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LECs in baryon ChPT and chiral quark model
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LECs in baryon ChPT and chiral quark model

e Increasing number of LECs in the SU(3) light hadron case

Pseudoscalar mesons:
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Light quark baryons

Luss: 2, 16, 78, 540

Lyrr: 1,13, 55, 548
[:MBT: 1, 5, 67, 611

S.Z. Jiang et al., PRD 95, 014012 (2017)

S.Z. Jiang et al., PRD 97, 054031 (2018)
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LECs in baryon ChPT and chiral quark model

 LEC — hadron masses, hadron-hadron scattering, phase
shifts, ...

e Difficult to determine LECs from QCD

* Fitting experimental data, lattice QCD, resonance saturation,
quark model, ...

e Here: focus on LEC relations using chiral quark model (y QM)
*Fields between Agcp and A, sp in yQM: quarks, gluons,
and goldstone bosons [A.Manohar, H.Georgi, Nucl.Phys.B 234, 189 (1984)]

Laont = Cga Vi + V) + G A sty + 32w, — 1(Gu @) + -

A, = tuldu—udul), V, = 2(u'du+udul), u= ea:'p(;]? ) 6=Y mmor Yo AT
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LECs in baryon ChPT and chiral quark model

* Coupling constant in yQM
N N

q q
SU(2) LO Lagrangian BA|--<-- <<:)> e --

™ q Tr
Ea
N N
A A

(t)hadron = %qﬁpﬂogmm = Sas .
q = 8A = 3§
Ea g 5 A

(auanc = Sras(pr| Ty 08" 75" Ipy) = Sas s

& ¢: PhD



O(p') Br xPT #1 xQM y$i (K&

J. Gasser, Nucl. Phys. B, 307, 779 (1988)

SUR2)pr/vam | SU(3)xaom SU(3)ypT
ga/ g ga D+ F D—F

U5t | Wt | 5 (ButsB) 5 (ByuysBut)

F =394 =594



LECs in baryon ChPT and chiral quark model

e Extend relation determination to higher chiral orders

e Purpose: constrain SU(3) from SU(2)

* Treating y QM as quark-level descriptions of ChPT
FAESSUAER 77 ik = RRMR AJL K EIRAR T 2m) X A&

+ESET

m SU(2) L.wnv <= Lrgq m SUQ3) Lyrrs LumsT
] SU(3) L <— ﬁqu O SU(2) Loans Lana
L XQM ﬁqu <—> Eﬂ-qq B LoAn E’?qu

] XPT Lvee < L .nN m L. yA <— quq



LECs in baryon ChPT and chiral quark model

e Final: LEC relations between hadron-level Lagrangians
O(p') = O(p”)
* Need high-order Lagrangians in y QM (bridging role)

e Results of QM symmetry: SU(2), SU(3), and different
representations for quarks and baryons

* A systematic approach to get LEC relations

 Grouping is needed according to operator structures



LECs in baryon ChPT and chiral quark model

O(p?) By xPT #1 xQM f$7 K&

N. Fettes, U.G. Meissner, M. Mojzis, Annl.
J.A. Oller, M. Verbeni, J. Prades, JHEP 09, 079 (2006)

Phys. 283, 273 (2000)

SU(2)xpT/xqm SU(3)xam SU(3)xpr
Y / 13 i Ci d." d."
1 V(v u, ) U (utu, )W 1 (Butu,B) 3 (BButu,)
Y utu, U 2 (Bu*Buy,) 4 (BB)(u*u,)
2 iYutu’ o, iYuru’o,V | 5 i(Butu’o,B) T i(Bu*){u'o,,B)
6 i(Bo,, Bu u”)
3  YWwu)Duyp V(v u’)D,,V | 8 (Butu’D,,B) 10  (BD,,Bu*u’)
vu*uvD,V | 9 (Bu'D, Bu’) 11 (BD,,B)(u"u”)
4 Vo, Ufo,, U | 12 (Bf‘”"”or_ B) 13  (Bo,,Bf!")
5 Y(ff"Vo, — 0
6 _T/J‘)EW _‘IJ)?JF\I’ 14 <§55+B> 16 (BB)(X+)
/ Y X4V U (x+)¥ 15 (BBX+) 10




