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“Strange” nuclear system of A hypernuclei

A hypernucleus
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» What is A hypernucleus?

A ) - Nuclear system containing a A hyperon

» Why A hypernuclei?
- A-Nucleon interaction beyond NN interaction
- Hadronic scale: AN interaction in neutron star
- Nuclear scale: Nuclear structure

» How can we study experimentally?
- Measurement of A binding energy

BA — MCore + MA — MHypernuclei
using mass spectroscopic techniques
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Physics1l: Neutron Stars

“Hyperon puzzle”: discovery of 2M neutron stars
Repulsive 3-body ANN force|could hold up the heavy neutron star

L In neutron-star-like environments?
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£ 16/ 3-body ANN force (I): repulsive
. . plhresh 9 1p, = A appearance
g 12 | « Maximum mass ~1.4Mg
Inner core of neutron star | ~ - | !
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Physics2: Nuclear Structure/Deformation

Nuclear deformation with A probe

27 .
AMg hyperHUCIel A in px orbit * The energy splitting is observed with high
Triaxiall | def d resolution mass spectroscopy (AB,~500keV)
riaxially deforme _ _
\ -sopa Simulation
7 R 300 — 100 mg/cm’
LB —~ " ?;‘:A\f\f__ A -~ 672 h
SN\ : Py PZ
. Ty AR A in py orbit

A in pz orbit

A in s-, p-orbits
= free from Pauli blocking
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Hypernuclear Experiment at Jetterson Lab
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: L Missing mass technique
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Summary

A hypernuclear physics
* Nuclear system containing a A hyperon.
* Mass and binding energy are the experimental observables.

Major physics interests of A hypernuclei
* AN interaction inside neutron star to solve “hyperon puzzle”.
* Observation of nuclear structure/deformation using A probe.

Upcoming hypernuclear experiment at JLab Hall-C

* Electro-prodution of A hypernuclei over a wide mass range.

* High resolution & precision measurement via missing mass technique.
* Preration is on going at JLab for the beam time in 2029.
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Various Targets over a Wide Mass Range

°Li - ®He
CSB in p-shell hypernuclei ‘Be ~— AL
11p — 1,1\Be
Triaxial deformation with a A probe 271 - 2/7\Mg Missing mass spectroscopy
. . . Yca - K
Isospin dependence of AN interaction 8o, o 48y
AN interaction in heavy hypernuclei 208py > 20IE{TI
Decay pion spectroscopy All - light Decay pion spectroscopy
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Missing Mass & Invariant Mass Spectroscopy

Invariant mass
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2-body decay
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Missing mass

\/(Ee — Eo + Mtarget — EK)2 - |pe —IPe’
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Experimental Setup and Kinematics

cent mom= 1.2 GeV/c » Three dedicated spectrometers fore™, K+, m~

cent angle= 7.0°

» Two spectroscopy techniques simultaneously
«  Missing mass spectroscopy with K¥ @ e~
* Invariant mass spectroscopy with K¥ @ mt~

» High resolution and precision
e high resolution spectrometers (Ap/p~10~%)
* small cross section (~10 nb/sr)
* high intensity beam (~50 pA)
* thin target (~100 mg/cm?)

> Small Q?(~0.036 GeV/c) — real photon like

cent mom= 0.7 GeV/c &R
cent angle= 8.5°
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cent mom= 110 MeV/c
cent angle= 150°

e beamt\ (4

2.2 GeV
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HES spéctrometer
e Configuraion: Q-Q-D
 Resolution: Ap/p~4.4x10~*
e Acceptance: £17.5%
e Solid angle: 3.4 msr

e , ' | \\\\\
=o' ENGESpectrometer
s e

Configuraion: Q-Q-D
Resolution: Ap/p~2.9%x10~4
Acceptance: £12.5%

Solid angle: 7 msr

=% « Configuraion: D only
Resolution: Ap /p~4.0x10~*
Acceptance: £40%

Solid angle: 4 msr
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