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Goals of BO1: Hierarchy of matter investigated via strange hadron clusters

Answer the following questions at J-PARC using strange quarks

(a) Can we understand the nuclear force
(B-B forces) from the quark hierarchy?

B X*-p scattering experiment (E40) > DVO/

0 0,

B H-dibaryon search (E42) ugeégd

B =-hypernuclei via 12C(K,K*) (E70) %:_

(b) Why are the nucleon hierarchy / the nuclear hierarchy well separated?

B “Kpp” and “K'ppp” to explore the meson-baryon sub-hierarchy

Structure of “K'ppp” ’\(1f'°5¥':

How does K behave ' -
in a nucleus? @ @

B Measure the A’s magnetic moment in a nucleus (E63)

Does baryons change their structure in a nucleus?
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—
o
o

Potential [MeV]

o

P-N (spin=0)

distance [fm]
25




ANALYSIS STATUS OF 2P
SCATTERING
EXPERIMENT

Koji Miwa (Tohoku Univ.)
for the J-PARC E40 collaboration




Quark-cluster picture Iin
Baryon-Baryon interaction

Degree of freedom in quark
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Quark Pauli effect in 2N channel

2 p potential by Lattice QCD
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Multiplet (10) : partially
Pauli forbidden state
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Possible to investigate Z-=0°

[1]

-=0 interaction in heavy ion collision ?



Current status of YN
scattering experiment

m NN scattering data : quite accurate

m YN scattering data : very poor statistics _
Y. Kondo Doctor thesis
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Comparison of Beam

Proton beam (1012~13 particle / pulse)

Secondary beam (x, K)
(107 particle / pulse)
flight length : ~80 m

Third beam (Z, A)
(~100 particle / pulse)

even in E40 experiment flight length : ~1.2 cm




J-PARC E40 :
Measurement of do/dC2 of Xp scatterings

m Physics motivations

- Verification of repulsive force due to quark Pauli effect in the 2*p
channel

- Systematic study of the 2N interaction by separating isospin channel

N

m Measurement of do/dQ
- Aim to detect 10,000 events
- X*p elastic scattering
— 27p elastic scattering
- 2p 2 Aninelastic scattering

Kinematical identification of Xp scattering
Using LH, target and surrounding detector

2011/7/9 J-PARC PAC (Koji Miwa) 11
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|E4O detector setup concept

Two successive two-body reactions J-PARC K1.8 beamline

=

3. Energy of proton 2. Scattering angle

Zp scattering

‘ . KURAMA spectrometer
3 production P, Decay KURAMA I‘ ; * ldentification of K*
5 Momentum of > « Momentum analysis
T+ i
P Sy CATCH —>

Detection of 2p scattering event

by CATCH detector R4 | Momentum reconstruction
e | — > beam

CATCH system

|||||

Cylindrical Fiber Tracker

Beamline spectrometer
* Momentum analysis of
T beam




I Experiments at J-PARC

2018 A

2019 -

2020 H

[ 1st production run
2p scattering in June 2018 (~2 days)

T~ 2~ : Longer life time
No major decay channel to proton

> N

n Easier to check experimental feasibility

V.

report analysis results

2p scattering production run in 2019 Feb. - March (~20 days)
175 M 2~

2*+p scattering production run in 2019 April (~13 days)
40 M 2+

2*Tp scattering production run in 2020 March (~14 days)



2~ beam momentum distribution

Missing mass

Entries 681908

400005— 2_
: >~ beam momentum
: )0 .
10000— - Entries 681908
- B Mean 0.5771
95 m e )0 — Std Dev  0.08412
Missing mass (GeV/c2) B
10000 — H
8000 — i
- Separate 3 momentum ranges
6000/— -
4000/ Differential cross section
2000_—
_I | | | 11 | L1 11 || | || I | | I | I | | I 11 L.l
84 045 05 o055 06 065 07 075 08 085 09

GeV/c




CATCH analysis : Particle ID

. i |
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CATCH analysis w/ 2~ event

Missing mass
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Proton event in 2~ production

>p scattering Background (scattering with decay products)

Calorimeter

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

Calorimeter Calorimeter




np scattering

Assume : 2~ decay

p
LT Ty .......b‘ - ep
n \‘ -----------
X
“
n
Pn (neutron ‘
momentum)

Assume np scattering kinematics

Ecalc (0p) compare

ﬁ AE(np) = Ecalc - Emeasure
Emeasure

. AE (np) distribution
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Entries 3623
Mean 2.381
Std Dev 32.8

np scattering from 2-|decay

—q 00 -80 -60 -40 -20 0 20 40

60 80 100

AE (MeV)

|ldentification with two successive reaction was possible

e 2~ production
* Rescattering of 2~ decay product



>~p =2 An conversion

Simulation An conversion events are kinematically
2.5 mb/sr separated from other background

Isotropic angular distribution

Ap (Z7p =2 An conversion assumption)
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1. X-p =2 An conversion events can be clearly identified !
2. Background spectrum is almost consistent with our estimation.




ldentification of 2—p reactions

We checked kinematical consistency for each reaction.
The peak at Ap (AE) =0 satisfies the kinematical consistency for each reaction.

Ap (£-p = An conversion assumption) AE ( 27p scattering assumption ) |
Entries = 1333— * 5’:;':5 —0.5%97(‘1
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We could detect ~150 scattering events for both reactions from ~700 k 2~ beam.
In the 2"d production run, ~18 M X~ beam was accumulated.

- ~ 4000 scattering events are expected. (~100 times larger statistics than past
experiment)




Expected physics outputs

m 2p scattering observables

- 2p 2 An conversion
m proton up-down asymmetry
m Cross section

- 2p elastic
m Cross section

- 2'p elastic
m proton up-down asymmetry

m proton left-light asymmetry (should be carefully corrected by
CATCH acceptance)

m Cross section for two decay modes (systematics check)

m 7 p 2> KOA reaction for Ap scattering
- Important reaction to tag A beam with proton target




Summary

m BO1: Hierarchy of matter investigated via strange hadron clusters

m 2N interaction from Xp scattering
- Quark Pauli effect in 2*p channel
- Systematic study of 2N inteaction

m X p scattering experiment at J-PARC (15t run)

- 27p scattering physics run was partially carried out with high intensity
(20 M/spill) 7= beam

- Xp elastic scattering and 2 p = An conversion were clearly identified.
- We could realize “modern” Yp scattering experiment.

m E40 2" run from 2019 February
- ~18 M 2~ beam was accumulated.
m ~4,000 X p, Xp =2 An events are expected.
-  ~40 M X* beam was accumulated

- Analysis is on going. We are going to derive differential cross sections
as soon as possible.



