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Outline:

* Quenched & ungquenched quark models
» Important results on N* from cc decays
» Hyperon production and prospects
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1. Quenched & ungquenched quark models

Problems for quenched g3 picture for baryon resonances:

1) “Missing resonances” ; 2) mass ordering for the lowest ones

E.D:_

1.8 &
o -

1.5:
I (1]
B — i |
= =

1.2

1.0

0.8r

1}_5:1+ 3+ 5T
7 7 2

Lattice, R.Edwards et al,

| 2

PRD84(2011)074508

oo

B |En

2] =1

2200

2100 —
2000 [
1900 [

1800 -

1700

1600

1500 -

1300 -

1200

,,,,,,,,,,,,,,,, )
| | | [ — !
! ! — L2200 | 2190
777777777 1 | I | | |
! I I I i |
| o | N | s | e —
| Ii | i |
| | p i i b
2100 - ! 2000 i 1990 : _:! 3 ! ! g
| N il | i
[ —| % | — 00 e a
— p [ m—] ‘—:'\ !
! ; ; "1 2080 )
| — | | i N
[ — AL a 77 )% ! 7 7 e —— P
,,,,,,,,
- ("
L 1680 1650 1675
—
1535
[ — 1520
—/
—
1440 —
Nzt Nad NsZt o Nwd o N2 N3/Z NS/Z N7/Z

g3 model, Capstck&Roberts,
PPNP45(2000)S241

| N=0,1,2 bands

7| Nwm amplitudes



1/2- baryon nonet with strangeness

« Mass pattern : quenched or unquenched ?

uds (L=1) /2= ~ A*(1670) ~ [us][ds]
uud (L=1) 1/2- ~ N*(1535) ~ [ud]fus]
uds (L=1) 1/2= ~ A*(1405) ~ [ud][su]
uus (L=1) 1/2- ~ X*(1390) ~ [us][ud] d
Zou et al, NPA835 (2010) 199 ; CLAS, PRC87(2013)035206
- Strange decays of N*(1535):  PDG - large gy,

Jhy > pN* > p(KA)/ p(pn) > large gyexy
Liu&Zou, PRL96 (2006) 042002; Geng,Oset,Zou&Doring, PRC79 (2009) 025203
YP 2> PN’ & pp2ppn’ > large gy,
M.Dugger et al., PRL96 (2006) 062001; Cao&Lee, PRC78(2008) 035207
T P>Nnd&pp > ppd&pn—>dd > large gy«y,
Xie, Zou & Chiang, PRC77(2008)015206; Cao, Xie, Zou & Xu, PRC80(2009)025203

* Strange decays of A*(1670) :  PDG > large gy«
narrower width (35MeV) than A*(1405)
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guench vs un-quench for mesons

qq 3S; nonet qq 3P, or g’q® nonet ?

a,(980) uu- dd, [us][us]-[ ds][ds]

K(892) sd . .
k(800) sd . [ su][ud ]

®(782) uu + dd - . -
p(770) uu — dd f,(600) wu+ dd, [ud][ud]

D*,(2317) ~ sc (L=1) + [ q s][qc] + DK + ...
D*,(2460) ~ sc (L=1) + D*K + ...
X(3872) ~ cc (L=1)+ ] qcllgc] + D*D + ...




Important implications:

» qgqqq in S-state more favorable than qqq with L=1!
& gqqg In S-state more favorable than qg with L=1!

1/2- baryon nonet ~ qg2g?state + ...
0+ meson octet ~ g2g?state + ...

Draging out qqg from gluon field —
an important excitation mechanism for hadrons !
multiguark components are important for hadrons !



Totally different predictions for the lowest =* & Q* :

qq* (L=0) g° (L=1)
=2* (1/2-) [us][ds] d ~ 1540 MeV uss ~ 1800 MeV
Q*(1/2-) [us]ss u ~ 1840 MeV sss ~ 2000 MeV

Yuan-An-Wei-Zou-Xu, PRC87(2013)025205 Capstick-Isgur, PRD34(1986)2809

g3 — qg* mixing : qq production mechanism
3P, or instanton (1S, + 3P, + ...)

/

Q*(3/2=) ~ 1750 MeV  An-Metsch-Zou, : arXiv:1304.6046



Alternative pictures :

Hadronic molecules Penta-quark states

N*(1440) ~ No N*(1440) ~ [ud][ud] g
N*(1535) ~ KZ-KA N*(1535) ~ [ud][us] s
A*(1405) ~ KN-Zr A*(1405) ~[ud][sd] g
Kaiser, Weise, Oset, Ramos,

Oller, Meissner, Hyodo, Jido,
Hosaka, ...

