Study the low-lying excited baryons
in the decays of charmed hadrons
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’I Exotic states From Li-Sheng Geng

) Exotic mesons or baryons Tetraquark states %% Pentaquark states
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Hadrons

HAPOF100

Conventional hadrons

m Iy | \ F

Meson

s
Hybrid Glueball

Pentaquark

C.Z.Yuan, Nature Rev. Phys. 1 (2019) 480
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:’I Ground light baryons

OGround baryons
JP=1/2* Jr=3/2*
S A~ A0 At JA”
n(udd) p(uud) (ddd)\\ (udd) (uud)/ (uuu)
5 *-'\\ :H f,.-" S *1
(B " (uus) (dd%)\ (udsy (uus)
2-(dds) ‘\'?(uds) - \ ,f')__m
3 L=0 E{' SS) ‘\\ //f (uss)
=(dss) =’(uss) \v"gz'(sss)
BREARERE REARRS  =1670 MeV
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O =1672.45+0.29 MeV
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’ Low-lying baryons with JF=1/2-

1/2~ baryon nonet with strangeness

70 u [“ I) l \ 3; (’"()8) 32 3 Citation: R.L. Workman et al. (Particle Data Group), Prog. Theor.Exp.Phys. 2022, 083C01 (2022)
J . J1 J1 ~ e -

« Mass pattern : quenched or unquenched ? 2(1620) 1/2™ I(4P) = 1(37) status: *

lldS (L=l) 1/2— — A*(l670) = IUS"dSI g OMITTED FROM SUMMARY TABLE
uud (L=1) 12- ~ N*(1535) ~ [ud][us] s
uds (L=1) 1/2- ~ A*(1405) ~ [ud][su] u

uus (L=1) 1/2- ~ Z*(1390) ~ [us][ud] d 2 (1480) Bumps I(JP) = 1(?") status: *
Zou et al, NPAS35 (2010) 199 ; CLAS, PRC87(2013)035206

Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 updat

OMITTED FROM SUMMARY TABLE

These are peaks seen in A7 and X 7 spectra in the reaction 7 p —
(Y7)K' at 1.7 GeV/c. Also, the Y polarization oscillates in the

* Strange decays of N*(1535) and A*(1670) : ——

N*(1535) large couplings Enenn o BN*KA * Enonm'? BN*Ng
A*(1670) large coupling g,.,,

SRktRE MRS
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/S Review about ( / )

Review of the low-lying excited baryons ¥*(1/27)

Oarxiv: 2406.07839

En Wang,'*zﬂ Li-Sheng Geng,3’4’5‘6’ﬂ Jia-Jun Wu,7*6‘ﬂJu—Jun Xie,% S*Q‘E and Bing-Song Zou'%! "”’*@

Strong empirical and phenomenological indications exist for large sea-quark admixtures in the low-lying ex-
cited baryons. Investigating the low-lying excited baryon ¥*(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 ¥(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.

quark model RPP pentaquark  molecule
(MeV)
* 23, (1755)
1700 A
® i/, (1630) £(1620)? -
1600 | . ) <= /,-(1607)
V A;/,-(1550) o
< I}/, (1520) )
1500 - A N(1535) AN} - (1508)
4 N3 - (1460) .
AN - (1460 A ? X1/~ (1432) - -
1) (LEOE) e ® qqq in L=1 4qqqq in S-wave

1400 V¥ A(1405) Ay~ (1447) VA"‘i /2-(1425)
_ WA - (1392)

¥, (1360
® I/~ (1360) £} 5~ (1364

1300 molecule
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S 1-star state (

