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Background & motivation

0 A(1232) in the low-energy QCD
wN scattering, nucleon magnetism moment, electromagnetic interactions of nucle-
ons, and so on

o (ma — mx) /Ay ~ p/A ~ /Ay ~ O(1/N)

Hemmert, Holstein, and Kambor, JPG24, 1831(1998)

[(ma — mn)/Ay)? ~ My /Ay Pascalutsa and Phillips, PRC67, 055202(2003)

e Current situation (Baryon Lagrangian):
7N up to O(p?): 1+7+13+118

Fettes, Meifiner, Mojzis and Steininger, AP(NY)283, 273(2000)

MB up to O(p*): 3+16+78+540

Oller, Verbeni, and Prades, JHEP0609, 079(2006); Jiang, Chen, and Liu, PRD95, 014012(2017)

7A (TNA) up to O(p?): 3+10 (1+5)

Hemmert, Holstein, and Kambor, JPG24, 1831(1998)

e High order results with A(1232)

nucleon-A transition, properties of A, scattering processes with nucleon or A, etc.



Review of the free spin-3/2 fields I

oVector—spinor representation: \I/“ Rarita and Schwinger, PR60, 61(1941)
1 spin—% fields+2 unphysical spin-1/2 fields

e The free Spin-% field Lagrangian

1
Z‘ :\I]HAIIZV\:DV, A # _5, Moldauer and Case, PR102, 27(1956)
A == [(i@ — ma)g" + iAWV + 7" 0")

+ %(3/12 + 24+ D)@y + ma(34% + 3A + 1)7*"]

e EOM + 2 subsidiary conditions
(i) —ma)V, =0, ~*¥,=0, 0¥,=0

The subsidiary conditions eliminate the unphysical spin-1/2 freedoms



Review of the free spin-3/2 fields I1

e Lagrangian is invariant under the Point transformation

1 A—a 1
/ 14 !/
v, —->v =¥, +—-ay,79", A—>A=— a
a o roogn 1+ 2a
A is unphysical Kamefuchi, O’ Raifeartaigh, and Salam, NP28, 529(1961);
Pilling, IJMPA20, 2715(2005); Krebs, Epelbaum, and Meifiner, PLB683, 222(2010)

OAbSOI‘leg A llltO Spln—% ﬁeld Pascalutsa, arXiv:hep-ph/9412321
n v v 1 v
D%f = %mA” wAl/; fj} = (gﬂ + §A7#7 )\I’y

. L, 1 . 5
A = — (i) — ma)g" + Z—lv“fy’\(u}? — ma)YaY

'y satisfies the same EOM and subsidiary conditions



Building blocks in CHPT (without A)

e Two-flavor QCD Lagrangian Only a* is traceless, (a*) =0
£ = g(SCD +q(p + dys — s +ipys)q,
S =St 4+ S0, S=s, p, v, a"
e Building blocks
w' = i{ul (0" —ir*)u — u(0" —il")u'},
Xz = ulyu' £ uxtu,
h*" = VHu” + VVu",
Y =Pyt + ul FR
= uFtut — PR = —VHu” + VVuk,
= b b at, I = ot — gt x = 2Bo(s +ip), FIY = 0 — 9t — it ],

FI = 9M1Y — 91 — i1 1Y)

e Covariant derivative )
VHX = 0MX + [T X], TH = 5{uT (0" — ir*)u + u(0" — il")u'}



CHPT with A

e Nucleon fields: ¢ = (Z )

e [sovector-isospinor representation wang anda e, PLB387, 9(1996)

1 A0 _ A++\H . /1 A0 ++\ # I
Va\ A - LAt V2 \ AT+ At 3la
1: Spinor space X isospinor space X isovector space

o Subsidiary condition: 7' =0 (i =1,2,3)

o TAA interactions: ¢ OZW@D;’
mNA interactions: OO 4, . (2,)¢7 + h.c.
C—)A,n,,u,u(zn) = Guv + [Zn + %(1 + 4271)A}'Yu71/

zn, parameters can be obtained from experiments



Building blocks in CHPT (with A)

o Chiral rotation (R):

<TithhT>

N | —

u— gruhl = hug}%, v =U, K=

X & X =nxht, = X' B KX X, 5 X,
X are building blocks in CHPT without A
Sy =h, WS Kbyt (i) =1,2,3)
o Building blocks: X;, X, 1, 1, !, ¥, Yl s and &fj\,n,i? and their
covariant derivatives

e Covariant derivatives
VHEX =0t X — 2ieT XTI,
VX, =0" X,
Dy =" + (i7" + TE L)y,
D™ =™ — 20Ty + THT ™ + T,



Properties of the building blocks I

e Expanding chiral Lagrangian by momentum

@ The requirement of chiral Lagrangian: symmetry
e Chiral rotation (R)

e Parity transformation (P): Py, = Px, = Px

e Charge conjugation (C): ¢'' = —¢* =¢* =1
XS (—1)XT = X' S (-1 X, X, S (—1)°X,

e Hermitian transformation (h.c.): X;, X; and X are similar



Properties of the building blocks II

Dim P C h.c.
ut 1 —u,, (u)” u
hHv 2 —hu (R T hHv
X+ 2 X+ (x+)" *Ex=
Y2 Efew FUT O
ul! 1 — Uiy cijuf ul!
B2 —hi cght B
X+, 2 X+, CijX+j  EXai
X+s 2 EXs X+s  TX+s
iyz 2 :l:fi,i;w ?ngfi,] iyz
S L e L

Red ones are used



Properties of v, ¢, and 7 1

o Invariant monomials:
TAA : gEi‘A”@w]” +H.c. 7wNA: &A’@@/}Zm + H.c.

©... contains 7, €, €, 7 and D (e: Isovector space, e: Lorentz space)

o Chiral rotation (R): invariant
e Parity transformation (P): ¢ L o), P, Ly yppim

e Charge conjugation (C): ¢ N —i(Ppy0y2)T, ir S _ich (i) T
EiijiY;'Zk E} —(—1)z+y+zeiijiY;Zk Absorbing “~” into C_ijk

e Hermitian transformation (h.c.) Similar as C

e A sign difference for D*)? because of partial integration Seeing below



Properties of ~, €, and 7 I

Dim PAA CAA h.C.AA PNA CNA h.C.NA

0
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Linear relations I

e Subsidiary condition: 7! =0
ok
TiTj = (5@' + ZEZ'jkT

TiT'Tk:5'k7-i+5i'7—k_5ik7-'+i€i'k ijk M G 1] G
J J J J gk TRl — it — it

gt gimo gin L PN TR S B~V AN
Eijkelmn = [§it  gim  gin € Tk¢j o ( ir'r + 40 )1/}]
6I~cl 5km 5k’n

e Schouten identity
g,ur/)\pAO' o gau)\pA,u - 8uaApAV o e,uuapA)\ o Euuz\a'Ap =0
el — e Ai — €Aj — €A =0
= O = iOml + P(i, §, k)
O —iOp)) — " Ol — €7 Opmlf = 0
P(i,7, k) means all permutations for the indices i, j, and k and an odd permutation

P(i,7,k) gives a minus sign.



