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Background

Hadron spectroscopy
Hadron internal structure

Hadron States:

Charmonium spectrum

Traditional state,
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Hadron spectroscopy

Hadron States Hadron internal structure

Traditional state,
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Background

Hadron spectroscopy

Hadron States Hadron internal structure
Traditional state,

Exot] | Experimental data input! ! !
b adronic level Decay and Scattering
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Proton beam and K beam
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Background

* The proton beam luminosity on the B-Ring Iis
1.8X10%= pps (fast extraction, FE) and
45X 10™-pps (slow extraction, SE), with a
maximum energy of 9.3 GeV.

* The center-of-mass energy for pp collisions is
W = 4.3 GeV, which is sufficient to produce
baryonic excitation states below 3 GeV. This Is
highly significant for studying the energy
spectrum of light hadrons.
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EiREE (MeV)

FELALE 25

pp — ppm° 280
pp — pprTT— 600
pp — ppn 1258
pp — pRKTA 1580
pp — ppnm° 1616
pp — ppw 1890
pp — ppr) 2405
pp — ppR T K™ 2494
pp — ppo 2592
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Production of exotic hadrons in pp and nuclear collisions*

Jinhui Chen®,"? Feng-Kun Guo®,**%% Yu-Gang Ma®,"-2 Cheng-Ping Shen

s e Physics for Proton Beam

Nuclear Science and Techniques

» Excited Baryon! N*, A® and X*

1. Isospin filter, pp » nX*K*, X*K*only for A* J.J.Xie & B.S.Zou, PLB649 (2007) 405

2. Joint analysis of various process, rescattering effect for
pp - ppn’ pZK’ pAK Q.F. Lyu, D.M. Li, CPC 39(2015) 113104

(a) " 3.Search for pentaquark states, P, state.

-

« Double-baryon Deuteron, d*(2380)

_--— 1. pp » X, X has a baryon number of two
2. pp = Dyon~n” - prntprntnT T, search d*(2380) with I = I, = 3
3. pd —» dpK, Hyper deuteron

-

(®) J.M.Richard, Q. Wang and Q.Zhao, PRC 91(2015)014003
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* Excited Baryon —-
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* Excited Baryon —-

Physics for Proton Beam

N*

pp - nA* - n(pnt /ZTKY)

Zhen Ouyang, Ju-Jun Xie, Bing-Song Zou, Hu-Shan Xu, Nucl.Phys.A 821 (2009) 220-234

Q.F. Lyu, D.M. Li, CPC 39(2015) 113104
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* EXcited Baryon —-

K3(1190)~ 1685 MeV

K¥*(1385)~ 1880 MeV
K*3(1190)~ 2082 MeV
K*3*(1385)~ 2277 MeV
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Physics for Proton Beam

* EXcited Baryon —-

K3(1190)~ 1685 MeV

K¥*(1385)~ 1880 MeV
K*3(1190)~ 2082 MeV
K*3*(1385)~ 2277 MeV
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in the analysis of yp - p¢
Shu-Ming Wu, Fei Wang, Bing-Song Zou, PRC 108 (2023) 4, 045201
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Production of exotic hadrons in pp and nuclear collisions*

=
Jinhui Chen®,-? Feng-Kun Guo®,*»*%® Yu-Gang Ma®,-2 Cheng-Ping Shen®,'-2
Qiye Shou®,"2 Qian Wang®,”#-¢ Jia-Jun Wu®,* and Bing-Song Zou®?3.5.6 yS I ‘ S O r ro O I l e al I l

Nucl.Sci.Tech. 36 (2025) 4, 55
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Physics for Proton Beam

e Double-baryon —-— d*(2380)

1. pp - X, X has a baryon number of two
2. pp = Dyon n” > prntprntnTnT, search d*(2380) with I =1, = 3
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I(JP) =0(37), M =~ 2380 MeV and I' ~ 70 MeV

H. Clement, Prog.Part.Nucl.Phys. 93 (2017) 195
WASA-at-COSY, PRL 112, 202301 (2014)
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Physics for Proton Beam

* Double-baryon —— d*(2380) Hyper deute

1. pp - X, X has a baryon number of two
2. pp = Dyon n” > prntprntnTnT, search d*(2380) with I =1, = 3
3. pd N dAK’ Hyper deuteron My = 2.328 = 0.003(stat.) 004 (syst.) GeV/c?

