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J-PARC E94 Experiment

■ 𝜋+, 𝐾+ reaction spectroscopy of single Λ hypernuclei

■ Measure Λ binding energies of Λ
7Li , Λ

10B , Λ
12C

– Energy resolution : 1 MeV

– Accuracy : 100 keV

– Calibration source : Λ
7Li

■ Physics motivation

– Investigation of charge symmetry breaking (CSB) in 

A = 10

– Confirm Λ binding energy of Λ
12Cg.s. in 𝜋+, 𝐾+

reaction



CSB in Λ𝑁 interaction

◼CSB in A = 4 is observed 

T. O. Yamamoto et al., Phys. Rev. Lett. 115, 222501 (2015).

https://doi.org/10.1103/PhysRevLett.115.222501


Comparison of 𝐵Λ of Λ
10B and Λ

10Be

We aim to provide 𝐵Λ of Λ
10B with 100 keV accuracy in counter experiment



Accuracy of Λ binding energy in E94

◼To provide new information of CSB in A = 10 and 
𝐵Λ of Λ

12Cg.s. , we need higher accuracy than past 
𝜋+, 𝐾+ reaction experiment

→Λ
7Li calibration source enable us to determine 𝐵Λ
with 100 keV accuracy



Experimental Setup

Kinematics

𝑀H = 𝐸H
2 − Ԧ𝑝H

2 = 𝐸𝜋 +𝑀T − 𝐸K
2 − Ԧ𝑝𝜋 − Ԧ𝑝K

2

𝐵Λ = 𝑀core +𝑀Λ −𝑀H

◼ Almost same 

experimental 

apparatus as 

E70 experiment 

1.05 ΤGeV 𝑐
0.72 ΤGeV 𝑐



S-2S and collaborators

2022/8

Proposal

→1st stage

2022/12

FIFC

→2nd stage

2023 – 2024

Run experiment



Yield estimation of Λ
10Bg.s.

◼ Yield 𝑁H

𝑁H =
𝑑𝜎

𝑑Ω
× ∆Ω × 𝜖 × 𝑁target × 𝑁beam

◼ Differential cross section 
𝑑𝜎

𝑑Ω
: 1.2 Τμb sr

◼ The number of target nuclei 𝑁target : 6.02 × 1022 cm−2

◼ Solid angle acceptance ∆Ω : 55 msr

◼ Total efficiency 𝜖 : 0.1 (Kaon survival ratio 0.2 and analysis efficiency 0.5 )

◼ Beam intensity : 
5×106pions

spill 4.2 s

◼ Beam time : 112 hours

𝑁H ≅ 190



Momentum resolution

k
eV ◼Assumed resolution of S-2S

◼
∆𝑝

𝑝
= 6 × 10−4 (FWHM)

F
W
H
M

∆𝐸 ≅ 1 MeV (FWHM)

is achieved !



Expected spectrum

Λ
7Li Λ

10B Λ
12C

Determine 𝐵Λ with high accuracy

𝐵Λ ≅ 100 keV

Calibration source to 

achieve high accuracy

First attempt !



Calibration source Λ
7Li

■ Λ
7Li

1

2

+
and 

5

2

+
states are used for 

calibration source

𝐵Λ of Λ
7Li

1

2

+
state : 

5.58 ± 0.03stat. MeV

𝐵Λ of Λ
7Li

5

2

+
state : 

3.53 ± 0.03stat. MeV

(Systematic error : 0.04 − 0.05 MeV)

◼ Emulsion and gamma ray experiment data are referenced
D.H. Davis, Nucl. Phys. A 754 3c–13c (2005).

K. Tanida et al., Phys. Rev. Lett. 86, 10 (2001).

M. Ukai et al., Phys. Rev. C 73, 012501(R) (2006).

https://doi.org/10.1016/j.nuclphysa.2005.01.002
https://doi.org/10.1103/PhysRevLett.86.1982
https://doi.org/10.1103/PhysRevC.73.012501


10B4C target
B4C

■ 10B4C target may be used to produce Λ
10B

 Merit of 10B4C target

 Easy to use

 Demerit of 10B4C target

 Contamination of Λ
12C spectrum as a 

background

Conceptual drawing



Summary
◼New generation 𝜋+, 𝐾+ reaction spectroscopy in E94

◼Measure Λ binding energies of Λ
7Li , Λ

10B , Λ
12C

◼Energy resolution : 1 MeV (FWHM)
◼Accuracy : 100 keV

Investigation of CSB in A = 10

Confirm Λ binding energy of Λ
12Cg.s. in 𝜋+, 𝐾+

reaction

◼Physics run : 2023 - 2024



Backup





Yield estimation
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