LECs in baryon ChPT and chiral quark model

O(p®) M xPT #= xQM 93Xk =5 1 2|5 4 28
N. Fettes, U.G. Meissner, M. Mojzis, Annl. Phys. 283, 273 (2000)

J.A. Oller, M. Verbeni, J. Prades, JHEP 09, 079 (2006)
Jiang et al., Phys. Rev. D, 106, 054023 (2022)

SU(2)ypPT/voM SU(3)vom SU(3)ypT
o/ B C; d; d;
1 Y {uPu,) U’ v, ys 1 W (uu, ) uy, s W 1 [(Bu*u,u”~v,vsB)] 4 7 (B~.,vsBu*u”u,)
2 P {uru” Y u, Y, Y5 2 W (utu )y u,~, s P 2 (Bu*u’u,~,7vsB) 8 [{B~,vs Bu” u*u,)] 4
3 W (utu, u”} Vo Vs W 3 (Bu* u,~,7vs Bu”) 9 (B, vsBu?) (utu,,)
4 (T v, u” v,y 4 [(Bu” u*~y,vs Buy )]+ 10 (B, vsB){(u” u*u,)
5 (Bu“~,vsBu*u,) 1.1 [(Bu*u,){u”~,vsB)]
6 [(Bu,~y,vsBu*u”)] 4

3 W {(uFuuDPY | B e, V{utuuM)DPT | 12 & Butu? u* D B) 15 & uwap{BDPBu* u” u?)
E#U)WIIJU'“ u” ut D 13 H,“!,AP(BU“U” D? Bu™) 16 EWAP(EDF’B) (u* u” u™)
14 £.00,(Bu*DP Bu*u”

=)}

(vt Yy, vsD,\¥ | 17 [{(Butu’ury,vsD,aB)ly 23  [(Bvy,vsD.\Butu’u?)],
(u”u™yu"~,vs DT | 18 (Bu” u" u™y,~v5 D, B) 24 (Bv,7vsDurBu” ut u™)

uru’ uMy v, 5D a0 | 19 (Bu” ury,vs D, But) 25 (B, vsD,AB) (utu” u™)
10 [Qutu”u?* v yvsDoa¥ly | 20 [(Butuv,uvsDuaBu™)+ 26 {Byuys Do But){u”u?)
21 [(BuyuvsDuaButu?)y 27 [(Bu”u™) (ut~y,vs DorB)l4
22 (But~y,vs D, \ Bu” u?)

4 T+§<ulu up>u)tnfluﬁf5Dvlﬂlf e
5 'E,l'.ll'r <U'“ U”) ulfl"llﬂlr"ﬁ D]uy ,.u-"r 8
9

ISIESIRS]

6 [ypu, b D] 11 (W, "D, ¥, 28 [(Bu,h*"D,B)] 30 [(Bh*V)(u,D, B)],
29 [(BD,Bu,h**)], 11




LECs in baryon ChPT and chiral quark model

O(p’) Br

> YPT o QM 8435 K =% 5 2|5 11 40

N. Fettes, U.G. Meissner, M. MOJmS, Annl. Phys. 283, 273 (2000)
J.A. Oller, M. Verbeni, J. Prades, JHEP 09, 079 (2006)
Jiang et al., Phys. Rev. D, 106, 054023 (2022)

SU(2)yp1/xom SU(3)xam SU(3)xpr
o/ B Ci d; d;

7 [pu B Dt 4 12 [Vuh*DanV]y |31 [(Bu*h?D,aB)y 33  [(BW){u'Da.B),
32 [(BDMBU#W)]

8 iv(uth" o, Dyy 13 iU (uthNo,, D\ |34  [i(Buth*o,,D\B)|, 36  [i(Bo,,DyBu'h" )],

14 [iVutho,, D], |35 (Buﬂawo}ﬁhv*) 37  i{Bo,,Dy\B){u"h)

