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Femtoscopic study 
at J-PARC facility

pA: Based on the theoretical study by Asanosuke Jinno et al., 

PRC 110, 014001 (2024).

AA: Y. Ichikawa et al., Journal of Subatomic Particles and Cosmology, 3, 100040 (2025).

https://indico.ihep.ac.cn/event/25334/
https://kds.kek.jp/event/53510/


2



3



Collision Energy and Interaction Rate
of HI-Accelerator in the World
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J-PARC is 
intensity 
frontier 



(Main) Topics with Higher Density 

5

Search for critical point

Measurement 
of Higher order

Baryon fluctuation

Measurement 
of Low mass 
Enhancement

of e+e- spectrum

T. Nishimura, M. Kitazawa, T. Kunihiro, arXiv 2302.03191

Density 
Selection
with ∑"#

T. Sakaguchi et al.,
PoS(CORFU2018) 189.

Figure by 
Jan M. Pawlowski

J-PARC-HI region
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Led by 
Prof. A. Ohnishi

Experiment: 

! " = $ %(")((")
A(q): “Signal”

Same event sample
B(q): “Uncorrelated”

Event mixing



Example of Femtoscopy
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PRL 114 (2015) 022301
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PLB 797 (2019) 134822
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PLB 790 (2019) 490

ALICE
Nature 588 (2020) 232
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PRL123(2019)112002
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PRL 124 (2020) 092301
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PRL 127 (2021) 17, 172301



Issue of Femtoscopy and advantage at J-PARC(-HI)

- Femtoscopy → Isospin and spin averaged interaction (f0, d0)

- CF corresponds to total cross section (σ) in the scattering experiment.
- Scattering experiment: PWA to decompose them using dσ/dΩ and spin observables 
- Can CF(Femtoscopy) be decomposed with spin observables?

Slide by Dr. Kamiya
Key of J-PARC-HI Femtoscopy

:4He（I=J=0）
f0, d0 will be determined uniquely
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4He production 

rate is maximum.

Advantage over

RHIC and LHC!!
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In order to construct J-PARC-HI, we need to show good results with
existing J-PARC facility. (current J-PARC (pA, pp), J-PARC-HI (AA)) 



αΛ Femtoscopy with 
pA collision (J-PARC E88)
Key: Small system and α!! 
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Note: No pA measurement with STAR-BES. 
STAR-BES only took AA and dAu data. 
Statistics of dAu data at √s = 20 GeV is small.

α

Λ

〜
〜
〜

〜
〜
〜



Unique points of αΛ Femtoscopy with pA

- Density of α is high (~2ρ0) !

- Source size of pA collision is small !
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By A. Jinno
Short range ΛN interaction !

Density effect !
Key to understand the neutron star

＊BΛ of 5ΛHe (4He + Λ) was measured as 3.12 ± 0.02 MeV
→ Overall interaction is known. M. Juric et. al., NPB52, 1 (1973). 



αΛ potential
[A. Jinno et al., PRC 110, 014001 (2024).]

12

UΛα: (Λα potential) Overall interaction is constraint by BΛ of 5ΛHe. 
Short range part has large difference!!

BΛ (Experiment) = 3.12 ± 0.02 MeV
M. Juric et. al., NPB52, 1 (1973). 



αΛ Correlation function (CΛα)
[A. Jinno et al., PRC 110, 014001 (2024).]
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CΛα (R = 1 fm) CΛα (R = 3 fm)

UΛα

CΛα (R = 5 fm)

When source size is large, CΛα are almost same 
because overall interaction is constrained by 5

ΛHe. 

Difference can be seen !!

We can discuss the short range part of UΛα with small size !!



J-PARC E88 experiment 
(φ mass shift with φ→K-K+) 
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AC will be joined to trigger for K-K+ selection → αΛ will be killed in the trigger level 
→ Streaming DAQ system will be necessary to measure αΛ.



How to determine the source size of αΛ?

- Combining the measurement the source of αp, pp, pΛ
αp, pp: Interaction is well known. 

pΛ: already measured with ALICE and STAR with high statistics. 

→ we can fix the interaction.

