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Progress of theory & experiment of BB int. study

Theoretical progress
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NN scattering and hyperon-nucleon (YN) scattering
Clearly there is a big difference in data quality between NN and YN scatterings
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YN scattering experiment was regarded as impossible experiment

1. Introduction Spectroscopic studies of hypernuclei have played remarkable roles in our

understanding of hyperon—nucleon (YN) and hyperon—hyperon (YY) interactions, since the short

lifetimes of hyperons make YN and YY scattering experiments technically difficult. unlike the

nucleon—nucleon (NN) case. For investigation of A hypernuclei structure, two types of spectroscopic
techniques, one reaction based and the other y-ray based, have made active progress in recent years.
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NN scattering and hyperon-nucleon (YN) scattering
Clearly there is a big difference in data quality between NN and YN scatterings
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YN scattering experiment was regarded as impossible experiment
In principle, interactions between baryons can be stud-

1. [np led by baryon-baryon scattering experiments. However, ;1able roles in our
such scattering experiments are extremely difficult ex- ions. since the short
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Clearly there is a big difference in data quality between NN and YN scatterings
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YN scattering experiment was reqgarded as impossible experiment
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NN scattering and hyperon-nucleon (YN) scattering
Clearly there is a big difference in data quality between NN and YN scatterings
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NN scattering and hyperon-nucleon (YN) scattering
Clearly there is a big difference in data quality between NN and YN scatterings
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NN scattering and hyperon-nucleon (YN) scattering
Clearly there is a big difference in data quality between NN and YN scatterings

YN scatterinag exp

In prin
ied bv b:
st Ex
ce YY s
lif heron
hj the YV

anUJ. U U AN

1. Int

understa
lifetimes

nucleon-

techniqu

A precise measurement
ing 1s a powerful and reali
AN scattering experime
depe the core nucleus
with
(Ge) such doublet spe
y-ra AN spin-depend
spin- ficult to study by
time. =~ ° )

@ R . " tt .
np scattering differential cross section Ap SCattel’lng —~ 25 Z p Sca erlng
< 20¢ : : : o B Tpozt 350<P,, <750 MeV/c
2 Y S S N N N NS U N N 301 PA = 248-330/MeV/c i 225 P —p RGM-FSS p,LabE450 MeV/c
s A an U 20 -~ - RGM-FSS2 P, =450 MeVic
¢ .—..Np scattering. g0  Rof.112] (300 e 500 MeVie)
S T e | R [ SO = :
i g I S 128 -
10 g ; .+ - s 3
NP R - SO z [ F/B = 18204 5
PLEERPR WU T % BRI SN S et > 5 25 —
E ¢ @ : ° r r - ' v v y E L L . . L L L . L
o . S s w— 0 =75 =50 -25 0 «25 50 «75 10 °4 08 06 04 02 0 02 04 06 08 1
N SN I A A D DA D D D == _ _ _
A O The nucleon-nucleon interaction (NN) is well under- €058y
- J stood thanks to the rich data set from scattering and

nuclear spectroscopy experiments. On the other hand,

_ X7 ATN 1 L 1l XX\
hyper(.)n-nucleo tions. On the other hand, the two-body potentials for the
teractions are l¢

for the st hyperon-nucleon interaction, Y IV, are not determined as
1o ThE Srange  woll as those for NN , due to the experimental difficulties
iments are diffi

times.

of producing and detecting hyperons in free scattering
— D ata £ experiments. However, embedding a hyperon within the
still limited [1] ’

nuclear medium (hypernucleus) does allow extraction of
ment WaS recenlu.‘y WOUL LIV VULUYU Y JT L LA UNS LHJa R EAWIBWILWYS L/’




Produce a lot of hyperons at J-PARC

We recently realized hyperon proton scattering experiment by producing 100 times more
hyperons than that |n prewous experlment
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J-PARC E40 : Measurement of do/dQ of Zp scatterings

Verification of quark Pauli repulsion
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J-PARC E40 : Measurement of do/dQ of Zp scatterings

Verification of quark Pauli repulsion

4 S+p scatterng "\ Lattice QCD calculation
T. Inoue, AIP Conf. Proc. 2130, 020002 (2019)
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J-PARC E40 : Measurement of do/dQ of Zp scatterings

