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NN AND YN SCATTERING DATA

Rich data of pp, np scattering.
à Fundamental information to construct 
realistic model of nuclear force.

For YN case, data quality and quantity are insufficient.

Y. Fujiwara, Y. Suzuki, C. Nakamoto, Prog. Part. Nucl. 
Phys. 58 (2007) 439
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DIFFICULTY OF YP SCATTERING 
(HYPERON BEAM)

Proton beam (1012~13 particle / pulse)

flight length : ~80 m

flight length : ~1.2 cm

Secondary beam (p, K) (107

particle / pulse)

Third beam (S, L)
(~100 particle / pulse)

even in E40 experiment
In past experiment, imaging method was 
used to identify Yp scattering

G. Alexander, et al. Phys. Rev. 173 (1968) 1452
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STRATEGY OF 
HYPERNUCLEAR PHYSICS

Nuclear physics

Known nuclear force

Unknown nuclear 
structure

Hypernuclear physics

Unknown YN interaction

Expect from hypernuclear
structure

Theoretical framework
extended to SUF(3) symmetry

Lattice QCD 

Hyperon proton scattering 

12C(p+, K+)12LC

PRC 64 044302 (2001)

g-ray spectroscopy
PRL 87 212502 (2001)

Hyperon proton scattering 
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NEUTRON STAR AND YN INTERACTION
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詳細な相互作用研究に立脚したハイパー核物理

ハイペロン陽子散乱実験
格子 QCD 計算

現実的ハイペロン核子相互作用模型

詳細な Λハイパー核スペクトロスコピー

中性子星の状態方程式の構築

ハイペロン (2 体力のみ )

ハイペロン (2 体力 +3 体力 )

連星中性子星合体の重力波観測

中性子核物質

ストレンジ核物質 ?

p, n, Λ, Ξ , Ξ0 −

中心部

日本物理学会誌より
木内健太、関口雄一郎

Λ

Λハイパー核

Two-body YN scattering is essential to understand the internal structure of neutron star.
l Interaction at short range
l Basic information to derive 3 body force from hypernuclear structure

EOS of neutron star

w/ Hyperon (w/ YN int.)

w/ Hyperon (w/ YN+YNN int.)

Gravitational wave from neutron star merger

neutron matter

strange matter ?

Hypernuclear physics based on Realistic YN interaction

YN scattering experiment
Lattice QCD
Recent theoretical framework

Y. Yamamoto et al. 
PRC90, 045805 
(2014)

Ultra high-resolution L hypernuclear spectroscopy
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YN INTERACTION IN S=-1 SECTOR

Pauli effect in quark level

Large repulsive core is expected 
in quark based model (Lattice 
QCD)

Quark based model : 
Large ds/dW

Boson exchange model : 
Moderate ds/dW

S+p potential by Lattice QCD

H. Nemura et al.
Few-Body Syst (2013) 54:1223-1226

NN (I=0)                      ------ (27)
NN (I=1)                      (10*)                          -----

LN (I=1/2)        1/√10[(8s) + 3(27)]    1/√2[-(8a) + (10*)]
SN(I=1/2)       1/√10[3(8s) - (27)]     1/√2[(8a) + (10*)]
SN(I=3/2)                 (27) (10)

1E or 3O                   3E or 1O
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YN INTERACTION IN S=-1 SECTOR

Anti-symmetric LS(-) force : VALSL•(s1-s2)
L s1

s2

New type of LS force appears in YN sector

• Quark based model 
• Large ALS originated from coupling between 

(8s) and (8a) by one gluon exchange 

• Boson exchange model
• No large ALS contribution

P L

Polarization of L in Lp elastic scattering

T. Fujita et al., PTP 100  (1998) 931

NN (I=0)                      ------ (27)
NN (I=1)                      (10*)                          -----

LN (I=1/2)        1/√10[(8s) + 3(27)]    1/√2[-(8a) + (10*)]
SN(I=1/2)       1/√10[3(8s) - (27)]     1/√2[(8a) + (10*)]
SN(I=3/2)                 (27) (10)

1E or 3O                   3E or 1O

Spin tripletSpin singlet
LS(-)

Forbidden by isospin symmetry

LS(-) OK 

Difference theoretical prediction
• Polarization, Analyzing power
• Cross section 8



J-PARC E40 : 

Physics motivations
 Verification of repulsive force due to quark Pauli effect in the S+p channel
 Systematic study of the SN interaction by separating isospin channel

