® Dps P + Hee. 87 171 Ph™uMufDy,\P*, °03
eMAP P* %, hy® Dys P*T, + Hec. 172 et Pu,V, f-\"D,P*, 283 504
M P* % uysh,’ Dy P, + Hec. 173 et Pu,V,f\"D,P*, 284 505
MM P* " B Do P, + Hee. 174 " Pu,N° f_e DyP*T, 285 506






On

SU(2) SU(3) Oy,

SU(2) SU(3)

su”ApP*#uyf,,\pu”P*Tg + H.c.
5“”)")P*Mul,f,>\”upP*Ta + H.c.
M M P* i, f37u’ Do P*Ts + Hec.
P2 P* iy f\"ul D s P15 + Hec.
et AP P* oy, f-%%uyD e P*15 4+ Hoc.
5‘“’)")P*Mul,h,\"upP*Tg + H.c.
eMAP P* i, hy"u® Dy P*H5 + Hec.
elAP P* u, hy"ul D s P*T, + Hec.
E“VAPP*MthAUu‘SDU(;P*TP + H.c.
8“1”\’)P*Muuh"5u)\Dp0P*T5 + H.c.
el P P* (u,u) f-\, Py + Hec.
guVApP*
E/u/)\pp
M P* (1, u”) Ry’ D,y P15 + Hec.
et P* (u,u”)hy° D s P, + Hec.
etAP P* | (uy, fyp)u P*T, + Hec.
uy f-27Yu,P*, + Hee.

o P* f,+H.c.

LUAP D*
€ P,

A
P f

yu

etAP P* | (uy, f_\T Y D,s P, + H.c.

ePA P* (u, f 2TVl Do P*Ts + Hec.

et AP P* (u, f- 7Y uyD, o P*T5 + Hec.
yu

elAP P* | (uy by Yu, P, + Hec.

!
eMAP P* | (u, hy7)ul D ps P*T, + H.c.
M P P* (u, hy7)ul D, P*T5 + Hec.

h

€,ul/)\pP*

uluy C’5>u,\DpUP fs+H.c.
>

et AP P* (uhy, 2 YuyD s P, + Hec.
5NV>\PP*

pluyuyf-,7)YP*T, + Hee.

6’“’)‘pP*# U u,\f_ )DPUP*T(; + H.c.

8‘“”\PP*M uyupnh,”)P*T, f,+H.ec.
ghvAP p* +P*Ts +H.c.
cHVAD P* 5 P* ]Lp

P {u, VY £,V Py + He.
PV, -,V Py + He.

u,urh?®)D,

s
X
(
(
(
(
(
(
(
(
AP a7 [ )
(
(
(
(
(
(
(
(
X
(

m ul/u/\h >

u?) f-2° D,y P*5 + Hec.
uu®) f-x°D s P, 4+ Hec.

9D, s P15 + H.c.

88

89

90

91
92

93
94

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

e Pu, VO f_,° Dygs P,
e Pu, N, h?° Dy o5 P,
e PV, f-,"uaD, P,
e NPV, [, uyDy P,
e NPV, f-,"us DyP*T,
e PV, f-,7u’ Dags P,
AP [ f-2"DpPy
NP fo\TDe P,
e NP [\ D, P,
e Pf_,hy" Dy P,

et NP f_h7 Dygs P,
et PV, h%u, Do P,
e Ph,° f_\D,P*,

e Phy,? f_2Do P,
MM Phy,° f-,° Dags P,
AP Phy% hye D\P*T,

" Phy, " hy,° Dygs P,
e P(uy Yy f-57) DpP*lo
MM P(u, NV, f-27) Dy P*T,
el N P(u, NV f_e) DAP*T,

et P P (u, V7 f_ % DyosP*T,

et M P(f_ WhﬂD P,
et AP P(f_ 1 hy\7) Dy P,
et M P(f_,h7°) Dy,s P*T,
PVIV, f_MDVP*TA
PVHVY f_, D, Pty
PVHVY f_* D, \P*,
PVHNVYEA D, P,
ia“”AprJFWu,\u"DpP*TU
ieM AP uu’ Dy P,
et AP P u’uyD, P,
it P fyuCuyDy P,

ia“”)‘pr+Myu”ua D)\P*Tp

{
{
{
e P(u, YV, h%) Dy s P,
{
{
(f-

286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302

303
304
305
306
307
308
309
310
311

207
508
509
510
511
012
513
514
515
516
017
518
519
520
521
522
523
024
525
526
527
928
529
530
531
932
533
534
935
536
937
938
539
540






Oy, SU(2) SU(3) O, SU(2) SU(3)
P (u?NA f_,\)P*T, 95 209 MM P, utul Dyys P, 312 541
P, V" f_ ) D, \P*t, + H.c. 96 210 "M Puy fy,u’D,P, 313 542
PN, f-*)D,\P*t, + H.c. 97 211 et Puy, fi,u’ D, P, 314 543
Py’ f_,P) Dy, P, 98 212 MM Puy, fy, uyD, P, 315 544
P (u’N*f_\P)D,,P*, 99 213 M Pu, fi, uyDy P, 316 545
P {(u’V ,h, NPTy + Hec. 100 214 e Puy, f1, ue DA\P*T, 317 546
P*#(u, NYh ) D, P*T, + H.c. 101 215 e Puy, f1,°u’ Dy,s P*T), 318 547
P**(u¥V ,h*) D, P*T, + H.c. 102 216 e Puyu, f12°D,P*, 319 548
Py~ W>DMP 103 217 e Puyu, f12° Dy P*T, 320 549
P (u?NARP?) Dy por P 104 218 e P(fy ) uyu®D,P*T, 321
P (f_ Y o, N Py 105 219 e P(fy ) u\u® Dy P*T, 322
P (f ”*f_mP*T 106 220 e P(fy ) u"u,DyPH, 393
P (f_ Y f- YD, P, 107 221 z‘gWPP< Fiu)uuDyys P*T, 324
P f_vA f Y )DApP*T 108 222 iP(VFfy, Y D,P*Ty 325
P (f_ Y,V Py + Hee. 109 223 zP<w uyur Dy P, 326
P*{f_*h*)D,\P*, + H.c. 110 224 iP(VFf.")u,D,P*Ty 327
P*{f_"*h, YDy, P*t, 111 225 iP(V*f."Yu,D, Py 328
P*(h,"h, ) P*T) 112 226 iP(V*f "YulD,,,P*ty 329
P (W hy, ) P*T, 113 227 iP(f{*)f_, D, P*t) 330
P*#(h,” h*) D, \P*T, 114 228 iP(f ") f_ AD,\PT 331
P*(h,"h*)D,,P*T, 115 229 iP{f{")h, D, P*t, 332
P**(h"*h,P)Dy,P*T,, 116 230 iP{f " h, Dy\P*T, 333
P (R ARPT) D,y o P*T, 117 231 iP(f{")h* Dy, P, 334
Py, VY f, Py + Hee. 118 232 e Puyu’ fy,0D,P*T, 550
PV, f-, P*\ + He. 119 233 e Pu,u® 0D, P*, 551
PV, f 2 P* + He. 234 MM Puyu® frpe DAPY, 552
P VA f_ P, + Hee. 235 e Puyu® f4,° Dyos P, 553
Py o P*T, + Hee. 236 ie" M P(f ux)u® D,P, 554
P, NV D, P*t, + He. 120 237 e P(fyur)u® Dy P 555
P*HurV , f- M D, P, + He. 121 238 e P(fy,u”)urD, P, 556
Py NAf_,PD,\P*T, + H.c. 239 "M P(fiu)u\D,P*T, 557
PryVAf_,PD,,P*T, + H.c. 240 i P(f1u)ueDyP*, 558
PyNA f_,PD,,P*T,, + H.c. 241 MM P(f1,,u”)ul Dyys P*1 559
Pu’NA f_\PD,,P*T, + H.c. 242 i P(f 1 upu®)D, P, 560