Verification of quark Pauli repulsion Constraint for BB int. theories
K2+p scatterng "\ Lattice QCD calculation - Quark Cluster model (FSS, fss2)
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J-PARC E40 : Measurement of do/dQ of Zp scatterings

Verification of quark Pauli repulsion Constraint for BB int. theories
/Z+p scatterng "\ Lattice QCD calculation B Quark Cluster model (FSS, fss2)
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Systematic measurements of do/d(2
« X™p elastic scattering
« Xp elastic scattering
« Xp =2 Aninelastic scattering
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J-PARC E40 : Measurement of do/dQ of Zp scatterings

Verification of quark Pauli repulsion Constraint for BB int. theories
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J-PARC E40 experimental setup

Two successive two-body reactions @ J-PARC K1.8 beam line
e X production by tp—2>K*Z reaction
« Xp scattering reaction
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J-PARC E40 experimental setup

Two successive two-body reactions @ J-PARC K1.8 beam line
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do/dQ of the X—p channels ”’

K. Miwa et al., PRL 128, 072501 (2022)

>~p elastic scattering | K. Miwa et al., PRC 104, 045204 (2021)
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Clear forward peaking angular dependence

Comparison with theories ~ « fss2, Chiral EFT show a reasonable angular dependence.
* Nijmegen ESC models clearly underestimate the forward angle.
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do/dQ of Z*p elastic scattering

T. Nanamura et al., Prog. Theor. Exp. Phys. 2022 093D01 u u uu
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E40 data : much smaller than fss2 prediction and E289 results

Derived phase shift suggests that the 3S, interaction is moderately repulsive.
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New Xp scattering data and progress of Chiral EFT

Development of Chiral EFT at NNLO have got started with E40 data momentum
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arXiv:2301.00722

PRL 128, 072501 (2022)

But, the interactions are not uniquely determined yet.
...) and additional differential observables (polarizations, ...)

We need more data from additional channels (Ap,

mmmmmm) New Ap scattering experiment.
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Updated AN, XN chiral interaction

YN potential B [MeV] E [MeV] Px [%] || Ua(0) Us(0) J. Haidenbauer et al., Eur. Phys. J. A 59 (2023) 63
SMS N2LO(500) 0.147 ~2.371 0.25 ~33.1 6.4
SMS N2LO(550)° 0.139 —2.362 0.25 —38.5 2.5 _
SMS N2LO(550)b 0.125 —2.348 0.24 ~35.9 2.5 Based on the E40 Zp sgatterlng data,
SMS N2LO(600) 0.172 —2.395 022 | -378 0.1 Us becomes less repulsive and
NLO13(600) 0.090 ~2.335 0.25 ~21.6 17.1 UA becomes more attractive.
NLO19(600 0.091 —2.336 0.21 ~32.6 16.9 : :
(600) Calculation by J. Haidenbauer
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Hyperon puzzle in neutron stars

Current two-body AN interaction alone
cannot support massive neutron stars

Neutron stars

A hypernuclei
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Hyperon puzzle in neutron stars

Current two-body AN interaction alone
cannot support massive neutron stars

A hypernuclei

@ Onset of A
A

Neutron stars

Observation of

] Mass-Radius Relation

2 M, neutron stars

It must change significantly

density p

>
2 Reduce Fermi energy 7
DA . KR
qc) by changing to hyperons
@ . “
lg I
wd |
— I
© |
Q 1
% : to a repulsive force as the
| . A
% i density increases.
< ! !
| 1
0 ; —
____ e S I -—— |
-30(MeV

po (Normal nulcear density)50

1k

quark
B matter

A Y — I
- - - - ,l'
¥« Sy DR v o S - S e

nucleons ‘
&
M 3 hyperons
kaon
condensate

From slide of W. Weise

purely “nuclear”
EoS

nucleons & pions

D.G. Ravenhall
Phys. Rev.C58 (1998) 1804

A.Akmal, V.J. Pandharipande,
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Hyperon puzzle in neutron stars | Observation of 1 Mass-Radius Relation