Measurement of ds/dW
Aim to detect 10,000 events
• S+p elastic scattering
• S-p elastic scattering
• S-p à Ln inelastic scattering

Pauli effect in quark level
S+p potential by Lattice QCD

H. Nemura et al.
Few-Body Syst (2013) 54:1223-1226

Large repulsive core is expected 
in Lattice QCD

Large ds/dW is predicted in S+p channel 

Measurement of ds/dW of Sp scatterings 
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BC3,4
(MWDC)

BH2

BH1GC

BFT

π+

CATCH

KURAMA
K+

E40 EXPERIMENTAL SETUP

S production
 p±p→K+S±

 1.3 GeV/c p-

 1.4 GeV/c p+

S momentum range
 0.4 ~ 0.8 GeV/c

Beamline spectrometer
• Momentum analysis of p

beam

KURAMA spectrometer
• Identification of K+

• Momentum analysis

Momentum reconstruction
of S beam

p+

Two successive two-body reactions

p+ K+

p

n (missing)

CATCH system

Cylindrical Fiber Tracker

BGO calorimeter

p+

Detection of Sp scattering event
by CATCH detector

J-PARC K1.8 beamline

LH2 target
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CATCH

p- p K+
S-LH2 target

S beam in LH2 target is tagged by the magnetic 
spectrometers

KURAMA spectrometer analysis

K+ was selected

S beam identification
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CATCH

p- p K+
S-LH2 target

S- : ~18 M

Missing mass from p- and K+

Missing mass (GeV)

S beam in LH2 target is tagged by the magnetic 
spectrometers

S- beam momentum

Momentum (GeV/c)

Each momentum can be reconstructed from missing 
momentum

S beam identification
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CATCH

p- p K+
S-LH2 target

p

p-

n

p

p

Particle ID in CATCH (DE-E method)

S- : ~18 M

Missing mass from p- and K+

Missing mass (GeV)

DE in Fiber tracker

Total E in BGO calorimeter

Proton in coincidence with S-
production

Sign of secondary reactions

Recoil proton identification
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Good tool to check whether our 
experiment is going well or not.

Proton event in S- production
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DE (np) distribution

DE (MeV)

S-

p-
p

n

qp

Assume np scattering kinematics

Ecalc (qp)

Emeasure

compare

DE(np) = Ecalc - Emeasure

np scattering from S- decay

Identification with two successive reaction was possible
• S- production
• Rescattering of S- decay product

n

qp

Pn (neutron momentum)

Assume︓S- decay

Identification of np scattering from S- decay
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S-

n

p-

p

qpp-
1. Assume p- is emitted from L decay.
à mom. of p- can be calculated from 

opening angle (qpp-).

L

2. Mom. of L can be reconstructed. ( Pmeasure )

qL

3. From Scattering angle of L, momentum of 
scattered L can be calculated. ( Pcalc )

Dp = Pmeasure - Pcalc

Identification of S-p à Ln conversion

20



Proton event in S- production

21



np scattering

p-p scattering

DEnp (MeV) Dpp-p (MeV)

Proton event in S- production
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np scattering

p-p scattering

DEnp (MeV) Dpp-p (MeV)

S-p scattering

~4500 event

DES-p (MeV)

preliminary

S-p à Ln

~2400 event

DpS-p->Ln (MeV)

preliminary

np scattering is good tool to check our 
systematics to measure ds/dW

We derive ds/dW for np scattering

Proton event in S- production
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S+p scattering pp scattering from S+ decay
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pp scattering

pp scattering

S+p scattering event ~4500

DE (MeV)

S+p scatteringpreliminary

S+àp0p decay

S+p analysis
Analysis by T. Nanamura (Kyoto Univ.)
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pp scattering (CATCH detector calibration) with proton beam
 p momentum 0.5, 0.55, 0.6, 0.65, 0.75, 0.85 GeV/c

np scattering from S-→np- decay
 0.3 < pn (GeV/c) < 0.6

S-p elastic scattering
 0.45 < pS- (GeV/c) < 0.8
 ~4,500 events

S-p→Ln scattering
 0.45 < pS- (GeV/c) < 0.8
 ~2,500 events

S+p elastic scattering
 0.4 < pS+ (GeV/c) < 0.8
 ~4,500 events (S+→pp0 decay mode)
 ~3,500 events (S+→np+ decay mode)

Summary of E40 scattering channel
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pp scattering
@ 0.45, 0.5, 0.55, 0.6, 0.65, 0.75, 0.85 GeV/c

q1

q2

p beam
p

p

p

Identify pp scattering event from missing mass of ppàpX reaction

The other proton’s angle and momentum can be predicted 
from missing momentum

Check whether measured angle and energy are consistent or not.

