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| Background |

YN and YY interactions

® Fundamental inputs to hypernuclear physics and nuclear astrophysics
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® Important open questions
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Research status

® Scattering Experiment

» S= 0 (NN):an amount of high-quality scattering data
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ALICE Collaboration, Phys. Lett. B 790 (2019) 22

| Background

New progress in experiment: CFs
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Experimental correlation function

Relativistic Heavy lon Collider

» Relativistic heavy-ion collisions can produce
hadrons with strange quarks in abundance.

» Correlation function can be used to probe the
short-range nature of the strong interaction.

» The capabilities of new detector are excellent
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New progress for S=-2 sector

® Experimental Correlation Functions ® Lattice QCD Simulation
» AA correlation functions » AA interaction
STAR Collaboration, Phys. Rev. Lett. 114 (2015) 022301 > =N | .
ALICE Collaboration, Phys. Rev. C 99 (2019) 024001 EN interaction
ALICE Coliaboration, Phys. Lett. B 797 (2019) 154822 K Sasaki et al. (HAL QCD Collaboration), Nucl. Phys. A 998 (2020) 121737

» =N correlation functions

ALICE Collaboration, Phys. Rev. Lett. 123 (2019) 112002
ALICE Collaboration, Nature 588 (2020) 232

Emission source S,;,(r")  Two-particle wavefunction Y (k*, ") Figure from D. B. Leinweber.

Op
Constraints on S =-2 BB (AA, EN, AX, ~Y) interactions from experiment and first-principle
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Relativistic ChEFT

® Advantages of ChEFT

v" improve calculations systematically

v' estimate theoretical uncertainties :

v/ consistent treatment of three- and four-baryon interactions S. Weinberg, Phys. Lett. B 251 (1990) 288
S. Weinberg, Nucl. Phys. B 363 (1991) 3

® Why relativistic ? (kinematical effect + dynamical effect)

atom nucleus oo baryon
~1078cm ~ 107 12¢cm o ~ 107 13¢cm
v liquid mercury large spin-orbit splitting v" octet baryon mass
v" yellow gold pseudo-spin symmetry v" magnetic moments
consistent time-odd fields v vector and axial couplings

connection to QCD
relativistic saturation mechanism
covariance restricts parameters

D NI N NI N N

v" Development of relativistic many-body methods

motiVation
Using lattice QCD simulation and experimental CFs
to construct and test the chiral S = -2 BB interactions in relativistic ChEFT
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| YN and YY interactions |
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| YN and YY interactions |

Fits to the S = -2 YN/YY LQCD data

® YN and YY lattice QCD phase shifts (data in the gray region is used)

K. Sasaki et al. (HAL QCD Collaboration), Nucl. Phys. A 998 (2020) 121737
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| YN and YY interactions |

Fits to the S = -2 YN/YY LQCD data
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v Based on the full coupled-channel framework, relativistic ChEFT can describe LQCD S-wave phase shifts rather well.
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Correlation functions
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Correlation functions

Correlation Functions |

Source parametrisation

+
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| Correlation Functions |

Theoretical detalls

() n— S. E. Koonin, Phys. Lett. B 70 (1) (1977) 43
Koonin—Pratt (KP) formula A. Ohnishi, Nucl. Phys. A 954 (2016) 294

k) :/ Sia(r) [¥(r, k)|? dr

> Relative wave function in the two-body outgoing state (consider only correlations in S-waves )

. r—soco 1 . o5
\Ij(r7 k) - GZk.r - ]O(kr) + ¢O(T7 k>7 ZpO(r? ]‘C) 'i> % [ezkr — € 2156 Zkr]

» Correlation function for non-identical particles without Coulomb interaction

C(k)~1+ /OOO 4rr2dr Syo(r) [|w0(r, k)2 — |j0(k:r)\2] <

o Scattering wave function J. Haidenbauer, Nucl. Phys. A 981 (2019) 1

> Exploiting the relation [¢) = |¢) + GoV|¢), V) = T|¢), T-matrix from the Kadyshevsky Eq.