On

SU(2) SU(3) Oy,

SU(2) SU(3)

PV, Py + Hee.
Py, NYhAM D, P*t, + H.c.
PN WD, P*t, + Hee.
PN,k Dy, P*t, + H.c.
PN b Dy, P*t, + Hee.
PN AP Dy o P, + Hee.
P f fo, AP
P*ufiu,\fiwp*f/\
P*“f_”’\f,z,,\P*Tu

P f_ Y A D\ P,
puf A f_PD,, Pty

Prf Af_ P Dy Py
PHf_Yh NPT+ Hee
P f by, Py + Hee.

pf_ Yh Dy \P*T, + H.c.
Prf_ YWDy, P, + Hec.
P f " h,D,,P*\ + H.c.
P f " h,PD,,P*t, + H.c.
Ph, " h, Py,

PR Ry, Py
PRy, \ PAT,
P*h, "k D, P,
P*th,Yh D, ,P*T, + H.c.
PR 0, P D, P*Ty
PR h,P Dy, P*T,
P*HRARP D,y e P,

et P* N,V f_3° D,y P*Ts + Hec.

PP fr ) Yu,ur Py + Hee.

122

123

124

125

126
127

128

129

130
131
132
133
134
135
136
137

243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269

et N P(f1 unu®) Dy P*T,
et N P( fymu’uy) D, P,
igWMP(f—l—uVuUUA)DUP*TP
ieP N P(f1u®us) DyP*T,
ieP M P(f1 u’u®) Dygs P,
iPf f_, D, P*ty

iPf " [, D\P*T,,
iPf 1) Dy Py

iPf " fy, D\P*T,

iPf ", D, Py

iPf " h, Dy\P*T,

iPh* f., D, P*Ty

iPh* ., AD\P*t,

iPf "W Dy, P,
iPh* £ D P,

iPVF fy, ur D, Py

iPVF fy, ur Dy P,

iPVH*f "M, D, Py

iPV* f ", D, Py
iPulN , f YD, P*T
iPutNY f4,° D, Py
iPutNY f1,M D, Py
iPulV"” f1,*D\P*T,

iPVHf Y uP Dy Py
iPutNY f4 Dy P,
iP(f+ f-u™) Dy P

=
=
A
>
=
\Z
S
>
3
*
5
S

F+" B ) Dy, P*T,
V”f+uV“A>DVP*T/\

335
336
337
338

561
962
563
564
265
266
567
o968
269
970
571
D72
573
274
275
576
D77
278
279
580
581
582
583
584
285
586
o987
o988
589
590
591
592
993
994
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On

SU(2) SU(3) Oy,

SU(2) SU(3)

iP*H(f
P (fy,
i P f VA
iPrH
1PrH

u, yur P*Ty + He.c.

u, P*T\ + H.c.
Fau®u)ur P,

)

)

PP (fy ut u’D,,P* f\+ H.c.

PP (1
PP (fp
iP*{(foYutu, )Py + Hee.

(f+

(

(

(

(

(

(fu"uMyuP Dy, P*T,

(

(f+
iP*“(me uMuy) P*T,

(

(

(

(

(

(

(

(

Yu, ) P*y 4+ Hee.

P

)

)
PP f A uuy) P,

)

)

YDy, P*T

iP*H(fy uMuP

iP*H(f1 " u,uP) Dy, P, + Hee.

iP*(u,u’) f4, NPTy + Hee.
PP (u ) fr P

i P (u,u
i P (uul) f P DA P,
iP* fy Y u,ut Py + Hee.
iP* fy Pt Py + Hee.
iP* o Y utruy P*T, + Hec.
PP M, P+ Hee
PP M, P+ Hee,
iPH M P+ Hee
iP*“fJFM”u’\upD,,AP*‘Lp + H.c.
iP* fy,"uruP D, P*Ty + H.c.
iP*r L uMiP Dy, Py, + Hee.
iP* f " u,uP D, P*Yy + He.
iP*“fJF”)‘u,,upD)\pP*Tu + H.c.
iP* f " P, D, P*t\ + H.c.
iP** f Y uPu, Dy, P, + Hee.
i P Py, £ M, Py + Hee,
iP*u fr, M ua P,

>u u?D,,P*T,, + H.c.

frp uMuP D, P, + Hee.

S+ u AuP D,,>\P’kJr + H.c.
iP**(f1 Y v MiP) D, P*Ty + H.c.

MDA P, Hee.

138
139
140
141
142
143
144
145

146
147

148
149
150
151
152

270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302

~.

iP(VH f"2uP) Dy PT
P(f" f— D, Pty
P(f" [, ) DAP*T,
(
(

~.

~.

.

P fJVh# >D,,P*T,\
iP(f+"h, ) D\P*t,
iP{f " h ) D, P,
iPVF fy, urD, P*Ty
iPVFf urDyPH,
iPV*f " u, D, Py
iPVH f ", D, Py
iPVH "2 P Dy, P
iP " f_, Dy Py
iPf " f_, D\P*T,
iPfy"h, D, Py
iPf " h, Dy\P*T,
iPf "B Dy, P,
i PV NV f1,e DyP*T,

i&“V)‘pPVHVUf+u5D/\06P*Tp
it N P(V VO fiyvo) DAP,
uvaf+V6>D)\06P*Tp

i P P(V
MNP fo f1a" Dy P,
e AP fyw fra” Do P,
5W)\pP<f+uV>f+>\aDpP*Ta
5W)\pp<f+uz/>f+)\0Dch*Tp
ENV)‘pPu“ul,XJFD)\P*Tp
EHUAPPUMX_A'_UVD)\P*TP
6"”)‘pPX+uNuVD>\P*Tp
el P (uu, x4+ ) Dy P*T),
eMVA Py, x 4 )u, Dy P*T,
e3P (. Yuyu, DAPH,
Pf_"x,D,P*,
Px4f-" D, P,
Ph#x D, P*T,
Px4+h* D, P*T,