Efficiency for recoil proton in pp scattering
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CATCH efficiency was measured as a function of
 Vertex position
 Angle 
 Proton energy

pp scattering

q

q (degree)

q (degree)

q (degree)

M
om

en
tu

m
 (G

eV
/c

)
M

om
en

tu
m

 (G
eV

/c
)

M
om

en
tu

m
 (G

eV
/c

)

Ef
fic

ie
nc

y
Ef

fic
ie

nc
y

Ef
fic

ie
nc

y

-60 < z-vtx (mm) < -30

0 < z-vtx (mm) < 30

60 < z-vtx (mm) < 90 We made an efficiency table of CATCH based on the pp scattering 
data and Geant4 simulation. 

proton energy

vertex region

CATCH Efficiency study
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pp scattering data were used for
 CATCH detector calibration, efficiency study
 Consistency check for ds/dW measurement

CATCH

pLH2 targetp

p

q

0.60 GeV/c0.55 GeV/c

0.65 GeV/c 0.75 GeV/c

Prelimina
ry

There are some inconsistencies at edge region of detector acceptance.
But the obtained ds/dW’s are reasonable.

pp differential cross section with proton beams
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Good practice to derive Sp scattering ds/dW

Sp scattering

p-

S-

p

K+ np scattering

p-

S-

p

K+

n

𝑑𝜎
𝑑Ω =

∑!!"#
𝑁"#$%(𝑖&%', cos 𝜃)
𝑒𝑓𝑓(𝑖&%', cos 𝜃)

𝑑𝑒𝑛𝑠𝑖𝑡𝑦%(%×𝑇𝑜𝑡𝑎𝑙𝑇𝑟𝑎𝑐𝑘𝐿𝑒𝑛𝑔𝑡ℎ×𝑑Ω

Beam does not pass though the whole size of target
• S- decay
• Various production point and direction

We have to estimate total track length in the LH2

target from these information
• production vertex
• S- or neutron momentum

np scattering from S- decay
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np scattering

p-

S-

p-

K+

n

Neutron momentum is obtained from 
PS- and Pp- Track length in LH2 target

Track length in LH2 target was obtained 
from decay position and neutron direction

Neutron beam from S- decay
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Ef
fic

ie
nc

y

cosqCM

0.4 <p (GeV/c) < 0.425

DE (MeV) DE (MeV) DE (MeV) DE (MeV)

𝑑𝜎
𝑑Ω =

∑!!"#
𝑁"#$%(𝑖&%' , cos 𝜃)
𝑒𝑓𝑓(𝑖&%' , cos 𝜃)

𝑑𝑒𝑛𝑠𝑖𝑡𝑦%(%×𝑇𝑜𝑡𝑎𝑙𝑇𝑟𝑎𝑐𝑘𝐿𝑒𝑛𝑔𝑡ℎ×𝑑Ω

Kinematical consistency check for each scattering angle à Nscat was derived

Estimated efficiency (Acceptance, 
analysis efficiency, etc)

np scattering identification from S- decay
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ds/dW of np scattering

cosq

ds
/d
W

(m
b/

sr
)

E40 data
PWA  (NN-Online)
ESC96 (NN-Online)

Preliminary

However, intermediate beam 
energy, the data are almost 
consistent with partial wave 
analysis

Very low energy region:
efficiency estimation is difficult
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Σ-p elastic scattering (0.55<p(GeV/c)<0.65)

ESC08 (中間子交換模型 )
fss2 (クォーククラスター模型 )
カイラル有効場理論

Σ+p elastic scattering (0.5<p(GeV/c)<0.6)

期待される実験精度
期待される実験精度
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Data are w/o acceptance correction

S-p à Ln scattering

Analysis is on going to derive ds/dW with 
acceptance and efficiency tables

chiral EFT
quark cluster model

Nijmegen model

Expected accuracy

Expected accuracy

Sp channels
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Flight length estimation of S-

p- S-

K+

Based on the vertex position and momentum estimated 
from spectrometer analysis, S- flight length was 
estimated from a Monte Carlo simulation.