1 1
i (1) = 0paji(kar) + — [ dgg? —  Tsa1(q, ka;\/3) - Gi(qr
Vai(r) = dgadi(kar) ] Y T (0 = Baalg) ie 1(q, kasV/'s) - gi(gr)

> Coupled-channel effect (sum over the outgoing channels)

(%o (7, )] %Zwﬂlwﬁao olk
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AN correlation function

® Correlation function for /dentical neutral particles

1 1

Caa(k) ~1— 56—4k232 + = / drr?dr Sia(r) [|vo(r, k)2 = [jo(kr)|?]
0

2
Exp. data from ALICE Collaboration, Phys. Lett. B 797 (2719) 134822 %
102 ——————T— 71— 7/760 — 12 ———— —_— 777@0, ALICE
Z ’ '9/7 l/s
e A N e ‘94/8 ’ 6:‘27
4 e Ny - g 5 © —_ 4
£ e 9 %
0.98 - A - Q
i 08 _ -
< A-A R=121fm - Cexp(k) =1+ )‘[Cth(k> - 1]
X . &~
<0.94 } . < = g
o ; &)
// —-—-- quantum statistics 06 A-A R=1.427fm i
; == AA - '
/ AA+E'n L 0 A-A @ A-A (ALICE p-Pb collisions at 5.02 TeV) |
090k £ e AA +En+ Ep - —-—-- quantum statistics
---AA+En+Ep+° 04 |- [ quantum statistics + strong _
L P / —— AA+En+Ep+ 3+ 1Y
E=ET / - (a) i
‘I
0.86 I 1 1 I 1 1 1 1 L ] 1 0.2 I 1 1 | L 1 1 | 1 1 I
0 50 100 150 200 250 300 0 50 100 150 200 250 300
k (MeV/c) k (MeVic)

v There is an enhancement of the C,, due to the attractive strong interaction in the low-momentum region.
v’ The openings of the inelastic £°7 and Z~p channels are remarkable as two cusp-like structures occurring at

corresponding thresholds.
v The agreement of the orange (shaded) band with experimental data indicates a weak attraction in the AA

channel, which rules out a deep bound state.
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| Correlation Functions |

=~ p correlation function ) LTI IR RS
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C. M. Vincent, S. C. Phatak, Phys. Rev. C 10 (1974) 391
® CF for non-identical particles with Coulomb interaction Vincent-Phatak method

C () = [ dr Sialr) 16 P + T drrdr Sua(r) [EC(r k) — 166 (k)2

Exp. data from ALICE Collaboration, Phys. Rev. Lett. 123 (2019) 112002 %

26
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: Y5/ 22 L o
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o i O 16" -
16 F 1 :
'\‘ N e % -
\ )
14 |- '\. 13 F .
\.
12 b L - 1
6 1.0 - o
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v’ The significant enhancement of the full Cz-, below 150 MeV/c is consistent with the strong interaction

contribution in the low-momentum region.
v There is an appreciable cusp-like structure around k = 230 MeV/c.

v The reliability of E™p interaction is demonstrated by the agreement between theoretical description and
experimental measurement.
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>TA, ZT27, and ZtX* CFs
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| Predictions |

T T T T T 4 1 1 I
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v We predict the X*A, Zt2~, and Z*z+ 3 Bz 150

correlation functions for the first time.
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1

v SU(3) flavor symmetry and its breaking can

be tested quantitatively by measuring the

correlation functions.
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Summary |

Summary

B We studied the strangeness S = -2 BB interactions and the corresponding correlation
functions in the relativistic ChEFT at leading order.
v" The full S =-2 BB S-wave interactions are obtained by fitting the 12 LECs to the latest lattice QCD
simulation data.
v" The reliability of obtained interactions is demonstrated by the agreement between theoretical and
experimental AA and E™p correlation functions.
v' We predict the Z¥Z*, Z*A, and X*X~ interactions and corresponding CFs for the first time, and

suggest measuring CFs to test the SU(3) flavor symmetry and its breaking quantitatively.

B Collaborators

Prof. Li-Sheng Geng Dr. Kai-Wen Li

Thank you for your attention. !
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150 351
Cz—p(k) = ZCLN(H) + SCL(k)
J,S'o 3¢
16 L 1\ T T T T T T co —| 16 T T T T T T T T T C‘o —l
a " "
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iy '@“ .......... Ep N e =p
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v Corresponding to the larger negative scattering length in the £~ p 1S0 channel, the correlation from the

spin-singlet state is also stronger.

v It is clearly confirmed that the cusp-like structure comes from the contribution of £ p — Z°A coupled-

channel, especially in the spin-triplet state.
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Appendix

Gaussian source
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C (k)
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