9 [ fL uy v ys)+ 15 [V uyvvs W] | 38 [ {Bff" uyvuysB)l+ 40 [i{Bu){f{"v.vsB)]+
39 [i({BrysBft uw)l+

10 igun (LY u*DPY — 0 | 16 ieumn,U(FL u)DPY | 41 [icuno(BFE 0 DPB)]. 44 [igunp(BD? BFE" uM))y

11 igpn (DR | 17 ien, YDV, | 42 e, (BFf*DPBu?) 45 g,y ,{BDPB)(f* u*)
43 i, (ButDPBFY)

12 vV, D, 18 vV, "D, ¥ 46 i(BV,fD,B) 47 i(BD,BV ,f")

13 i {(V "YDyp — 0

14 [ vty ysDoadly | 19 [iUFA My vsDoa]y | 48 [i{(BF vty vsDuaB)]y 50 [i{BuM (FI" v, vsDuaB)] 4
49  [i{ByysDoaBf!" u™)],

15 [pu, 2D, 20 [(Yu, ' D,¥], 51 [(Bu,f**D,B}]., 53 (BFf*"Y{u,D,B)],
52 [{BD,Bu,f"")], 12




LECs in baryon ChPT and chiral quark model

O(p*) M xPT 4= yQM w932 X245 12 3|4 16 41

N. Fettes, U.G. Meissner, M. Mojzis, Annl. Phys. 283, 273 (2000)
J.A. Oller, M. Verbeni, J. Prades, JHEP 09, 079 (2006)
Jiang et al., Phys. Rev. D, 106, 054023 (2022)

SU2)ypr/vom SU(3)vom SU(3)ypr
a;/ B Ci d d
16  iv(u' o, Dy | 21 iU{(u"f"No,,D\V | 54 [i(Bu"f"*0,,D\B)]y 59  i{(Bu"'c,\D,Bf"*)
17 iy {u* o, Dy | 22 i®{(ut "N o,\D, ¥ | 55 [i(Bu*f**0,,D,B)], 60 [i{Bo,,D\Bu"f")],
23 [iVu'f"*c,D\V], | 56  i(Bf**0,\D,Bu") 61 [i(Bo,\D,Bu"f")],
24 [iQutf?0,,D, V], | 57  i(Bf**0,,D\Bu") 62 i(Bo,, D\B){u"f"*)
58  i(Bu*c,,D\Bf**) 63 i(Bo,\D,B){u"f"*)
18 YV vy 25 VAV daneBE7A\ 64 (BV ,f*~,7v5B) 65 (B, s BV, f*")
19 '*.%(U“ij)'?f}ﬂ'E’lﬁ’ 26 "I"(U“)F("jthn’?fﬁ‘l’ 66 [(B_““f("’nL’hﬂEB)]jL 70 (‘?’?f”p?’ﬁB){U“ij)
20 Y X+) U YsY 2t W (x4 ) UM YuYs W 67 (f?ﬁi’_+ Yuvs But) 7'l U?U””r'# V5 B) {X+)
28  [Wutxiv,vs0]+ | 68 (Butv,vsBX +) 72 (ByuyvsBuk)(xy)
69 [(BW'MT’SBU”)EQM
21 “w_'j(ﬂii Yu Y5 29 f-@itﬂrﬁh}(ﬁ v 73 "-<B,)lﬂ%i‘?uﬂr'58> 75 "-<B‘Y|u Vs B) <Xﬁi>
22 ip() s 300 iOE) Y | T4 i(By,vsBXt)
23 [iputx_D,y)y | 31 [iPutx_D, ¥, 76 [i(Butx_D,B)]+ 78 [i{Bx_){u*D,B)|;
77 [i{BD,Bu*x_)]+ 13