OPDG2024 N A s PHYSICAL JOURNAL A

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

Regular Article — Experimental Physies

>(1620) MASS

VALLE (NeV) DOCOMENT 1D TECH  COMMENT Hyperon Il: Properties of excited hyperons
1600 to 1650 (~ 1620) OUR ESTIMATE
1681+ 6 SARANTSEV 19 DPWA K N multichannel
1600415 ZHANG 13A DPWA K N multichannel A V. Sarantsev!2, M. Matveev!'2, V.A. Nikonov'? A.V. Anisovich!? U. Thoma!, and E. Klempt!?
1600+ 6 1 MORRIS 78 DPWA K—n— An—
1608+ 5 2CARROLL 76 DPWA lsospin-1 total o B B B
1630410 LANGBEIN 72 IPWA KN multichannel 3(1620)1/2~ and 2(1750)1/2 : The X(1620)1/2~ to
e . Sl DUV Yematos sy X (1750)1/2~ region is problematic. If we assume no res-
e o ¢ We do not use the following data for averages, fits, limits, etc. @ o @ t} ﬁt t 1 l A ﬁt t,h 1 2
1633410 3CARROLL 76 DPWA Isospin-1 total o SNy TR 2l 35 TEAIEAE ey 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 LR with )——“ (‘17510)1/ 2" 1The real palt Orlf O}}‘rnPC)le‘prgz‘
40 to 100 (= 70) OUR ESTIMATE . ' ' -
404+ 12 SARANTSEV 19 DPWA KN multichannel 4 I1ass OI (109YZ£1-11) Iviev, WIICI 1S DEIOW iu,,] AR UL
HEla2 ZEIANG 135 DPWA KN imultichannel BRs add up to (78+11)%. A fit with two resonances gives a
87+ 19 ! MORRIS 78 DPWA K™ n— An— ll b t . -ﬁ t * t f d
15 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~.
0 S B o s Bt A s We list this resonance under X'(1620)1/2~ even though
e o ¢ We do not use the following data for averages, fits, limits, etc. @ o @
10 3CARROLL 76 DPWA lsospin-1 total o these are likely dlﬁelziglt objects. We find a sum of branch-
[ w1 — 2 <
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/Y Exp. signals of ( )

+ o+

- + o+ Opx pp — pK! yv*
Yu-Li Pan et al, PRD2, 449 (1970)  zEUS PLB591 (2004) 7-22 COSY-Juich PRL 96, 012002 (2006)
3 [ T T D T T 11T 1 T 1T 0L T T T T1TT I | L L L i 12:- —
(4] l 0 — ] - EXPEHIMENT-SIML{LATIO
1026 EVENTS 30 § 30~ Kg p(p) ] 1:; without Y° + C)
120} ; 5 - Q%20 GeV? : i —
¥(1385) - °f pp— pK'a?
108+ _E L 2| + + +* IT +
© C o} + ++ +
el .g 2501 ® ZEUS 96-00 ] 2| + ++ +
£ B —— Fit i al
. 8 : -------- Gaussian : ; . . . ,
:"5 78 2001 N 1300 1350 1400 1450 1500 1550 12600
5 . - - MM(pK™), MeV/c
o - 1l ef
z Wl | Tp— b . aof EXPERIMENT - SIMULATION C)
n 98 r peak= 1521.5 + 1.5 MeV 129 - - without Y°
100— width=" 6.1+ 1.6 MeV 1o | ol -l
sof >(1480) [f e 1 P 1 +
50 - i 'l 4 ol PP pKta~ Xt
sk 2: ] anl “” LT 1 +’
7 : 145 15 155 16 165 1.7 | |
0 1 | 1'L..L ] L-'-"LI AR B BN BN B A el B : . . . "
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’I Evidenceof ( / 7)

— + —_—
O - ,  Wu-Dulat-Zou, PRD80(2009)017503
600 e 18 1T 18 600 gy 13 14 15 16 17 18 AN I

] T T T T T T T M T v T (l.

. ' oc X X : ’
> 0 1°”° S ] P b Z *(m% - —mi) + mi XI5
S 400 1400 = 4004 400
= w00 ] 1400 = Here we reexamine some old data of the K p—
g "] g 7 1 A7 7~ reaction and find that besides the well-established
£ 200 {200 £ 500 1200 >.*(1385) with J¥ = 3/2", there is indeed some evidence
3 100 1 liw & - - for the possible existence of a new ;* resonance with .I F=

. . 1/2 around the same mass but with broader decay width.
0 . o o There are also indications for such a possibility in the
13 14 15 16 17 18 13 14 15 16 17 18 j/q[; — 2A7 and yn — K*2*  reactions. At present,
M, (GeV) M, r-(Gev) the evidence is not strong. Therefore, high statistics studies
Fitl 1385.3 = 0.7 46.9 * 2.5 68.5/54 10.1/9
Fit2 13861255 34.9%24 3513122 118.6" 32+ 58.0/51 3.2/9

il /f—‘/f—‘ /7f§ TN §}] ia
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/Y Evidenceof ( / )