By adding flight length in each event,
total flight length can be obtained.

vertex
S- momentum CMecos
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Analysis of S-pàLn channel
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Δp (GeV/c)

S-pàLn kinematics np kinematics

p-p kinematics

S-p kinematics

0 0 0100 1000.2
Δp (GeV/c)ΔE (MeV) ΔE (MeV)

The S-pàLn channel is separated from other background events.
We are trying to understand the background contribution as much as possible. 
We fit the four kinematical spectra simultaneously with sum of each contribution.

S-pàLn conversion event
S-p elastic scattering event
S-pàS0n conversion event
np scattering event
p-p scattering event
S- misidentification

S-pàLn peak 

np peak

p-p peak

S-p peak

Analysis of S-pàLn channel (BG estimation)
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Δp (GeV/c) Δp (GeV/c) Δp (GeV/c) Δp (GeV/c)

-1<cosqCM<-0.9 -0.9<cosqCM<-0.8 -0.8<cosqCM<-0.7 -0.7<cosqCM<-0.6

-0.6<cosqCM<-0.5 -0.5<cosqCM<-0.4 -0.4<cosqCM<-0.3 -0.3<cosqCM<-0.2

-0.2<cosqCM<-0.1 -0.1<cosqCM<0.0 0.0<cosqCM<0.1 0.1<cosqCM<0.2

0.2<cosqCM<0.3 0.3<cosqCM<0.4 0.4<cosqCM<0.5 0.5<cosqCM<0.6

0.6<cosqCM<0.7 0.7<cosqCM<0.8 0.8<cosqCM<0.9 0.9<cosqCM<1.0

There are still discrepancy in background estimation.
But uncertainty of the background contamination in the 
Ln peak is not large.

We can maybe release ds/dW spectra soon 
for S-pàLn channel.

Analysis of S-pàLn channel (BG estimation)
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S-P ELASTIC SCATTERING
In order to identify S-p scattering, much tighter cuts are necessary.

S-

S-

p

p-
n

Scattering vertex

closest distance x(y) vertex position

Decay vertex

closest distance x(y) vertex position

Decay order

vtz(decay)-vtz(scat)

Red shaded︓Simulation
Open hist︓data selected for -20<DESp<10 region to enhance true S-p scattering event

0.45 <p(GeV/c)<0.55, -0.1<cosq<0.1

In order to estimate the efficiency, the simulation program was updated based on the measured vertex resolution 
(spectrometer), angular resolution (CFT) and energy resolution (BGO).

37



S-P ELASTIC SCATTERING
Subtraction of background reaction

DE (MeV) Dp (GeV/c)
Dp (GeV/c)

In order to get better S/N ratio for identifying S-p 
elastic scattering event, these background events were 
rejected.

np scattering p-p scattering

S-pàLn scattering

S-p scattering

DES-p (MeV)

preliminary
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S-P ELASTIC SCATTERING

cos 𝜃

0.55 <p(GeV/c)<0.65

Efficiency for S-p event for each scattering angle

DE (MeV)
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25
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600MeV/c NSC97f

ESC08

600 MeV/c fss2

600 MeV/c chiral EFT

S-p (0.55 < p (GeV/c) < 0.65)            

Very Prelimina
ry

(plot only reliable region in
 present a

nalysis)

cos 𝜃 cos 𝜃

stat. error only

In S-p scattering, forward peak structures were clearly identified.
The absolute value of ds/dW will be released soon with more wider 
momentum range.

No acceptance for 
low-energy proton
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 Hyperon can be produced with some polarization for the 
production plane

 Spin direction of hyperon can be identified from angular 
dependence of decay product

1 0.5 0 0.5 1

1−

0.5

0

0.5

1

cosθ KCM

α
P

D.J.Candlin et al. Nucl. Phys. B226(1983)1
This work (E40)

Preliminary

p
π Σ+

Κ+

崩壊陽子 (UP)

反応平面

法線ベクトル

崩壊陽子 (DOWN)

P : Polarization
α : Asymmetry parameter 0.98        (Σ+)+0.017

-0.015

Σ+のスピン

cosqlab

UD

U/D  Asymmetry of p from S+ decay

q

proton

proton

production plane

This method can be applied to Yp scattering to derive polarization in Yp scattering

S+ spin

Analysis by T. Nanamura (Kyoto Univ.)

S+ polarization at production
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Polarization in S+pàS+p
 U/D asymmetry of proton from S+ decay

Polarization in S-pàLn
 U/D asymmetry of proton from L decay

ds
/d
W

(m
b/

sr
)

P

Theoretical calculation of spin observable in Yp scattering is not updated.
We want to collaborate (or ask) theorist for calculation of spin observable in Yp scattering.