LEC relations in baryon ChPT

 Nonrelativistic reduction and adopted approximation
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LEC relations in baryon ChPT

e Structure correspondences

D. Drechsel, Nuovo Cimento A 76, 388 (1983)

SU(2) 16

D
14”05;":3/6!'1 J—}a!‘:/@f} T—}Off:ﬁf} T@)O_—}Oﬁ:gﬁf

(BB) — W
(BAB) — AW
(BoB) — WoW

(BAoB) — WAoW
(BoB\) — WAoW
(BB)\) — WAW

R

(5F d a9k 8) = 3(FF c a9k bms),
(5T d egekiteas) = (BT c ag&irensd),
(BF d ay&mms) = (5F c pohme),

(FT d ayexteas) = g(%‘-ﬂ'— c By LR PELE S,
1

(FT d ag£ktbza g ) = g(%—f— c By LR PELREY),

(FF d eyl &) = —(F T c syxbiams).



LEC relations in baryon ChPT

::.j(::.% r LIy *\%‘\, - }K&
AP} JIE-WR TE 75 PRI %
1
Bﬂ[ﬂdﬂ REMNT =TT =™ +dw® (2111 — T — ™M) —uwd @ (1L + L1 —2 M),
T
3\/§[udd 2 (BT =2 LT 1) +ded & (I4T—2- TP+ ddu® (FLT +.L0F <2 311,
1
- 3\/5[”511 QEMNT —IM =MD +suu® (2111 — Nt — ML) —wus @ (MU + L1 =2 ML),
1
3\/§[de® (2T =TT — TR 4 sdd' @ (2 ET1T— TN — T ~dds @ (T 41T —21T4))s

1
W [uss @ (TLT =2 11T + 1) +sus @ (T =2 N + ) +ssu® (MU + I =2 1)),

[sds @ (11T + 1L =2 TU1) +dss @ (T4 + 11 =2 411) +ssd @ (141 + 411 =2 1)),

1
3v2
1

S[(dsu+usd) @ (2 141 — LT = T10) + (sdu + sud) @ (2 111 = 141 = 111)
+(dus + uds) ® (— tht — 411 +2 t1L)],

\/_ [(dsu — usd) @ (411 — 114) + (sdu — sud) @ (P41 — ML) + (uds — dus) @ (141 — L11)].
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LEC relations in baryon ChPT: ChPTe yQM

Group SU(2)ypr < SU(2)yom

o) 1 ga=3gi.
O(p?) 1 o = 304;

2 Qg = %32,

3 az = 333;

4 Qy = 254;

5 ag = B, a7y = 357
O(PS) 1 g = 551, Qg = 5/32,

2 asz = 303;

3 gy = 554: U5 = 555,

4 ag = e;

5 Qr = 57;

6 ag = B,

7 ag = 3;

3 ay = 301;

9 gy = Pi2;

10 Qg4 = 3514;

11 a5 = Bis;

12 ae = Bie, 17 = Pir;

13 oy = gﬁlg;

14 Q19 = P9, Qo = 2520;

15 21 = 31321, Qg2 = [Baz;

16 (ro3 = (3.

Group SU(3)ypr < SU(3)yom
Op') 1 D=gi F=3gi
(_f)lrpzl.l 1 dl = —C‘-;; = (a, dg =1, d-; = 3¢ + &,
2 d5:5dn:%f33.d?:0;
3 dyg = —dig=¢5,dy =0, dy; = 3¢y + 5,
4 dip = Dz = %Cﬁ;
5 diy = —d1 = ¢y, dig = 3Cs.
C)(‘D{j 1 d1 - %(QCI + &+ 2C4}, dg — 5d';r C‘g, d; d - ——dq du — r(?C} == Cg},
dy=ds =0, dy = 3(10¢, — 3¢, + 2{:4) dip = z(—10¢; — Tc; + by — 4cy);
2 dhg = —dhs = ¢, diz = diy =0, dig = 3¢5 + ¢6;
3 dir = S(C? + 2¢ + 2¢10), dis = 5doy = rC?. dig = dyp = —Edzt) = —dy; = 5( cr + 2¢s),
oy = doy =10, dﬂ——{ 3¢z + 10¢s + 2¢4), db— 5(—Tecr — 1065 + 6cg — dey);
4 Oy = —chg = €11, d3p = 0
5 d3 = —ds3 = €13, diz = 0;
6 d3y = Dy = E:;Cmr dys =0, dyz = €13 — %CM;
7 d3z = Hdyy = %515, dy = 0,
8 dy = —dy = c17, dyg = dyz = 0, dgs = 315+ 2qy7;
., dig = —dy7 = Cpg;
10 dig = Hdy = %Cm, dsp = 0);
11 dsy = —dsy = €y, d53 = 0;
12 dsqy = Hdsp = CZ."}! dss = ]dm F’C.J_‘,—'ll' dss = iy = dsg = dsg = 0,
ds2 = Co1 — Cz,h dsz = Cop — §C24;
13 dss = Hdgs = 3 Cz‘
14 dis = Hdge = %C:z:-s. dir = dsg = 0, drg = €5 — %Q&Hr dry = 5dpy = %C:a?;
15 drz = Hdry = %Cz.th drs = Ca;
16 drg = —dh7 = ¢, drg = 0.
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LEC relations in baryon ChPT:

