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1. Introduction (1)

Motivation

- Hyperon-Nucleon (YN) interaction are fundamental information for describing nuclear systems
such as hypernuclei and neutron stars.

- To understand the strong interaction in the nonperturbative region

Importanceof 2" +p > A+n

The strength of N — AN coupling is related to the hyperon puzzle in neutron stars.

- To constrain the strength of the two body XN — AN coupling, reactions involving the
conversion such as ¥~ +p - A +n are important.
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1. Introduction (2)

Recently Experimental Research

d : : :
- Accurate measurement of d—; of the X7p elastic scattering in the momentum (PZ;,C,-dem
range 470 — 850 MeV/c (the J-PARC E40) —> the P and higher-wave interactions

- Updated total cross section of the Ap elastic scattering

for 0.9 <p, <2.0 GeV/c (the CLAS collaboration)
—> the S wave interaction

- Particle correlation for YN and YY pairs
(the ALICE and STAAR collaboration)
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1. Introduction (3)

Theoretical frameworks of BB interactions

 Lattice QCD Used in this paper

"4

 Nijmegen models (Effective Softi-Core model) (ESCO8c, ESC16)

- the chiral effective field theory (yEFT)

Hard-Core (r—>r., V- + )

- fss2
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1. Introduction (4)

100 —
Reaction used for this experiment /K +
7T +p—> X +K* (X~ produces)
>"+p—A+n (Secondary reaction) T
l
p+rn- (A decay) :
Back ground reactions
(1) +p—>2+p (elastic scattering)
! E
T +n -50F "
~ 0 | | 4 A
(2) " +p— % +n t _ 1| T 1.32 GeV/c
VT /\\ 0 ,;fl. TR W Srlarra ) Lot
p _|_ 72'_ —4) — 20 J 20 4 mm
(3) X > 72 +n (X~ decay) Y.Kondo et al, Nucl. Phys. A6 /76, 371 (2000)
7 +p—a +p or n+p—n+p (elastic scattering) K2 beam line of the 12GeV

KEK-Proton Synchrotron (E251)
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2. Experiment p scattering

3. Energy of proton!

J-PARC K1.8 . Zproduction _ '1 f £
: vy~ 1. Momentum o '
1.33 GeV/c »~ beam 2.0 x 10’ /spill o 9 Ro—
Cycle of 5.2 sec & beam duration of 2 sec .
-
: - __ s=7
Total 1.62 x 107 £~ particles were used. A
>~ momentum —> missing momentum ﬁ £
(with an ccuracy of 5 MeV/c) 57

LH2 target BGO CFT PiID

Secondary reaction (e.g. X~ +p —» A +n) were

n_
identified kinematically from the charged GQAB%I
particles in the final state using CATCH
system. PID between »~— and p —> dE — E method BIZT

The E,., of p and direction of p and =~ were measured using CATCH.

‘p, was determined such that m, and m, became m, (using p, and the opening angle the two tracks).
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3. Analysis (1)

Mass squared distribution

m b -
§ 40000 E_ all events Relation between momentum and dE/dx in TOF segment 10 Relation between momentum and dE/dx in TOF segment 10
O 30000 — —~ 4 —~ 4
20000E" a5k ~Allevents - a5b Kaon mass select
10000 S K | el S K - (0.15 < m* < 0.35)
nE— . s 3F = 3F BFT multi cluster
0 . 8 f 8 f | -
£ 30000 BFT single cluster £ 2.5 £ 2.5 . proton
S F S F g o
20000 — 2 21~
10000 — 1.5F 1.5 L
n - mt
2 - o o
§ 8000 - BFT multi cluster 0'5; IR e TR | 0'5: . |
06000':_ -llll'lllll-l.lllllll.~lll.l;llllIll'l'l'll.lvll -lllllllllllllllllll|llll|llll|llll
- 8.5 06 07 08 0.9 1 1.1 1.2 8.5 06 07 08 0.9 1 1.1 1.2
4000 [ Momentum (GeV/c) Momentum (GeV/c)
2000:—
- FIG. 4. Correlation between the momentum and energy deposit per unit length at the TOF, which was normalized as one for 7. Left and

0 TR B e T T T SR S SN S N N T ST T N TR SR SR S S T PR e | P M . 4 . . . .
04 02 0 02 04 06 08 1 12 1.4 nght. figures show the correlations qf all events and the K mass region for the BFT multicluster event, respectively. The region between two
red lines was selected as the K region for the BFT multicluster event.

Mass squared (GeV?/c?)

FIG. 3. Reconstructed mass squared distribution for all events
(top), BFT single cluster events (middle), and BFT multicluster event
(bottom).
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3. Analysis (2)

Missing mass of the np — K'X reaction

3
%) 200>_<1 0
- ~ 3
- — x10
8% (a) 400 :
160E- : (b) Momentum of X~ beam
140 3001
120~ 200 |-
- X i
100 100 -
80 :_. E. P TS SR S AN TR S TN SN RN SR S SN SN R
soF- 0500 600 700 800
- Momentum (MeV/c)
40 E_ K™ region
— 7] K" side region
: 1 L 1 | 1 1 L l 1 1 1 L l 1 1 1 1 ] 1 1 1 |
A

1.4 1.5 1.6 1.7 1.8
Missing mass (GeV/c?)

FIG. 6. (a) Missing mass spectra of the 77 p — KX reaction
for K* events (open histogram) and sideband events of K™ (filled
histogram) to estimate the effect of the contamination of the miscal-
culated event under the K™ region in the mass square spectrum. The
two lines show the selected area for the X~ particles. (b) ¥~ momen-
tum reconstructed as the missing momentum of the 7 p — KTX~
reaction.