¥* ~1430 MeV Oller, Meissner, Oh, Khemchandani, ...
=* ~ 1610 MeV Oh, Ramos, Oset, ...



Y* in PDG:  *** T (1189)1/2* T*(1385)3/2* =*(1670)3/2-
T*(1775)5/2- T*(1915)5/2+ T*(2030)7/2*
wkx T*(1660)1/2+ T(1750)1/2- T*(1940)3/2- T*(2250)??
T*(1620)1/2- T*(1690)?? X*(1880)1/2*
T*(2080)3/2+ T*(2455)7? X*(2620)??
$*(1480)?7 T*(1560)?7 T*(1580)3/2- £*(1770)1/2*
*  $*(1840)3/2* £*(2000)3/2- T*(2070)5/2* £*(2100)7/2-
$*(3000)?? £*(3170)??
=% in PDG: **** 5(1320) 1/2+, 2(1530) 3/2+
*x*x =(1690) , Z(1820) 3/2-, E(1950), =(2030)
**  5(2250), E(2370)
* H(1620), E(2120), E(2500)

Q* in PDG: Q(1672) 3/2+ **** () (2250)***, Q (2380) **, Q (2470) **

*x

Experiment knowledge on hyperon states still very poor !



2. Important results on N* from cc decays

J/¥Y —>BBM — N* A* =* =*

Q‘I
|
|
!
|

an ideal isospin and low spin filter from cc annihilation
No contamination from t/u-channel scattering as in TN and yN
high statistics extension to ', %5, N



(1) Observation of “missing” N* above 2 GeV with low spin

Jwy=> pnmtt & nmp  BESII Collaboration, PRL97 (2006)062001
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The first experiment “seeing” N*(1440) in TN mass spectrum

BESII M=1358+17, ['= 179+56 MeV
PDGO6 M=1365+t15, I'= 190x30 MeV



The new N*(2065) peak in TN mass spectrum

M =2068+3 "> MeV/c?, T =165+14+40 MeV/c*

Jiw=> n N*(2065) with L=0 (small excess energy)
limits its JP to be 3/2* or 1/2* (spin filter)

PWA of Jhy > ppr® > N*(2040) 3/2+ & N*(2100)1/2*
BESII, PRD80(2009)052004

New N*(2040) 3/2* also needed in )’ production
Huang-Haberzettl-Nakayama, PRC87 (2013) 054004



Observation of Two New N* Resonances in the Decay 4(3686) — ppw"
BESIII, PRL110(2013)022001

N*(2300)1/2+, N*(2570)5/2- ¢f talks by Liang & Yuan
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(2) N*(1440) production from J/y and y’ decays

Jhy > ppn?
5 N*(1440)

Mipip i)
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N#*(1440) is much favored in y’ decays !




Common features of ' and N*(1440)

“Radial” excitation of JiAy and N
Large coupling to oJ/yw and N

a

“Radial” excitations like to pull out 2 g2 (0*) from sea,
hence favor transition between each other

N*(1440) has large 7-quark (oN) components !

Also a possible reason for pr puzzle of y decays
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(3) N* and A* observed in Jiy > A KN
N* in Jw>pK A +cc.
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a) Assuming N, to be purely N*(1535) :
B.C. Liu, B.S. Zou, PRL96 (2006) 042002; PRL98 (2007) 039102

From relative branching ratios of
Jy>p N*>p(K A)/p( pn)

: g

gN*KA/gN*pn/gN*Nn~ 2:2:1

b) N, as dynamical generated with unitary chiral theory:

N*(1535) + non-resonant part
L.S.Geng, E.Oset, B.S. Zou, M.Doring, PRC79 (2009) 025203

Phenomenology : Large gy« = large ss in N*(1535)
s[su][ud] or KA-KZ state



3. Hyperon production and Prospects
The new picture for the 1/2- octet predicts:
¥* [us][du] d ~ 1380 MeV
=2*  [us][ds] u ~ 1540 MeV

Mass spectuni for BESIH J/AY — pKA events
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Jhy decay branching ratio * 10*

p A(1232)*  3/2¢ <1

¥-%(1385)* 3.1£0.5 } SU(3) breaking
E+E(1530) 59+1.5

p N*(1535)*  1/2- 10 + 3

2 2(1380)" ’ } SU(3) allowed
=+ E(1540) ?