Linear relations 11

e Partial integration
0= &iuﬁuomwk)\ + Q;iuv,uomwkk + &Z’VOMDl%ﬂk)‘
0 = PDFO™ Y + GO Y 4 O™ DI
:Nziuﬁuo---wk)\ KN _&iuomDud}k/\, J}Euomwju - _wo-nDuij

“_m

means that both sides are equal if high order terms are ignored

e Equations of motion:
mi V= (- — (1))
AZ gﬂ-A = ’QDLAZI;]’QD&
A == [ —ma)g"” +iA(y" DY + 4" D") + %(3A2 +2A + D)y Dy
+ma (347 + 34+ 1)9#4"]6;; + O
=(il) — ma)Pt =0, Dyt =0, v,9 = 0 Similar as the free field

The form of v and ¢ are similar as 7N chiral Lagrangian



Linear relations III
oEquations Of motion (summary): Fettes, etc., AP(NY)283, 273(2000)
oM <= —iDW " does not exist.

o The Lorentz indices of D’s are different from that of 1!' or ¢!

e The indices of D’s are totally different and totally symmetric
Dyyp... = Dy,DyD, - - - + full permutation of D’s.

o When e**?? exists, neither y57* nor o*” exists

o The Lorentz indices of 457" and o are different from that of ¢!' or /'
and that of covariant derivative acting on the baryon fields.

°¢(?)V”BV“"Y5%DH¢? does not exist

° O = TZ}(?)A“VAP#UUAPD(;ﬂ)? + P(p’a v, )‘a Py 5)
P means all permutations of the subscripts behind it, and an odd permutation

gives a minus sign.
ol =)'y, and both of them are useful

0 cHA D iy ;= s — APyl



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

O ! TI'NA :17

(p")
O( 1)7TAA7 (pQ)wNA :DN”Y5"}/M7
O( Q)ﬁAA’ (pg)ﬂ'NA 317DW7’Y5’)’“DV7UW,6“W\I)7
O(P*)xan; O(p")ana :D*, DM,y 457 D, o D,
G'U’VAPDP, e,uuApDa’

4

4 A \ \
Op )maa -1, DR, DR2P sy DY 5y D, o™ o D7,
o
E/LV)\p7 euu)\pr ’E,uu)\poS.



Linear relations V
e Covariant derivatives and Bianchi identity

VAT 4 VTN 4 VAT = 0, [V, VY]X = —2ie kX0
VAT 4+ VTY + VAT =0, VAT + VI + VAT =0

FHV — %[UU,UD} o é ﬁu

e Cayley-Hamilton relations: Implied in the Pauli matrix relations

o Contact terms

v 1 4 v v 1 v v
R = S B = b o,
1 1
x = ulxs +x-)u, X" =sul ey —x !

Only 6 terms in the p* order
@iM<FLuVFLuA>%A + H.c., W“(FLV’\FLV,O%# + H.c.
W Fr, Fi Y Doy, + Heeey 0" (F" Fr,”) Dy, + Hec.
GO Vi, O™ det xbyy, + Hee.



Constructing chiral Lagrangian I

e Piling building blocks (all terms)

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

e Removing linear depend terms

e By computer



Constructing chiral Lagrangian II
e Reduced building blocks:
W=l e il

e Permutation: Permuting all reduced building blocks and their co-
variant derivatives

e Primary screening:
Coding each operator and each script a number, choosing the
smallest one with Einstein summation convention, symmetry and
anti-symmetry indices and C-number positions

e Substitutions: Revealing the covariant derivatives

hyw = Vuu, +Vou,, f-,.,=V,u, —Vyu, and so on



Constructing chiral Lagrangian 111
e classifications: classifying terms by numbers of external Sotire
D; ;: Contain hyu, f— uw, Eik: Revealing V
D;; = ZAi’jkEi’k, 1: source scripts
k

All linear relations in the same classification

elinear relations: ), R; jxE;; = 0, reduced row echelon form of
R; ;1. to search independent ones

1 0 O O O
1 O O

Ri,jk — Si,jk — - .
o 0 O

e Adding contact terms: Eliminating some terms

[19%2

e Hermitian conjugation: Adding some appropriate “i



Results



Checking

Recovering the 7NN Lagrangians, with the following relations
Fettes, Meifiner, Mojzis and Steininger, AP(NY)283, 273(2000)

(XY) =2X"Y; + 2X.,Y,,
(XY Z) = 2" X, Y, 20, + 2X Y Z + 2X' Z,Y + 2Y' Z, X + 2X, Y. Z,



O(p') order

o Our results:
LN = L[ — ma)g"” +iA(F DY +~"D") + %(3/12 24+ 1)y Dy
+ma (342 + 34+ 1)y L + eV W s i
XTE}\/}A = gﬂNA’(Euéle)n7M + H'C'

oHemmertJS Hemmert, Holstein, and Kambor, JPG24, 1831(1998)
Lida = ~0u[(D — ma)g" +iA( D" +7" D) + 2 (34 + 24+ 1)y D"
+ma(3A® + 34+ 19"y + L+ 2 (s + w15 + Dvsh, 157 ]l
er\;A = ngA?;uﬁwa,n,# + H.c.

e Reason: Removing redundant off-shell parameters
Krebs, Epelbaum, and Meifler, PLB683, 222(2010), Krebs, Epelbaum, and Meifiner, PRC80, 028201(2009)

gdi, g2, gs are not independent Wies, Gegelia, and Scherer, PRD73, 094012(2006)



O(p?) order: TAA

The LECs relations between ours and Hemmert’s

n O,(f) 0512)

1 g[;i”uwuj”z/}jl, 2a19 independent
2 Y Hu gy 2a19 independent
3 Y Hu i, dag

4 Q/Zl:“uj}uuj”/}w 2a11
5wy, as

6 PHu urDoib,  —2ag

7 @i”uj”uj)‘Dl,M/)w —a2/2

8 wWtuur o\, as

9 i?l_fi“fs,w”% ag + a7/2
10 lzi“fs’+y)\dy)\l/}iu additional term
11 iW”erjuyTj%u ag

12 P f " 0,00, additional term
13 }/;i“XJr,sZ/Jm ay

14 VX T as




O(p?) order: TNA

e Our results:
3(2) _d(2) T, U ' -I—d(z)lz i, v i
A =4 YUt Ty A o o YUTUT TiYs VWA, ju
(2) 7 ¢ ipv
+ds7 i) f " sy A + Hee.
OHemmert’S Hemmert, Holstein, and Kambor, JPG24, 1831(1998)

1 - % v VR % v R i TV
gg\?A :<_§bﬂ¢i,1,if+uu75’7 +b2l¢ffx,z,iffWD + b3lwﬁ,3,ivuuuD

1 7 i,V 1 n w
- §b4¢51,4,iuuu V5V — 5551%,5,7;“#“ Y57»)¢ + Hee..



