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’I Exotic states

From Li-Sheng Geng
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I Hadrons
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:’I Ground light baryons

OGround baryons
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’ Low-lying baryons with J'=1/2-

1/2~ baryon nonet with strangeness

; " - = Citation: R.L. Workman et al. {Particle Data Group), Prog.Theor Exp.Phys. 2022, 083C01 (2022)
Zou, EPJA 35 (2008) 325

« Mass pattern: quenched or unquenched ? X (1620) 1/2 ] =] Bee %
uds (L=1) 1/2- ~ A*(1670) ~ [us][ds]
uud (L=1) 172~ ~ N*{1535) i Illd"llSI Gitation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2010 updat
uds (L=1) 1/2- ~ A*(1405) ~ [ud][su] u

uus (L=1) 1/2- ~ Z*(1390) ~ [us][ud] d 2 (1480) Bumps 1(4P) = 1(7") status: *

Zou et al, NPA83S (2010) 199 ; CLAS, PRC87(2013)035206

OMITTED FROM SUMMARY TABLE

S
S

OMITTED FROM SUMMARY TABLE
These are peaks seen in A and X 7 spectra in the reaction T p—
(Y#)KT at 1.7 GeV/c. Also, the Y polarization oscillates in the

. Stl’ﬂﬂge de{:ays ﬂf N*(ISSS) ﬂﬂd A*(lﬁ?“) . same region.

N*(1535) large C'ﬂupliﬂgs gN*N‘I‘]-" EN*KA ? gN*NfI” gN*N#
A*(1670) large coupling g,.,.
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’ Review about X" (1/27)

. Review of the low-lying excited baryons ¥*(1/27)
Oarxiv: 2406.07839

En Wang,"z’ Li-Sheng Geng,3=4’5’6’ Jia-Jun Wu,7'6' Ju-Jun Xie,ﬁ’g’gﬁ and Bing-Song Zou'" “*7*6’

Strong empirical and phenomenological indications exist for large sea-quark admixtures in the low-lying ex-
cited baryons. Investigating the low-lying excited baryon X*(1/2") is important to determine the nature of the
low-lying excited baryons. We review the experimental and theoretical progress on the studies of the X% (1/27).
Although several candidates have received intensive discussions, such as 3(1620) and X(1480), their existence
needs further confirmation. Following the prediction of the unquenched quark models for the 3*(1/27 ), many
theoretical works suggested the existence of these states in various processes. Future experimental measure-
ments could shed light on the existence of the low-lying excited >*(1/27) state.
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’ 1-star state X(1620)

DPDGZ 024 o PHYSICAL JOURNAL A

Eur. Phys. J. A (2019) 55: 180 THE EUROPEAN

Regular Article — Experimental Physics

5 (1620) MASS

MALDE (V) BOTUMEAT 1 TECH COMPENT Hyperon Il: Properties of excited hyperons

1600 to 1650 (= 1620) OUR ESTIMATE

1681+ 6 SARANTSEV 19 DPWA KN multichannel

1600+15 ZHANG 13A DPWA K N multichannel A.V. Sarantsev''?, M. Matveev'?, V.A. Nikonov®2, A.V. Anisovich!:2, U. Thoma!, and E. Klempt!®

1600+ 6 1MORRIS 78 DPWA K—n— Arn—

1608+ 5 2 CARROLL 76 DPWA lsospin-1 total o . . .

1630410 LANGBEIN 72 IPWA KN multichannel X(1620)1/2~ and X(1750)1/2: The X(1620)1/2~ to

s i 7l DPWA Kmeticanivse X(1750)1/2~ region is problematic. If we assume no res-

e ¢ ¢ We do not use the following data for averages, fits, limits, etc. e o @ t} ﬁt 3 ‘t i l A ﬁ‘t th 1 2_

1633410 3CARROLL 76 DPWA Isospin-1 total & Giiancs, Uk UL I8 Unauecprabicy with one 1/27 reso-

nance only returns a mass of M = (1692 + 11) MeV and

X(1620) WIDTH I' = (208 + 18) MeV. We tentatively identify this reso-

VALUE (MeV) DOCUMENT ID TECN  COMMENT Il_ance Wlth E(‘]_’TE:O)]_/Q '1 he r‘ea’l Part Ol[t O}LrnP01e1l)FSE£_

40 to 100 (= 70) OUR ESTIMATE

40+ 12 SARANTSEV 19 DPWA KN multichannel a 1mass OI LLOEM = 11)viev, WIICI 1S DEIOW ﬂfln = IVL 3. AT

400152 ZHANG 134 DPWA KN multichannel BRs add up to (78+11)%. A fit with two resonances gives a

e 2CARROLL 76 DPWA lsospin-1 total o small but significant improvement for a second narrow res-

65+ 20 LANGBEIN 72 IPWA KN multichannel onance, which is found only slightly below X' (1750)1/2.

