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Motivation I

“Yukawa coupling constants for the vertices
of baryon decuplet-octet and pesudoscalar mesons” can be obtained
from semileptonic decay constants via (Generalized) Goldberger-Treiman

relation n' — p +e +v, Irnnfrn = 9aMy
— Decay widths and Branching Ratios

 Structure of SU(3) baryons and their production mechanism
( meson-baryon scattering, baryon-baryon scattering,
photoproductions and electroproductions of hadrons, nuclear physics)

« Productions of strangeness particles in experiments

K K = SU(3) symmetry + Quark model
L S A
A [e=321 ] g =

g=ry g = 3.22 ;
W'Jf \p ifE*EK = —2.83 ]

Oh et al., Phys.Rev. C83 (2011) 055201 — —




Motivation II

1997, Diakonov, Petrov, and Polyakov : Narrow 5-quark resonance (q*q : ©%)
( M = 1530, '~ 15 MeV from Chiral Soliton Model)

Z. Phys. A 359, 305-314 (1997)
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mz- == 1330 MeV,
my_ == 1710 M eV (input),
myp_ = 1890 MeV,

mg, , = 2070 Ml
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Experimental Status

New positive experiments (2005 - 2010)

m DIANA 2010 ( ) : M = 153812, = 0.39+0.10 MeV

(K*n — K, higher statistical significance : 6a - 80)

[Signals are confirmed by LEPS, SVD, KEK, ...]

B GRAAL (N*) : M = 1685+0.012 .
(CBELSA/TAPS..)) Various experimental data for and N#*

mMassof : 1525 - 1565 MeV

Yang, Kim, Goeke, Phys.Rev.D 75,094004(2007)
Yang, Kim, Prog. Theor.Exp.Phys. 013001 (2013) [ELRVEESICIRAASIRCEE R EER /B
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Our study prefers to the result from LEPS for ©* mass and that from DIANA for //* mass



Different values in the previous solitonic approaches

| DPP_| EKP | xOM__

Considered Effects SU3) H. SUB3) H SU(3) H.
©+(1539+2)
Input Masses [MeV] N (1710) =(1862+2)
2N [MeV] 45 73 Predicted — 41
I [fim] 0.4 0.49 0.48
Results mQ [MeV] -218 -605 -197
-156 -23 -94
m.pP [MeV]
o(m;) P 1107 152 .53
m.y [MeV]
cio(ly & Y)  0.084 0.088 0.037

Fo+ [MeV] 15 for sym 11.1 for sym 0.71 for sym

D.P.P : Diakonov, Petrov, Polyakov, Z.Physics. A. 359, 305-314 (1997)
EK.P : Ellis, Karliner, Praszalowicz, JHEP. 0405, 002 (2004)
XQSM : 7im Ledwig, H.-Ch. Kim, K. Goeke, Phys. Rev. D. 78, 054005 & Nucl. Phys. A 811 353 2008

Mass splittings of baryons : crucial !
— model parameters : vector and axial-vector properties
in particular, the effect of SU(3) symmetry breaking



The full expression of the transition coupling constants for B;5—Bg :

s = Jep'® + Ggg®P + g™
\/
o (my)

Yang, Kim, Polyakov: Phys.Lett.B 695, 214 (2011)

a, B, Y by mass splittings (OCtEt) Yang, Kim: Prog. Theor. Phys. 128, 397 (2012)

Yang, Kim: JKPS 61, 1956 (2012)

SU(3)s symmetry breaking effect for wave functions

@ o (m;)

Axial-vector coupling constants by HSDs (octet)

H Yang, Kim, Goeke, Phys.Rev.D 75,094004(2007)
Wﬁh Su(g)f br %ﬁ%Cf Yang, Kim, Phys.Rev.C.92.035206 (2015)

Yukawa coupling constants by G-T relation
and Decay Widths with SU(3); br effect



Chiral Soliton Model

Chiral Soliton Model

. Effective and relativistic low energy theory

. Large NV, limit : meson field
— soliton

hedgehog

: Quantizing SU(3) rotated-meson fields
— Collective Hamiltonian, model baryon states

Hedgehog Ansatz: Usuy(2) = exp [iysn - TP(r)]

Collective quantization

eiﬁf-’F’P(r) 0
Yo = [ 0 1

SU(2) E. Witten's imbedding into SU(3): SU(2) X U(1)
Talk given by H.-Ch. Kim on Monday



Chiral Soliton Model

Model baryon state

- Ja+VY R)*
= /dim(R) (- 1)+ 2D

N.B
3

Constraint for the collective quantization: Y/ — _

Mixings of baryon states

|Bg) = 81/2; B> + 6‘18—0 |m1/2? B> -+ ng |271/2? B> ;
[Bio) = |103/2. B) + a3 [2759, B) + agl 3530, B) |
Brg) = [101/2. B) Kk d§’ |81/2, B) + o} |271/2, B) + dz[351 2, B))