O(p?) order:

TAA

(3) 3
ZLiAa = chﬂ )0513>
=
[ o® @)
e n_| on
Y5 T, j
2 wuu - umﬂ. ST 23 | 4RI, "Dy, + Hee.
" ul i vs Ay + e 24 | PV RIN DYy s, + H
i Teiuul,,"].uu TRV V¥ + Hee. 25 iﬁi“ui”h“p;yb J:ZL) +'IC{'
o ' v J .c.
"l_)iuu'l,uu.uukATk'\/5'7/\wju 26 iﬂjwujythPUVADPwJ'u
5| @M u Yy A T iys Ak, + He. 27 | girvvi_d e "
6 DY I uF A T sy in AN
i bk . 5 m 28 | it foi YN sy 4+ Hee
P ug Pt T ys o i + H v '
7| T e s i + e 29 | i f o uI s Ay + Hee
WY gt s YA i 30 | it fy, Dxyi ot He
9 DY uI NP 1 iys Dy g, + Heee | 31| ity vR JH%'V" R
10 | P u;YuirukPriysy\ D p?/) ) i o v, e
11 wlu jv, A, kp ’ Aotk 32 i Mf'*' Iz ujAWE"Y”ql}i)‘jLH'C'
P T g AP sy, D i 33 |t it ys iy
k2 ] .
12 | Py, foI" Dy + Hee. 34 i f A ; -
v s j iy YA uIPys Y, Dy g, + H.
13 P Hu fod "Dyt + H b N
RN v .c. 35 | it fs 4 w5yt + Hec.
14 | @HuVf_ I Dy, + He. 36 i
X RN j WD fo 4 VI A T sy
5 | @Hu;Vf_I "Dy, + He. it .
15| o DX 37 | iV £, +V*Dwm
wL wl  f_ ;YA Dytx + Hee. 38 mﬂ“v F47 N i Dawi
1 pin Jyf : D o 39 i + FEAVip
e el DY Xy 75WuwW+Hc
u;V f ouxDpibju + Hae. 40 IV
. i J)‘Pa,\ R, b wu]VXﬂ%%ﬂbm
20 | s aen ,,D d}m PrHu x+ sTiV5 Vv ¥ip
: M ouADoetip 42 | it uYx_I Dy, + H.
21 | igtrud? f_ APGMD Vi 43 | itV y e
22 | §u;, RV Dyyiy + He. 44 | apitvY meuwm
X Tiv5s Vv ip




O(p?) order: TNA

2@ =35 dP (P 4 He)
n

o o® n | o

1 &u’”ui#u]l/wA,n,ju 19 ’LZJV”f '(/»’A \nLiv

2 &ui“uiyujuwA,n,ju 20 VS WAU/“'IDA n,iA

3 djui"”u ujADmﬂr/’A n,GA 21 “Lfsﬁr“uu.“w“""ﬂ"

4| Gt Dl 22 | i fs MDA A i
5 ipu M uy u”‘duﬂl’A n,jv 23 &fs,Jr}W““\"HVd’A»"«“

6 i B g ul e A i 24 | Bfo M u N oA i

7 ze”k%bu “u ”\TkD;L)\@UA n,lv 25 'waﬁ-luou/‘T'LwA n,jv

8 ek gty U’U«LATICO'MU"/’A n,Ix 26 | WS T b i

9 ’LlJu”Lf JVAT’L’YO’Y“/ v A n, i 27 “Z’f+”“/uj)\71 AP A n, v
10 | puttf_ IV 5y, Dyt A n gx 28 | i f PN Da A i
11 wu”‘f_J”Tns%waA,n,m 20 | P oA g
12| utt I w5y Dyt nin 30 | Of I o b A o
13 | Putt fo IV riys v Duth A in R R e LN
14 Jm’:“ffj”ms%DwA,n,m 32 wf#“"“”ﬁ"wwfh"»w
15 | put I 157, DA g 33 | Pultxp s¥an,in

16 Putt hIVA 1 y5~, D Dpuban,jx 34 ¢u7ﬂx+17—111),4 ngp

17 | emvAPgut, fo JanA nip 35 | Putx I TivA nip

18 | elVAPgyt wl— J,, TiYAn.ip 36 WYX=V Anin




O(p*) order

4
W(A)A—ZC
XS\;A—Zd P™ + He.)

TAA: 385 terms, TNA: 236 terms
0514) and Pr(f) are in the attach file (click here)