7QM & yQM, ChPTsChPT

nc.: SU(2) gives no constraint

Group With yQM Without y QM
: Group SU(S)XQ";? hd SqU(2)XoM o) 1 D=1z F=Ia D+F=ga
= J 5 1
O(p 2) 1 Ba—&a opY) 1 o = Ly + dy = —Ldy + dy, dy = 0; o= 50 +d;
O(p ) 1 ‘Bl =+ ECQ; 2 ay = d; = bdg, & =10, vy = ds;
2 BQ = (3, 3 vy = %dﬁ +d; = —%dm +dp, dy =0); (g = %dg + dip;
3 = lC : 4 oy = dip = Hd; oy = dha;
4 6‘3 ! 2 5 ap = diy = —di5, iy = %dld + dig = _%dlﬁ + dig. ag = dy, a7 = %dn +dis — %(dli +dis)-
54 _ Cﬁ’ O(p”’) 1 ¥ —I- (!2 = dl }dg 40{3, d; B d e —%dg = _dllr h = dl —= %d-g, (ky = dg;
O(p?) 1 Bi=c+a, B = cg, ¢ (nc.); ay = dy = 5d;, dy = dy =0,
2 B3 =5 + 5 (_-61 g a3 :jdm +;m = 2?’15 + d;n diz ; di4 :d[); fﬁ;; = %dIQ ; dl[s;ld
vy = Gy = Dy, (5 + 504 = di7 = ddog — ddyy, (y = g, 45 = d17 — 5018,
3 5’:c,t—c+c,c nc.); i g ety g 2
A ! 7 B 3 A - '10 o (AC.) dig = dyy = —2dps = —dy, dyy = 1 = 0] dys (nc.)}
6 = 11, \TRNL v (g = Oag = —dhy, d3g = 0); (g = doy;
. c3 W (utu,u 5 W 6 = Oag b9, O30 = U] 6 = 0,
5 Pr = ca; _ ( M)\ >%/73 a7 = d3) = —dgp, dy3 = 0); oy = day;
. v
§) B = i3 + Cu4; CQ\IJW'&U u >")/;J,")/5DV)\\IJ ag = d3y + dy7 = Bdsyg + dy7, dys = 0); (g = Oy + ds7;
7 .39 = Cy5; 7 (g = dig = Hdzg, dyp = 0); (g = sg;
8 Bi1 = cis + ci7; 8 ay = dy +dys = —dy + dys, dyy = dy3 =0 ap = dy + dgs;
0 Big = Cig' 9 @12 = dig = —dy7; (v = dyg;
L 12 lgj 10 oy = dyg = bdyg, dsg = 0); g = dgg;
10 Bra = cug; 11 15 = ds; = —dsy, dsy = 0; s = dsi;
11 Bis = coo; 12 w5 =dsy + dgy = S + g, 117 = s + dgg = 5Hdgy + s, a5 = dsy + gy, Q7 = dss + dg;
12 Bie = Co1 + Gas, Bir = G2 + C; dsg = ds7 = dsg = dsg = ();
= Pis = o | ot = = b VRV
; r ' V19 = Og6 + 070 = 20gg + G7q, g7 = dgg = U, (g = dgg + A7, (g = 5066 — 7068 T d71;
14 By =cg+Cw, Boo=c¢ Lo = Terr e 3 3
15 ' 193 iﬁ g 2;' }i[) 1 27+ 3_ 2 gy = 306+ dy = %d[i.tl +dpy = 3dgg + 5y,
D P21 = Qo, Pz = 5 T Go; 15 (g1 = drg = Bay, (v = 757 + drs = 307y + dis; (o1 = dhy, (gp = 503 — 30y + dos;
16 .ij'23 = €31- 16 (g3 = thg = —d=m, deg = (). (a3 = drg. 18