A R’BS\H"|RBS)

B,S)=|R,B,S) -
5.5) =] ) MO (R — MO(R)

R'#R

8R8=1P8P8P10P 10 27



Chiral Soliton Model

Mixing coefficients

V5 V6 | 15,2 5/v/14
B 35 B = e 2 LB = ar \/jﬁ B = ags 32\/% ,
0 al 0 2\/5/7
0 0 1/\/7
df =ds ﬁ ; A% = dar % ) df = dgz S/f,l//—;T)
0 | V32 V/5/56

respectively in the basis [N, A, X, Z], [A, X%, =%, Q)], [OT, Nig, X7, =15

%=@<msm)@+@,
G2?:—%(ms—ﬁl) (a+27),

ds:%(ms—ﬁl)(a‘l—%’}r),

dgg = —%(ms —m) (a—l—%’}’)




Chiral Soliton Model

Collective Hamiltonian for flavor symmetry breakings

HHadronic = H + H, ot+ ,'Isb

l =5, 1 o ; S — 3
Hyow = E;f+E;J§a - MlO—M8:2—Il

3
Hy = (ms—1) (aﬂé?m) +BY + iVZ D (R) i.a)

+(mdmu)(\/_ SR +BT + VZD (R) j)

(2 Xy Ky /3__@ _ 5 K1 Ko
‘= 3mu—|—md Ig ’ - Igj 7= Il Ig




Collective Hamiltonian for SU(3); sym. br.
HHadronic = Hcl + ,'Irot+ Hsb .
Hy = (m.—m) (aagij(?z) +BY + %VZ DY (R) J"i)

i=1
+ (ma — my) (‘faﬂé? (R) + BT + 3¥3 DY (R) J)
i=1

SU(3) flavor symmetry breaking + Isospin symmetry breaking




Chiral Soliton Model (mass)

% In order to take fully into account the masses of
the baryon octet as input, it is inevitable to consider
the breakdown of isospin symmetry.

% Two sources for the isospin symmetry breaking

1. mass differences of up and down quarks (hadronic part)
[2.Electromagnetic interactions (EM part)

AMp = Mp, — Mp, = (AMp)u + (AMB)EM



Chiral Soliton Model (mass)

e EM mass corrections

B(p)

p Pk p

B(p)

938.3

Electromagnetic (EM) self-energy

1197

EM [MeV] Exp.

(P —N)em 0.76x0.30

(Z*=Z)gy | -0.27£0.30 1321
=0-_=" -0.86+0.30

- = /EM

Gasser, Leutwyler, Phys.Rep 87, 77 “Quark Masses”

(udd p(uud) g39¢

1315

B2

(P =N )exp~ — 1.293 MeV

( /? - N ) Evv,'“():7(5 hA(E\/



Chiral Soliton Model (mass)

In the ChSM,

1

Opm = ——fdg Ay D (. y)/dwt <:£
2w w

~ /\.a
+iH "

(AMp)em = (B|Ju(x)J*(0)|B) =

— o ZD(S)D(S) 1 ZD(S)D(S) +a D(S)D(S)

Qp~—Qp

It can be further reduced to

OEM _ (27) (ﬁD(Eggi +\fD(EQD{1 +Df2ﬂ

e (VADE, + DY) + VDL

Because of Bose symmetry |

(B|OrmMm|B)

ne

1
A)ib
w—I—EH a

(8) (8)

= — (Oq — 4o + 30&‘3)

I N

40

1 1
0\ 0‘2 348 )

1 4 1
—(Oél-l- OzQ-I- Of%

)

Yang, Kim, Polyakov: Phys.Lett.B 695, 214 (2011)



Chiral Soliton Model (mass)

Bl Physical mass differences of baryon decuplet

(AMp,,) This work Experimental data

(Ma++ — Ma+) —0.59 +0.47

(Ma+ — Mao) —1.95£0.13

(Mpo — Ma—) —3.32+0.32

(Ms«y — Msyw0) —1.95£0.13

(Mss0o — Mss—) —3.3240.32  —3.14+0.6 [ DW.Thomas et a/]
(Mg+o — Mg«—) —3.324+0.32 —2.94+0.9 [PDG, 2010 ]
(Ma++ — Mpao) —2.54 +0.57 —2.86 £ 0.30[ GW, 2006 ]
(Ma+ — Ma—) —5.28 £0.30

(Ma++ —Ma-) —5.86£0.38 —5.9+ 3.1 [ Gatchina, 1981 ]
(Msy«+ — Ms«—) —5.28 = 0.30

(ME*O — ME*—) — (ME*O I ME*—)

G. S. Yang, H.-Ch. Kim and M. V. Polyakov, Phys. Lett. B 695, 214 (2011)



Chiral Soliton Model (mass)