Tk = 100 + 7(stat.) 73" (syst.) MeV,

= — 5 P - O T T T T[T T T
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I(JP) = 0(3"), M =~ 2380 MeV and I' ~ 70 MeV i +’r T A 1 +
0z =5 e 2.6 2.8
H. Clement, Prog.Part.Nucl.Phys. 93 (2017) 195 my (GeV/c my (GeV/c)
WASA-at-COSY, PRL 112, 202301 (2014) J-PARC E15 Collaboration, Phys.Rev.C 102 (2020) 4, 044002
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Physics for K Beam
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Physics for K Beam
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=(1620) production in K ~p scattering process
LANDOLT-BORNSTEIN

Numerical Data and Functional Relationships
logy

Quan-Yun Guo (Southeast U,, Nanjing), Zi-Li Yue (Southeast U., Nanjing), Dian-Yong Chen (Southeast U.,
Nanjing and Lanzhou U. (main)) (Nov 28, 2023)
Published in: Eur.Phys.J.C 84 (2024) 4, 380 + e-Print: 2311.16920 [hep-ph]

pdf & DOI [4 cite [@ referencesearch %) 1 citation K % K [ ]
| |

g KO apEImR—MEL L EERT

R / sl 0.30 —m™™————m————————1—
e |+ 9—Q _
) 0.25 |- -
N(; =(p '
W) (#) M, !
sk (R) |kt (MeV) | 5% (MeV) | gk NR * gk=R 0.20 | -
A 1116 0 46.31 —_— i
) 1189 0 47478 -
' & 015 -
A(1405) 1405 50 1.5011 -_—
A(1670) 1670 35 0.05412 @)
, 0.10 - -
A(1810) 1810 150 7.84012
A(1520) 1520 16 0.6461] I
3 (1750) 1750 90 0.250! 0.05 - 7
¥(1385) 1385 36 18.001! i
3(1670) 1670 60 7.8402 0.00

[1]D.A.Sharov, V.L.Korotkikh and D.E.Lanskoy, EPJA47(2011)109
[2]R.Shyam, O.Scholten and A.W.Thomas , PRC84(2011)042201
[3]B.C.Jackson, Y.Oh, H.Haberzettl and K.Nakayama, PRC91(2015)065208

e o @ TRERXY N

University of Chinese Academy of Sciences



o [ub]

K{(q) K(q)
LY ’, e P Resonances m (MeV) [T (MeV) |  gani A=K
“\ P Sso e A1690)  3/2 sk | 1690 70 |54~66 - Resonances m (MeV) | T' (MeV) | gung 9=k
\ ’ Sl A(1800)  1/2= k=% | 1800 200 |1.0~13 - £(1750)  1/27 *4% | 1750 150 | 0.45 ~ 0.64 -
_I_ = = A(1810)  1/2* wkx | 1841 164 |[15~39 136 T(1775)  5/27  wxxx | 1775 120 | 26~28 -
ALY A(1820)  5/2F  x=xx | 1820 80 [81~88 not seen o(1910)  3/2 #xx | 1910 220 | 096~21 ~0
A(1830)  5/2° wxkx | 1825 90 | 0.6~0.9 186(< 114) n(1915) - 5/2* #xxx | 1915 120 20~34 <166
. N A(1890)  3/2F kx| 1890 120 [11~13 0.8 B(2030)  T/2F wwxx | 2030 180 L1~13 11(<20)
N (p) . = (p") . A(2100)  7/27 *xkk | 2100 200 [31~37 3.1(<835)
A .[5 A iru A(2110)  5/2t wxx | 2090 250 | 1.6~3.6 ~0