LEC relations in baryon ChPT

s

T 1 =
4 pﬂ’{p }:>D—|—F—?gj

nm’n 3

Y ta03+ B T 2

— = = F = — g9 < s quark as spectator
| &-n0%- } { - X0 } g i "

Numerical analysis: corrections become important for high-order LEC relations
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The case including A(1232) (i — ma)¥, =0,

'Y'ulp,u = 0, _
e Rarita-Schwinger field oM, =0,

d°p M | |
Z/ 25;)3; (P, sa)uu(p; sa)e™* +d'(p,sa)vu(p, sa)eP™] .

It o u,(p,sa) 7 Rarita-Schwinger 7¢ 2, H7e-1 X240 g -1/2 495 2 o9484

u(p,s8) = 31N S5 5a)eu(p, Mu(p, )
A,S
e p . p(é - p) ) \/E+Ma( Xs )
:)\ — y € T ’ yS) = o-
(P, A) = ( Ma Ma (po + MAa) u(p,s) 2Mna T

1 0 1

1 : 1
gt flikETen, A\ =0, 189Kk \mATeéL = ——— i & = 0 e_ = — —i
a S 2\ g ‘ " 2\ 5

Hemmert et al., J. Phys. G 24, 1831 (1998) 20




The case including A(1232)

Bi%-3/2 49 A el st iRk EH X,

T111 _ A++ 7222 _ A— —
-~ == 1 : 1 121 1
O(p') Brr L EH LEC X & piiz i _opan ot
Hemmert et al., J. Phys. G 24, 1831 (1998) S = %'
E?TNN/?TQ‘Q ETTA/_\ ﬁﬂN.&
q (1) (1)
_gA/gA B €; ) f;
%wuﬁ%u,.}%w Tabc,)@uad,#,.y#%i chd eab \J€ 291 T;’Cd + h.c.
LraA
L L (1) _. 8.4
NN y w.f. nq9 e’ = _EgA
q
ga = 2ga g Lona
(1) _
f, ga

Introduced multiplication factor
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The case including A(1232) AEHEXSIR291L

BB — BLBj, -
ByysB' — BLo*By (n=k=1,2,3),
Define transition spin Sy, : Bo B s EijkB;r_IO_kB;_l (u=Fv=J.

o 2 4 32
AR, S =(0,5), A EFAKRRIKMNE =0 F4TF

o
0
0
@5223/2 = ’ @52=1/2 = 1 ‘1)52»:—1/2 = 3 52_—‘3/2 — 0
1

128 RS ze & k& X D,(s,) =D 5<1)\15‘252> eu(A)u(s)

; 0 0 0
St — "

1.9 1 1,9 1
TgbczsmTabcz\/—(——a—b—c)2+—<1>f;b‘3=\/—(——a,—b—c) + 7 St ®*

o B o [ o Y
OO RO
o= oo

Lalba
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The case including A(1232)

ot o = =S, Py’ S — Grs = (S])73(S;)7: spin operator of RS field
1 0 O 0
obs — 0 5 0 0
0 0 —3 O
\o0 0 0 -1}
LrNN/rqq Lran Lana

%(QA/Q%)&UMP}/H,mw _egl)Tabc,Tuad,pO_RS,MTbcd 1(1)Eabjvc,uf:,.fi,,uSt”urlﬂbcd + h.c.