- From this measurement, can we determine the α, p, Y source 

size? 
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CΛα measurement with STAR BES
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CΛα (R = 3 fm)

UΛα

https://www.star.bnl.gov/

https://www.star.bnl.gov/
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Summary of αΛ femtoscopy
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UΛα: (Λα potential)

Constraint by 5 ΛH
e

CΛα (R = 1 fm)

CΛα (R = 3 fm)Small source

Large source

Large difference !!

(Short range part)

Almost same

(Constraint by 5 ΛHe)

Short range
ΛN interaction

Interaction under
high density



J-PARC E86 experiment
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J-PARC
E86



Summary of αΛ femtoscopy
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UΛα: (Λα potential)

Constraint by 5 ΛH
e

CΛα (R = 1 fm)

CΛα (R = 3 fm)Small source

Large source

Large difference !!

(Short range part)

Almost same

(Constraint by 5 ΛHe)

Short range
ΛN interaction

Interaction under
high density

J-PARC E86
Λp scattering 

at p = 0.4 – 0.8 GeV/c

Key for hyperon puzzle



Plan and Discussion for pA Femtoscopy
- We would like to submit a new proposal as a byproduct of E88.

- Not only αΛ but also various hadron-hadron Femtoscopy is possible! 

Join us!!
- Considering the budget situation of J-PARC, J-PARC-HI (or HD extension) 

will be delayed. 

- In order to encourage the J-PARC-HI, I think it is better to submit a lot of 
proposal related to J-PARC-HI physics with pA collision, while it is byproduct.

- Trigger and readout should be considered to measure αY in the final state. 

- E88 measure not only lepton but also hadron, then a lot of physics can be output.
21
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https://doi.org/10.1016/j.jspc.2025.100040

Femtoscopy with AA collision 
(J-PARC-HI)

https://doi.org/10.1016/j.jspc.2025.100040


Issue of Femtoscopy and advantage of J-PARC-HI
- Femtoscopy → Isospin and spin averaged interaction (f0, d0)

- CF corresponds to total cross section (σ) in the scattering experiment.

- Scattering experiment: PWA to decompose them using dσ/dΩ and spin observables 

- Can CF(Femtoscopy) be decomposed with spin observables?
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<Isospin decomposition>

e.g.
・ΞN : I = 0, 1 (S = 0, 1)
・Ξ- p: I = 0, 1
・Ξ0 p: I = 1

→ Neutral particle detection 
will be necessary!!

<Spin decomposition>

e.g.
・ΛN : S = 0, 1 (I = 1/2)

(Total spin) JΛp = LΛp ⊗ SΛp
(Parity) PΛp = (-1)^{LΛp}

In S-wave (LΛp = 0), JΛp = 0 or 1



SΛp determination (SΛp = 0 or 1)
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Reduction factor

－π ＋π

－π ＋π

r

-r

SΛp = 0

SΛp = 1

Λ p

Figure is modified from J-PARC E89 proposal



r = α!ApC

SΛp determination (SΛp = 0 or 1)
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Reduction factor

α- : Asymmetry parameter
α- = 0.748

Figure is modified from J-PARC E89 proposal



r = α!ApC

SΛp determination (SΛp = 0 or 1)
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Reduction factor

ApC: Analyzing power of pC scattering ≳ 0.3 at θMax

R.D. Ransome et al., NIM 201, 315 (1982)

I,G. Alekseev et al., NIM A434, 254 (1999)

<θLab>: < 5°-20° > 

<θLab>: < 5°-20° > 

Figure is modified from 
J-PARC E89 proposal



Schematic view of J-PARC Femtoscopy
(Just my idea)
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Sp will be changed due to precession in B-Field

→ SΛ×Sp will be measured event by event
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Summary
- We are proceeding the J-PARC-HI project. 

- In order to implement J-PARC-HI, it is important to show the good result with 

current J-PARC facility. 

- We will propose the new experiment to perform the αΛ Femtoscopy with pA

collision as a byproduct of E88 (Mass modification of φ in pA collision). 

- In this measurement, we can study the short range interaction between α and Λ. 

→ Important Key to solve the hyperon puzzle in neutron star. 

- In this experiment, not only αΛ but also various Femtoscopy is possible. 

Join us!!
28