Spin observables in E40
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Lp scattering with 
the p-pàK0L reaction
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L identification by p-p à K0L reaction is one of milestones
• Study of neutron-rich L hypernuclei
• Study of Lp scattering

KURAMA spectrometer

CATCH

p-
p K0 p+

p-

L

LH2 target

New K0 identify method
p+ : magnetic spectrometer
p- : CATCH

We can keep large acceptance for K0

Missing mass (p-p à K0X reaction)

MM (GeV)

L S0

Byproduct of S-p data taking

We could establish L production 
method for proton target

Possibility of Lp scattering
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Missing mass (p-p à K0X reaction)

MM (GeV)

L

S0

L identification by p-p à K0L reaction is one of milestones
• Study of neutron-rich L hypernuclei
• Study of Lp scattering

KURAMA spectrometer

CATCH

p-
p K0 p+

p-

L

LH2 target

New K0 identify method
p+ : magnetic spectrometer
p- : CATCH

We can keep large acceptance for K0

Byproduct of S-p data taking

We could establish L production 
method for proton target

Accumulated L events ~200k à a several 10 Lp scattering might be collected

Select p by CATCH

We will establish Lp scattering identification method by CATCH

Possibility of Lp scattering
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FUTURE PROJECT︓LP
SCATTERING EXPERIMENT 

Planning to perform at (new) K1.1 beamline 

L production via p-pàK0L at pp- = 1.05 GeV/c
 High polarization of L beam

R.D. Baker et al. , Nucl. Phys. B141 (1978) 29

cosqK0

Po
la

riz
at

io
n

p-

K0

L Lのスピンが⽣成平⾯に
対して⼗分偏極している

CATCH

p-
p K0 p+

p-

L

LH2
target
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T matrix

spin-independent spin-spin symmetric LS (DS=0) anti-symmetric LS (DS=1)

Tensor

Scalar amplitude Vector amplitude
Tensor amplitude

We want to derive these scattering amplitudes separately.

Scattering amplitude in )⃗
*
+ )⃗

*
→ )⃗

*
+ )⃗

*
scattering : à 4 x 4 matrix

à 6 components from the restriction of parity conservation and time-reversal invariance

From S. Ishikawa et al.
PRC 69, 034001 (2004)

Conventional representation of elastic scattering
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A lot of measurements of scattering observables enable us to investigate each matrix components 

Differential cross section

Analyzing power
(Polarization)

Depolarization

𝒏
or

𝒏

Analyzing power (Polarization)

Scattering with polarized L Measure polarization of scattered L 
with unpolarized L

Depolarization (Dy
y)

From S. Ishikawa et al.
PRC 69, 034001 (2004)

Scattering observables
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SUMMARY OF EXPERIMENTAL CONDITION
Beam time : ~1 month (w/ 20 M /spill p- beam intensity)

L beam
 Momentum range 0.4 ~ 0.8 GeV/c
 L beam yield : ~17 M (~0.55% of produced L can be tagged by SKS)
 ~100% polarization

Lp scattering
 Total cross section of 30 mb was assumed
 10,000 Lp scattering events can be identified

Proton detection L detection

0.5 < p (GeV/c) < 0.6

Simulation Simulation

pL (GeV/c)

Tagged momentum distribution

LpàSN Threshold

Ay

cosqCM

Simulation
(preliminary)

Differential cross section Analyzing power (L)
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UP/DOWN ASYMMETRY FOR DEPOLARIZATION 
MEASUREMENT

𝑁 +
−
𝑁 ,

𝑁 +
+
𝑁 ,

φ (degree)

cosqCM cosqCM

𝑃 !
"#
$
=
2 𝛼
𝑁 %

−
𝑁 &

𝑁 %
+
𝑁 &

𝑃 !
"#
$
=
2 𝛼
𝑁 %

−
𝑁 &

𝑁 %
+
𝑁 &

𝑃"#$%(𝜙 = 180°) =
𝑃 + 𝐷-

-𝑃./$0(𝜙 = 180°)
1 + 𝑃𝑃./$0(𝜙 = 180°)

𝑃 : Polarization 𝑃"#$% (ϕ = 180°)

cosqCM

𝑃./$0 𝜙 = 180° = −1 : should be measured 

𝐷-
- : Depolarization

0.5 < p (GeV/c) < 0.6

Simulation Simulation

Simulation

Polarization case (𝑃./$0 = 1, 𝑃 = 0, 𝐷-
- = 1) 
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SUMMARY
Hyperon-proton scattering experiment has become possible.
 Study of two-body YN interaction from scattering experiment is very important to understand two-

body interaction without uncertainty from many-body system.