Current two-body AN interaction alone ~
cannot support massive neutron stars

2 M, neutron stars

.\ ‘_-
purely “nuclear”
EoS
nucleons & pions

A.Akmal, V. Pandharipande,
D.G. Ravenhall
Phys. Rev.C58 (1998) 1804

Neutron stars M, | \)

kaon
condensate
quark
— matter

A hypernuclei

@ Onset of A
A

>
g/\ Reduce Fermi energy  &3&% _ _
£ by changing to hyperons {% From slide of W. Weise
9 I 8 10 12 14
= l
£ :
:;-;. ! It must change significantly We need two-body interaction-based approach
| . .
=) | to a repulsive force as the Ap scajtering Lattice QCD calc.
= ! density increases.
2 ! P »)
< : : °%
0 : o - <
""""" ' density p — Sl gt of
-30[MeV —O0- Sl

po (Normal nulcear density)50
Establish AN interaction including AN-ZN coupling



27

Origin of the density dependence of AN interaction

A is the only isospin 0 baryon that makes up matter - One-pion exchange is forbidden

Interaction in free space

NN interaction AN interaction

N N A . N
Forbiddem\ ol i
= _ _n_ _
A N A N
N N Source of AN int.

Ap 3S1 Ap 381

[ T e R

20 20 - SCo7f _|

- wol.AN-ZN coupling

10 -

/
0

5 (degrees)

.1 AN interaction

" becomes less
attractive (repulsive)
w/o AN-ZN coupling

-10 - — =10 —

AN-ZN coupling |

2

-20

1 L
400

L 1 L L "
200 300

P, (MeVic)

P S E T R 30 P
200 300 400 500 0 100

Pap (MeVic)

-30 L 1
50C

0 100

Interaction in nuclear medium
Suppression of two-body AN int.

N N N

Due to the Pauli blocking for
the intermediate nucleon, AN-
>N coupling can be very
suppressed

Two-body NN int. might not
be affected very much by
other nucleons

}‘ A N N N A N
--- T T
~—-IN - L
T zt T ess attractive » i _2_"
N N N TT T
A N N N A N

3 body int. mediated with X

Additional three-body interaction, which does not

appear in NN interaction.
What is the density dependence of this 3-body int. ?




Toward the elucidation of the density dependence of the AN interaction

Ingredients of AN interaction

] ] : in nuclear medium
AN int. in nuclear medium In nuclear mediu

> \
o A . :
@ _ e
v Neutron star
) I I
T) | 1
s | A hypernuclei ;
1] |
Q |
.g :p : \\
7) 0 o
<0 i RGN
I I P \\
: Two-body AN forc 500 N
)
= ] ) (1) AN int. in free space
2 4 AN int. in free spac "TA N AN
2| = "\ PN -
3 \g* 5 ;
| p | NS > Y
0 | M @
> Momentum | § T
3 270 MeV/c A 570MeVic |¢ A N A N
g v . M Source of AN attraction
©



Toward the elucidation of the density dependence of the AN interaction

AN int. in nuclear medium

Ingredients of AN interaction
in nuclear medium

\V

> A , -
2 5 .
@ S
R 9
v Neutron star
) I I
3 ! ! -
- i | . .
£ A hypernuclel (2) *N coupling suppression
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k= ' < D n n blocking at intermediate stats
a9 ' Po 5 \ Zﬁ_ s [-- g
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g v T —O0— O Source of AN attraction | | F————————ccccoooceooooooooooos
© neutron 939 MeV




Toward the elucidation of the density dependence of the AN interaction

AN int. in nuclear medium
o

Ingredients of AN interaction
in nuclear medium

1 ANN int. mediated with >*

Repulsive force by ANN force

N A N
T
=
T
N A N

(2) N coupling suppression

Suppression of
two-body AN int.

> mediated ANN int.

B

“00
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//
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o ' /!
5 ! \,_‘ I /
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) | M
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Source of AN attraction
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Toward the elucidation of the density dependence of the AN interaction

AN int. in nuclear medium
o

A single particle energy

o

repulsive

attractive

~
7

&

A hypernuclei

. - \ ¢
Neutron star

Ingredients of AN interaction

in nuclear medium

Determination of X* mediated

1 ANN int. mediated with >*

N A N
T
=
T
N A N

»

ANN force

Precise A hypernuclear
spectroscopy

IPo

Two-body AN forc

4 AN int. in free spac

(2) N coupling suppression

Suppression of
two-body AN int.