K_p _)A’II+TC_ K. X //,—JI J.J.Wu’s slide

H

A s - T
| o ‘ i > I -
PK:O.3-O.6 GeV J.J.Wu, S. Dulat and B. S. Zou PRC 81,045210 i L 4
32or1/
225 370-380 MeV/c w0 390-400 VeV/c ,/" 59% E*(3/2+)+ 41% z‘(l/z—) 350 px=394 MCV/C
200 | 300 300 F 5
- > [ 100% 2*(3/2%) !
150 | \
125 e /"' Phase space 2001
100 150 150+
:Z 4 I First reason: S-wave between the X%~ e
S0+
2sf ) I (3/2*) and =* ; but P-wave between

| | q; i
T w2 W eI the BF(1/27) and n* . SJ Gev?)
o 5 59% x*(3/2%)

" 380-390 MeV/c 225 . 400-410 MeV/c %. . - =
350 R + 200 3 + -ld‘, —‘-fw ;'.f " b L A= I
- o = = | i Interference
250 150 a2 12. 5% Z* (1/2_>
200 = :
100 . :
150 PR - PEBT TR
75 o) T T MI(Cev)
100
50
. S & o r
! sl ] Second reason: the width of Z¥~(3/2%) is 35.5MeV; but that of
T e - T ) e ¢ 2k (1/27) is 118.6MeV from fit before.
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Y Searchfor ( / )

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

S ( / 7), Lyu-EW-Xie-Wei, CPC47 (2023) 053108
L7, EW-Xie-Oset, PLB753(2016)526
-, EW-Xie-Oset, PRD98(2018)114017
S 7 —, Xie-Oset, Phys.Lett.B 792 (2019) 450
- ( / 7) ,Kim-Nam-Hosaka, PRD(2021)114017
* .7 YLi-SWLiu-EW-DMLi-LSGeng-JJXie, 2406.01209
»Review of ( / 7), EW-JIJWu-JJXie-LSGeng-BSZo0u2406.07839
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’ Low-lying baryons with JF=1/2-

OChiral Lagrangian

V.B=3,B+[T,,Bl,
(B) _ _ ry,=4w*d,u+udu*), Oset Ramos,
L{® = (Biy*V ,B) — My(BB) Uil =cxp(ivio)fy,  NPA635(1998)99

%D(B'}f Y5 {HusB}}+l§F{B}’u75[“#=B]> u,=iuto, Uu”
= M ’

| 4 1 1
e Al ™ K* \ I —. | g
D= T ——l—ﬂ'ﬂ-i- J—‘FJ K? ; B = X~ —Lzﬂ+ —l-fl n
V2 V6 5 V2 7B ;
K~ K° L = =0 -7
l — ! !

At lowest order in momentum Vi; = —ij4—f2u(p )y ulp) (ky + k)

5 Neglect the spatial components at
L\® = (Biy* 4f2 [ (93, P — 3,PD)B — B(P3,® — 3,DP)]),

low energies

"’r;; = :j4f2 (kﬂ + kﬂ:}}
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’ Low-lying baryons with JF=1/2-

| Lippmann-Schwinger equations
1";.;' - (kﬂ : krr})
' tij = Vij + VuGTy; |

1=0 RN 73 A K=
VG =i d*q M, Vir(k, ) Ti;(q, k') I
N x i lj= : — .
RN 3 /3 - 0 J (2m)* Ei(q) K°+ p° — ¢° — Ei(q) + ie ¢* — m} + i€
) 4 0 Ve
74 . i k K kg K
k= 4 \\\‘ ," - \\\\ I”-‘\\ ;’l *+ b . f'-\\,"-\‘ ,/l’ +
p PPp p
KN Tl A nd K=
1=1 On-shell approximations
RN ! 1 -3 /3 0
T 2 0 0 | -
A 0 0 ; 2iV, [ d“q / dq“ o qo -t I
g V3 I ¥on .
0 Ve TJo@2m? ) 2m E(q) K - ¢ 4" —w(q)? +ie
K= 1
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’ Low-lying baryons with JF=1/2-

OBethe-Salpter Equation Jido Oller Oset Ramos Meissner

NPA725 (2003) 181

T=[1-W]""V
250 =l —I—I_11580
G =i d'q M, l l LD
1] ) E(q) B+ p° — ¢ — Ei(q) + e @ — mj + i€ < 2007
_ d 3 q | M ! | é 150 —e— disappear el
(2m)* 201(q) Ef(q) p° + K~ wi(q) — Ei(q) +ie™ ¢ | Ll
E —=— 1390| x=1.0 ==
5 = - 1680
G =1i2M; d*q 1 1 50 = (=) (I=0)
Q) (P —q)2— M} +ie g2 —mj +ie o _— T
2M, M} m}—M?+s m} 1300 1400 T 1500\ 1600 1700
~ 16n2 + ln e 4 2s i M? Singlet Octet Rez; [MeV]
ai : 5 _ A . , S ;
LS ﬁ[lﬂ('5 — (M} —mj) +2q1/s) + (s + (M] —mj) +2q14/5) pole positions and couplings
—In(—s + (Mj —mj) +2q1/s ) —In(—s — (M} —m}) + 24?!\/5)]} Tij = ?gig; |
— I
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I ( / ")inthe photoproduction