TABLE I: Terms in the O(p*

) mAA chiral Lagrangian

1
— n
1 LTI
Y 1, 194 zwwf k
2 il M o “uirukP;Dyyiry + Hee.
wip W’ u u” gy + Hee. 195 wa
3 gl b u F+ e Dy gty
wi”u! yut up” i + Hee. 196 ) f ]V/\ kor D
i w +7 T U U T DN H.
4 ?,ZJZMuquJuujAukywk/\ 197 ,“me ; 1/ )\ k;p] Pd}k,u + H.c.
5 &iuuiuuj u’”‘u w t o TkDVAwip + H.c.
P 198 i £17,u b Pr D
6 wzuuiyujuuj)\uk)\wkp, 199 im )]\ k ‘ )\pw“/
T Pt P fri w urPTio Ny + He.
5 v KAV 200 P fo Y uIr ke
8 @bluuj wsv k A +op u Tjaupwk)\‘f’H.C.
i ply U=y Uk pix 201 ,(El,uf v i ke
9 Gl u g tip WIUPTON PRy + Hee.
g plj- ukA¢zy 202 &Z,uf .V)\uj kp
10 Girydva;,uk> i U P TR + Hoc.
U~ UjpU ukﬂ/%p 203 djwf VA, G . kp
11 vy Mk +i W Ut oA + Hee.
i g u Vuk)\wiu 204 &z,uf 'VA’LLj kp
12 @biMU' Gv. Aok +i Nu T]'O-prk‘)\"i_H.C.
it ui P Dy zaby 205 1t VA, j
_. ) P 05 ’(ﬁ'“f+4 W oukPr.o )
13 wzu v Ak Y k upQ,Z)JA‘i'HC.
8 wi W u; P Dy pippy + Hec. 206 it f, I kp
14 Huud ui Mk Dy, i 207 z/zwf+ et
_ , v CuMubke
15w ud yuj kP Dy iy, + Hee i B e
16 ! j r - 208 ¢“f+ YuMkPT o b
6 lbwu-”u] kX, p 190 VPkv
v puUE D)quybjz/ 209 it V)\ k
17 Dty w ik P friu utP Ty ok + Hee
D ud yu MR Dy by, + Hee. 210 ¥ f ik p+He.
18 Pitulul uf +i WUt TEO N+ Hee.
u; U’ U uka)\ 1/} —i i
1 . ) P I 211 ’[/} ,LLf Jv u, ukaO. w
9 Py JOvATkp
3 W U])\U prlﬂ/}k# 212 ¢Z/.L kp
20 il kN o u ot + He.
w i ut ug? Dy i i >\
o P 213 Y f i MIPub 1o
21 il u uk pTiOuA Yk + Hec.
U U U uk;PD/\pin 214 &’“f JUA kp
922 iVl + P TiON Y + Hee.
W ugu  ug? Dyptip, 215 it £, v
_. . 5 1/} f—‘,—J Uipuk T:O 1/;
23 IV u Mk P uljovA¥kp
g wi Uy uR” Dypiy, 216 i 9"y ke
24 "u" WPl Dy pothiy 217 +ju,\ m“k et e
25 ikl Ak, A R 2N
Ui U™ U DV/\priy, 218 &wf guN,, . . kp
2% i, ulu ik TR i
Ui W U5™U paupwk)\ + H.c. 219 djwf JUN,, pak
97 it b + U RO A i
Wi w g pUVPka 220 &iy’f—&— VA 3Pq ko
. ) i U .
28 i) u ! Mt o, + Hee 291 ot l-,,,\ 7jOuADpotry + Hec.
29 'QEZ'H Vi oo Aok - 2Ly uipulejUW\D oV
i d uw yui P oy by, + Hee. 229 ik f,3VAy Pyko poYku
30 ipHu u Mg ukP oy, by, 993 it u] 2) Do
31 0,5 0y Vo kA W frin” [Py Datjp + Hee
'L/(/] (% Mu u" U O-Z/)\wlp 224 S v i P )
32 ipHu WM Puk o\ D potbi, + H W Frin” ="y Dibip + Hee.
J A po P .C. 295 bt f, . 2
H 25 W™ frin” f7 P51 Dpbjy + Hec.






n 07(14) n 07(14)

33 ekl g u ul u™ by + Hee. 226 Z"[Ei'uf+il/)\f_juppy5’)’yDA¢jp +H.c.
34 i€k ptug u uMm™P T Dyaiby, + Hee 227 z'z/;i“fﬂ”)‘f_j#pfyynypz/)j)\ + H.c.
35 M uj i o\, + Heee 228 0 f1 P fT Py, Doy + e
36 €Tkl u u Ml u™P o) pm,, + Hec. 229 iy f1 N fI P ysya Doty + Hee
37 TRl u u MU 10\ D oty + Hee. 230 ip ™ 170 f Py, Dby + Hee.
38 i, ul” fF iy, Dy, + Hec. 231 it f1 7" i 5y, Daiip + Hee.
39 @Ei”umuj”f_m”q75'yAD,,77[)kp + H.c. 232 il/;i“f+j“l/f—j>\p'75'y}\Du1/}ip + H.c.
40 Hu i f P Tysn Doty + Hee, 233 i) £ A Py A Dt

41 prugd” fF sy, Dy, + Hee. 234 i)™ f I [Py Do

42 i l” f N ns Dy, + Heee 235 i fr, hiM sy, D, + Hee.
43 Pt f Ty Doy + Hee 236 i friy "Ry Dy, + Hee
44 P f s Dabp + e 23T i f 1WA s Dy, + Hee
45 Pt ud, f Ty Dy, + Heee 238 i9p £ 0 Py, Do, + Hec
46 PHutul , f P Tivs Dy, + Hec. 239 i)' f1 b 5 Dpibjn + Hee.
AT PP ud f s Dyt + Heee 240 @0 10T Py Dt + Hee
48 it uly T s Dyt + Heee 241 i £ ysy, Dady + Hee
49 zﬂ”‘ui“uj’\f_kuij%%D,\%p +Hec. 242 izﬁ"“fﬁ#yhj’\p'yyny,\wp + H.c.
50w f R Py, Doy + Hee. 243 i f17 "hi M y5yADytbip + Hee.
51 @Ei”uz"’uj’\f—kyij%%Dﬂ/Jkp + H.c. 244 ip ™ 7 b5y Datbi

52 ruwr f P rysya Dyt + Heee 245 60 £, Py ya Doty

53 tuu fE sy, Dyt + He. 246 i) 17" hju P57 Datbin

54 W“ui”ujAf—kuij’YmpDM/Jky + H.c. 247 i)™ f1 " WP 57y, D pothjp + Hec.
55 @Ei”uiyuj’\f—kﬂka’YE)%D,\T/ij +H.c. 248 i)' f1 7Y D757, Dpo iy

56 g w L Tis Dot + Hee 249 iV fui iP5 Dty + Hee.
57 uifw f R, s Daxti + Hee. 250 VY foi ulPys, Dot + Hee.
58 Pihuui fF, " ris Dy + Hee. 251 iV friud s Dyt + Hec.
59 Y wi fF Priysy, Dabj, + Hee. 252 ii/;i“VVerjy/\Ujp’Ys%\Dpww

60 it w fF\ iy Dt + Hee. 253 VY £u9, iP5, Doty

61 W f 5\ iy, Doy, + Hee. 254 i)Y f1 w5 D gy

62 ul yu” f sy, Dty + Hee 255 ief " io f oo f I i + Hee.
63 rud yus” f P mys Dy, + Hee, 256 i MU i f-I \jp + Hee.
64 PP urfF P rysy, Daiig 257 i), frin f-7 sgip + Hee.