Particle ID in CATCH by AE-E method
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FIG. 8. Correlation between the total energy measured by the
BGO and the energy deposit normalized to the unit length in CFT.
The two curves show the selection region for the proton. Many of the

s were not stopped in the BGO and penetrated with only a part of
the energy deposit.
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3. Analysis (3) 4

ViXgeeqy - DECAY point of A

\

A vertex point as the closest point between LH2 target BGO CFT PiID

two tracks of p and = was required to be \
within 40 mm from the target center. P

Closest distance was required less than 5 mm.
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3. Analysis (4)

p=" (reconstructed with the assmption of the [~ (d) Ap, (E'p—>An) |~ Data (K region)

: , Data (K" sideband)

A = pr~ decay) is cheched to determine — Simu. (£7)
whether pA~P? is consistent with the p**—~A" —— Simu. (£ p—X’n)

oA ] FA . e Simu. (£ p — AN)
(calculated based on the Xp — An kinematics) e Simu. (np)

Simu. (n'p) 40
(A=pr) (Ep—An) |~ Simu. (all sum)

ApAEpA pr _pAP "

0.3 <cosd<04 (0: scattering angle between %

470 < ps <550 MeV/c 20

-Peak around Ap,=0 —> X7p - An events

| . N o -k o
Broad structure on the Ieft side 0.4 0.2 0 0.2 0.4
—> other secondary reaction Ap (Xp-—An) (GeVic)
A
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3. Analysis (5)

Nscat (i-vtz ,COS 9)
do Ui e(i, . ,cos 0)

vizZ

p . density, N, : Avogadro’s number
L : the total flight of length of the X~ in LH,

1,., represents the index of the z
vertex position from —150 mm to 150 mm with an interval
of 30 mm. For a scattering angle € in the c.m. frame and a z
vertex position of i,,,, Ngcai(iy,,c0s@) and €(i,,,, cosO)
represent the number of X~ p — An reaction events and the
detection efficiency of the CATCH system, respectively.
The numerator 1s the efficiency-corrected number of

scattering events. A2 represents the solid angle for each
scattering angle. i | I | |
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3. Analysis (6)

250 L
The number of scattering events was estimated from the *‘3 (@N__ . (b)N__ :
Ap (X~ p — An) spectra for each scattering angle, 3 200 470 < mom (MeV/c) < 550 - 550 < mom (MeV/c) < 650 3
S : :
The error bars and boxes show the statistical and systematic 150 * ¢_++++ - H E
errors, respectively. - _%_ B
1 ; BE oy ++ b b
50 Shg - :
The detection efficiency for the X~ p — An scattering iy L #
events [e(i,,,cosf)] was studied usingarealistica 0o p+———+———t———t———
Monte Carlo simulation based on the Geant4 package & (c) Efficiency - (d) Efficiency
[53], where the realistic angular resolution, the tracking 'S .
t .

efficiency of CFT, and the realistic energy resolution for
BGO were taken into account [10]. The generated data of

Efficiencies averaged for the z vertex region

Red box : systematic uncertainty 0.5%~3%

In the backward angle, EP
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- from the A decay is too small to be detected.
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4. Result (1)

Differential cross section of X p — An reaction

-~ 5
. s F 470-550 (MeV/ - (b) 550-650 (MeV/
- Slightly forward peak structure g @ et 3 O e
o al— ', . I.SWO ,
. . . t | § CHm EFTNLOTS i ocoe] /]
- |n contrast the Xp elastic scattering, F +,- 2 y
- . o I BEEEEEERE ESCO08c Y
sizable contribution exist - - ESC010
for backward angular region. E
1
- fss2 (including QCM) and the extended yEFT E
reproduced the measured data adeqgately. >
8 C'f' Differential cross sections of Xp elastic scattering
: + = r T
The N'Jmengen models (ESCOSC’ ESC].6) ®» [ p =470-550 (MeV/c) + 1 p,=550-650 (MeV/c) ;
underestimate the forward angular region. € [ [~ s wox S i
E [ | o E289 ‘0\" ﬂ .\03
O Chiral EFT T LI
. — 4 | ‘0, i1 o
+ In higher momentum range, B L |- fes2 | =1 4] | =t
do [ | ESCO8C [ o L e [ s \\
0 becomes flatter in its angular dependence. 2| . iwﬂﬁ“ ““““““““““““ T “*‘43_;1% ““““““““““““““““““““““
ot L2l S ads AR EE
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4. Result (2)

Total cross section of £ p — An reaction

3

O
-

This work (-0.7< cosf < 1.0)

D. Stephen et al. (-1 < cosf < 1)

The integrated cross sections

22.5 £ 0.68(state)+0.65(syst) (470 — 550 MeV/c)

Cross section (mb)
3

15.8 £ 0.83(state)+0.52(syst) (550 — 650 MeV/c)
50

40

30
- Past data was measured with a bubble chamber.

20

- Compared with the past measurement. .

100 200 300 400 500 600 700
Momentum (GeV/c)

Yuto Kimura (ELPH, Tohoku Univ.) MzES Decenber 21, 2023 15/16



5. Summary

- Successfully mesured j—; of the X7p — An for the region 470 — 650 MeV/c
and wide angular region of —0.7 < cos8 < 1.0 at J-PARC K1.8 beam line.

- The fss2 and yEFT reproduce both the X7p elastic scattering and the X p — An reaction.

. d :
- The ESC models underestimate d—; at the forward angular regions for both channel.

- Integrated cross section were obtained with a drastically improved accuracy.

- The present data and Ap scattering data (in future exp. proposed at J-PARC)
will provide new insight into the AN — XN coupling.

+ These accurate measurements will play an essentioal role
In establishing realistic BB interaction model.
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Thank you for listening.
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