Mass splittings within a Chiral Soliton Model

Formulae for Baryon Octet Masses

— 1 4 3 2 1

My = M (1) 4 — ( (8) 4, — (27)) T e ( ®) 4 = (27)) (T2 _

N g8 1+ ¢ +5 C —|—96 3+5 C +27c 3+4

— (Mg — My) (01 — 02) Ty — (Mg — M) (61 + 02) (AM)¢p
Vi 1 | 8 2 (o7 . (AM),,

My = Mg+ 'V + 0 ) — §C( )) — (ms — M) da,
— 1 2 1 14

My = Mg + D4 50(8) 15 + 50(27) Tg2 10 (0(8) + 30(27)>

1
— (mg — my,) (51 + 562) T5 4+ (mg — 1) do,

— 4 1 2 1 1
J\[E = ]\[8 -+ C(l) -+ g (0(8) — 56(27)) T‘g — g (C(S) — 56(27)> (T‘g + Z)

— (ma — my,) (01 4+ 202) T3 + (ms — M) 01,

hadronic mass part in terms of §; and 4§,

1 1 1 3
)y = —— — — - — —
! A - SR 0% ~ 207



Chiral Soliton Model (mass)

Formulae for Baryon Decuplet Masses

1 8 5 1 2
Mr — M (1) (8) 27 Ty (27 T2 B _ 227
A 10 T ¢+ — 1 ( + — G 3 + — 5 3 3 T3 3

3 3
— (51 — 452> (mg —my,) 15 — (51 — 52> (ms —m),

Mo — M10+C(l)+i( & 4 (27)) T + 5 (27) T2 — 1)
0 — 252 (ma —my) T,
Mae = Mo+ D+ % ( (27)) T — % ( 683 L(Q?)) (ng n D
0y — iég) (g —my) Ty + (51 - 52) (my —m).
Mo- = Mqo + A % ( (27)) (51 _ 52) (my — 1) .
hadronic mass part in terms of §; and 6,
512—1&—5+1% 52:—i —37

D D 10 20



Chiral Soliton Model (mass)

Present analysis reproduces all kind of well-known mass relations

m Coleman-Glashow relation is still satisfied
m Generalized Gell-Mann-Okubo relation

_ 2
Z(MP—I—MEO) = 3Mx + Mx +(M2+ — ME—) —+ §AME,

— 2
2(My +Mz-) = 3Mpy+ My — (Mg — My ) + §AM2’

where AMs. = Ms+ + Ms- — 2Mso.
When the effect of the isospin sym. br is turned off,

2(My + Mz) = 3Mx + My

* Generalized Guadagnini formulae
8(My+ Mz-) +3Ms = 11 My + 8 Ms-



Chiral Soliton Model (mass)

Mass [MeV] T Yy [ ~ Exp. [Inputs] ‘\ Numerical results
M P 1/2 | 938.27203 £ 0.00008 938.76 &+ 3.65
n —1/2 939.56536 = 0.00008 940.27 £+ 3.64
My A 0 0 1115.683 £ 0.006 1109.61 £0.70
2T 1 1189.37 £+ 0.07 1188.75 £ 0.70
Ms; X0 0 0 1192.642 £ 0.024 1190.20 £ 0.77
2 —1 1197.449 £+ 0.030 1195.48 £0.71
Mo = 1/2 _q 1314.83 £ 0.20 1319.30 £ 3.43
- =" —1/2 \  1321.31+0.13 1324.52 + 3.44
N e
R oo Ms—
Mg — My,
M, — My+ + Myso — M=-
2(My+ — Mso) 7
R = 58.1£1.3.

4 )
(mg — my) o = —4.390 £0.004, (ms—m)a = —255.029 + 5.821,
(mg —my) f = —2.411 4+ 0.001, (ms —m) [ = —140.040 + 3.195,
(g — my,)y = —1.740 £+ 0.006, (ms —m)y = —101.081 + 2.332, )




Chiral Soliton Model (mass)

Numerical results of Decuplet mass

——

Mass [MeV] T Y Experiment*!) /" " Predictions N
AT 3/2 1248.54 £ 3.39
At 1/2 1249.36 + 3.37
Ma AP —1//2 ! 1231 = 1233 1251.53 + 3.38
A~ —3/2 1255.08 + 3.37
o 1 1382.8 + 0.4 1388.48 + 0.34
M- 50 0 0 1383.7+ 1.0 1390.66 + 0.37
bok ~1 1387.2+ 0.5 1394.20 + 0.34
Moo 2 /2, 1531.80£0.32 1529.78 + 3.38
= = —1/2 1535.0 £+ 0.6 1533.33 + 3.37
M;, - 75 0 —2 167245+ 0.29 Input )

G. S. Yang, H.-Ch. Kim Prog. Theor. Phys. (PTP) vol.128 p397 (2012)



The full expression of the transition coupling constants for B;5—Bg :
e = Jpp'® + Gp®? + G