O photoproduction, Roca-Oset, PRC 88, 055206 (2013)
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! _. 1L 50 [~ 4 20 j =
0.5 4 osf i 1 ¢ 4
0 Fibmdl e O L L . J
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s T I D pEappmnay b ]
?J 2.35<W<2.45 200 Kp—m ] ]
O | 4 60 ]
— 11 - I - _
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=2 L 1 40 —
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2': i 3 | 20 -
b ¥ B T
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© ol 1o o 1 F T oL
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T 71— 200777
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0.6 H 4 150 o L =
05 2 4 F :
04 6“: ] IODT =]
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an (MEV) Experimental data are from Ref. [46].
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O photoproduction, Roca-Oset, PRC 88, 055206 (2013)
[ _ ~1 ol —or! —ﬁal
0.0015} T=[1-VG]"'V “1 11 -
- : Ci=| —on 2oy 0
e : . e o ] 0
E 0.001F |~ “rans Vii = U4f2(k +&7) —,H@ﬂf}} 0 0
=0.0005 iy al, o), aj aj; o5,
. - { 1.037 1.466 1.668 0.93 1.056 0.77
07330 1360 1200 1440 1480 1520
Vs (MeV)

O Oset-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]
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VY  at BESIII

Hadronic decays

A, - pKm + 11 CF modes

PRL 116, 052001 (2016)

A. - pK K™ ,pr*n~

PRL 117, 232002 (2016)

A > nK.

PRL 118, 112001 (2017)

A, - pn,pr®

PRD 95, 111102(R) (2017)

A, - Entnn®

PLB 772, 338 (2017)

A, - 50K

PLB 783, 200 (2018)

A, - Anm

PRD 99, 032010 (2019)

A - pK¢n

PLB 817 (2021) 136327
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Charm hadrons at Belle 1I/LHCb

HAPOF100

Experiment Machine Operation C.M. Luminosity Nprod Efficiency Characters L= N
2010-2011 (2021-) 3.77 GeV 2.9 (8 —20) fb! D%+: 107(— 10%) © extremely clean environment
B€S]]I BEPC-II 2016-2019 4.18-4.23 GeV 7.3 fb! D}: 5 x 106 ~10-30%  © quantum coherence
(e7e™) 2014+2020 4.6-4.7 GeV 45 fb! Al : 0.8 x 10° © pure D-beam, almost no background
i * %X no CM boost, no time-dept analyses
P> SuperKEKB i ™ _1 DO 6x108 (— 10%) © clear event environment
/> (e7e™) e HGa LSS Rriaa D 10® (— 1019 © high trigger efficiency
— Af: 107 (_; 107) 0(1-10%)  © good-efficiency detection of neutrals
Ly > ) KEKB . 1 D: 10 © time-dependent analysis
<> (e7e) el 1058 G 4 ol Al: 102 2 smaller cross-section than LHCb
BELLE * K i * *
Two ways to produce charm samples at Belle (I1) Future opportunity at LHC
o
(a)_ ” _ _ (b) X * RUNI1&2: 9fb71_1 u:::z g b b 3 3/,‘/ 2sn:§
e ete” - c¢ c B decay & « RUN3&4: 50 fb §u 7/ A=y
B- c = x10 more statistics f . o §
» Further improvement on mass and lifetime measurement
et G » SCS and DCS hadronic decays

o(ete™ - ¢c)~1.33nb
@45 = 10.58 GeV

o(ete”™ — Y(4S))~1.05nb
B(Y(4S) — BB)~96%

o eg 50 5 pK-, Ef - pKs. 2° 5 AKg. pK-

» Semi-leptonic decays via b-baryon four-body decays
o e.g Af - pK ptv,prnptv; 22— ETptv B o Aptv; 00 - 0ty

» Decay asymmetries and CPV search via prompt production or b-baryon decays
o eg A} - pKs, Am*, AK*; EQ — AKg, Z-mt, E°K*; 00 - 0-nt, 0K+, E-nt