339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365

366
367
368
369

295

596
297

598
999

600
601
602
603
604
605
606
607
608
609
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O SU(2) SU(3) O, SU(2) SU(3)

iP*uy, f+" P D, P*t\ 4+ H.c. 303 Pufyx.'D,P*, 370 610
iP*? £, P Dy, P, + Hee 304 Pu'xi"D,P*T, 371 611
i P* N, f27u, P + Hee. 153 305 Pxi#u”D,P*, 312 612
i PNy fanTug P, + e, 154 306 Px.'u’D,P*, 373 613
it AP NV f o gus P, + Hee, 155 307 P(f-"x4)D,P, 374 614
iE“”ApP*MVVf+>\”u5ngP*T5 + H.c. 156 308 P{x.)f-"'D, P, 615
it P* Y, foauS D s P, + He, 157 309 P(hMxy)D,P*, 375 616
e P* N, f\"u’Dys P, + Hee. 158 310 P(x4)h*”D,P*T, 617
it P* Y, £ 7%usD e P+ He, 159 311 Plutx.)D,P*, 376 618
it P* N, £ %%, Dys P, + Hee, 160 312 P{x.")u’D,P*T, 619
it P* Vo fyu Dy P+ He, 161 313 Plufx.”)D,P*, 377620
i M P*, frunf—p” P*1o + Hec. 162 314 P(xi")u’D,P*, 621
it P 0 fo, P 4 Hee. 163 315 i Pf, . D\P*, 378 622
et P* L foae P, + Hee. 164 316 iE“V’\”PX+f+MVD)\P*Tp 379 623
i Pr foa 00D, P+ e, 165 317 e P(f ) DyPH, 380

i P f 7 f D P T, + He 166 318 e P(fy ., x+ ) DAP, 381 624
i NP [t Dy P, - Hee 167 319 e P (xy) fou DAP, 382 625
im0 P*, fuoah, P, 4+ Hee. 168 320 iPutu’x_D,P*, 383 626
it P*,, f1," o P*T, + Hec. 169 321 iPutu’x_D,P*T, 384 627
i P fLah?0 D e P 4+ Hee, 170 322 iPufx_u’D, P, 385 628
i P f A Dy P, + Hee, 171 323 iPutx_u¥D, P, 386 629
ie" 0 P* 4, 00 Ds P* Y, + Hee. 172 324 iPx_u!u’D,P*, 387 630
it P* |, 1,7 he’ Dys P*, + H.c. 173 325 iPy_u'u’D,P*, 631
it P* (Y, f42 ) u, P, + Hee. 174 iP(u”u”)XfDuP*Tu 632
ighv P Pt u(V uf+>\g>ugP*Tp 175 iP(ufu”x - >DuP*TV 388 633
i P* (Y fxT)u’ Dpg P15 + Hee. 176 iP{utx_)u” D, P, 634
i AP (Y, fiaT)u’ Dps PTo + Hee. 177 iP(x-)utu" D, P*T, 635
ieh" M P* (Y, f427)u Dos P, 178 iP{utu’x-) Dy P, 636
ie 0 P* (froa) f-p7 P*o + Hee. 179 iP(ufx_)u” D, P, 637
i P (f1a) f-7" Dpe P15 + He. 180 iP(x-)utu” D, P*1, 638
ie 2 P*(frua)hy” Py 4+ Hee. 181 i€ P f_ux-DAP*T, 389 639
e P* (frua)h Dpo P*T5 + Hee. 182 i€ PX~ [ DAP*T, 390 640
7,5#1’/\PP*H<f+y)\>h05D05p*Tp 183 iE“VApP“uX—vDAP*Tp 391 641
et P (Y, faTup) Py + He., 326 it Px_,u, Dy\P*, 392 642
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O, SU(2) SU3) O,

SU(2) SU(3)

: VAP D*
1€ P,
il pr,

iewpp*ﬂ

u{fv Ah 9 D,e P*T5 + H.c.

ié“mpp*ﬁfwxh 9 Dys P,

iP*V, VY f1, Py + Hee. 184
iP*V VY f. Dy P, + Hee. 185
iP*(N VY £, Py + He. 186

327
328
329
330
331
332
333
334

et AP P(f_ L Xx—)DAP*T,
ieM M P(x_) f—u DAP*T,
ieP M Plu,x—y) DAP*T,
is“”)‘pP(X,H>ul,D>\P*Tp
iPx_"D, P*T,
iP{x-")D,P*,
Pf.Mx_D,P*,
Px— f+" D, P*T,

335 P<f+l“/>X_D#P*TV
336 P(f+"x-)DuP*,
337 P(x-)f+""DuP,

393

394

395
396
397
398
399
400
401

643
644
645
646
647
648
649
650

651
652

VI. O(p?) ORDER: HEAVY QUARK SYMMETRY

P, SU(2) SU(3) P, SU(2) SU(3)
(H (uPuy,yu”u, H) 1 1 (H{f+"uMyuro,, H) 61 121
(H (uPu” yu,u, H) 2 2 (H{f"uMuPo,v\v,H) 62 122
(H (uPuy)u”ur vy o\ H) 3 3 (H(f+"uMuPovv,H) 63 123
(H (uFu” yuutv,onH) + Hec. 4 4 (H{f+"uMuloyv,onH) 64 124
(H (utu”yurupv,v, H) 5  (H{f+"u,uro,nH) +H.c 125
(H (utu” yuruPv,v,v\0, H) 5 6 (H{fi" v uy)o,, H) 126
(H (utuyu”)u, H) 7 (H(f+" v Yo v, H) 127
<H(u“uuu”>u’\ JUNH) 8 (H(f+" v uPf)ozvv,H) + Hc. 128
(H (utu?uuy,v,0\H) 9 i(Hu!fy, u,H) 129
(H (utu?u)uPv,v,v\0, H) 10 i(Hutfi, v v,u\H) + Hee. 130
(H (uFuyu”u, ) H) 11 (H{utu,) f+" o, H) 65 131
(H (u'u"uyu, ) H) 12 (H@w'u’)fy, oo H) 66 132
(H (utuyu’u v, o\ H) 13 (H@w'u”) f+ o v,0,H) 67 133
(H (utu¥u,u)v, o\ H) 14 (H@'u’) f o0, H) 68 134
(H (uFu”uPuP v, v,0\0,H) 15 (H{(VFfy YulysyonH) 69

i(H (utuy)u’vr o, H) + He. 6 16 (H(VFfi,"Yuysyav, H) 70

i(H (ufu” )uyuro, H) + Hec. 7 17 (H{(VA " MYuysyeva H) 71

i(H (u'u” yuruPoy o0, H) + Hee. 8 18 (H{(V*f"MYu,ysy,va H) 72

—_
w





P

3

SU(2) SU(3) P,

SU(2) SU(3)

i(H (uu” yuruPoy,v,0,H) + Hee.
i(H (utu?uyuyo,0 H) + Hee.

i(H (u'u? vy uPo, vz, H) + Hec.
i(H (uuyutu)o, H) + Hee.
i(H (ufu” u i) o vzv,H) + Hec.
HuFuyu”u, H)

Hulu"uyu, H)

{
{
{
{

Hutu,u’u v,vyH) + Hee.
Hutu"u,uv,vaH) + Hee.
(Hulu u”u)‘al,)\H) +H.c.

i(Hutu"uyut o, H) + H.c.
i(Hutu" uMuP o, vz, H) + Hee.

i(Hutu" uruPoyo,0,H) + Hee.

i(H (uu” -, M vsyoaH) + Hee.

i(H (uPu” -, M ysyavy H) + Hee.

i(H (utu” by, Mysy,0aH) + Hee.

i(H (utu” by, N5y, H)Y + Hee.

i(H (ufu? b \)vsy,0, H) + Hee.

i(H (uHu” W) ysy, 0,030, H) + Hec.
i(Huluy f- " y5v,0 H) + Hec.