Yang, Kim, Polyakov: Phys.Lett.B 695, 214 (2011)

a, B, Y by mass splittings (OCtEt) Yang, Kim: Prog. Theor. Phys. 128, 397 (2012)

Yang, Kim: JKPS 61, 1956 (2012)

SU(3)s symmetry breaking effect for wave functions

U

Axial-vector coupling constants by HSDs (octet)
with SU(3)s br effect Yang, Kim, Phys.Rev.C.92.035206 (2015)

4

Yukawa coupling constanis by G-T relation
and Decay Widths with SU(3); br effect



Chiral Soliton Model (@xial-Vector)

Axial-vector transitions

; 2 2
X , 2 ig2(q”) 93(q%)
(BoA431B1) = 2,529 [ — 2 4+ 20

Q,u:| YsuB; (P1.51)

with 4} = %b(zv)%’}%%/\xﬁb(x)

The full expression for the axial-vector transitions
G1ee = J18e® + J188°P + J1a™P

(0 8 (:Q 8) %
gg) @ X3+pq3D()J + \/ng{%JSa
8 8
) a0 D8 +@ (D508 + D D) +@ (D) 0 - DL 1Y),

%@



a; will be adjusted by experimental data of hyperon semileptonic decays

Decay modes (g1/f1)™m™ (g1/ f1)P" / Exp. (Input) \ Refs.
n—p 1.230 £ 0.004  1.260+0.006 |1.2701 +0.0025 | [11]
N A 0.769 4+ 0.003  0.794 4+ 0.004

- s N0 0.461 4 0.002  0.439 + 0.003

= 5 50 ~0.308+0.002 —0.245 + 0.004

A—p 0.7174+0.003  0.718+0.003 | 0.718 £ 0.015 | [11]
) Pl —0.308+0.002 —0.340 £ 0.003 | —0.340 £ 0.017 | [11]
=0, ¥+ 1.2304+0.004  1.210 + 0.005 1.21 4+ 0.05 11]
= S A 02044 0.002  0.2504+0.002 | 0.25+0.05 11]
== 5 ¥0 1.230 4+ 0.004  1.210 +0.005

g 0.604+0.030 0.361+0031 | 0364003 | [43]
g 0.354 £ 0.003  0.325+0.004 \ )

g% = 0.338 £0.015

aq as as a4 as ag
—3.51 £0.01 3.44+£0.03 0.60+0.03 —-1.21£0.07 048+£0.02 —-0.74+0.04




Numerical results of vector HSD constants f,/f;

Numerical results for the ratios of the vector HSD constants f,/f;
of the baryon octet : SU(3) symmetry breaking effect is complicated

Decay mode (fr/f) ™ (f>/f1)Pr Experimental

data [PDG 2014]
n— p [.389 4 0.042 1.883 £ 0.055
YT — A 1.062 4= 0.037 1.268 £ 0.031

r~ — x° 0.328 & 0.037  0.448 £ 0.027
E-—= EY —0.734 £ 0.060 —0.786 & 0.042

A—p 0.681 £ 0.035  0.637 £ 0.041

X~ —n —0.734 = 0.060 —0.709 = 0.036 —0.97 £ 0.14
20 > o+ [.389 4+ 0.042  1.143 £ 0.061 20 = 0.9
E- — A —0.026 = 0.042 —0.069 = 0.027

E- — XY [.389 4+ 0.042  1.143 £ 0.061

Yang, Kim, Phys.Rev.C 92, 035206 (2015)



Numerical results of axial-vector constants for 10 — 8

By x=Lfi2 ) ng (sym) C;\ (br)
A" — p —0.954 £ 0.003 —1.040 £ 0.005
A~ —n —1.653 4+ 0.006 —1.801 4 0.008
PIRIN 3o 0.675 £0.002 0.614 £+ 0.004
PO 3 0.675 £+ 0.002 0.614 + 0.004
Y > A —1.169 & 0.004 —1.231 £ 0.005
Z — BV 0.954 +0.003 0.903 + 0.006

Bio x=i;ri5 . C; (sym) C_f (br)
>0 = p —0.675 £ 0.002 —0.755 £ 0.004
¥ —>n —0.954 4+ 0.003 —1.067 &£ 0.005
20 5 ¥t 0.954 £ 0.003 0.896 £ 0.004
2 - X0 0.675 £0.002 0.633 £0.003
E*Y - A —1.169 £ 0.004 —1.266 £ 0.005
Q — E° 1.653 £ 0.006 1.612 £ 0.007