A N N N A N

> mediated ANN int.

Determination of

»

Lattice QCD

AN-ZN coupling

>N cusp measurement

-
—
—
-

I >

\ 4

270 MeV/c

7

—O—o.

J Momentum

570 MeV/c

(1) AN int. in free space

A N A N
I T
o n_
.\bb M zt___N
i T
& A N A N

Source of AN attraction

» Realistic AN interaction

AN scattering data
Lattice QCD




Collaborative research regarding the two-body AN, 2N int. ~

(1) Ap scattering experiment

(Koji Miwa)

AN differential cross sectionsc

Counts / 0.2 MeV

(2) ©N cusp measurement
(Yudai Ichikawa)

\

P — :>
8001 b | — Chiral EFT NLO13 ‘\3/
700 K j

E ] 1

soof-Simulation {~~ ©hiral EFT NLO19
500 yN thr. % O O E90 simulation
400F Determination of the =N (1=1/2, S=1)
300E- scattering length from the cusp shape
200 '
100F » | _

T TP o130 213 2140 AN-2N coupling

Mass [MeV/c?]

Independent determination of
AN-XZN coupling

‘5: "ZZ .....
’4; 0.30-0.40 (GeVic) '* 0.40-0.50 (GeV/c) e lep j
E zi‘su 5(M v.) +iﬁ%‘+ :k Ein 87 (MeV) \&
o 2F T g
£ £ Simulation .5 el .
=: i 7 Consistency check between
o E i .
E 45 0.50-0.60 (GeV/c) 'tﬁk 0.60-0.70 (GeVIc) 4 dG/dQ and AN-ZN CcCOu p“ng
3; Ekin 128 (MeV) ;;' * Ekin 176 (MeV) g !
2; i 7 4‘5—-—-—-—-—-—-—;’»
= mﬁ*ﬂ;ﬁ;% —ﬁlf %L-‘F;*ﬁw -------
R I e
Scattering angle (cos6)
404 . |
AN, XN potential
. 201 central
Collaboration to separate ~
AN3S, and 'Sy interacton £ o
%f it
-204
7Y
09
@ - 404
G -
CQ 0 1 P 3 4

(3) AN, ¥N Lattice QCD potential

(Takahiro Doi)

AN, 2N and AN-XZN coupling
potentials by HAL QCD

T. Doi, presentation
at 349 J-PARC HEF-ex WS



https://kds.kek.jp/event/44086/contributions/232031/attachments/165533/215432/20230314_KEK_Tokai_3rdHEF-ex_WS_TMDoi%20-%20Takahiro%20Doi.pdf
https://kds.kek.jp/event/44086/contributions/232031/attachments/165533/215432/20230314_KEK_Tokai_3rdHEF-ex_WS_TMDoi%20-%20Takahiro%20Doi.pdf
https://kds.kek.jp/event/44086/contributions/232031/attachments/165533/215432/20230314_KEK_Tokai_3rdHEF-ex_WS_TMDoi%20-%20Takahiro%20Doi.pdf
https://kds.kek.jp/event/44086/contributions/232031/attachments/165533/215432/20230314_KEK_Tokai_3rdHEF-ex_WS_TMDoi%20-%20Takahiro%20Doi.pdf
https://kds.kek.jp/event/44086/contributions/232031/attachments/165533/215432/20230314_KEK_Tokai_3rdHEF-ex_WS_TMDoi%20-%20Takahiro%20Doi.pdf
https://kds.kek.jp/event/44086/contributions/232031/attachments/165533/215432/20230314_KEK_Tokai_3rdHEF-ex_WS_TMDoi%20-%20Takahiro%20Doi.pdf
https://kds.kek.jp/event/44086/contributions/232031/attachments/165533/215432/20230314_KEK_Tokai_3rdHEF-ex_WS_TMDoi%20-%20Takahiro%20Doi.pdf
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Precise XN cusp measurement with K-d 2> Apn- reactlon