A

A

A

4

A

A

A

4

A

A

A

i(Hulu” f- M5y, H) + Hee.

i(Hulu” f—, Mysyav, HY + Hec.

z(Hu“u”f_,, 'y5'yuv>\H> + H.c.

i(Hutu” f_, ’75’}//\UHH> + H.c.
(Hutu” A
A
A
A
4
A
A
A
4
5

Hutu, W M5y, H) + Hee.

i Pysyav 0,0, H) + Hee.

i
i(Hutu"hy, MsvouaH) + Hee.

1 Hu“u”h Ysyavy H) + H.c.

]

) + H.c.

H)
HutuVh, ’)/5")/’“1})\H> 4+ H.c.
Hutu’h, V5 YAV H)

)

) Hu“u”h’\xyg,’yuvl, + H.c.

il HutuX h A%%%H) + H.c.
i(Hutu? 57,0050, H) + H.c.

i(Hutu? P ysy,0,050,H) + Hec.

9

10
11
12
13
14

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
o1
92

H v,uf+ >up757VUyUAUpH>
H{f+") f— 5 vo0aH)
T+ oy s yavy H)

(

(f+1)

(f+") f

(f+" Y hu MysyuaH)
(f+")h

(f+1)

(

T T

F ) My, H)

f+* YR 350, H)

F+ ) PPy p080, H)

H o0 ) + He.

H f " v o, H) + Hec.
Hf " uruyo,, H) + Hee.
Hf *u u”au,,v)\va) +H.c.

T X

Hfi " v uPoyzo0,H) + Hee.
H " v uPo,v,v H) + H.c.
F foMsmuaH) + Hee.
Fet f s H) + Hee.
F* by ysmunH) + Hee.

mmmm

Whu Ysyav, H) 4+ H.c.
" A\ ysyu0.H) + Hee.
M b Py, v0a0,H) + Hee.
HV*f uMysyuaH) + Hee.
HV“f_HL uMsyav, H) + Hee.

T X

T

"R sy, H )
f+ “”hk”>'Y5’mvuvaH>

>'Y5’YVU)\H>

{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{

T

73
74
75
76
77
78
79

80
81
82
83

135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
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e

SU(2) SU(3) P,

SU(2) SU(3)

i(Hutu? PP y5y,\v,0,0, H) + Hec.

=

4

(Hut f_,"u 75’yyv,\H>+Hc
(Hutf_,"u AMsyav, H) 4+ Hec.
[(Huth,"uMysy,00H) + H.c.
4
4
4

~.

~.

Hulh, uysyav, H) + H.c.

~.

i(Hu*h" u ’y5vuvAH> + H.c.

7 Hu“h”’\up'yg,'yuv,,v)\va) + H.c.
MM (Huyu, f-5,H) + Hec.

ghvAp Huyuy, f-) vva,H> + H.c.
et AP (Hy, wu’ f- wAUUe H) + H.c.
ghvAp Huy, f\u vpng) + H.c.
ghvrp Huyu,hy? UpUgH> + H.c.

(
{
(
(
(
M (H (uy fopr)u,H)
(
(
(
(H

T

gt e ( Uy

{

M (H (uy, f—, 7 Yuavpve H)
< >f—l/)\vp'UJH>
(

gt e (| U f_,,,\>vaUH> +H.c.

M (H (uyhy, " Yupvpv, H)
Hu“V”f_W> )
H (V" ) v,0:H)
H{ulvVY f_ ,/\)vuv,\ )
H(u*vV ,h",)H)
H(utV ,h" o, v\ H)
)
)

T

NV hy Mooy H)

T

(H(

(H(

(H(

(H(

(H(

(H(

(H (uFVV R e VLV UNV, H)
(H(f- ”f—uuﬂq )

(H(f-

(H(f-

(H(h", >g )

(H (R by ) H

(H (W W vy onH)
(H (" by, vy o\ H)
(H (W A yv, 0,050, H)
(HutVY f_,, H ) + H.c.
(HutVY f_, v,o\H) + Hec.

16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

93
o4
95
o6
o7
o8
99
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86

(H(VH [ uP)y57,0,030,H)
(H{(f* f- M50 H)
<H<f+Wf—uA>75’YAUuH>
(H(f+" b, )

(H(f" b ™)
<H<f+”VhAA>’Y5’YuUV )

(H{f+" W P)ysyv,030,H)

ie" P (H f1u f-rpH) 4+ H.c.
ieP M (H fi i f-2"v,0, H) + H.c.
ie“”)‘p<Hf+uyh>\"vpvgﬁ> + H.c.

ie“”)‘p<HVuf+VJuAvaUH> +H.c.

(HV'Vuf+ o0 H)
(HVINY fy, o H)
(HVHIVY [ 20 30,0, H)
(HVHINY [0y 0,0, H)
(H (VP o )
(T f oMo )
(H(VHVY f12P) 0z 0,0, H)
(L (VI )0 00, H)
(H f+" fipu H)

(H [+ frp v0aH)

Hf o o H) + He.
Hf+“”f+’\pau>\vyvpfl> + H.c.
1) F H)
+“”>f+ﬂ)‘vl,v)\1:[>
f+“”f+u)‘>’uyv>\f_[>

A

7

A
{

~.

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

162

163
164
165
166
167
168
169
170

171
172
173
174

175
176
177
178
179
180
181
182
183
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P, SU(2) SU(3) P, SU(2) SU(3)

(HutVY f_, v, 0\ H) + H.c. 87 i(H({xi)utuo,, H) + Hee. 116 184
(HutV ,h", H) + H.c. 88  (Hutu,x+H) + H.c. 185
(HuMV ,h* v, o\ H) + H.c. 89 (Huruxiv,v,H) + H.c. 186
(HutN" h, Mo H) + Hee. 90 (HuFyiu,H) 187
(HutV" h P, v,0z0,H) + Hec. 91 (HuFyiu"v,v, H) 188
(Hf-"™f_ ., H) 92 i(H(ulu’x+)ouH) + Hee. 117 189
(Hf-" f_, v,o\H) 93 i(Hu'u'xio,,H) + H.c. 190
(Hf-"h, v,uyH) + He. 94 i(Hutxiu’ou H) + H.c. 191
(HRH,h", H) 95  i(Hf-"x4vsv00.H) + Hee. 118 192
(Hh* h,, H) 96 i(Hh" x+vs5y,0.H) + Hee. 119 193
(Hh* ,h" v, v H) + H.c. 97 i(Hu'x+"v57,v0H) + Hec. 120 194
<Hh’“’hu)‘vyv>\ﬁ> 98 i(Hutx4+"vsvv,H) + Hec. 121 195
(HRh* h v, v,0\0,H) 99 (Hx4",H) 122 196
i(Hu'V , f-" o, H) + H.c. 37 100 (Hyx+"wv,v, H) 123 197
i(Hu'VY f_, o0 H) + Hec. 38 101 (H(x4")H) 124 198
i(Hu' VY f_ o, \v,0,H) + H.c. 39 102 (H{x+")v,v,H) 125 199
i(HuPVY f-*a,zv,0,H) + H.c. 40 103 (Hf"x4ou,H)+He. 126 200
i(Hu" VY h, o\ H) + H.c. 41 104 (H{f+")xy0u,H) 127

