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“Strange” nuclear system of 𝚲 hypernuclei
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𝚲 hypernucleus

flavor SU(3)

Medium/Heavy

Ø What is Λ hypernucleus?
- Nuclear system containing a Λ hyperon

Ø Why Λ hypernuclei?
- Λ-Nucleon interaction beyond NN interaction
- Hadronic scale: ΛN interaction in neutron star
- Nuclear scale: Nuclear structure

Ø How can we study experimentally?
- Measurement of Λ binding energy

using mass spectroscopic techniques



Physics1: Neutron Stars
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“Hyperon puzzle”: discovery of 𝟐𝐌⊙ neutron stars
• Repulsive 3-body ΛNN force could hold up the heavy neutron star
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3-body 𝚲𝐍𝐍 force (II): repulsive
• 𝜌!"#$%&#~3.5𝜌' ⇒ No Λ appearance
• Maximum mass ~2.1M⨀

3-body 𝚲𝐍𝐍 force (I): repulsive
• 𝜌!"#$%&#~2.1𝜌' ⇒ Λ appearance
• Maximum mass ~1.4M⨀

2-body 𝚲𝐍 force: attractive
• 𝜌!"#$%&#~1.5𝜌' ⇒ Λ appearance
• Maximum mass ~0.7M⨀[D. Lonardoni et al., PRL 114, 092301 (2015)]

Inner core of neutron star
• High density: ~2𝜌!
• Large isospin asymmetry
• Onset of Λ hyperons

softens the EOS
𝑛 ⇄ 𝛬 + 𝑒" + +𝜈#

PNM

In neutron-star-like environments?



Physics2: Nuclear Structure/Deformation

𝚲
𝟐𝟕𝐌𝐠 hypernuclei

Nuclear deformation with 𝚲 probe
• The energy splitting is observed with high 

resolution mass spectroscopy (∆B$~500keV)
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𝚲 in 𝐩𝐱 orbit

𝚲 in 𝐩𝐲 orbit

𝚲 in 𝐩𝐳 orbit

=

Triaxially deformed

⨂
𝚲 in s-, p-orbits

⇒ free from Pauli blocking

𝟐𝟔𝐌𝐠 Simulation

𝐩𝐱
𝐩𝐲 𝐩𝐳



Jefferson Lab, VA
𝟐. 𝟐 𝐆𝐞𝐕 electron beam

Hall A Hall C
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Fixed

How to measure short-lifetime 𝚲 hypernucleus??

≡

Missing mass technique
𝐌𝐇𝐲𝐩𝐞𝐫𝐧𝐮𝐜𝐥𝐞𝐮𝐬 ⇐ momentum of 𝒆+ and 𝑲,

Hypernuclear Experiment at Jefferson Lab



Summary
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𝚲 hypernuclear physics
• Nuclear system containing a Λ hyperon.
• Mass and binding energy are the experimental observables.

Major physics interests of 𝚲 hypernuclei
• ΛN interaction inside neutron star to solve “hyperon puzzle”.
• Observation of nuclear structure/deformation using Λ probe.

Upcoming hypernuclear experiment at JLab Hall-C
• Electro-prodution of Λ 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.



Backup Slides



Various Targets over a Wide Mass Range
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CSB in p-shell hypernuclei
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Missing mass spectroscopyTriaxial deformation with a Λ probe %&Al → $
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Isospin dependence of ΛN interaction
'(Ca
')Ca

→
→

$
'(K
$
')K

ΛN interaction in heavy hypernuclei %()Pb → $
%()Tl

Decay pion spectroscopy All → light Decay pion spectroscopy



Missing Mass & Invariant Mass Spectroscopy 
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Experimental Setup and Kinematics
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Ø Three dedicated spectrometers for 𝑒-, 𝐾,, 𝜋-

Ø Two spectroscopy techniques simultaneously
• Missing mass spectroscopy with K*⊗e+

• Invariant mass spectroscopy with K*⊗π+

Ø High resolution and precision
• high resolution spectrometers (∆p/p~10+')
• small cross section (~10 nb/sr)
• high intensity beam (~50 µA)
• thin target (~100 mg/cm%)

Ø Small Q.(~0.036 GeV/c) → real photon like



High Resolution Spectrometers
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HES spectrometer HKS spectrometer ENGE spectrometer
• Configuraion: Q-Q-D
• Resolution: ∆𝑝/𝑝~4.4×10+'
• Acceptance: ±17.5%
• Solid angle: 3.4 msr

• Configuraion: Q-Q-D
• Resolution: ∆𝑝/𝑝~2.9×10+'
• Acceptance: ±12.5%
• Solid angle: 7 msr

• Configuraion: D only
• Resolution: ∆𝑝/𝑝~4.0×10+'
• Acceptance: ±40%
• Solid angle: 4 msr