B, 25" B, caem cAe
AT = p 1.653 + 0.006 1.801 = 0.008
AT —n 0.954 £+ 0.003 1.040 & 0.005
Yt 30 0.675 4+ 0.002 0.614 £ 0.004
Y s A 1.169 £ 0.004 1.231 £ 0.005
¥ 5 ¥ 0.675 4+ 0.002 0.614 £ 0.004
=2 5 gZ- 0.954 £+ 0.003 0.903 & 0.006
By Xii;f5 Bq C?(sym) C%4 (br)
ATH - X+ —1.653 £+ 0.006 —1.547 4+ 0.007
AT — X0 —1.350 & 0.005 —1.263 £+ 0.005
AT = A 0 0
A > ¥- —0.954 4+ 0.003 —0.893 4 0.004
w5 g0 —0.954 4+ 0.003 —0.928 4 0.004
>0 5 Z- —0.675 £+ 0.002 —0.656 + 0.003

Yang, Kim, Phys.Rev.C 92, 035206 (2015)



Numerical results of meson-baryon coupling constants for 10 — 8

f[7" Bs Bo] sym|[O(mY)] op|O(my) wi[O(m})] total
T'NA —1.385 £ 0.005 —0.058 £ 0.005 —0.065 £ 0.001 —1.509 £ 0.007
AL —1.200 £ 0.004 —0.025 £ 0.004 —0.039 £ 0.001 —1.264 £ 0.006

O%Y* T3(0.693 £0.002) T (—0.054 4 0.003) T3 (—0.009 +0.001) T3 (0.630 & 0.004)
O==*  T3(1.385+£0.005) T3(—0.068 4 0.007) T3 (—0.007+0.001) 73 (1.310 + 0.008)

mToo

Table X: Yukawa coupling constants of the ﬂ'OBgBlo.

Numerical results of Decay width of A baryon

The partial decay width of AT — pr¥ is
T [AT = pr®] = (61.7£0.7) MeV.

The decay width of A — N can be written by

FA—Na] = ST[AY 5 pr®] = (92.70.9) MeV.

while its experimental value from PDG 2014 is shown as 116 — 120 MeV.



Numerical results of Decay widths of hyperons (10 — 8)

Decay modes i) pitoral ZFESym) ZF?OMU I' |[PDG 2014]
YW 39~ 2.07+0.01 1.71 +0.02
Y 9t r0 2574002 2124003 | 34.14+0.2 365+0.3 36.0 +0.7
Yt s At 20.4540.20 32.69 & 0.29
¥+ — X070 0 0
YO Nt 2364+0.02 1.954+0.03
YO st 1.814+0.01 1.50 4+ 0.02 39.24£0.2 37.9+0.3 36 £5
WO 5 A7%  31.03+0.21 34.43+0.31
Y- Y 7Y 2314+0.02 1.914+0.03
Y 307~ 23840.02  1.974+0.03 | 36.0+02 386+0.4 39.44+2.1
z*— — A7~ 31.284+0.21 34.72+0.31
05204 4714003 421+0.05
:*0 om0 T4S40.05 669 %009 12240.1 10.9+0.1 9.1+0.5
= : 70 436+0.03 3.90+0.05 17
= 5 =207~ 9394+0.06 839+0.11 13.8+0.1 12.3+0.2 99 19
PDG 2014 | =(1530)~ WIDTH
VALUE (I\/IeV) DOCUMENT ID TECN COMMENT
9.9+ 1-7 OUR AVERAGE
9.6+2.8 DEBELLEFON 758 HBC K~ p— =" Km
8.3+£3.6 ROSS 738 HBC K p — ZKnx(nm)
78135 BALTAY 72 HBC

7.8
16.2+4.6

KIRSCH 72

HBC




Numerical results of Branching Ratios of hyperons

Decay modes Branching Ratios [ [X7] /T [Ax]
> Y (105+0.1) %
ot 5 An (9.5 +0.1) % 017 0.001
¥ - Y (9.1+0.1) %
S*0 5 A (90.9£0.1) %
JL 3 (10.0£0.1) %
¢~ = Am (90.0 £0.1) %

Ave[S* — S7] CPD Ggg(ﬁ(;li 1%;) . E0.110 +0.001
- - . 0
] PDGI:0.135 :I:0.0ll}
O
Ave[Z* — Ax (90.1+0.1) %

0.100 = 0.001

0.112 = 0.001

PDG | (87.0 & 1=

X(1385) BRANCHING RATIOS
r(£x)/r(Ax) M2/l
1 . h . f . VAL UE DOCUMENT 1D TECN CHG  COMMENT
T&b e 2: BI'&DC ng ractions and 1 "~ 0.135£0.011 OUR AVERAGE
0.20 +0.06 DIONISI 788 HBC + K p— Y*KK
. . . 0.16 £0.03 BERTHON 74 HBC + K~ p 1.26-1.84 GeV/c
In preparatlon fOr pUbllcat|On 0.11 +0.02 BERTHON 74 HBC — K p1.26-1.84 GeV/c
0.21 £0.05 BORENSTEIN 74 HBC + K—p— Ar a—,
ZOT.’+‘.‘T7
0.18 +0.04 MAST 73 MPWA + K- p— Ara—,
Zofr+fr_
0.10 £0.05 THOMAS 73 HBC — 7= p— AKm SK=
0.16 +0.07 AGUILAR-... 728 HBC + K~ p3.9, 4.6 GeV/c
0.13 +0.04 COLLEY 718 DBC  —0 K= N 15 GeV/c
0.13 £0.04 PAN 69 HBC + ntp— AKm SK=
0.08 =0.06 LONDON 66 HBC +  K—p2.24GeV/c
0.16340.041 ARMENTEROS658 HBC + K~ p 0.95-1.20 GeV/c
0.09 +0.04 HUWE 64 HBC + K pl2-17Gev