65 PHutuwA o iy, Dyrotbr, + Heee 258 iEW}‘pl/_waJrjuaffjw\wip + Hec.
66 " uiu” K Tiv57, Dy, + Hee. 259 it i fiihd xotbj, + Hee.






n 07(14)

n 07(14)

67 P ugul” K Tivs7A Dy, + Hee.
68 Y, ul Wiy, D iy, + Hee.
69 Y uzul” M y5y, Datj, + Hee.
70 PHugu B rys Dy, + Hee.
71 u ! hF AP Ty, D, + Hee.
72 puud WA Tiys Dy, + Hee
73wl WA Ty Dot + Hee
74 Yuul B Ts Doy, + Hee.
75wl W T ys 0 Dty + Hee
76 W TiysyaD iy, + Hee.
7T P WA Ty, Doty + Hee.
78 YU WA Tys A Dyt + Hee
79 P wNRE Teysy, Dby, + Hee.
80 pHu Y w AR\ Tiy57, Db, + Hee.
81 i ud yu;” hFAPrys, Datip + Hec.
82 Pu whFPo iy, Dypotbry + Hec.
83 P u WA Tiy5793 Dy pothiy, + Hec.
84 &i“ui”uj)‘hkp”Tj’Ys’YpDuAazpk# + H.c.
85 e Aptugud \fF T, + Hee
86 M i uul \fF i + Hee.
87 6“”Ap@2ujyukxf—ip07j¢ka + H.c.
88 5“”>‘p1/;zuwuj"f_k>\p7'j1/1ko + H.c.
89 e Myl uiu” f ¥y mrabjo + Hee,
90 e Nl ud? fF ) ik, + Hee
91 5“”>‘p1%ujyuff_k)\p7k¢ia +H.c.
92 el ud uk? f_inTithre + Hee.
93 e i ud uk? f_in mitbie + Hee.
94 etrAPioy, bR iy, + He.
95 el uul b o Titbr, + Hee.

96 €#V>\p'lzJLUil,ujghk)\gTjwkp +H.c.

9T P f i f, i

98 W f NI i

99 P f T i

100 9 f 77 i b

260 e, frin”hI g iy + Hec.

261 e Yo f1 9 hirgtip + Hec.

262 i APtV friveud \ibj, + Hee.
263 icH YLV fT L uiaabi,

264 i)™ fs 1Y f-INTiys, Db, + Hec.
265 i)' fo 1" 795 1aDuthip + Hec.
266 i fs 1V -9 Tivs Dot

267 i)™ fo N fT P57 Dathip

268 i)' fs 4, WP Tirysy, Datip + Hec.
269 i)' fy 4, WP Tiy57ADythip + Hec.
270 ip™* fs 1V I Tiv57, Daip

271 i)™ fs Y203, Tiv5 7 D pthiy

272 @™ fo Y I Tiv57, Dathiy

273 ip™ fs 1V WP Tiys v Dipo i

274 iV fy 1, MIPTi s Doty

275 VY fs 1, MIPTiv5Y, Doty

276 1)V fy 1 Mud Ty D pthi

277 Ge" MY f 4o f-I 2Titip + Hec.
278 it APt fo I Ao Titbip + Hc.
279 ieMAPpi NV fo uoud \Titbip

280 PV, fs M ox i

281 VYV, F1 9100 Vi

282 P f i f19, Mo

283 ' f" 47 i

284 ' f1 M 4\

285 ¥ 17" fi bin

286 U £ I f ity

287 Y i f7 Dyt

288 4 £ 17, Dyt

289 ¢ 12 19,7 Dyt

290 G 17" £ Dyaidi

201 " 17 1 Dyt

292 i f Y I o),

293 ipH [, f1I o5 + Hee.






n 07(14) n 07(14)

101 @ f IV f_ izt 204 ip ' 1M 47 Lo i

102 9 f " f I Dyxab, 205 iy {12 47 S onptbiu

103 P f_i" A f3 P Dyt 296 i 17" f1 oAt

104 ¢ f 2 f3, P Dy 207 ip ' 17,7 f1 P orptbin

105 ¢ f 3" f M Dy 208 i) f 14" fs 0 P OuADip

106 ¢ f 72 f 5, Dyytbiy 299 i f 1 fs M orp i

107 i)™ f_i” [T o015, 300 ¥ £ 77 fo 1 minin + Hee
108 i) f i fI o\t + Hec. 301 P fL 72 f unTjtip

109 iy f A f9 Loy pbja 302 ¢ 17" fo 4P Dyatbi, + Hee,
110 dp f_"2 f3 P o\ b 303 Y £ fo 4 PTi D i

11 i f I " Mo, 304 i f I " fo M riouabi, + Hee.
12 iapit f I " Moy by 305 i f4 9" fo i M TioN i

113 &i”hml’f—jy)\%A +H.c. 306 ip™H £ fo 4P TioAbip

114 Q#h A f7 abix + Hee. 307 P uiulV x4 iy

115 #hd Y f i, My + Hee. 308 Y ud x4 st

116 9#h,” f-9* Dya1j, + Hee. 309 YHu ud x4 s

117 §*h* f3 P Dyaips, + Hee. 310 Y™l ¥ x4 s i

118 "  f_3 "Dy, + Hee. 311 Y udujy X 1 s Uiy

119 #hi Y f_ > Dy, + Hee. 312 Y*u w4 sDuatjp

120 Q#hI X f 5P D ythip 313 ¢ u u x4 s Duathiy

121 i hy,Y -9 o5, + Hec. 314 i u w4 5o

122 ip™h,Y 320y 0, + Hee. 315 Y, ulV x4 P, + Hee.

123 i) h" f3 oy iy + Hee. 316 Y u ud x4 F b, + Hee.
124 i&i“hi”/\f,jypa)\p@bju + H.c. 317 @Z_Ji“ui”uj,,X+ijwku + H.c.

125 iqﬁi“hjuyf_j)‘paw\wip +H.c. 318 &i“uwujl’)@kmz/}jy

126 i hi"* f_9P7 5, D gtpj, + Hec. 319 Huul x4 Freabs,

127 9 by W, 320 Pt ud x4 i

128 ¢ h " b\t 321 ¢l ug” x4 Pt

129 #h7 " hiy Mpin 322 PV, x 1 P

130 PRIV hjyaibip 323 YHu u M Py Dy, + Hee.
131 YRy, WM Dyt 324 YHuur P Doty

132 ¢#h" w3, Dy, 325 PuYu M B Dyaibiy,

133 #hI " h N Dy, 326 i ut WAy o, + Hae.
134 PRI h;,P Dy iy 327 i) u w xR oA,






n 07(14)

n 07(14)

135 Y h" WP Dy po iy

136 Y R 0P Dy po i

137 ip™ Ry, W o\,

138 ip ™ h" 1 o\ i

139 i)™ h" 1P 0, Do)

140 %, VY f_3, by + Hee,

141 " VA I \abjy, + Hee.