i(Hu" VY h\o,,vp0,H) + He. 42 105 (H{f+"'x4)ouH) 128 201
i(Hf-"f_, o,\H) + He. 43 106 (H{x+)f+" o H) 129 202
i(Hf-" f o v0,H) + He. 44 107 (Hx%H) 130 203
i(Hf-"h, o, H) + H.c. 45 108 (H{x)x+H) 131 204
i(Hf-"h o H) + H.c. 46 109 (H(x%)H) 205
i(Hf-"h Mo, o\v,H) + H.c. A7 110 (H{xy)(x+)H) 206
i(Hf-"hMo,v,0,H) + Hec. 48 111 (Hufu’x_vsy,0.H) + H.c. 132 207
i(Hh*h, o, H) + H.c. 49 112 i(H{(x-")u,H) 133 208
i(Hh* WMo pv,v,H) + Hec. 50 113 i(H{x_")u’v,v, H) 134 209
i(H (f+" Y, u, H) 51 i(H (x_)h*, H) 135 210
i(H(f+" yuyurv,v H) + H.c. 52 i(H (x— )" v, v, H) 136 211
i(H (f+" uu,)H) 53 114 i(H {(u*x_")v,v, H) 137 212
i(H (f+" u,u v, o\ H) + H.c. 54 115 i(Hutyx_,H)+ H.c. 213
(H(f+""Yu,uro, H) + H.c. 55 i(Hutx_"v,0,H) + H.c. 214
(H{f+" yururo,, H) 56 (Hutx_Yo,,H) + H.c. 138 215
(H{f+" Yu uPovzv,H) 57 i(H f+" x_ sy, H) + Hee. 139 216
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P, SU(2) SU(3) P, SU(2) SU(3)
(H(f+""YuruPopv,v,H) + Hc. 58 i(H (f+" Y =570 H) 140

i(H £ uu, H) + Hec, 116 (H(F" Fp,,)H) + Hee, 141 217
i(H f+" uutv, o H) + Hee. 117 (H{(F " Fp,v,o\H) + He. 142 218
i(H f+ " uPuyv,0nH) + Hee. 118 (H(xx")H) 143 219
(H{f+"uy,)uro,\H) 59 119 (HdetxH) + H.c. 144
(H(f+"uMuyo)H) 60 120

VII.

THE RELATIONS OF LECS AT THE O(p*) ORDER (N; = 3)

cM =0, =0, ¢V =2D{", &Y = 2DV, ¢V = 2DV, & =0, ¢V =,

M =2D{", ¢V =205, ¢y =0, CY =0, ) =0, CE =2D), CY =207,
ClS =0, Cl6 =0, CS) =0, ClB = 2D267 019 - 2D27, Czo =0, C'21 = 2D617
C22 = 2D62 ) 023 - 2D63 ) Céi) = 2D€(Si)7 025 =0, C26 - 2D66 ) Cg;) = 2Dé§),

028 = 2D68 ) Cz9 - 2D69 ) C?()é) =0, és(fll) = 2DS()§)= C’S) - 2D5()i)7 éz)(é) =0, CN':S) = QD%),
i =0, Gy = D, O = Dy, C) =20, Gy = 2Dy, €y =0, Oy =0,
C'(2) - 2D78 ) C43 - 2D79 Cﬁ) =0, ézié) = 2Da(a§)= éié) =0, C'f;) =0, CXE;" = D%)v
Clg =2Dy;), i = 2Dy, 0(1” =0, C*(;” =0, Cy =0, C3f) = 2Dy, Ci) = 2Dfiy,
C(G) = 2D130> C'(7 =0, C 58 2D§1)57 C 50 =0, ééé) - 2D§217 66(111) - 2D§Zé)57

C(z) = 2D166> C(g =0, C 64 — 2D§7)27 C65 =0, é(é) =0, CN'(Z;) = ZD%)& é(g) - QD%)&
069 =0, C70 =0, C%) =0, C72 =0, C73 = 2D1797 074 = 2D1837 C75 = 2D§8)17

4
C76 = 2D1777 C§7) =0, 078 - 2D197, C79 =0, Cso - 2D§9)97 081 =0, 082 =0,

4) A4 1 ) ~u 4) A4 4
= 2Ds()7)7 C&(;G) = éDa(ﬁ): 0257) - 2D§1217 O&Es) - 2Dé2)7
~(4 2
ngl) = gD

4 2 ) A 4) 4) = (4
055 = 2D2107 ngﬁ) - 9Ds()5)7 CSS? =0, Oés = 4D(7)5 + 2D§1)87 ngg =0, C%og) =0,

~(4 1) A4 ~(4
05(53) = 2Dé0), C§4) =0, 05(45)

= (4 ) A4 4 4)  F4 ) A4 4 4 4
CégQ) = 2D§1)1: ngo) = D§0)7 5(38)> ngz) = 2D§1)2: 0553) = 2D£o)97 ng4) = 2D5(95)>

01(01 = 2D17 + 2D§?))7 0102 = 4D29 Cﬁ% =0, C'104 = 4D16 J 0535 = 2D1 g 0106 = 2D(4)7
0107 2D18 + 2D(4) + 4D31 g 0108 0, C109 =0, Cﬁ% =

0111 = 4Dl9 + 2D:(;£1>) + 4D§ﬁ), C'112 =0, C113 = 2D31 ) Cﬁl =0, 6'5411)5 = 2D6(‘>4)7 C~'1(41% =0,
611(111)7 = 4D§L(L))a C118 = SD% ) 6119 = 2D7 J CSO = 2D30 + 6D31 ) 0531 =0, 0122 = 4D(4)7
0123 0, Cl =0, 0125 = 2D10 ) CSZ; = 4D22 ) C'127 =0, 0128 - 4Dz9 ) C'129 = QDﬁ ]
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Ciso = 2Dy, Cigy = 4Dy, Ciyy = 0, Clgy = 4Dy, Cjgy =0, Oy = 0, Cigy = 2Dy5),
éf?? - 4D§§) + 12D§‘)), C§32§ = 2D(4) + 2D29 ) C§§9 =0, C'140 - 2D§8) + 2Dég )

Cinn = 2Dy, Gy =2D5y), Ciiy =0, Gy = 0, Cyiy = 8D, Cijg = 0, Cyy =0,
Clis =0, Ciiy =0, Cizy =0, Cigy =0, Gy = 2Dy, Cigy =0, Oy =0,

Clsy =205 +4Dg. Clsy =0, Oj3h = 2050 + 405, Cig =0, Cizy =0,

éfé% - 4Dé§) + 4D<(;é)7 éﬁn =0, Cfé)z =0, 0163 =0, Cféi =0, 0165 =0, 0166 =0,
CN'%)? =0, é{gé = 2Déi), 6%9 0, CY% =0, 0171 =0, 0172 =0, 0173 =0,

CN’@; = 2Dé1) + 2D(4) + 2D53 g C§75 =0, 0176 =0, C}% = 4Df(53) + 4Dé8)7 Cf% =0,
Cla = 2D5) +2D5) +4D53) +4Dgg, Cigy =0, Cigy =0, Ciy =0,

Clas =205 +2D5), gy =0, Oigy = 0, Cigy = 2D, Clg =205, Cigy =0,
Claw =0, Cigp = 0, Cigy = 2D, Clgy = Dy, Clgy = 4D, Clgy =0, Cigy = 0,
Clos = Di, Clor =0, Clgy =0, Cigy =0, Oy = Dy, Cogy =0, G =0,