Sp scattering experiment at J-PARC
 SN interaction is a key to understand the origin of repulsive core in nuclear force.
 S-p, S-pàLn, S+p channels are clearly identified with much better statistics.
 Derived ds/dW of pp and np scattering are consistent with partial wave analysis.
 Analysis is on going to derive differential cross section.
 Polarization in S+p scattering might be obtained.

Prospect on Lp scattering
 L production by p-pàK0L reaction was established.
 By using polarized L beam, we are planning a new experiment to measure ds/dW and spin 

obserbables such as PL and Dyy.

We want to keep close discussion with theorist to investigate YN interaction.
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BACKUP
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Lp scattering : Event category

L

L

recoil p

decay p

p-

1. All particles can be detected

Kinematical check by both DErecoil p,  and  DpL

DErecoil p

DpL

qp

qL

L

L

recoil p

decay p

p-

DErecoil p

2. two protons can be detected

p- can be identified by MissingMass(LscatàpX)

Kinematical check by DErecoil p,  

qp

L

L

recoil p

decay p

p-

L

L

recoil p

decay p

p-

3. 1 proton and 1 p- can be obtained

Kinematical check by DpL or DErecoil p,  

Lp scattering event might be identified even in the bad S/N ratio in missing 
mass spectrum

Start the Lp scattering analysis from case 1
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Analysis by T. Sakao (Tohoku Univ.)

L

L

recoil p

decay p

p-

DErecoil p

DpL

qp

qL

Kinematical consistency from recoil proton
DErecoil p = Emeasured – Ecalc(qp)

Kinematical consistency from scattered L
DpL = pmeasured – pcalc(qL)

Lp scattering event

Lp scattering identification
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Planning to perform at (new) K1.1 beamline 

L production via p-pàK0L at pp- = 1.05 GeV/c

CATCH

p-
p K0 p+

p-

L

LH2
target

Future project︓Lp scattering experiment 

R.D. Baker et al. , Nucl. Phys. B141 (1978) 29

cosqK0

Po
la

riz
at

io
n

p-

K0

L High polarization of L beam 55



T matrix

spin-independent spin-spin symmetric LS (DS=0) anti-symmetric LS (DS=1)

Tensor

Scalar amplitude Vector amplitude
Tensor amplitude

We want to derive these scattering amplitudes separately.

Scattering amplitude in )⃗
*
+ )⃗

*
→ )⃗

*
+ )⃗

*
scattering : à 4 x 4 matrix

à 6 components from the restriction of parity conservation and time-reversal invariance

From S. Ishikawa et al.
PRC 69, 034001 (2004)

Conventional representation of elastic scattering
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A lot of measurements of scattering observables enable us to investigate each matrix components 

Differential cross section

Analyzing power
(Polarization)

Depolarization

𝒏
or

𝒏

Analyzing power (Polarization)

Scattering with polarized L Measure polarization of scattered L 
with unpolarized L

Depolarization (Dy
y)

From S. Ishikawa et al.
PRC 69, 034001 (2004)

Scattering observables
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Differential cross section

Analyzing power
(Polarization)

Depolarization

T. Fujita et al., PTP 100  (1998) 931

Polarization of L in Lp elastic scattering Depolarization in Lp elastic scattering

J. Haidenbauer et al., Phys. Rev. C72, (2005), 044005

Scattering observables
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Beam time : ~1 month (w/ 20 M /spill p- beam intensity)

L beam
 Momentum range 0.4 ~ 0.8 GeV/c
 L beam yield : ~17 M (~0.55% of produced L can be tagged by SKS)
 ~100% polarization

Lp scattering
 Total cross section of 30 mb was assumed
 10,000 Lp scattering events can be identified

Proton detection L detection

0.5 < p (GeV/c) < 0.6

Simulation Simulation

Summary of experimental condition
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p-

K0

L

Y

Z=Z’

X
Y p L production plane

Y = Pp- x PK0

X = Y x PLbeam
Z = PLbeam

qp

Generated distribution

cosqpCM

UpDown
proton

1
𝑁1

𝑑𝑁
𝑑 cos 𝜃2

=
1
2 1 + 𝛼𝑃./$0 cos 𝜃2

Decay proton distribution from L beam

𝑃./$0~
2
𝛼
𝑁+ − 𝑁,
𝑁+ + 𝑁,

𝛼 = 0.750 ± 0.009 ± 0.004
(BESⅢ M. Ablikim et al. arXiv:1808.08917 )