142 PN I 4y, + Hee.
143 ¢ud V7 f i, Mix + Hee.

144 pHud"NVA iy

145 VA f-3,P Dy, i, + Hee.
146 PV NA 3P Dypihiy,

147 z’@wui”v,,f_ﬂpaiju + H.c.
148 ip ™'V I\ P oy 0, + Hee.
149 i fs 1Y ui ™y + Hee.
150 40 fs 1, urud 150 + Hee.
151 i fs 4 Ml \ibj,

152 ™ fi 1V uiud \hj

153 p# f 1 ud yuiMbiy + Hee.

154 i f 4w M,

155 )™ fs 1, u P Dy, + Hee.
156 ii/;i“f&Jm”uiAujprpwj)\ + H.c.

157 iiwfs,-&-uyui)\ujpD)\pwju

158 ip™ fy 4V Mz ud? Dy by, + Hee.
159 i)™ fo 1, u P Dyyibs, + Hec.

160 i fy 4 Y ui? Dyt
161 ¢ fy 4 uirudPo,\ibj, + Hee.
162 @Z_}wfsaru”uz‘)‘ujpffypwj,\ +H.c.
163 Y™ fs 1, u M uIPoy 1
164 P fo " Mug P o,abip
165 Y fo . uguP oy, + Hee.
166 ¥ fy Y MuiPud ,o,01,
167 Y fy Y uiPud o\

168 &i“f&jLM”uj)‘ujpo,,)\z/fip + H.c.

398 W“f_i"AXij%’YuDijy + H.c.
329 )" X 1757, Dardjy + Hee.
330 YY" VA1 s aDybju + Hee.
331 er et f x4, + Hee,

332 e A0l Vax 1715, + Hec.

333 YNV X+ sWip

334 PNV, X4 T

335 i) i, x+7j, + Hee.

336 i) f17 Xt

337 Y 1" T oy, + Hee.

338 P £ Mot

339 i)™ fo 4 p” Xt st

340 P fo VM4 sTuain

341 i)™ fo ) X T

342 ¢ fs X I TouAYiy

343 ip ' 17 U x Tt

344 P fLIAN L Tioain

345 P XX i

346 " x4 X4 jPip

347 YL X+ sVip

348 P I X4 sTithip

349 iy u w57 DAty + Hee.
350 ie“”’\p@fluwuj/\X—,s%p

351 ihHu uI Ny _* 15y, Doty + Hee.
352 it Hu u N _Frivsva Dyt + Hee.
353 itpHui u x P reysy, Dby, + Hee
354 ie“”ApzZ;Luz'Vuj,\X—ij@ka + H.c.
355 ieh N wiud \x—Friabj,

356 i) f_;, " x 71, + Hec.

357 b f*AxToaj, + Hee.

358 it h;,” x—I1j, + H.c.

359 )R, x i

360 1" h;" x I Dby, + Hee.

361 i) hIVAx ;i Dyabiy,






n 07(14)

n 07(14)

169 P fo M uiP oy,

170 P fs " Mid P oy i

171 ™ fo 1 9P ,00 003

172 4 f P17 0,0 Dot
173 0 fo 300 0,0 Dt
174 ip f i, 0 ,uF by + Hee.
175 ii/;i“f+iu”ujyuk>‘7k¢j,\ + H.c.
176 ip™ foyi w4y, + Hee.
177 i f Y ujuu vTiVrx + H.c.
178 it f,
179 i) oY Aud,uk AT Uk, + Heoc.
180 inp f7 "
181 inp f17 "utu
182 m/)“‘f+ uz A )\Tjwkl,
183 “/JWerW’\uwu AT Ukp
184 i fL7
185 i fi 9,
186 i)™ f4,
187 i) f 4"
188 i) f4,"

ujuu vTEY A + Hee.
uil,uk’\Tjwk,\ + H.c.

k,ﬂ'j@ﬁk)\ +H.c.

v
ijuk)‘Tk’l/Ji,\ + H.c.

u] My )\Tkww

VM kaj u)\wkp + H.c.
uj’\ukajDsz/JkA + H.c.
uj’\ukajDprkl, + H.c.
189 ip™ f " ud ukPT; Dy iy + Hec.
190 ip™ f Ml ,ubP1; Dy iy, + Hee.
191 i&i“f+i”)‘ujuukakDyp1/}j)\ + H.c.
192 jgpi f+'y)‘ujyukakD)\p1/JjM + H.c.

362 i)™V V, x4, + Hec.

363 i) *uYV, x— i

364 YHu VA _Io,\pj, + He.
365 i hi "X 5Tt

366 i *hIVAx _ i Dyrtiy,

367 i) UV yx_ s Tiiy

368 Y f1" X _I 57 DAty + Hee.
369 Y I M sy Doy

370 P fo 1P M- 55V Doty

371 e A0l friax I, + Hee,
372 &ML f47 X i

373 eI fo X - sPip

374 P fo M I Tivs v Dathis
375 U LI o5 Datbip
376 /A fo ax-ITithip

37T e i f17 X sTitip

378 Y x_ix—I i,

379 X _Ix_ 5Tt

380 Y (Fr,” Fr,M)iy + Hee.
381 P (FL" Frya)i, + Hee.

382 U (Fp," F1, ") Dyythi, + Hec.
383 YU (F " Fr,,”) Dyt + Hec.
384 " (xx )i

385 i det x1;,, + H.c.

193 Zwluf+ Uz uka] Vz\wkp + H.c.
TABLE II: Terms in the O(p*) 7NA chiral Lagrangian.

n PT(L4) n P1§4) n PT(L4)

E— : — : . e N
L hutPu w5y, A e 80 YR f_INTiys Dyt anip 159 ap f1 " f7 " DAt A v
2 YU WA T YA A 81 h™ fINriys s Dyupth a v 160 o f1 " f_ I 7,00, Dyt a . ip
3 Put e T s A e 82 VAR [ Tivs Vb An i 161 O f " f I 70 A Dythanip

-— . . — . . )\ — . .
4 zpuwui”ujMuk)‘Tk”yg,’yyi/JA,n’j)\ 83 whwl’hju Ti’}/B’Y)\wA,n,jz/ 162 ¢f+Wyf_]ApTiO'#)\Dpl/)AynJ,/
5 uttuw P s A 84 YhH WM riysy, Dyath A nip 163 P f4 " f I 100, Dytha v