Summary

Investigating the mass splittings and the hyperon semileptonic decay
constants of the baryon octet and decuplet within the framework of
a chiral soliton model.

We found that the effects of flavor SU(3) symmetry breaking contributed
to the f,/f; appeared complicated.

The present results for the axial-vector transition constants
can be used to determine the meson-baryon Yukawa coupling constants
by the Goldberger-Treiman relations.

The results of Decay widths and Branching ratios with SU(3) sym. br. effects
are in a very good agreement with experimental data.
m) SU(3) sym. br. effects is very important on the baryon transitions

SU(3) flavor structure might be applied to the mass splittings and transitions
of Heavy baryons (Charmed, Bottom and Heavy Pentaquarks)
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Fundamental Particles ?
multiplets (proton, neutron) : isospin [ SU(2) ] — higher symmetry (Z, K,"-) : SU(3)

Naive Quark Model (up, down, strange light quarks):
SU(3) scheme to classify particles with the same spin and parity

Hadron [ baryon (qqq), meson (qq) ] : SU(3) color singlet

PHYSICAL REVIEW VOLUME 125, NUMBER 3 FEBRUARY 1, 1962

Symmetries of Baryons and Mesons*

MurraY GELL-MaNN
California Institute of Technology, Pasadena, California

{Received March 27, 1961 ; revised manuscript received September 20, 1961)

If the meson spectrum is consistent with broken
unitary symmetry, we should examine the baryons, and
see whether the various baryon states fit into the repre-
sensations 3, 6, and 15 (or the representations 1, §,
10, 10*, and 27 that arise in the alternative form of
unitary symmetry).

Why not 4, 5, 6, ... quark states ? Nothing prevents such states to exist
L—» representation 10* (10)
Y. s. Oh and H. c. Kim, Phys. Rev. D 70, 094022 (2004)
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Evidence for a Narrow § = +1 Baryon Resonance in Photoproduction from the Neutron

T. Nakano,' D. S, A.ll]'l,z LK. r':'i.h]'l,z H. Akimune,} Y Asa:un,4'5 W, C. Chnng.ﬁ 5. Daté,? H. Eji:'L?'l H. Fuj'umu‘:LPg
M. Fujiwara,'” K. Hicks,” T. Hotta," K. Imai," T. Ishikawa,'" T. Iwata,'* H. Kawai," Z.Y. Kim.* K. Kino,'! H. Kohri,'
N. Kumaga'].? 5. Makincu”' T. Ivlatf;unmra,l'5 M. Matsuﬂka,l T. Ivlihe.,J'5 K. Miwa.m M. Miyabe,m Y. Miyachi.lj'*
M. Morita,! N. Muramatsu,” M. Nii}'ammm M. Nomachi,' Y. Ohashi,” T. Ooba,'* H. Ohkuma,” D.S. Oshuev.®
C. R:mgacllm'yu]u,” A, Sakaguchi,m T. Sasaki,'” P M. Shag'm‘]"* Y. Shiino,"* H Shimizu," Y. Suguy‘ahm
M. Sumihama,'® H, Tc‘ryokau-'m? A Wakai,'™ CW. W:mgf’ S.C. ‘ﬁ’angf"§ K. Yonehara,™ T. Yorita,” M. Yoshimura,'”
M. Yosoi," and R.G.T. Zegersj