Cyoy = 2D5) +2D5g), Coy =0, Oy =0, Oy = 2D57) +2D5g), Cigy = 0, Gy =0,
Cyop = Diy, Caip =0, Oy =0, iy =0, Gy =0, Gy =0, Oy = 0, Cjy = 0,
CN’Q(AI; = D§1)a 05123 = 2D76 J C'519 =0, 0220 = QD%), C'221 =0, 023)2 = 2D§$57 0523 =0,

4 4 4
02(221 =0, Céz% =0, C226 =0, 02(2)7 = 2Ds(;1)a 0528 0, 0229 =0, 0230 =0, 0231 - 2Dé4)7

= (4 1 (4 ~(4) 1 @ 3 4) 4 ~(4

C'2(3)2 = §D§o)47 02(33 0, 02321 0, 0235 = §D§0)47 05323 §D85 ) C'2(37 = D%o)sa 05323 =0,
~ (4 ) A4 = (4 ~(4 4) A4 4 4

02(329 =0, C240 - go)sa 054)1 =0, C'2(4)2 =0, 05423 - D%o)o? 05421 - §D§0)2 + DgO)S?

~ (4 I @ ~@ I @ ~@ 1) A4 1) A4 1) A4

02(4?5 = §D§0)3> 02(4)6 = §D§o)2a 054)7 = Dé@‘)a 05423 = 2Dé1)> 02(42) = 4D§0)67 02(52) =0,

C~'2(151)1 - 2D92 ) Cég; =0, 0253 = 4D10)77 05521 =0, Cég)s = ZD%)& 02(56 - 2D§0)87

C~'2(?7 - 2D§1)17 0552; - 4D§1)0: 0552) = 2D11)17 éég% =0, C’éé‘)l =0, O§g2 = 4Dﬁ)2,

oy = 2D, Cogy = 4Dy, Cogy = 0, Gy =0, gy = 0, Oy = 2Dy, Gy =0,
éz(% =0, Og;)l =0, 0272 = 4D12)17 0573 =0, ég;zl =0, 654;)5 =0, 6’2(% =0, Cé?? =0,
612(% - 4D§2)67 éé% - 2D§1)4: Céso =0, 0(81 =0, 0282 =0, CQ%% =0, G§84 = QDY;)za

62(323 = 4D%)17 éégé = QD%)?): 6%7 0588 =0, 0289 =0, 02;12) = 4D§3)77 C'2(9)1 =0,

o =0, Cagy = 21y, Cogy = 0, Cog =0, Cigp =0, G =0, Cogy =0, Cp =0,
Cion =0, Csp = 0, Cipp = 2Dizy, Cigy =0, Ty = 0, Co3 =0, T = 0, T3 = 0,
Cios = 0, Csp = 2Digy, Cso = 0, Cipy =0, Gy = 2Dy, Gy = 0, Cy =0, Gy = 0,
CN'?% =0, (7:)51”7 = 2D§217 Cgl% = 4D1647 Cgl% =0, 0320 =0, 03421)1 =0, C§§2 =0, 0323 =0,
oy = 4Digs, Gy =0, Cip = 0, Cip =0, Gy = 0, Ciy =0,
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Cisn = 2D\ +2Di5y +2Di), Cgg) = 0, Cigp =0, Ty = 0, Cgy = Dy + Diy,
Cith =0, Oy = Sl +2Di0, itk = 2040, O = aDiy,, C45 =0, ¢ =2niY,
Ciin =0, Cypp =4Di7, Cyiy =0, Cyiy =0, Oy = 2Digy, Gy = 2Dy, Tt =0,

053)8 - 4D§9)17 0542; - 2D§8)77 0350 =0, O?(é)l =0, 0352 =0, Clﬁﬁ% =0, é?(,ggl =0, éééé =0,
Cisy = 4Digy, Csgh = 4Dig), Cigy = 2Dy, Oigy = 2Diy, Cigy = 2Dig, Csqp = 2D,
Cisp =0, Cigy =0, Cigy =0, Cigh = 0, Gy = 0, Csh = 0, G = 0, Cigp =0,

C’:,(,% =0, O:J(,Z;)l = QD%& 03()72 =0, 0373 =0, C’éél - 2D§g)87 (5:5.?% =0, é:)(,% = 4D§&,

Cizr = 4Dygr, Cizy = 4D, Cizy = 2Digy, Oy = 2D3g), Cigy = 2D, Cigy = 2Dsy,

C:J(,é:)s =0, 03(,;3121 =0, 0385 = 2D§0)7: C§86 =0, C:Eé)? =0, 0388 =0, 0389 =0, 0353% =0,
053)1 - 2DS)57 C~1259)2 éD§O)1 + ;Dgozu C?Eg?s = D( + 2D21)3: é?ggzl =0, 053% =0, 0396 =0,
Cify — 0. Cifh = D2, €l — 0. Clfy 0. ¢y — 208, ¢ — Lo +2p
Cifh =0, Cigh =0, €lgh =0, Cigh =0, 45 0, 6ig =0, €4 = 2D,

Cith= 2Dl + 2D, Cifi =0, ¢ =2pilh. ¢ =0, Cifi =0,
Ciiy = 8Dy + 2Dy, Chig = 4Dy, Ciyy = 0, Ciiy = 2Dy + Dy + 2Dy, Ciyg = Dy,
Ciap = 2Dy, Ciyy = 2D}y + Dy +3D5) +2D5), Clyy = 0, Clay = 2Dy, Gy =0,
Cla = 2Dy, Clay = 2D5), Clyy = 4Dy + 8Dy +2D5) + 2D, Clay = 2D1Y,
d&=D§+D$mﬁ%ﬂL@3=aé@=§%®©@=§%ié@=D$,
Cliss =0, Clgy =0, Cigp =0, Cigy =0, Clgy =0, Ciiy =0, Ciy = Dy, Cip = 2D,
C~'4(2, =0, Oﬁzl =0, 0445 = 2D38 ) Cﬁ)ﬁ =0, 0447 =0, 042; =0, Cﬁg =0, C'450 =0,
C~'4(151)1 =0, Cg% =0, 0453 =0, Cﬁi = 2Dé3)v Ci5)5 = QDS), 04(26)5 = 2D52 ) Cg? = 2D:(;a13)7
Cith =2l Olfh =208, €ty =0, C4fl =0, O =0, Ol =0, 4t =20}
64(223 - 2D?,4 ) OAYG% =0, 0467 =0, Ciég; = 2Dé3), Cib’)g = 2D(4) + 2Dé§), éﬁ% = 2Dé2)7
Cif =0, Cigh = DLl €18, = aDiy, Off = 2Dy + 208, €8 =204y + 204,
Ot = 4D, Cifh = 4D, Clf = 4D{Y, Cff, = 4}y Cifh = 2D(Y +2D()

G4t = 2(2 + 202, O =0, Gt =0, €2 =0, Cffh = 2018 + 20,

O =20l + 201, €48 =0, O =20, €% =20, €% =20

C4f = 2D(2 + 204y, Ol = 208 + 2012, s = 201, €43 = 2Dy, ) =202,
éigé - 2D59 ) Cz@? =0, C498 =0, Cﬁﬁé = 2D§9), Oéoz) 2D§é)> 0501 - 2Dfl5),

ééé)z - 2D46 ) Oéégz = 2DS), ééézl =0, Céégs = 2D100> Céé?s - 2D%o)o + D%)p Cé?? =0,
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VIII.