Fittingof K p—+K 2= Fitting of K~ p— K'=" Fittingof K p—+ K = Fittingof K p— K =

250 ‘ ‘ : —] 1% ‘ ‘ 250 | } ' ] 250 | [ ‘ : :
@ cxperimental data @ experimental data @ cxperimental data @ cxperimental data
X 5 A(1690) 3/2 ¥(1750)1,/2
—_—A — —— A(18 —-— (1775) 5/

| l } A | :.__'E:x o el l } 22 Ao ] w07 l } I sy

H STl || e i Hy ==
150 | total E total . 150 | A % A(1890)3, o i _ 150 ¢ E /

2 :’? } —-— A(2100)7/2 ! } {
& ’_, \ —— J\(zllﬂ).) 2 o i i{
100 | ol ror 100 | }ﬁi} %{ﬁ
s0 | L ; sol %ﬂ t [
) - .-:-:'_‘;‘..- ______ ) $ T ‘7-:.: T - i * L]

0 2000 212“5?[Me\" 2500 2750 ’ 2500 2750 0 TR 2;571 [—MeV] 2500 2750
{1}D.A58harov, Vhlfomkigh and a.E.Lanskoy, EE’JA4;(2011)109 To test a new molecule state of K*N: A*(1800) with 3/2-,
2]R.Shyam, O.Scholten and A.W.Thomas , PRC84(2011)042201 . . % =
[3]B.C.Jackson, Y.Oh, H.Haberzettl and K.Nakayama, PRC91(2015)065208 which is the partner of A (1405) as molecule of KN

ytetsRry o . .

] F|_l //_\v/\v/q\\ I o e

University of Chinese Academy of Sciences



The evidence for this state has been much improved by HEMING-
WAY 77, who see an eight standard deviation enhancement in £ K
and a weaker coupling to AK. ALITTI 68 and HEMINGWAY 77
observe no signals in the =77 (or =(1530)7) channel, in contrast
to DIBIANCA 75. The decay (A/X)K reported by BARTSCH 69
is also not confirmed by HEMINGWAY 77.

K-p > KT£7(2030) » K*K-A

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

I(JP) = 5(> %?$tatu5: * %k %k

A moments analysis of the HEMINGWAY 77 data indicates at a level
of three standard deviations that J > 5/2.

VALUE (MeV)

2025 + 5 OUR ESTIMATE
2025.1+ 2.4 OUR AVERAGE Error includes scale factor of 1.3.

2022

2024
2044
2019
2030

2058

+

7

2 200

8

7 15
10 42
17 40

EVTS

DOCUMENT ID

=(2030) MASS

TECN

CHG  COMMENT

JENKINS

HEMINGWAY
DIBIANCA
ROSS

ALITTI

BARTSCH

83 MPS
77 HBC
75 DBC
73C HBC
69 HBC
69 HBC

See the ideogram below.

- K p— KT
MM

- K™ p42GeV/c

-0 Exm =*nx

-0 XK

- K~ p3.9-5
GeV/c

-0 K7 p1l0GeV/c

L //_\v/\v/ﬂ\\ I o e

Fittingof K p— K Z

s Tt 250 | ' '
-er‘k [ r.l|I :I 'Iri { I.]r ll ‘ @ experimental data

by

Sy - Jp—
- - 200 + ——-Q‘—A
~u - H —— AT327)
l "l —-— £(2250)5/2
L T 150 | total

o [ub]

.!IL 100

——

-

50 -

—_—— ==

-~.
-~
~-—
.—
————

2000 2250 2500 2750
Euu [MCV]

Predict the angular
distributions of = (2030)

with different spin and
parity assumption

PEAFTRRE

University of Chinese Academy of Sciences



Kp — K+E-(2030) - K*K~A

K~ ol - | B _ = 1/2"
& (2030) - K 3 £ £} 2 /
3 3 3 E P=1/2*
Predict the angular distributions  _ = | - JP =324
of £7(2030) with different spin 2 = T~ =
and parity assumption < = g 3
%) = s ~

7) cos0,” COSd)l* cosb,

@IARTERE () = e

5 University of Chinese Academy o

L /ﬁv/\v/q\\ L T 1_




Summary and Outlook

 Understanding non-perturbative QCD and confinement currently relies
on phenomenological approaches to summarize patterns, while further
theoretical insights require extensive precise experimental data.

« High-luminosity proton beams and Kaon beams enable the discovery and
confirmation of numerous hadronic resonance states.

« \We anticipate rich hadronic physics experiments at the HHaS
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