(J-PARC E90)

AN-ZN Coupling dependence of cusp shape

a = +1.0 fm (fixed)

1.2]
o.sf
s o.ef

0.4

2

. E=0:BC* Threshpld »

—b=3.0fm
—b=2.0fm

—h=10
9 AL HJ

reshold

juswiainsesw jsed

5 0 5 0
eV]
Eastwood
) 217 events,
i1 | 0=3 MeV |
H fl |
z". : 2N threshold
: il
5: 1 / |
{ P - : - - |
J:I“:J:l -I Jlf " : .- -J: -_Zi'liﬂ": !':'W
Ap MASS [MeV)

The cusp shape is represented by the scattering
length A=a + ib of XN (I1=1/2, S=1) channel

* Real part a : Attraction of the N interaction at
b=1.0fm low energy

« Imaginary part b : AN-ZN coupling

High resolution cusp measurement of 6=0.4 MeV w/ S-2S

Target AN BFR,(’:)TPC

S-28

800E | Direct comparison K~ beam
700 Simulation | — Chiral EFTNLO13 DY Scatteringlength
g 600; ,'": = * Chiral EET NLO19 AN-ZN pOtentlal from Latthe QCD
oS00 1 O O E90 simulation w0 Central |« Tensor
5 400F
5 300F I =
- = L=
© 200 § 0 = 0
- >
100? -201 ~201
05120 2125 2130 2138 2140 0 | ~401
Mass [MeV/c?] N 5 1 53 4




S=-1 BB interaction potential by Lattice QCD

Lattice QCD potential for S wave

1s0_lov2 cen NL NL

40+ i
AN 1S, potential
20+
S
0
Z 0
S
N
_20,
a0l Preliminary
0 1 2 3

r [fm]

3S, : No Pauli forbidden multiplet > Precise calculation
S, : Due to Pauli forbidden multiplet, calculation is difficult

V(r) [MeV]

Takahiro Doi (Kyoto) 34
5=0 5=—2 S=3  S=—4 S=5 S=-6
NN NA,NZ AN AZ ZENE AE ZE,NQ 2= =Q QQ
<€ >
LQCD
EX_P better S/N
rich data
3s1 lov2 cen NL _NL
t=12
40 : t=11
AN 3S1 pote ntial t=10 Differential cross section of Ap scattering NSCo7f
g YEFT NLO 13
os0(Gevier |7 YEFT NNLO
20 t=8 i o PAREND ) e LEPS (Simulation)
g %.% Ekin 87 (MeV) Pt
0 — ”':g_i.ﬁﬁiiﬂiiiul i N P, *g-.:"“::ﬁ;éﬂ
e N N e o e
—20- :.;::E.. = 0.50-0.60 (GeVic) ;k 0.60-0.70 (GeVic)
Ekin 128 (MeV) I Ekin176 (Mev) .
imi Ed 7
Preliminary IR O e i
—40- = TR 5 S N S
I . . s 0 s s 0 os
1 2 3 4
r[fm]

Building interaction models by combining lattice
QCD data and experimental scattering data
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Ap scattering experiment with polarized A beam (J-PARC E86)

Advantage of scattering experiment: Spin observables can be measured thanks to self polarimeter of hyperon

Polarization can be « Left-Right asymmetry of Ap scattering
P ©measured from angular (Analyzing power)
| distribution of p - spin-orbit interaction
A spin cgn be _ Decay » Polarization change before and after the scattering
automatically polarized (Depolarization)
Production Scattering —> spin-spin interaction, tensor interaction .
------------------ Analyzing power Depolarization — s

A >1 . — xEFT19

< 0.50-0.60 (GeV/c) T :él:rlllwcur:ation

P [ 128 (MeV) | R - . R S

i

‘E40data‘AnalyS|s by T. Sakao

5 AESOR 18598

— i | . i I E 1 i
- ! 4—_4% ! i a i
= : | .

doe  Cia TP R RN S

(¥

0.60-0.70 (GeV/c)
176 (MeV)