3)

Ciox = 2Dig5, Cigo = Digi, Coag = Doy, Coiy = Digy Gy = 0, Cigy = 0, G5y = 2Dl
615(11123 - Dl?&b 05(;123 =0, 0517 = 2D§12) + D§1)1> 05(112; - 2D§0)57 CN'5(1112) =0, Céi% D%)Sa

Cia = 4Diy + 21y, Cipy =0, Oy = 4Djy, Cipy =0, Cip =0, Ty = 0, iy =0,
Chox =0, Cipp =0, Cigp =0, Ciy =0, Cip =0, Ty =0, Gy =0, Oy =0,

s = Dis, Cogr = Digy, Cign = Digh, Cigy = Digs, Ciig = 4D, + 2D\, +2Djg,
i = 2Dygy, Cipy =0, Cggy = 4Dgy, Coiy =0, Copy = 2Dy, Chj =0, Cgp = 8D,
iy = 2D\, Clig = 2Dl Cigy =0, Oggy = 4Di) + 2Dy, O = 2D + 2Dl
Clsy = 8D\g) +4Djgy + 2Digy + 2D5y, Cigy = 0, G553 = Digy + Di), gy =0,

Clsr = Di + Digs, Cigy = 2Dy), Cigy = 4Dy, Cigy = 0, Cig) = Digy + Di,

e =0, Cigy = Dios + Dig), Cigr = 2Diag, Cigy = 4Di3), Cigq =0, Cigr = 0, Gy =
Clop =0, Cizo =0, Ciy =0, Oy =0, iy =0, Oz =0, Gy =0, Oy =0,

Ciar =0, Cizg = 2Diy + 2Dy, Gz = 0, Cigg = 2Dy + 2Di, Gy = 0, Cp =0,
Cly =0, Cgh =0, Cig =0, Cig =0, Cig =0, Cip =0, Gy =0, Oy =0,

Cior =0, Csy = 0, Cigy = 2Dlgy +2Digy, Cigh =0, Cigy = 0, Cigp = 0, gy = 4D\,
C’éﬁ% =0, Cégg = QDY;?,» Cf(joo =0, 0601 =0, C((i02 =0, 0603 =0, 0604 =0, Cé05 =0,
616%25 =0, Cém = 2D%2v Céégi = 2D1937 06(509 =0, 0610 = 2D§3)5, ééil)l = QDYSLJED éég =0,
C’é‘g =0, Céﬂ =0, C615 =0, 06(51123 =0, 0617 =0, CN'(EZ% =0, éé;% =0, ééé?) =0,

Con =0, Cis = 2D3n, Ciy = 2Dsn, Cgos = 2Ds1, Gy = 2Dsp, Gy = 2D,

~(4 4 4 4
Cé2)7 = 2D1(19)a Cé223 =0, 0629 = 2Dé8)7 Cé?,g) = 2D2o7> CéSl =0, 0632 =0, 0633 =0,

~(4 ~(4 2 (4 2 @ 4)  F4 =(4) 2 _(4) @ 4
06(321 =0, 06(33)5 = §D4(19) + gDés)a Cf(s3)6 = 2Di(’>6)7 06(3)7 =0, Cégs = §D5(>0)v 06(53)9 = D§0)87
~(4 4) A4 1) A4 4 4 = (4 = (4

06(42) - 2D§02)7 C'(§4)1 - 2D§1)5: Cé4)2 - 2D§1)5: C<§43 =0, C( = =0, Cé425 =0, 06(423 =0,
~(4 4 ~(4 = (4) =(4 4

06(4)7 =0, 06(425 =0, C649 =0, Oész) =0, 06(51 =0, 065)2 - §D§4)5 (5>

THE CONSTRAINT CONDITIONS OF LECS AT THE O(p*) ORDER (Ny =

0= 0=, 0=Cc, 0=Cc", 0=C® 0=cW, 0=C%, 0=C?, 0=C,
0= é’f?, 0= ééé)a 0= ié(‘l) +(7f3)67 0= 1@5‘21) "'6%2% 0= 262;1 +40136+é4g5 "'643&
026’2(1)7 Ozé'é?, 020277 0_0287 0—0297 O—Csé)v 0—033> 0—0357 O—Csé)v
0_0377 0—040, 0—0411)7 0—044= 0_0467 O—C’zé), 0_0487 0_0517 0—053),
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0= G, 0= O, 0= C, 0= O, 0= C, 0= O, 0= C, 0= O, 0= LY,
0= CL 0= ClY, 0=, 0= ClY), 0= C¥, 0=, 0— P, 0=,

0= C 4 CLY 0= O, 0= G0, 0= O, 0= CL, 0= O, 0= CL, 0= O,
0=CLY. 0= Cla) 0= 2Clyl + O, 0= Gl 0= 0, 0=k 0=l + 1Y,
0= 010)87 0= 0%2% 0= éﬁl())a 0= éﬁ)za 0= 0112),7 0= 011217 0= 011257 0= C'11)77
0=Cliy, 0=Clap, 0=Clyp, 0= Cly, 0=, 0= Clyg, 0=Clyy, 0= Cly,
0=Cly, 0=Cip, 0=Cl3, 0=Clg, 0=Cy, 0=Cly, 0=Clyy, 0=,
0=Ciy, 0=Cliy, 0=Clig, 0= Clig, 0=Cyip, 0=Ci, 0=Ciiy, 0=Cig,
0=Cla 0=Cig, 0=Ci3, 0=Cigy, 0= O, 0=Clgg, 0=Clgy, 0=y,

0= 012)27 0= O{;%? 0= (3%217 0= C’fé%; 0= Clé%? 0= Clé)% 0= 01697 0= éfl%,

0= CS)D 0= O{% 0= éﬁé’ 0= éf@u 0= 01757 0= 01767 0= éf?? + ég% + C’ié%y
0=Cin, 0=Cig, 0=Cigy, 0= Cly, 0= Cig+ Cigp + Oy, 0= Cig), 0= Cig,
0= Cﬁéa 0= Cﬁ%a 0= (:“%2), 0= C”f;%, 0= 019)17 0= C'1937 0= é@u 0= @féé,

0= éfg)% 0= O{;%, 0= C’Sé, 0= Céé)l? 0= 020)27 0= C'2037 0= Céézu 0= 612(3257

0= Ciop, 0= Cigy, 0= Cia, 0= Coyp, 0=Cia), 0= Ci), 0=y, 0= Co,

0= i3, 0= Chig, 0= Coy, 0= Clp, 0= Ciy, 0= Cyy, 0= Cigh, 0= iy,

0= Cip, 0= Ciap, 0= Cip, 0= Coz), 0=, 0=Ciz), 0=y, 0= Ciy,

0= 02(3)& 0= é%s))a 0= 0540’ 0= Céi)lv 0= ééi)m 0= 20243 + 05107 0= C(ﬂa 0= C§42)7
0=Ciap, 0= Chp, 0= Gz, 0= Cap, 0= gy, 0= Cop, 0=+ Gy, 0= C,
0= éz(ga 0= ééézu 0= ééé?m 0= égﬁl)& 0= ééé)% 0= 02(697 0= 02707 62(3)1’

