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1.Background and motivation

Quark-diquark description and heavy baryons

Light baryon Singly heavy baryon Doubly heavy baryon

¢ Baryon excitations can be expressed as A and p modes

¢ A and p modes show distinct difference in heavy baryons

How about hyperons?{ [|ls the strange quark heavy enough?| |




It is not only an issue of excitation energy

=*- productions and hadron spectroscopy
J-PARC K10 beam line

Time

K~ K™

KO

P

K +p K+ + B* K+ K0+ 0
productlon of g*-

¢ The production of E* and Q* is still not well known

¢ This reaction could be a good play ground for our question
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=* production with the quark-diquark description

K™ 5 E E - 1§T4_
(us) 6§ . (su)
§: \ 4 :
~ o’ diquark (QQ)

diquark o) A, X, 2%
(uds)

However, this time | will show only results in SU(3)s
¢ Quark-diquark structure may affect the production reactions

u-channel _ _ _ _ _ _
® Regge contribution will be dominant in high energy

advantages of this reaction 1) No t-channel meson contribution

2) Individual s-channel resonance contributions less significant
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2.Formalism
Baryon wave functions (m1=mz2=mq)
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Former research on charmed baryons production

S.-H. Kim, A. Hosaka, H.-Ch. Kim,

H. Noumi, K. Shiratori, PTEP 2014,103D01 Simulation result
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e The [ =1 excited states are abundantly produced
eBaryon form factor from the vertex is essential

they use the baryon w.f. for the vertex



Form factors from Ac<(Z:)ND vertex
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~This time we use this modified form factors
¢ Form factors play a crucial role in baryon productions

e To describe the actual reaction, modification is needed



3.Calculation of =+ productions

= - productions with two vertices

Calculate cross sections with effective Lagrangian method

— +
K e kK’ k ,°* g K couplings and form factors
N . The vertices are determined by the baryon w.f.

SoLe” o with the following interaction
Lksu(X) = Interaction Lagrangian

Lxsu(X) = g8(X)y.75u(X)0" K(X)

From charm productions

)K_‘/d4X£Ksu(X)‘p> o |]zeff|l€_k2ff/(4A2)

()N (orz*)K™) = (=A(x)K) = 7

e A(Z)NK vertex is known from A*+;, Z*+. production

e=/A(X)K vertex needs to be studied
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In the case of SU(3)s,
the form factor can be simplified

K. . .. Kt
2 @@ E

SU(3)s

= - productions with two vertices

we are free to choose diquarks

K_‘/d4X£Ksu(X)‘p> _>|]_€)eff|lF(QB’mB’AB)

‘/\*(Or Z* )K_> —_—> | k,effl F(qg, mg, Ap)
Form factor modlﬁcatlon also 'con3|dered

e With SU(3):, the two form factors take the same form

¢ Form factors are modified into the phenomenological ones

SEA-NHP 2025 - Southeast Asian Workshop on Nuclear and Hadron Physics - 9



u-channel hyperon Regge trajectory

A hyperons
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Similar work is done by S.-H. Kim et al
PRC 107 (2023) 6, 065202
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2 :o(u)=-0.79 + 0.87u
2" ro(u) =-0.27 + 0.9u

olue)

2 hyperons
Jr status
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Scale parameters for Regge

A:054,2:0.72,2%:0.11
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4 .Result

resonance couplings ggzy-
Total cross section for the g.s. & production are determined by fitting exp data
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® Results show good agreement for the high energy region

¢ Discrepancy may be explained by other resonances
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4 .Result

Differential cross section for K~ +p — Kt + B~

Preliminary result
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¢ Angular dependence of 2.14 GeV is described quite well

® Backward scattering becomes dominant when E increases
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4_!%e_su|t Production rates of E* (I = 1) with only u-channel Regge

Preliminary result — & (9:5)
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For =*- states,

some masses
from PDG

1900%*, 2000*
are simply assumed

spin-parity from
Chao, Isgur, Karl
PRD 23 (1981) 155

Here, we considered only Regge, except the ground state E-
because it seems to provides the dominant contribution
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4_!%e_su|t Production rates of E* (I = 1) with only u-channel Regge

Preliminary result — & (9s) For E* states,
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Summary

e Using the quark-diquark description and Regge,
productions of £* have been studied

e Results of the cross sections for the g.s. E-and some
negative-parity excited states * (/ = 1) are presented

Outlook

® Productions of positive E*- excited states will be investigated

e Extensions to m, , # m, are required to further understand
hyperon production

15



Outlook

2q* production with the quark-diquark description

diquark (qq) A, X K diquark (qgs)
(uds)

Thank you for your attention!
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