1
k1 SE—AHA°, D=t g4,
S ABABGP S (W 34
RS = ~RtpV Y P Y e =594
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The case including A(1232) LrNN/nqq Lran Lrna

%(QA/gi)lBupqusw _egl)Tabc,Tuad,uJRS’“Tbcd fl(l)eachuad,pSt’#Tbcd the

Value of kq:
BrNA = \/§f(1)« f(l) = k184~ 8A = %gj = 8aNA = %klgA

[ ',]3 T;??] N kl E]—:]_ag /g:r'rNN ~ 1. 7 lj J’%ﬁ_‘éﬁj}% g?f);f,tﬁ gjﬁhﬂ =

2.21 ;F““%( Hemmert et al., J. Phys. G 24, 1831 (1998)

L £ _ 90 — = A S
Bernard et al., Int. J. Mod. Phys. E 4, 193 (1995)

m 5 EE S) PeydtE, ARAEKk = /3 ~1.225
()_klgiz
5 0 +/2 0 0 -
D = N > 6&1):_59%_
3
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The case including A(1232) LNN/rqq

(9a/9%)ut vuy50

LrAn

1
_eg )Tabc,Tuad,pJRS”uTbcd
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Phenomenological perspective

* ]J=1/2 case operator correspondence Ghadron < O quark

toln—t
el

* Present operator correspondence \/gSt —% O gk

1 1 3 1 . 3 1
|§: 5 /hadron — \/7 t, hadron bR § hadron . transits |§J §> to |
Y

* Present operator correspondence ors — Gquark

13,3 = 0%4]2.3) : 0% transits |3, 3) to the same state.

1 1 : 1 1
>had'ron - Uhadron|§? §>hadron . O-fz]/ad'ron (Uguark) tranSItS 5; §> tO the Same State.
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The case including A(1232)
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The case including A(1232)

585 %5 5 EIK LEC K&

Chiral order Group Latni e Lo Lana < Logg
O(p') 1 el = i:gA A = kgj.
O(p?) 1 &P = —380, &% =0, &Y = -6k 87 & = 0.
2 &l? = —3,53523, £ =287
3 o — 388, &P =0
4 & = —3,-332‘, éj,”” = —38%; 2 = 24,8
5 em] —3 3& ' en = Ljif?]
O(p*) 1 eV =-38" &) = —38", & = —38)", &[5 =0, B2 =28 B = 2 B,
&) = —?kaﬁ’ii = —’ikn( 5’“ “ %ffi"”); hY =0, £ = k(8™ —85);
2 e = —380, &Y = —33:, B =0 F® =2088), £®) = 28, £¥ =0,
3 &¥ = 389
4 ey = 389
5 ety = —365%; B = 4k, g0, BP = 0;
6 &l = —3.:'513;”. &y = ?'?;ii &Y =381, 5 ) = 2k B8, Flgas =0,
& = Gkomay ?iﬂ. &y = *k{. A, Y = 2ksmaBly, £S) = —ksB5%;
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8 & = —? 314 : £ = 20 ,),ﬁ]' fl{:-?]m =0
g 2[} =7, _3 )?i'?' é{ 3 ii[i] fjuﬂzz 23-27 T n' f22 == 4k431"] '
é.z:-s _%?ivﬂr &l ri 3'1; ' n{u:]u =0
10 ﬁ{;j = —3 315 ' fzs: = 2k ﬂilr ’}zt;i = 2;‘1313 '
11 —3 j’m ' = _3 3,{3{3Jr eié =0 fu = le ’f;?, ffli]u =0
12 ét{m _%331 ' a? =~ ?E;Jr faa = 2ki{ 3.31
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Summary

& With structure correspondences, obtain LEC relations up to O(p3) in

baryon ChPT using y QM.

& Find several structure correspondences for the case including A(1232)

and multiplication factors (k;) are introduced.

€ 0ngoing work: heavy quark hadron case and further studies of k;.
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