Y

n P7(L4)

n P,(L4)

g i kA
Yutuw! ut TYs A A

n
6

7 zﬁui“ui”uj’\uk,\Tj’Y5’Yu¢A,n,ku

8 @Z;ui“ui”uj/\ukaj757uDuA¢A,n,kp
9 Yuttu w5y, Dy pth A n i
10 Yutu" uI PP Tiys 7y, Dapth A
11 zﬁui“ui”uj/\ukaj%’Y)\DWl/JA,n,kp
12 @Z;ui“ui”uj/\ukaj’Y5’YADup¢A,n,kzu
13 utfu w5, Db A ke
14 pulu” WP i 9, Db A e
15 E'LWAP”LZ}UiuUigujyuk)\TjDawA,n,kp
16 Yu™ iy f-7" Dyth o n jn

17 @Z_Jui“ui”ffju)\DuwA,n,j/\

18 Puitu fI ,fDAwA,n,ju

19 Pputtud , fi" Dyt an i

20 Yuul” f i, Dyh o i

21 Ypuu?? f_i, Dapanju

22 @Zui“uj”f_iu)‘DmﬂA,n,jA

23 YUt f i, Datha . ju

24 @Eui“ui”f_j’\pDW)\@bA,n,jP

25 @Z_)ui“uj”ffi)‘pDWMZ)A,n,jp

26 i?ﬂuwui'/f—j)‘pUuADu¢A,n,jp

27 iputu;” f I o\ Dyt A n ju

28 iputtu’ f_I o\, Dytha i

29 ipuru” f_ M0 Daxthan,jp

30 iputu? f_ o\ Dythanjp

31 i@ui”uj”f_iAPUHADpiﬁA,n,jV

32 Mzui“uj”f_iApUuAD;ﬂﬁA,n,jﬂ

33 il f_ Mo \D b A n

34 i?ﬂu"“uj”f_v;)‘pr\prwA,n,jV

35 iputul” f_ Mo\, Dytha i

36 Yuui, b2 Dytba g ia

37 Lljui”uiuhj#)\Du@Z)A,n,j)\

38 uitu’hd , Dytban o

39 Yuttud 1" Dythan i

85 YhH WA Ts Db A, jp
86 YUV, f I sy A ja
_ . S\
87 YuNY I T Tivs b am.ga
. DN
88 YurV [ Tivs Y Am i
_ . Y
89 YutNY I Tivs A A
90 YUV, f I s 1A A i
. Y
91 UV I s amin
. DN
92 YUtV [ Tivs Y A m,in
_ . S\
93 YutNVYfI s A Amin
94 YUV L Y5 A A
95 YUV WA Ys Vb A nin
96 sﬂ”A”iﬂffinfj,\UTiDawA,n,jp
97 5“"’\p1ﬁh"#gf—jVATz‘Dcﬂ/’A,ij
98 e pht 7 f I i Dot A mip
99 i) f1+ M Ui w51 Ao
100 it f1 w5 yA0 A o
101 i f "™ u M ys A
102 il/;f+wyui)\uju’}’5’7)\wz4,n,jl’
103 it f1 " u M A5yt A v
104 49 f "Ml | u i 5 Y0 0 A nin
105 49 f1 " ! [ u M syt A iv
106 il/?fﬂ“”ujkujwwu?b,mn,w
107 i) f4 " u AP ys 7, Durto an jp
108 itp f1 " uir P57, Dypth A jin
109 i) f4 " urMuIP sy, Dapth A jv
110 i) f1 " uudPys YA Dyupth A g
111 il/;f+iuyui/\Ujp'75'YpDu)\wA,”7jV
112 39 f1 " w2 ;P55 Dyath A nip
113 i?;f+iuyuj/\uj‘p")’5'}’,uD)\p¢A,n,iy
114 itp f " uI P53 Dypth A v
115 ie“”kpi/i)fﬁw,uix\ujaDal/’A,n,jp
116 ie””’\p@Z_Jeriwuiauj/\Da¢A,n,jp
117 i 09 10w \ui® Dotpanip

118 it f 1M Uty Tiy5 70 A m g

164 O f " f_IN 70, Dat A nip
165 [+ f-I 70,0 Dytha,n,ip
166 0 f1 " f_IN 10,0 D pth A niv
167 O f+" [ 7500, Dythan,iv
168 i) f+ 1 Dot g i

169 i) f 1 7 Dyba v

170 i £ hi 1Dyt g g in

171 it 7 13, N DAt a i

172 itp £+ M WA T, Dy s A v
173 i) f " W7D yx pth A miv
174 ) f+ M W70, DAY A ip
175 9 f+ " WM 1,00 Dyth A 1 i
176 9 f+ " W10\ Dpth o n ju
177 f M W70, DA A nip
178 P f+ " WA T 0,0 Dytb A nip
179 9 f+ " WM 70,0 D ptp A i
180 ip VA £ " w A Dytpa i ja
181 ip VA fi ! " wADxha o ju
182 ipVH f1.7 "I Dyt 4 i
183 ip VA fi' ur Daha i
184 i) VAV, f+ " Y5%1b A nin
185 z’zﬁV“V”fﬁHA%%lﬁA,n,u
186 ¥ f1 " fo 41 V5 A min
187 P f+ ™ fs 41 Vs A miv
188 Y f1 " fy M5y, Durthanip
189 P f1. " fo . P52 Dyupt A miv
190 204 fy? L fs x” Dotbamip
191 1[_}f+i“'/f+ju)\7'i’}/5’7ﬂ/b4,n,j)\
192 @f+i“'jf+juATi’75’Y,\¢A,n,jv
193 P 4 f I sy, Dt an jp
194 ) f 71 fLIN ey D ypptha v
195 e 0 10, 47\ TiDotban o
196 Y X175 70 A v

197 Yu™u?” X 1ivsVut A jv






n P,(l4)

n P7(L4)

n P,(L4)

40 Yutu;” W Dyrthan jp

A1 Yutu;” W Dy b A m

42 i&ui“ui”h]‘)‘F’UW\Du?/)A,n,jp

43 iz/?ui“ui”hj)"’au)\l)pﬂm,n,ju

44 ipu I hi o, Datba n i

45 i&ui“uj”hi)‘pU#ADﬂbA,n,jp

46 i&ui“uj”hiAPUMADpQﬁA,n,ju

47 ieijkz/;ul'“uj”f,lu)\TkDﬂlJA,n,lA
48 ieij%ui“uj"f_ZMATkDMbA,n,lu
49 i€ puitut, f Y Dyt apan
50 ieijkﬁui“ul”f_juATk;DulZ)A,n,lA
51 i€k putul” f_ 5, Db a
52 i€kt ul? f_ i1 D A an,
53 eijkzﬁui“uj”f_l)‘kaUuuD/\iﬁA,n,lp
54 eijklﬂui“u]-”f_l)‘kaU;L)\DuwA,n,lp
55 GijkIJZ_)UZ‘M’LL]'fol)\ka:O-u)\Dpd}A,n,lV
56 eijkv,/_mi“uj”f_MkaU}\poﬂA,n,lu
57 eijk@ui“ul”f_j)‘kaUuADﬂbA,n,lp
58 €ijk1;ul‘uulyf_jAkaU“ADp¢A,n,lV
59 EijkT/_)UZ‘M’LLIVffj)\kaa')\pD,uq/}A,n,lV
60 ieij%ui“uj”hl#ATkDuiﬂA,n,M

