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® Key point for N* internal structure
® Strange partners of P, states from yp reactions

® Conclusion and prospect



1. Key point for N* internal structure

Unquenching dynamics: gluons = qq

0 (g ] Classic quark model:

30 excited states
g
o ?

O which one dominates?

New view:
@ } Pentaquark excitation
@ dominates already for
the lowest ¥2- SU(3) nonet

Inject in energy

Pentaquark crucial for baryon spectroscopy and structure !



LHCb -> 3 narrow P, states

PRL 115, 072001 (2015)
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A milestone for pentaquark search

Top cited paper on QCD physics in last 10 yrs
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Comparison to numerical predictions

AE — binding energy

» Many theoretical predictions for Example:
22.5(*)0 pUbIlShed before 201 5’ some :gcc;ggn resonances with hidden charm in coupled-channels
in quantitative agreement with the Jodn Wi TS HLee andB S Zou SrXiv:1202.1036
LHCb data ”
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Hadronic molecular picture

Guo, Hanhart, Meissner,Wang,Zhao,Zou, Rev.Mod.Phys.90 (2018)015004

P. states relevant thresholds

P, (4312) DX, 4317 MeV

P, (4380) DX.* 4382 MeV
P_(4440)/ P, (4457) D*T, 4459 MeV

How about strange partners of P_states ?

KX ~1686  KZ*~1880  K*£~2086  K*I* ~ 2280
N*(1535)  N*(1875) N*(2080) N*(2270)
1/2- 3/2- 1/2-, 3/2- 1/2-, 3/2-, 5/2-



2. Strange partners of P, state from yp reactions
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(a) t-channel Pomeron exchange (b) t-channel mesons exchange

(c) u-channel proton exchange (d) s-channel nucleon exchange

Relevant Feynman diagrams for y p — ¢p.
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cosf=-0.8 7 0.09r

cos@=-0.7 7 0.09r cos@=-06 - 0.09F cosf=-0.5 1

» Charged total

016 /4

I oNewtral | OO TR pomeron | 0-08 1 oosff
4 0.03y ----meson 4 0,03 1 0.03
= 1 0.00F . | 000k
1 0.09H { 0.09
{ 0.06}] | 0.08{1
1 0.03 {003
= | 0.00F 1 0.00F
1 0094 1 012
1 0.08} 1 008 _
] 00sf 1 0.04
] 000} | 0.00f:
r I 0083;0.375I 1 0.24r I 0056;0.425 1 0.24r . Ic059;0.475 1 0.24 ! cosO = 0.525
% 0.16
0.08
0.00k5
i | ‘c036‘=0.575; 1 0.48*‘ | ‘0056;0.625 1 0.48*‘ P IcosB‘:O.a?‘S 1 0.84-‘ | ‘cosﬂ‘=0.72fl; .
1 056} : ]
* 4028 |
- o.00k ]
r | cosBl= 0.775 I 1 0.90r | cosSl= 0.82‘5 } | I 1 1.20-‘ cosS‘= 0.87I5 1y --‘1 | | 1 2401 | cosBl= 0.925 | |

0.60 .. -+ 1 080 1160

0.30 LT g 40 1 080

0.00 0.00 45z

FIG. 3. Differential cross sections do /d cos@(ub) as a function of W(GeV) at different cos 8.



Previous fit with N*(2000)5/2+ & N*(2300)1/2+

S. H. Kim and S. I. Nam, Phys. Rev. C 100, 065208 (2019)
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Our fit with N*(2080)3/2- & N*(2270)3/2-

10°

107"

1072

107"

1072

10°

107"

1072

10°

107"

10°
107"
1072
1078

W =1.985 GeV

{ EW=2015GeV

EW =2.045 GeV

EW =2.075GeV

" sesbepmpayeseds |7 7. i s L L 3 -1 L .7
EW =2.105 GeV 4 EW=2.135GeV 4 EW=2.165GeV EW =2.195GeV 4
W =2.225 GeV ',[ { FW=2255GeV < £ W=2285GeV W =2315 GeV ;o
W =2.345 GeV E 4 £ W =2.405GeV EW = 2.435 GeV

[ W =2.465 GeV

[ W =2.495 GeV

[ W=253GeV

[ W=257GeV

[ W=261Ge

\

[ W=2645 GeV

[ W=28675GeV

[ W=271GeV

L W=277 GeV s | [ W=2815GeV ']
Lo =) ‘. \ L PECTN | 1 ‘»I»'—-. "“ L L
-1.0 -05 0.0 0.5 1.0 -1.0 =05 0.0 0.5 1.0

cos@

0.5

Data
o Neutral

1 I
1.0 -1.0 -0.5

— total

e pomeron

meson
----- proton

Regge
-- Nstar
w/o Nstar

FIG. 4. Differential cross sections do /d cos 6 (ub) as a function of cos & at different W(GeV ). The marks are the same as in Fig. 3.