Successful searches for ©* (2003~2005) : 2007 PDG

VALUE (MeV) EVTS DOCUMENT 1D TECN  COMMENT VALUE (MeV) CL% EVTS DOCUMENT ID TECN  COMMENT
1533.6+ 2.4 OUR AVERAGE Error includes scale factor of 2.1. See the ideogram below. 0.9 +0.3 OUR ESTIMATE o
+ . .
1526 + 3 +3 L ALEEV 05 SVD2 pnucleus — pK9X 0.9 £03 CAHN 04 KTn— K7pin xenon
9 0 S 0.9 £0.3 GIBBS 04 PWA KTd total cross section
1630 &+ 5 ABDEL-BARY 04 COSY pp — Itk P e o o We do not use the following data for averages, fits, limits, etc. o o o
1528.04+ 26421 59  3AIRAPETIAN 04 HERM 7*d — pK2X - o061 90 13 \izuK 06 BELL Ko KQp
1533 £+ 5 27 4 ASRATYAN 04 BC v, v in p,d Ne, BEBC, 15-ft <24 ALEEV 05 SVD2 p nucleus — PngX
+2.8 5 L =10 17 +£9 +£3 AIRAPETIAN 04 HERM ~*d — pKCS]X
152154+ 1.5 777 221 CHEKANOV04A ZEUS 7%p — p/PKgX <20 ASRATYAN 04 BC v, 7 in p,d.Ne, BEBC and 15-
6 T - ft
1555 +10 41 7KUBAROVSKYO4 CLAS yp— =T KO K¥n g 4 o CHEKANOV  04r ZEUS ~*p — p/pKYX
1539 + 2 29 BARMIN 03 XEBC KTXe— K p Xe <26 KUBAROVSKY04 CLAS ~p— at K~ Ktn
1540 + 4 +2 63  SBARTH 03 SPHR 7p— Ktk <1 14 SIBIRTSEV 04 K*d— K9pp reanalysis
< 15 + . .
9 120 + pe— >l ARNDT 03 DPWA K™ N partial-wave reanalysis
1540 +10 19 0 NAKANO 03 LEPS ~ *<C +K 7K n X Ty %0 BARMIN 03 XEBC K'Xe— KOpXe
1542 £+ 5 43 STEPANYAN 03 CLAS ~d — KTK pn <05 90 BARTH 03 SPHR ~p — nK+K95
e o o We do not use the following data for averages, fits, limits, etc. e o <05 90 NAKANO 03 LEPS +12¢ — KtK—nX

1559 + 3 11 GBS 04 K1 d total cross section <21 STEPANYAN 03 CLAS ~d — Kt K™ pn




Unsu?essful searches for ©* (2006~2008) : 2010 PDG

Experiment

Reaction

Energy, etc.

Limits, etc.

Searches for the ©(1540)*

BABAR [2]
CLAS [3]

CLAS [4]

CLAS [5]
COSY-ANKE [6]
COSY-TOF [7]
DELPHI [8]
FOCUS [9]
HERA-H1 [10]
KEK-E522 [11]
L3 [12]

NOMAD [13]

B — (pK§)p

vp— (nK*/pKY) K

vA — (pK9)X
ep — (p/ ph’g)eX
T p— K (X)

"

I}

v N — (pK$)X

v kL (p / ;_)f {,[_Sl ) X

Vs 10.58 GeV
E, 1.6-3.8 GeV

E, 0.8-3.6 GeV

E, 0.8-3.6 GeV

pp 3.65 GeV/c

pp 3.059 GeV/c

/5 01.2 GeV

E, 180 GeV

5 < Q2 < 100 GeV?
pr 1.9 GeV/c

Eyy > 5 GeV

< 2% 107" per B"
o < 0.7 nb,

100k A(1520)

o <0.3nb

o < 5-25nb

o < 58 nb

o < 150 nb

< 5.1 x 10~% per Z
400k X(1385)"

o < 30-90 pb

o <3.9nb

o< 1.8nb

< 2.13x1073 per evt

: — ?7?



My, [MeV]

Diakonov et al.? Ellis et al.*?) yQSM>?) This work
Input N* (1710 MeV) OT (1539 £ 2 MeV) e OF (1524 £ 5 MeV)
masses Z3 )5 (1862 £ 2 MeV)
DnN 45 MeV™ 73 MeV 41 MeV 36.4 + 3.9 MeV
14 1.29 fm 1.27 fm 1.06 fm 1.230 £ 0.002 fm
I 0.4 fm 0.49 fm 0.48 fm 0.420 + 0.006 fm
Mg QY —218 MeV —605 MeV —197 MeV | —262.9 £ 5.9 MeV
ms(3 —156 MeV —23 MeV —94 MeV —144.3 £+ 3.2 MeV
Mgy —107 MeV 152 MeV —53 MeV —104.2 + 2.4 MeV
Cio 0.084 0.088 0.037 \ 0.0434 + 0.0006 /
1730 — | - LEPS | |DIANA
1720} | E !
1710¢ I Present result b : :
— I
' 700: % i : Present result
e GRAAL ;% | |
1680 DIANA L
1670 . : :
e L 1
1660 -
1650 T T T R 1500 1510 1520 530 1540 1550 1560
Mg, [MeV] Mg, [MeV]

Yang, Kim, Prog. Theor.