61 icii pusu; bl T Db i

62 ieijkﬁui“uluhjy’\ﬂcDu¢A,n,lA

63 e TR hu;fu Y W 1Dt A
64 i€ puFu” by 1D path A np
65 €k puiui 71070 DA a1,
66 €ijk1;ul‘uu]'VhlAkaU,u,)\DV¢A,n,lp
67 eijk@Z_Jui“uj”hupmUu,\Dp?l)A,n,lu
68 U f_ w”f—j,u)\ﬂ"%'}/uwA,n,j/\

69 &f_i“”f_ju’\n%wm,n,ju

70 f_ 1 fIN TNy Dathan jp
TLf " f I Tiys i Dypth A, ju
72 @/_;hi“”f_ju/\n’%%?ﬂA,n,j,\

73 lﬁhw”f—ju/\Ti’Yks’y,\l/JA,n,jv

119 it fs 1 ul I Ty YAV A

120 it fs 4" ul i T ys b A in

121 it fo M Ut W s 1A% A i

122 it fo M u Pl \Tiys b A, ju

123 i) fs 4" P g5y Duat A m o
124 it fo M U PTiy57, Dypth a n ja
125 it fo " u I PTirys Y Daptam,ju
126 it fo + " uP I PTiys AD ppth A m ju
127 itp fo M uuIPTirysyp Dyuath A, ju
128 e 1) fo 4 AuI7 T Doth A jp
129 it ) fo 1w W Ti Doth A ip
130 €959 fo i, Teys 1 A nan

131 €959 f it uj, P T ys A
132 €9k f " u Ml meys Yot A nn
133 €k fo i u Ml mvs YA A
134 eijkd_}f”“l’uj'AUZATIC’YE)’YuwA,nJV
135 €% fo i ui M Priys Y Dot A nip
136 €% f i ui M P T yv5 Y, Dupth A nin
137 €% f i u i M Tiys Y, Daptha m i
138 €k fo i u M Tiysya Dypth A i
139 €% f i u M Priys Yy Dynth A m i
140 et Pedky) fuiu' 1, Dath A np
141 e ik f o ul AT Dot A,
142 i&fs,Jr””fquDﬂ/JA,n,m

143 i) fo M -1, Do i

144 ) fs 4" f- 01, Datha nip

145 9 fs 1+ f- 20,0 Dytha i

146 O fo 1" f- 0,0 Dpth A i

LAT Y fs M f- "0\ ,Dytha v

148 i) fo PR Dyt a in

149 z’q/?fs,Jr"”hiuAD)ﬂA,n,w

150 it fs " BN Dyt A v

151 0 fo M W01, DA Ao

152 4 fo + " RN 0, Dyth A ip

198 Yuhud x 4ivs VoA m ju
199 Yut ¥ x4 sTiys VA m,ju
200 Yuru X4 sTiVs YW A ju
201 i€k huitui¥ X+ Teys Yub A
202 i€ Fpurut i T Y5 Vb Ay
203 Y f- " x4 s Dyutha v

204 YA x4 Dyt A n v

205 Y f- "' x I Dyt A v

206 Y f— "' x I Dyth A v

207 YA X LI, Dpth a v

208 YA X I T Dyth A n v

209 QJ_}VMVVX+i’75'7uwA,n,iV

210 i) fs " X+ V5V Am.iv
211 49 f+ "M X4 sV5 Y A miv
212 49 -+ X4 I Tivs Y Ao
213 i) f+ M X I TiYs Y A
214 ipuu;” x—I Dy A ju

215 ipuuV x i Dythan ju

216 iiﬂui“ujyx_iDuwA,n,ju

217 iputu?Vx_ TiDptham ju
218 ipuulV x — sTiDyth A nip
219 € puitui” X e Dpth am i
220 eijkq/;ui“ul”X—kaDu¢A,n,ly
221 ip f- M x_ Y5V Amiv
222 iph*M x_ Y5 Yu A v

223 ipur VY X _ Y5V Amiv
224 ipurVY X Y5 Anin
225 i) f_ "X _ITivs Vb A v
226 i) f— M x I Tiys Yt A
227 iph™ X I TiysYuth Ao jv
228 Wh"™ X I TiY5Yuh A m,iv
229 iWpu NV X I Tvs Vb A v
230 ipu VY X I Ty A m, i
231 ipu "NV X I TVt A v






n P,(l4)

n P7(L4)

n P7(L4)

T4 DI FI syt in
75 zﬁhi“”f_ju/\Tj%’YAwA,n,w
76 YR fIN TSy, Dot an ip
TT PR f I T YAD b A n e
78 YR f_IN 15\ Dot A ju
79 PR fIN iy, Dydthanip

153 ¢ fs " hiA 03D pth a n v
154 i) VH fo 1" uADytb 4 i
155 iV fs " u P Datha niv
156 ih f4 7 f-3 MDytha i
157 i f+ ™ 0 T Data o
158 il/;f+wyf—ju>\7'jDV¢A,n,i)\

232 i&ui“V”X—jTj%%?ﬂA,mu
233 ¢ fo i "X "Dyt aniv

234 Y 1" X~ s Dytha v

235 Y f+ "I Dyt A v
236 ¢ f1 "X I T Dytbaniv







Point transformation

Vs = (0" + 3 AV Y )a

Lran ==V [(i) —ma)g"” +iA(y* DY + 7" D") + %(3142 +2A + D)y Dy
+maBA” + 34+ 1)y ]6,0] + D D (A0 )
LECs (™ (A)) are dependent on A
= — 4, [(i]) — ma)g" +iA(¥* DY +~VD") + %(SAZ + 24 + D)y Dy
+ma(3A2 + 34+ 1)y 800, + Y W, cm ol g,

LECs (c;"’”) are independent on A



Heavy baryon projection

Without 1/myq corrections
1+—1,

A — v,
Y5y" — —25%,
oM s 26ty S = —2i[SH SY],
Y +— N
v +— T,
DYyl «— —imou” T,



Summary

e Finding a method to get chiral Lagrangian with A(1232)
o Giving the chiral Lagrangian with A(1232) to p* order

e This method can extend to other effective Lagrangians: Decuplet
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