Our fit with N*(2080)3/2- & N*(2270)3/2-
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Previous fit with N*(2000)5/2+ & N*(2300)1/2+

S. H. Kim and S. I. Nam, Phys. Rev. C 100, 065208 (2019)




Total cross sections of the reaction vp — K*TA (left) and vp — K*TX° (right)

CLAS, PRC 87(2013)065204
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(c) u channel (d) Interaction current

Di Ben, A.C.Wang, F.Huang, B.S.Zou, PRC 108 (2023) 065201
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Di Ben, A.C.Wang, F.Huang, B.S.Zou, PRC 108 (2023) 065201
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FIG. 7. Total cross sections for yp — K**Z° (left) and yp — K**T* (right). The black solid lines represent the full results. The
blue dashed lines and cyan dash-dotted lines represent the individual contributions from the s-channel N(2080)3/2 and N(2270)3/2~
exchanges, respectively. The orange dotted lines represent the results calculated by switching off the contributions from the N(2080)3/2™
and N(2270)3/2" exchanges. The magenta double-dash-dotted lines represent the full results of Ref. [25]. The scattered symbols are data
from CLAS Collaboration [19].

[25] A.C.Wang, W.L.Wang, F.Huang, Phys. Rev. C 98 (2018) 045209 with A(1905)5/2+



Single spin asymmetries may help to distinguish the two solutions

02F vp — K*ty0

W=2217 MeV
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FIG. 8. Single spin asymmetries ¥ (left), 7 (middle), and P (right) predicted at W = 2217 MeV for y p — K** £ (the upper row) and
W = 2280 MeV for yp — K**X7 (the lower row). The blue solid lines represent the results from the present work, and the red dashed lines
denote the results from Ref. [25].



Further evidence of N*(1875), N*(2080) & N*(2270) ?

yvp — KTX°

= CLAS (2010)
« CLAS (2005)
SAPHIR (2004)

15t7/P — K+20(1385)

— Full —
— — Contact B
— A(1930)5/2 =]
1 . ..
0.5
O




J.J.Xie, B.S.Zou, H.C.Chiang, PRC77(2008)015206
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N*(1535) + N*(1900) %+ or N*(1875)+N*(2080)+N*(2270) ?

More data with angular distribution and
polarization information are needed !



Conclusion and prospect

® strange partners of P_states are expected to exist
® strong evidence for their existence in yp reactions
® higher statistics and polarization info are needed
® CEBAF, ELSA, tp@JPARC, EIC&EIcC may play

an important role here:

P 2 nP, KA, K, K*A, K*Z, KZ*, ...

YO p 2> pd, KA, KZ, K**A, K*Z, KX+, ...

Thank you for your attention !
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Complementary to CBM and PANDA at FAIR etc.
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Spin “crisis”, d— u~0.12, s(x)# s(x) puzzles >
two possible solutions:

Meson clouds: Thomas, Speth, Weise, Oset, Brodsky, Ma, ...

|p>~|uud>+¢g |n(udd) " ( du) >
+g, |A™ (uuu)w(ud)> +¢& | A (uds) K* ( su)>..

diquarks: Riska, Zou, Zhu, ...

|p>~|uud> +g; | [ud][ud] d>+¢g |[ud][us] s > +...

.®.®



1/2- baryon nonet with strangeness

« Mass pattern : quenched or unquenched ?

uds (L=1) 1/2- ~
uud (L=1) 1/2- ~
uds (L=1) 1/2- ~
uus (L=1) 1/2- ~

A*(1670)
N*(1535)
A*(1405)
>*(1390)

~ [us
ud][us]
Su]
-

~

~

~

ud]

ds]

us]

s
s
u

d

E—-—nA
KZ - KA-nN
KN - 12
KN -2 — A

Zou et al, NPA835 (2010) 199 ; CLAS, PRC87(2013)035206

e Strange decays of N*(1535) :

Jhy > pN* > p(KA)/ p(pn) > large gyexs

PDG - large gyuny

Liu&Zou, PRL9Y6 (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>Nd&pp > ppd&pn—>dd > large gy«
Xie, Zou & Chiang, PRC77(2008)015206; Cao, Xie, Zou & Xu, PRC80(2009)025203

« Strange decays of A*(1670) :
narrower width (35MeV) than A*(1405)

PDG - large g,



ssuud = ccuud

® prediction of three P.pentaquark states = J/y-p :
1 DX, molecule + 2 D*X_ molecules

J.J.Wu, R.Molina, E.Oset, B.S.Zou, PRL 105 (2010) 232001
W.L.Wang, F.Huang, Z.Y.Zhang, B.S.Zou, PRC 84 (2011) 015203
J.J.Wu, T.H.Lee, B.S.Zou, PRC 85 (2012) 044002

® 4 more broader P_states with £, 2> 2.* :
1 DXZ.* molecule + 3 D*Z.* molecules

C.W.Xiao, J.Nieves, E.Oset, PRD 88 (2013) 056012

26



Due to limitation of energy range, luminosity and detectors at COSY,
not much observations on N* with hidden strangeness from pp yet.

HIAF + CEE @ Huizhou may play a important role

pp 2 pK*A, nK*Z*, pK*Z0 KsZ*p, ppd, ppn, ppn’, ppK*K-,
PNK*KSs, pAKSs 7, pAK*™n, pAK*¢, pE-K*K*, ......

- strange partners of P_. and P states

+ more reliable input for studying K production in HIC

How about pp at JPARC ?
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