-1 Simulation?
1 | | | L L I | | | l

—i
LI

o
o0
T

— e

| | | S i Simulation _
S I D R N he N | | I T I O O D 0 B DB -1 -0.5 0 0.5 =

o
2}

A polarization

o
B

& Present work | = 0.5 0 0.5 1
0.2| —*— D.H.Saxon etal. (1980) e cos

+— R.D. Baker et al. (1978) ; ;
—— H.Kamanoetal. (2016) | . | . |

%05 06 07 08 e Essential constraint to determine spin-dependent AN interaction
\ CcosOko cum J




36

Ap scattering experiment with polarized A beam (J-PARC E86)

Advantage of scattering experiment: Spin observables can be measured thanks to self polarimeter of hyperon

A spin can be
automatically polarized

Production )‘ Scattering
N/

Decay

S 14 "'Ezro“a'é“fé“'“g"'""""""An'alysis b
+ - @ le.250\>
9 [ S =<
< - N
0.4
0.2 —&— D.H. Saxon et al. |
#— R.D.Bakeretal. {
m— H. Kamano et al. (

\ 0 0.5 .

T. Sak
18598

Polarization can be
measured from angular
distribution of p

» Left-Right asymmetry of Ap scattering
(Analyzing power)

—> spin-orbit interaction

» Polarization change before and after the scattering
(Depolarization)
—> spin-spin interaction, tensor interaction

Analyzing power

0.50-0.60 (GeVic)

128 (MeV)

et BUL, it takes long time to perform this experiment,
because this experiment needs a construction of new K1.1 beam line.

Simulation

NSC97f
. . — ESC16
Depolarization XEFT13
” — xEFT19

L L R E———— (V1[0

- ==+ Simulation

— 0.60-0.70 (GeV/c)
— 176 (MeV)

] ] L1
n NnR 1

*®  We have taken action to take data using photon beam at SPring-8 to measure do/dQ). '

T INU,\IvI /



Ap scattering experiment using photo-
produced A at SPring-8 (HYPS project)



Building AN interaction from AN scattering experiment
using photo-produced A

Purpose of research
Building the realistic AN interaction by providing AN scattering data to chiral EFT theory

AN interaction is still uncertain due to lack of scattering data, although the interaction is essential to
describe many-body system with A such as hypernuclei and neutron stars.

We plan to perform Ap scattering experiment at BL33LEP
Advantage at BL33LEP

H H P . o~ = Clear A identification
Ap total cross section Ap differential cross sectioms [ s o] oo | Widen AP scatering
80F T Past data F AEFTNLO 13 energy A beam for = angular acceptance
- , i PrIN 4F- 0.30-0.40 (GeVic) ;"%, 0.40-0.50 (GeVic) | xEFTNNLO nuclear study 0L Z
. T0 Prin nuUCleus o tronsatas xEFT NLO 13 o %/’ —=— LEPS (Simulation) & A can be tagged
o) - 0 - N - .. 3k L — Ekin 87 (MeV) 7 cleanly by detecting
E 60 ; ...\ ! = __J XEFT NNLO %\ :’ - + - "'l ,Y On|y forward K+
T:/ = & - NSCo7f 3 % . o | K+
50; i i = 4 . - - :-_!_4-»4—!—« ------- s:"i:*- Fi-i----- . .
- LR 1 i 15 = b SRR
-8 C e measuremelm_;'; Ap scattering g/ o ¥ Liquid H> BT Q)
8 40 ! srange 1 Q e S — Data taking can start by =
L T - T .
n - | € ! H g T LE 050060 (Gevic) 1 0.60-0.70 (GeVic) J| reconstructing the
0 30— o = N[ o) c T | existing systems.
8 - toeh b N "r" 4 O  3[Ekin128 (Mev) ," I Ekin 176 (MeV) # || (Spectrometer, CATCH
past r Pl T gl = ;7 & .
Sa T AT v
o i z - = p T .
10— Voo i e +eo D o o e ., TH
- L BV S f S LI A /4@+ I e
711111111}111111111111111111111111111111111111 111111 [ ﬂttitﬂtt”“‘k‘tttt‘tttt‘tttx
% 100 200 300 400 500 600 700 800 900 1000 % s o 05 M 05 0 05 1 :
A beam momentum (MeV/c) Scattering angle (cos0) ) By
J-PARCTOERTHEASIIEE 7 Lhnrgd
Density (radial) dependence of AN interaction Essential input for constructing JE— L

realistic AN interaction
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Why BL33LEP?