0= éz(i)za 0= éé%, 0= ég;zb 0= 054;)5, 0= C’g%, 0= C'2(777 0= 02787 02(32)’
0=Che), 0= Cig), 0= Cigy, 0=Cigy, 0= iy, 0= Cigy, 0=y, 0= Ci,

0= éz(géa _0232) + C543= 0= éég)h 0= 62(3)2» 0= Cégzu 0= 653)5’ 0= (7532;, 0= 053)77
0=Ciop, 0= Cégé, 0= Cipn, 0= Cinn, 0= Ciz, 0= Cigy, 0=, 0= Ciy,

0= Cior, 0= Cigy, 0= Cip, 0= Ciy, 0= Ciy, 0= Ci, 0= i, 0= Ciy,
0=Ci, 0=Chih, 0=Clb, 0=C5), 0=C5), 0=Cil, 0= Chl, 0= Cly,

0= Ciy. 0=Cig, 0= Ciy, 0= Ciy, 0= Ciy, 0= Ciggy, 0= Cigl, 0= iy,

0= Cigp. 0= 5y, 0= Ciy, 0= Ciy, 0= Ciyp, 0= Cig, 0= Cigy, 0= G,

0= 035:)37 0= 03217 0= C3557 = C?()g)% 0= 036)37 0= 036217 0= C36?57 0= 036257

0= 03?77 0= 03237 0= 03697 0= Cé%, 0= 034;)27 0= 03%7 0= C:sé%v 0= Czé:)y
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0=Clg), 0=Cig, 0=Clgh, 0=Cigd, 0=C53), 0=Clgh, 0=C), 0= Clg),

0= Clgh, 0=Clgh, 0=Clgh, 0=Cigh, 0=Clgy, 0=Cigh, 0=Clg, 0= Cigl,

0= Clogh, 0=Clgy, 0=Cigr, 0=Ci11, 0=Ci3h, 0=Ciy), 0=Chyy, 0=Ch,

0= 30+, 0=Cli) 0=Cl 0=Cil, 0=Cll 0=Ci) 0=C, 0=Cl,
0= 043357 0= ng)w 0= (:’S)% 0= Oziggéa 0= C’i?,?;’ 0= 044()37 0= 04417 0= C'4427
0=Cll, 0=Clyh, 0=Clgh, 0=Ci, 0=Ci, 0=Cil, 0=Cl, 0= Ci,
0=Clgt, 0=Clgh, 0=Clgh, 0=C3) 0=Clgl, 0=Cigl, 0= Cigh, 0= Clg),
0=Clgh, 0=Clgh, 0=Clgy, 0=Cig), 0=Ci7h, 0=Ci), 0=Cigh, 0=Ci3,
0=Cln, 0=Cig, 0=Ci3, 0=C5), 0=Clg, 0=Cigl, 0=Cig, 0= Cig,

0= 0432» 0= Oigzu 0= C‘E%, 0= Ozig)?a 0= éigév 0= 053217 0= 0505 + 05107 0= ééé;a
0= 05(3)87 0= Oéé& 0= 051)2’ 0= 05(,112),, 0= 051257 0= 051257 0= 05177 0= 615([11297

0= C'ég)za 0= Oééia 0= 053%’ 0= Céé%a 0= 053)77 0= 053237 0= 0532)7 0= 0532»
0=Clyt, 0=Cl, 0=Cl3h, 0=CH) 0=C, 0=Clg, 0=Clg, 0= Cl3,

0= 2@é§2)+éé32)7 0= ~540= 0= éf()i)w 0= ~5(>j217 0= OEEZ%: 0= 05467 0= C(i)% 0= ~5(>§2)7
0=Clgl, 0=Clg, 0=Clgh, 0=CE), 0=CLg), 0=Clgh, 0= Clg, 0= Clg),
0=Clgh, 0=Clgh, 0=C3, 0=C3), 0=CL, 0=C, 0=Cl), 0=C,
0=Cl, 0=Cl, 0=C3h, 0=C3), 0=CL), 0=Clg, 0=Clg, 0=CH),
0=Cld, 0=Clg, 0=Clh, 0=CR), 0=CL), 0=Clg, 0=Clgl, 0= Clg),
0=Clgh, 0=Clgh, 0=Clgh, 0=CEL 0=Cl, 0=Cigt, 0= Clgh, 0= Ci,

0= Cloh 0= Cigh, 0=Cog, 0=Cig), 0=C{), 0=Cih, 0=Cly), 0= Cgl,
0=Cilh, 0=Ci, 0=Cgll (6)

IX. THE RELATIONS OF LECS AT THE O(p') ORDER. (N, = 2)

5§4) =0, " =0, &" = 2d§4), & = 2d4 cat =0, e =0, &Y =247, &Y =24}y,

= 2d19 ) ~(4 2d20> 1 =0, 2 = 4d29, 3 = 2d30 ) ~(4) =0, ﬁ? = 4dz(ai)a 5%) =0,
Cg? =0, 18 = d22, 9 = 2d237 5%) = 2d257 1 =0, ~§4 =0, ~(4) 2dé§)a
Cg4 = 2d52 + 2d54= ~g§3 = 2d527 6 =0, 557 = 2d927 8 = 2d937 ~(4) ngi), ~z(;(l)) =0,
(1 = 2d1047 ~:(3é) =0, 3 = 2d1087 ~(4) =0, ~( =0, 6 = 2d113+d1157 7 = 2d1157
5&8) = 2dn47 ~:(3§) = 2d1117 40) =Y ~Eﬁ) = 2d1237 =0, ~£§) = 2d1257 0514 =0,
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~(4) 4) (4 (4) ~(4 4 4) (4 4) (4 4
4(15 = Qdél), ( ) = d31)v 517) = ng?’)ﬁﬁ 4(18 = _d:(ae‘ ) 49) = 2d§3)47 ( = Qd:(a:a )
4 1 4) (4 4 (4 4 4
51 = d( ) 2d + 2d133> 52 = 2d§3)77 53) = 2d1357 é4) =0, C§>5) = 46150)9 + 2d§4)27
&) = 240", égf;} =0, ~(4> =0, cg;> =0, & = 8d9 : ~g4> 0, 4) = 2d5 : cﬂ’ =0,
c%) =0, &% =0, & =24, &Y =24 W~ &= 2d17, &Y = 4dl) + 44ty

79 = 4d187 ~§;(L)) =0, ~§ﬁ) =Y éé) =Y 52(3? =0, Eéi? =0, 85 = 2d20, 86 = 4d12 + 4d137
Cg;) =0, 02(38) = 89 = 4d%)> s()o) =0, CS()I) =0, 55(;;) =0, 5%) = :(;;)’ 5.53? =Y,

5 = d(4) + dé‘é), 5%) = gd%)> = d40 ) ~(4) =0, Cég) =0, goo = d37, %)1 =0,
~Y(l))z =0, 5%)3 = dg;), 504 = 2d27)» §0)5 =0, Ngé)fs = ngg)a 507 = 4d§é;)» ~Y(L])8 - 2d%¥97
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Relativity
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Summary

e Giving the chiral Lagrangian for mesons with a heavy quark to
O(p*) order

e Giving the relations between the relativistic and the heavy quark
symmetry LECs



Thank you!
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