L beam polarization

Definition of quantization axis
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p-

K0

L

Y

Z=Z’

X
Y p L production plane

L’
Y’

X’

p’
Lp sca

ttering
 plane

q

Y = Pp- x PK0

X = Y x PLbeam
Z = PLbeam

Beam L polarization
𝑃./$0 = 𝑃 𝜙 = 0 × cos𝜙

𝜙 = 0, 1803 Maximum polarization
𝜙 = 90, 2703 Unpolarized beam

Scattered L polarization

𝑃"#$% =
2
𝛼
𝑁+ − 𝑁,
𝑁+ + 𝑁,

𝛼 = 0.750 ± 0.009 ± 0.004
(BESⅢ M. Ablikim et al. arXiv:1808.08917 )

𝑁+ ∶ 0 < 𝜃2 𝑑𝑒𝑔 < 90
𝑁, ∶ 90 < 𝜃2 𝑑𝑒𝑔 < 180

decay proton
qp

f

Definition of quantization axis

61



Spin polarization in the final state Pbeam : Polarization of beam
𝑃./$0 = 𝑃 𝜙 = 0 × cos𝜙

P : Induced polarization by the unpolarized beam
Dy

y : Depolarization

No polarization case (𝑃./$0 = 0, 𝑃 = 0) 
for symmetry study of detector

𝑁 +
−
𝑁 ,

𝑁 +
+
𝑁 ,

φ (degree)

𝑃"#$% =
2
𝛼
𝑁+ − 𝑁,
𝑁+ + 𝑁,

=
𝑃 + 𝐷-

-𝑃./$0
1 + 𝑃𝑃./$0

Good U/D symmetry 

p-

K0

L

Y

Z=Z’

X

L’

p’

Y’
X’f

Y p L production plane

Lp sca
ttering

 plane

f

q

decay proton
qp

No beam polarization case

Up/Down asymmetry for depolarization
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Spin polarization in the final state

𝑁 +
−
𝑁 ,

𝑁 +
+
𝑁 ,

φ (degree)

𝑃"#$% =
2
𝛼
𝑁+ − 𝑁,
𝑁+ + 𝑁,

=
𝑃 + 𝐷-

-𝑃./$0
1 + 𝑃𝑃./$0

Pbeam : Polarization of beam
𝑃./$0 = 𝑃 𝜙 = 0 × cos𝜙

P : Induced polarization by the unpolarized beam
Dy

y : Depolarization

p-

K0

L

Y

Z=Z’

X

L’

p’

Y’
X’f

Y p L production plane

Lp sca
ttering

 plane

f

q

decay proton
qp

Polarized case

Polarization case (𝑃./$0 = 1, 𝑃 = 0, 𝐷-
- = 1) 

1
2 cos𝜙

f dependence of U/D asymmetry can be observed

Up/Down asymmetry for depolarization
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𝑁 +
−
𝑁 ,

𝑁 +
+
𝑁 ,

φ (degree)

cosqCM cosqCM

𝑃 !
"#
$
=
2 𝛼
𝑁 %

−
𝑁 &

𝑁 %
+
𝑁 &

𝑃 !
"#
$
=
2 𝛼
𝑁 %

−
𝑁 &

𝑁 %
+
𝑁 &

𝑃 : Polarization 𝑃"#$% (ϕ = 180°)

φ~90, 270 deg
𝑃./$0 = 0 → 𝑃"#$% = 𝑃,  Polarization can be measured

φ~180 deg

𝑃./$0 maximum à 𝑃"#$% =
45,$

$4%&'(
)544%&'(

, Dy
y can be measured

Polarization case (𝑃./$0 = 1, 𝑃 = 0, 𝐷-
- = 1) 

Simulation Simulation

Up/Down asymmetry for depolarization measurement
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𝑁 +
−
𝑁 ,

𝑁 +
+
𝑁 ,

φ (degree)

cosqCM cosqCM

𝑃 !
"#
$
=
2 𝛼
𝑁 %

−
𝑁 &

𝑁 %
+
𝑁 &

𝑃 !
"#
$
=
2 𝛼
𝑁 %

−
𝑁 &

𝑁 %
+
𝑁 &

𝑃"#$%(𝜙 = 180°) =
𝑃 + 𝐷-

-𝑃./$0(𝜙 = 180°)
1 + 𝑃𝑃./$0(𝜙 = 180°)