It is very important to check whether under the £(1385)
and Z(1530) peaks there are 1/2- components ?



Many more interesting channels:

Q E K, EEn, AAy, Ay, XXy, EEy, ...
with Q@ > AK, > An

S.Dulat, J.J.Wu, B.S.Zou, PRD83 (2011) 094032
“Proposal and theoretical formalism for studying baryon
radiative decays from Jiy-> BB* + B*B > BBy”.

JLAB : N*, A* 2> yN
BESII: A*> yA,yX; Z*2> YA, yX; E*D> yE !



Phys. Rev. Lett. 21, 1715 134423 NRQM
(1968)

Nucl. Phys. B279, 49 (1987) 33+11 RCQM 215
Phys. Lett. B604, 22(2004) 159433 QM 85 SL ZhU

Phys.Rev.C71, 054609(2005) 167443 MIT bag 46

Chiral bag 32
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J /W decay branching ratios (BRx 10%) for some interested channels

pp AA 3030 == A=t pK-A  pK—Y°
21+01 14+£01 1.3+£02 1.8+£04 1.1£01 09+£02 03+0.1
P ppr° pprtTT ppn ppn’ P K-A=Zt7

2001 1.1+£01 60+£05 21+02 09+£04 13+03 KTAZ 7

BESII, CPC36(2012)1040 : BR(y > QQ)=(5+2) x10-

super =-c 10 ¢ & 10 W
I

Completing N*, A*, £*, E* spectra
Establish the lowest A*, £*, &* and Q* |

a

Excitation mechanism of baryonic states



Thanks !



Analysis of new CB data on K-p2>n°’A  PRC 80(2009)025204
Puze Gao, Jun Shi, B. S. Zou, Phys. Rev. C86 (2012) 025201

— 1.0 : 1.0 : 1.0 : 1.0

D oal 514MeV/c { 0.8} 560MeV/c 0.8t 581MeV/c { 0.8} 629MeV/c +
2 o8} Y os} { 0.6} j_,;{'- 0.6} ]
— 0.4} A 1 o4l 4" oal i+ | oal /-i‘ -
< 02| I 1 ozl L 102} ua. e 1 o2feuwmnay o ]
= e n -.-.'- ..I"l"-.-r..._.-l. | --.-.J.. = -l..-I'
~ 095 0 1 903 0 1 993 0 1 293 0 1
5 10 : 1.0 : 1.0 . 1.0 .
L4 08} 659MeVic | oasf 687MeVic | 0.8} 714MeVic ] os] 750MeVic ]
ED.E | o8} A o8l /] 08} 7
o4l U opal "] 0.4} 7 naln, S
E 0.2 .;—‘-.---.___-'1_-_._._-‘-___"{ 102" e .‘._JJ 1oz ..-"'.1.""-.._._\_“__-=..=‘.f 1 oz ‘-*-,_-_‘-‘-- .----:”_:_..-.-
© 007 0 1 903 0 1 993 0 1 993 0 1
0.5} } 514Mewc 0.5} 560MeVic,| o.5| 531Mew:: ' 05| : EI-EQMEWC
< { N B 1 2 i whpoedtt
al D.Dﬂ_— H _Hi'“ {1 D.D-‘F—{-{r_-{:--}'-}'{'_'{""{ii-i?i;{_:]- n.n{i {-_I_ e h 3t E{» | S L - HEH
-0.5} { {' {-0.5} {-0.5} {-0.5}
-1 0 1 -1 0 1 -1 0 1 -1 0 1
o5l & 659MeV/c] ol 687MeVic] g5k 18 714MeVic] o5l 750Me Ve
Pl Tt aATITH e "t
a ool 1y g ) ool ‘”H,I_ 1 0.0} B S . ; { 0.0t - -~ ]
o R ESPYT
-0.5} 1 AL {-0.5} ' "ﬁ {-0.5} **?-..-j-“i/-
-1 0 -1 0 1 -1 0 1
cost cnsB cosO cosO
with basic ingredients | | adding £(1635) 1/2+ No 2(1620) 1/2-

Polarization data — crucial for clarifying ambiguities !



0 (3686) — ppr"

0

' — ppT

J /4

_“u,,_mﬁ

(A0 (xd) I

7.7

(GeV/c™)”

3 —

M3(pr”)