= S LAl e Ll o We list this resonance under ¥ (1620)1/2~ even though

e ¢ ¢ We do not use the following data for averages, fits, limits, etc. ® ¢ @

these are likely different objects. We find a sum of branch-

" a0 N

10 3 CARROLL 76 DPWA lIsospin-1 total o




VY Exp. signals of £(1480)
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Ttp - wtKTA

Yu-Li Pan et al, PRD2, 449 (1970)
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’ Evidence of X" (1/27)

OK p > Amtm~, Wu-Dulat-Zou, PRD80(2009)017503
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Here we reexamine some old data of the K p—
A @ @~ reaction and find that besides the well-established
>*(1385) with J¥ = 3/27, there is indeed some evidence
for the possible existence of a new X* resonance with J© =
1/2~ around the same mass but with broader decay width.
There are also indications for such a possibility in the

300 4 < 300

200 - <200

100 4

Events per 10 MeV
Events per 10 MeV

<4100

13 14 15 16 17 18 13 14 15 18 17 18 J/ — SA7 and yn — KTX* reactions. At present,
M, -(Gev) M, -(Gev) the evidence is not strong. Therefore, high statistics studies
M3/ I's+3/2) M1/ Isap) x*/ndf (Fig. 1) X*/ndf (Fig. 2)
Fitl 1385.3 = 0.7 46.9 * 2.5 68.5/54 10.1/9

Fit2 1386.1*11 34.9%51 1381.3%49 118.6%332 58.0/51 3.2/9

—35.1
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’ Evidence of X*(1/27)
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’ Search for X" (1/27)

>Nt - Anm, Xie-Geng, PRD95(2017) 074024, JJWu-EW-LSGeng-JJXie,
2405.09226

»yn - KX(1/27), Lyu-EW-Xie-Wei, CPC47 (2023) 053108

> Xc0 — X1, EW-Xie-Oset, PLB753(2016)526

> Xc0 — AZm, EW-Xie-Oset, PRD98(2018)114017

>N, = Tt Xie-Oset, Phys.Lett.B 792 (2019) 450

»yYN — X(1/27)N, Kim-Nam-Hosaka, PRD(2021)114017

»>At - K°np, YLi-SWLiu-EW-DMLIi-LSGeng-JJXie, 2406.01209
»Review of 2°(1/27), EW-JJWu-JJXie-LSGeng-BSZou2406.07839
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’ Low-lying baryons with J'=1/2-

OChiral Lagrangian V,B=3,B+ [ Bl
L = (Biy*V,B 5B r,=3w*ou+udu*), Oset Ramos,
B M
i ) — My(BB) U=i = exp(ivio/f), NPA635(1998)99

+3D(By"ys {u,, B}) + 3F(By"ys[u,, B]) i e
“ = M "

( +%n | mt | K* ) (Jﬁzuiﬁﬂ st p )
b = T ——ﬁ?ru-l— :76” K; ., B= - —% 0 % n

\ K K° =) \ & =0 v,
At lowest order in momentum Vi = —Cu#ﬁ(ifh’#“(f’} (ku + k)

Neglect the spatial components at

L( By _
low energies
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’ Low-lying baryons with J'=1/2-
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’ Low-lying baryons with J'=1/2-

OBethe-Salpter Equation Jido Oller Oset Ramos Meissner
” NPA725 (2003) 181
Pl < WGT=10 (2003)
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I X"(1/27) in the X photoproduction

OmnX photoproduction, Roca-Oset, PRC 88, 055206 (2013)
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,’ %(1430)

O X photoproduction, Roca-Oset, PRC 88, 055206 (2013)
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OOset-Ramos, NPA635 (1998) 99 [nucl-th/9711022].
OPB,VB, Hosaka, PRD 85, 114020 (2012)
OOller-Meifiner, Phys. Lett. B 500 (2001) 263 [hep-ph/0011146]




VY A at BESIIT

Hadronic decays

A, - pKm + 11 CF modes PRL 116, 052001 (2016)
A, - pK* K-, p*m PRL 117, 232002 (2016)
A, - nK,m PRL 118, 112001 (2017)
A, = pn, pr° PRD 95, 111102(R) (2017)
A, — St m® PLB 772, 338 (2017)

A, - EOOK PLB 783, 200 (2018)

A, - Aym PRD 99, 032010 (2019)

A, - pK.1 PLB 817 (2021) 136327
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Charm hadrons at Belle 1I/LHCb
Experiment Machine Operation c.M. Luminosity Nprod Efficiency Characters %ﬂ"ﬁﬁ:

2010-2011 (2021-) 3.77 GeV 2.9 (8 — 20) fb! D%+: 107(— 108) @ extremely clean environment
BGSI[[ BEPC-II 2016-2019 4.18-4.23 GeV 7.3 fb! Dt 5w 10° ~10-30% @ quantum coherence
e e +4- .6-4. ) : B : 0.8 x © pure D-beam, almost no backgroun
201442020 4.6-4.7 GeV 45 fb ! Af: 0.8x10° D-b [ background
* %k > no CM boost, no time-dept analyses
D> SuperKEKB 1 v - 1 D 6 x 10® (— 10™) @ clear event environment
(eve™) 248 1053 UAieilg =b Df,: 10° (— 10'7) © high trigger efficiency
_— AZ: 107 (—; 107) O(1-10%) © good-efficiency detection of neutrals
P> ) KEKB ] 1 D: 10° @ time-dependent analysis
eTe” AT @ smaller cross-section than
1999-2010 10.58 GeV 1 ab A 108 I han LHCb
BELLE * ok i * %

Two ways to produce charm samples at Belle (1) HWinEe opporiunity at LU

B g

Intgrated Luminosity 1]

- RUNI&2:9 fb~*

s 3 s
+ RUN3&4: 50 fb~? 2 200
(a) (b) => x10 more statistics § : /7 g
e ete” - cc c B decay Xc ] o N WG
B_ C > Further improvement on mass and lifetime measurement
" > SCS and DCS hadronic decays
< _ e e.'g._EC“ . p{(_ - EF > pl('s\ _ng_ — AKS: ?K_ ) o
» Further improvement on mass and lifetime measurement
et é » SCS and DCS hadronic decays
o eg EQ>pK~. Ef > pKg. 00 > AKg. pK~
- _) 4+ ,— » Semi-leptonic decays via b-baryon four-body decays
O-(e € — CC N1'33nb G(e e = Y(4S))N1'05nb o e.g Af - pK v, pnutv; EQ » E"ptv; EF - Aptv; Q0 - 0ty

@\/g == 1 0 58 GeV B (Y(4‘S) iy BE) ’V960/0 » Decay asymmetries and CPV search via prompt production or b-baryon decays

o eg A} > pKs, Amt, AK*;EQ > AKg, E-nt, E°K*; 0% 5 0" n*, Q" K*, E~nt

» Amplitude analysis of multi-body hadronic decays

AER1EZ DR S
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’ X*(1/27)in A] - Anm
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[0J.J.Xie, L.S.Geng, EPJC76(2016) 496, PRD95(2017) 074024
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’ Belle and BESIII measurements

OAY - Anm
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/Y Mechanism of AL - nATn

COTheometical model
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’ Analysis the Belle data

OA} — Anpm , GYW-EW-Xie-Geng-Wei, PRD 106, 056001 (2022)
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By regarding the A(1670) as the molecule, we could well
reproduce the Belle data of the mass distributions.
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’ )X (1 / 2 _) in A-CI_ — I_{ Ollp arXiv:2406.01209
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’ Results of
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’ Belle measurements

OA! » Artmtt ™, Belle, PRL130, 151903 (2023)
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/Y Evidence of £(1430)

+ + ot o —
OAC » An" ™t Dai-Pavao-Sakai-Oset, PRD 97, 116004 (2018)
Xie-Oset, PLB 792, 450-453 (2019)
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VY Evidence of £(1430)
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/Y Evidence of £(1430)
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VY Evidence of £(1430)
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’ Search for X" (1/27) in other processes
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’ Two poles of X" (1/27)

PHYSICAL REVIEW LETTERS 130, 071902 (2023)

Cross-Channel Constraints on Resonant Antikaon-Nucleon Scattering

Jun-Xu Lu ,l‘2 Li-Sheng Geng ,3’2’4’5‘* Michael Doering ,6‘7 and Maxim Mai®%®
'School of Space and Environment, Beijing 102206, China
2School of Physics, Bethang University, Beijing 102206, China

It is interesting to note that in our NNLO fit there exist two I = 1 states around the K N threshold located at (1435, —39) MeV
and (1440, —135) MeV on the (— — + + ++) sheet, the order of which corresponds to 7A, 7%, K N, nA, n3, K= respectively.
Both states are well above the K~ p threshold and appear as cusps on the real axis. In the Fit “NNLO*” in which the constraints
from baryon masses are omitted, the two I = 1 states are located at (1364, —110) MeV and (1432, —18) MeV also on the
(— —+ + ++) sheet. In this case, the narrower state still shows up as a cusp but the broader one becomes a broad enhancement

on the I = 1 amplitude on the real axis. We note that the existence of a ¥*( % ) state has been predicted in a number of UChPT

Are there two poles of £(1/27) ?
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’I Summary

> Belle/BESIII measurements of A7 — nAmn/K"np show some hints of the X*(1/27).

»The cusp structure around 1430 MeV in A} - Anmm could be associated with the
2 (1430).

»Some processes could be used to search for X" (1/ 2 ), such as Xco - XX, Xco =
AT, yn - KX(1/27). F
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Thank you very much!