𝑃 : Polarization 𝑃"#$% (ϕ = 180°)

cosqCM

𝑃./$0 𝜙 = 180° = −1 : should be measured 

𝐷-
- : Depolarization

0.5 < p (GeV/c) < 0.6

Simulation Simulation

Simulation

Polarization case (𝑃./$0 = 1, 𝑃 = 0, 𝐷-
- = 1) 

Up/Down asymmetry for depolarization measurement

65



SUMMARY
Hyperon-proton scattering experiment has become possible.
 Study of two-body YN interaction from scattering experiment is very important to understand two-

body interaction without uncertainty from many-body system.

Sp scattering experiment at J-PARC
 SN interaction is a key to understand the origin of repulsive core in nuclear force.
 S-p, S-pàLn, S+p channels are clearly identified with much better statistics.
 Derived ds/dW of pp and np scattering are consistent with partial wave analysis.
 Analysis is on going to derive differential cross section.
 Polarization in S+p scattering might be obtained.

Prospect on Lp scattering
 L production by p-pàK0L reaction was established.
 By using polarized L beam, we are planning a new experiment to measure ds/dW and spin 

obserbables such as PL and Dyy.

We want to keep close discussion with theorist to investigate YN interaction.
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YN INTERACTION IN S=-1 SECTOR

Anti-symmetric LS(-) force : VALSL•(s1-s2)
L s1

s2

New type of LS force appears in YN sector

• Quark based model 
• Large ALS originated from coupling between 

(8s) and (8a) by one gluon exchange 

• Boson exchange model
• No large ALS contribution

P L

Polarization of L in Lp elastic scattering

T. Fujita et al., PTP 100  (1998) 931

NN (I=0)                      ------ (27)
NN (I=1)                      (10*)                          -----

LN (I=1/2)        1/√10[(8s) + 3(27)]    1/√2[-(8a) + (10*)]
SN(I=1/2)       1/√10[3(8s) - (27)]     1/√2[(8a) + (10*)]
SN(I=3/2)                 (27) (10)

1E or 3O                   3E or 1O

Spin tripletSpin singlet
LS(-)

Forbidden by isospin symmetry

LS(-) OK 

Difference theoretical prediction
• Polarization, Analyzing power
• Cross section 67



Investigation of BB interaction
 Basic information to describe the 

system with Hyperon
 Hypernuclei

 High density matter inside neutron star

 Origin of short-range core

S+p channel
Large repulsive force︕

Flavor singlet ch
Attractive core︕︖

Pauli effect
in quark level

Color magnetic interaction
(One gluon exchange)

Short range interaction by
Quark Cluster model

• Pauli effect in quark level
• Color magnetic interaction

YN, YY interactions show rich aspect 
especially in short range region

Baryon-Baryon Interaction
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S=0                               S=1

SN(I=1/2)       1/√10[3(8s) - (27)]     1/√2[(8a) + (10*)]

SN(I=3/2)                 (27) (10)

S hypernucleus and SN interaction

K-|I=1/2, -1/2>

p+|I=1, 1>

|I=3/2, -3/2>
Repulsive

4He (K-, p＋) reaction |I=0, 0>

K-|I=1/2, -1/2>

p-|I=1, -1>

Attractive
|I=1/2, 1/2> + |I=3/2, 1/2>

4He (K-, p-) reaction

Repulsive
T. Nagae et al., Phys. Rev. Lett. 80 (1998) 1605

4
SHe : only observed bound S hypernucleus

Suggest large isopin-(spin) dependence of SN interaction69



S-nucleus potential U0
Σ +Uτ

Σ(TC ⋅ tΣ ) / Acore
spin-isospin averaged potential Lane’s term : isospin dependent potential

KEK E438

28Si (p-,K+)

-> US ~ +30 MeV

P.K. Saho et al.;Phys.Rev.C70(2004)044613

Spin-isospin averaged potential can be studied from shape of quasi-free S- production spectrum in medium heavy nuclei 

S feels repulsive potential in nuclei 70

S hyperon in light and medium heavy nuclei

6Li(p-, K+) 

T. Harada, R. Honda, Y. Hirabayashi,
Phys. Rev. C97 (2018) 024601

(VS, WS)=(+30 MeV, -26 MeV)

J-PARC E10


