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Background: Hadronic Interactions

Quantum Chromodynamics (QCD)
O Non-perturbation in low-energy region
O Quark confinement

Hadronic Interaction
O Using Lattice QCD and Effective Field Theory

OO0 Hadron molecule

Scattering Experiment

O Lots of hadrons are short-lived
O Scarce and low precision data about hyperons
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New approach is accquired !!!
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From the slide Of Zhi-Wel Liu Y. Kamiya and et al, Phys. Rev. Lett. 124 (2020) 132501
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Background: Progress of correlation function
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Background: Progress of correlation function

:‘\ 1 1 T T T T T T T T ] O 9 T T T T T T T T T T T
= ]
© 1.05 3
0.95 *+ = —— 05
0.9 P 3 z
L ] )
0.85 ,,. ALICE pp Vs =13 TeV 3 =
. == High Mult. (0-0.17% INEL > 0) _: '_Q" 0.1
EA-K ®A-K 3 s '
0.8 — Femtoscopic fit = =
Background =
0.75 —
— A L L P NS ST
07 1 1 1 1 1 1 1 1 — 70 8
0 50 100 150 200 250 300 350 400 1100 1400 1700 =000
k* (MeV/c) W (MeV)
}}Jio-i:lt'ir<le‘r Eg:)%larimws High Intensity heavy-ion Accelerator Facility (HIAF)
pea® s External Target
4 By it T Terminal
High Energy N
. Multidisciplinary HFRS: Fragment Separator ™% _ & “tius SRing: Spectrometer
,. Terminal S A ring
( ) 4
\ o 7 el |
o® PHENIX
Spin Rota(s
= cin
Booster & Spin manipulating Magnet li " P
@ Polarimeter i 23
200MeV’ — )
Polarimeter Gw e - """,‘ ! iLinac: Superconducting
(B physics) RF dipole Ny KA S t* e  linac
H.gLn.OE}.ﬁ,(;f.’E:ny Cold snake ¥AGS pC Polarimeter #:mlli:aeirgy Multidisciplinary

2025-8-22 202558 FHIIR 5B/ R B AB I BT



Methods: Correlation function
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Methods:

Correlation function
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Methods: Chiral unitary approach
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Methods: Properties
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Results: Coupled channel effects

(00]

=1+ = () 2Re ) C)o(”7) + COY CO)°

0

202558 FHIIR 5B/ XU BRI BT

10



Results: Coupled channel effects
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Results: Fitting results

Scenario | I1
Scenario |: are fixed as in [1], N 0.99554 4+ 0.00045 0.99633 4+ 0.00032
and are free parameters A\ 0.87 + 0.01 0.91 + 0.02
. (059> -2.8 —3.17+ 0.06
Scenarioll: , ,and are free parameters :
KA 1.6 1.86 + 0.06
nN 0.2 0.76 + 0.09
QN 2.0 1.91 + 0.04
..
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Results: Fitting results

Scenario I 11
VFpaie (MeV) 1531 —i36.5 1512 —i39.1 1. The mass and width of ( )
grog+  221—i0.18  214-i0.34 Mass (MeV)  Width (MeV)
gr+so  1.56—i0.13  1.51—i0.24
— Oxctn 1.37-i0.10  1.13—i0.16 ':?)Z(Pole) 1500~1520 80~130
Grtn 0.55+i0.32  0.62+41i0.30 (BW) 1515~1545 125~175
G0 0.40+i0.22  0.44+10.20
np 14741043 —1.63+i0.58
ey o 19.7 219 2. The decay widths of ( )
Width Vv 9.9 1.1
(MeV) r,, 12 396 ( ( ) - ) ( ( ) - ) /
Tt RS SEN—TRE PDG 0.30~0.55 0.32~0.52 0.99+0.05+0.19
ag+so  019-i0.13  0.18—i0.11
Sigiggg Berik 0.33—i0.14  0.29 —i0.17 Scenario 1 0.56 0.41 1.4
(MeV™1) ik 008 —0.08 Scenario 2 0.51 0.42 1.2
a0, 0.02 0.02
o —0.25—i0.17 —0.54—i0.38
w— 1.05—i155 083—il.35 3. The scattering length of ~
TR+50 —146—-i3.69 —-141-i3.01 [1] Scenario 1 Scenario 2
Effective risn  —0.52—i038 047 —i0.89
Range Pl —13.39 — —13.39 — + (MeV-1) 0.61+0.03+0.03 0.33-0.14i 0.29-0.17i
(MeV™) i 18.04 i 17.29
Tr0p 30.34 21.26
~8.60+i6.77 —4.66+i3.02

i
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Summary

-+

O We successfully calculated the theoretical correlation function based on Koonin-Pratt

formalism

O From the analysis of coupled channels, two conclusions can be drawn:
1. High-energy coupled channels will produce a peak at their thresholds;
2. The interference term between ™ and plane wave contributes the main interaction.

O The correlation function and the scattering experimental data can be mutually verified in
general trends, but it is difficult to precisely satisfy both sets of data simultaneously at this
stage.

O We obtained the mass, width, and couplings of the (1535), which can well explain the
experimental data under the picture of hadronic molecule.

2025-8-22 202558 F IR 5B/ UHL B AT ST 14



o R B F X T

INSTITUTE OF MOQERN PHYSICS

" Thanks for your listening!