» Amplitude analysis of multi-body hadronic decays

7H2H EFFHEZ IR S
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Sy (/ Hin " -

[1J.J.Xie, L.S.Geng, EPJC76(2016) 496, PRD95(2017) 074024

. : 2 60
7 [ }
_ o ¥'(1385)
\_* ] C:u ______ ‘\;‘1»'2(1380)
4 C ( S ] } |k Q0r :Z'_-‘ 40:_
o 2."T(1385 ' [
e ) T |
C > L > S Rab 30
(a) 2 :
© [
= 20°+ A
1 T = : ' \
,4' K4 10_ ’ h
| S o A | o
T+ (1385 S 1400  1E00 00 1
2.77(1389) 1200 1300 1400 1500 1600 1700 1800
(b) M_..\(MG‘V)




Belle and BESIII measurements

HAPOF100

Events/(14.1 MeV/c?)
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| 42ndf=11.5/18

—&— Data
— Fit result
------- I (An*) n states

Non X’ states

===+ Random background

M(AT) (GeV/c?)

BESIII: PRD99, 032010 (2019)
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/Y Mechanism of * -

COTheometical model

u
J2s
d
W+
(1 - ‘; 'q
au + dd + s
X
U > U
d S d

2 .

% ( uu+dd+ ss
A3

u . u

d - d

A}

AT

Y

Y

n

¥*(1385)

|1:6II| : |ﬁr}| - cos 6
Myip — Mg +i5

T* (Mzn) = Vi

_ V2
T (M) = VP{_T‘i" Gi-p(Myp)tg-posnyn(Myp)

T GE’”H (Mﬁh”\ ) r!?”u—up’\ (.MJ;A )

V2

- T Gr,n’\ (Mﬁ‘ﬂ ) tm’\-ﬂy’\ (Mr;f\) } d

TMM(MH:W) — PT{] +G;rz'i;r(M.rr'?}Jrs'r'r;—).rr'#:(Mrr'r,r)
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’ Analysis the Belle data

O~ -

Counts

MB
MM
£(1385)

Counts

800

700 f
600 [
500

400

200 k!

100

HH%IIII

300 F |

MB
MM

1(1385)
Total
Belle ==t

pame gt -

f
- @l”lﬂ%@m{mﬂf

it

1.7 1.75
M, (GeV)

18

1.85

Counts

500 —

400 |-

300 |-

200 -

100 -

, GYW-EW-Xie-Geng-Wei, PRD 106, 056001 (2022)

£(1385) -+

Total -

vvvvvv

£1
0.7

0.8

0.9 1 1.1
M,+, (GeV)

1.2

By regarding the (

) as the molecule, we could well

reproduce the Belle data of the mass distributions.
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’ Dalitz plot of

T T T T ] T T T T ] ) T T T I
] H 45__ Belle: 3
4.5 r 5 i % PRD103(2021)052005 !
\J | 2 |
J - 6 4
3 4| . O | Gl
— 1 g B /] . 2 ;“;
= : & L {8
. E B |
d I 110
- 11 B i . i 1
' 3 Lok 15
P B : "*@- _
L | L 1 l 1 1 L L I Il | 1 | I a—
1.5 2 2.5 3 1.5 2 25 5
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’ Belle measurements

O " . * T 7, Belle, PRL130, 151903 (2023)
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/S Evidence of (
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/Y Evidence of ( )
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/@8 Search for ( / ) in other processes
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/S Twopolesof ( / )

PHYSICAL REVIEW LETTERS 130, 071902 (2023)

Cross-Channel Constraints on Resonant Antikaon-Nucleon Scattering

Jun-Xu Lu®,'” Li-Sheng Geng 2" Michael Doering %7 and Maxim Mai®®°
'School of Space and Environment, Beijing 102206, China
2School of Physics, Beihang 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 mA, X, KN, nA, nX, KZ 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 / = 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 / = 1 amplitude on the real axis. We note that the existence of a X*( % ) state has been predicted in a number of UChPT

Are there two polesof ( / 7)?
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’ Summary

> Belle/BESIII measurements of * - / show some
hints of the ( / 7), and the more precise measurements
could be used to test the existenceof ( / 7).

»>The cusp structure around 1430 MeVin * - could
be associated with the ( ).

»Some processes could be used to search for ( / 7), such
as — 0 — 0 — ( / _).

Thank you very much!