Phys. 128, 397 (2012)



Chiral Soliton Model (mass)

MM = é (0(8) + %c(m> T3 + g (C(S) + 276(27)> (T32 + i) + ¢,

1 2
A[EI\I _ (8) = /(27) ,(1),
o\ T3 )T
mEM = Lengp Zen e L ey 14427) L),
2 9 10
vEn 2 e LenY g o2 (ue L S (13 + L),
= 5 9 5
1 8 5 1 2
AIEN[ — (8) - /(27) T - ,(27) T2 = (8) =220 (1)
A 4((° ‘|‘63C 3—|-63(° 3—|—8 c 3¢ +c
L1 1 5
MEM — Z(® - —CD )y o
4 (C 21° P53
1 32 1
EM L) 92 e 1
Ms 1 (C 63° ) =7
1 4
v e oA en) L 0
o 1 (C ) Ten

Weinberg-Treiman formula
ME(T) = af2 + BT, + y




Chiral Soliton Model (mass)

1 4
(M —Mp)em = A (6(8) + 56(27)>

(Ms+ —Ms-)pn = ¢

4 1
(MEO _ME*)EM — g (C(S) _ §C(27))

Coleman-Glashow relation

(Mp—Mp)em = (My+ —Ms-)em — (M=o —Mz-)rm

EM [MeV] Exp. [input]
(Mp = Mpewm 0.76+0.30
(Mg, — Ms-)em -0.17+0.30
(M=o M=)y -0.86+0.30

¢® = —0.15+0.23, ?7 = 8.62+2.39



Chiral Soliton Model (mass)

1 4
(Mp—Mp)em = = (6(8) + —6(27)>

D 9
(MEJF_MZ—)EM = C(S)

4 1
(MEO _ME*)EM = g (C(S) _ §C(27))

Coleman-Glashow relation

(My—Mp)pm = (Ms+ —Mg-)em — (M=o — Mz-)em

EM [MeV] Exp. [input] reproduced
(Mp = Mpewm 0.76+0.30  0.7440.22
(M5, — Ms-)ey, -0.1740.30  -0.1540.23
(Mzo —M=)gy, -0.86+0.30  -0.88+0.28

¢® = —0.15+0.23, 7 = 8.62 +2.39



Chiral Soliton Model (mass)

(AMB,,)EM Numerical results (AMB,,)EM Numerical results
(Ma++ — Mas)ev 1602046 | (Masr — Mao)em  1.84 +0.54
(MA+ — MAO)EM 0.24 £ 0.10 (MA+ — MA—)EM —0.89 £ 0.26
(Mao — Ma-—)pm —1.13£030  |[(Mast — Ma—)em 0.71 £0.29
(Mspor — Mspo)im 0242010 |(Mgey — My Jun —0.89 £ 0.26
(ME*O — ME*—)EM —1.13 = 0.30
(AMBN)EM ThiS WOI‘k (AMBH])EM ThiS WOI‘k
(M = Ma+)yyy —1.31£031| (Mge = My_ ) —0.8940.26
0 10/ EM
(MZ+ _ MED_) 1314031 ( Moy — M__ —0.89 + 0.26
10 10/ EM ‘_‘3/2 ‘_‘3/2 EM
(MZO_ — M, ) 024 +0.10 | Moo — ME__> —1.84 4 0.54
10 T0/ EM —3/2 =3/2 J gm
(M:+ — Moo ) ~1.3140.31 (M:+ _ M:__) 0.71 + 0.29
=3/2 3/2 EM =3/2 3/2 ) oM
(M:o ~ M__ ) 0.24 4 0.10
—3/2 =3/2 ) gy
(M: — M:> 1.60 £ 0.46
=3/2 =3/2 ) gy




Chiral Soliton Model (mass)

Formulae for Baryon Anti-Decuplet Masses

Lo 4
Mo+ = Mg+ V4 = 0 ( (8) _ (m) 2 (my — m) d3.
- 1 32 1 8 1
M = Mom g oM ®) _ (27) T (8) Y (124 2
N T ( ] T 63e SR
Mg — My,) 0315 — (g — 1) 03,
1 4
Ms_ = Mg+ " + 4 ( W) Ty — 6‘)3(-,-(2” (75 — 1) — (mg — my,) 6573,
N 8 5oy 1 9
ﬂ‘fzgﬂ — Mt M 4 ( (8) + (27)) Ty — - N2 5 (C(a%) -3 c:(27)>
Mg — My,) 0315 + (mg — m) 03,

hadronic mass part in terms of &,

1 1
5a — ——a — B 4+ —~
3 AT



Results from Chiral Quark-Soliton Model
in a self-consistent way (T. Ledwig, H.-Ch. Kim)

B P n A ) »0 Y.~ =0 =
ppg/nm. 181 —-120 -060 181 0.60 -061 —-120 —-0.61
exp. 2793 —1.91 —0.613 2.458 —1.160 —1.250 —0.651
Octet Decuplet  Anti-decuplet
e — — 1532 (1540)
N/A 996 (939) 1313 (1232 1654 (1675)

)
(S + A)/2 = input = 1151.5 1430 (13&‘) 1769 (—)
1279 (1315) 1544 (1530) 1877 (1862)
— 1654 (1672)

2 [11 ™