Advantage of y beam: A production can be identified most clearly by detecting K+

Tetoo i - Entries - 27189
14000 _A£|1116) LEPS soof— A i3 Dev 007006
12000 F 1 || (data) woF. J-PARC
ool | || 1% 199 : (simulation) KO identification
. I 400—
g g0k ! | - ->Some background remains due to
1 I 300— . . .
3 co ||| A(1405)/ - identification method
6000 Co T 2(1385) A(1520) 2002—
4000 | 00|~ K 1
2000 :_ i EJ 111 J 111 { 111l I 1111 I 1111 ] 1111 LIIIJ 111 \ L1 11 I 111l 2
o Sl T Bo oo e e s e | I the scattering analysis, we need to require
1 1112 1.3 14 15 16 1.7 18 1.9 two protons. This limits angular acceptance of
Missing M A" i
remiig IS8 [y Ap scattering

Advantage of backward Compton y beam: A forward spectrometer can be placed,
making it possible to tag low-energy A with small momentum transfer for the first time .

We can get A beam from 0.3 GeV/c (for nuclear study) to 0.6 GeV/c (for neutron star)



Timeline

FY2025: Start data taking

until Aug. 2027

14000000

12000000

10000000

FY2024: Commissioning of detector

Goal of tagged A

8000000

6000000

Yield estimation of tagged A

40

LH2 target
system

Derive do/dQ and o at each year’s statistic

e

realistic AN
int.

4000000 IF:)rYepoaZthlon Production run
S ) R FY2025-2027(Symmer)
2523}10}1 2024/4/18 2024/11/4 2025/5/23 2025/12/9 2026/6/27 2027/1/13 2027/8/1 2028/2/17 2028/9/4
. 2023 | 2024 I 2025 | 2026 i 2027 2028
Applicatio\| Setup and i |Experiment @ SPring-8 BL33LER |
ntouse )| commissioning of ! we want to run for about 2.5 years
| to accumulate as much statistics as
Ap scat. exp. BL33LEF/ | LEPS spectrometer, i possible | Improve \
Prina- _ \ ' chiral EFT
(SPring-8) gzl_?gla_;uon of> Data analysis in parallel with data taking \\> toward /

Beam stop at 2027 August ?



Detector setup

Base system : LEPS spectrometer

+ We brought additional detectors from J-PARC
(CATCH, LH2 target, DCO, TOF...) e ——— it

7y - _ _ _ _- _ _- _ _ —J N—-——2
0
3

vy beam
(1.5-2.4 GeV)

" —
—1 | KURAMA TOF
24 segments
DC2 DC3 i
CATCHIRH B TR H 7_'
N 71 e B [ i__,
=—o: oo — — - — S—
iAok EE A LEPS TOF
A 7 segments
K+
T4 = — HRRNThE
BGOAO4—4 | ~

\
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E

] ]_I _
i

| ——— ———
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Just started physics data taking

* We have just started physics data taking from 2025 April
» Detectors are working very well

Run# 240 Event# 86441

TOFSeg 23
TOFSeq 23

Sdeln 4= 2.482
SdcOuwt 1= 0308
Hyps 1= 05980

Spectrometer

[—== 1 pc3
=1 pc2

:i:' DCO

CATCH

v beam

Magnetic spectrometer performance : A. Haratani (poster)

CATC H Event Display XY plane

00000
00000

lm[lm[Tlﬂ]ml]ml'llﬂl]lﬂllﬂlf[llﬂlllll]

DAQ construction and performance : R. Kurata (poster)



Spectrometer analysis status

Scattered particle’s identification

10

Faam|

10°

Charge x Momentum [GeV/c]

10

3
Mass squared [GeV?]

100

80

60

40

20

Missing mass spectrum of yp—K*X reaction

45

3

10 h1

*

Entries

Mean

4013815
1.304

: A 20 . Std.Dev 0.259
- Very preliminary
— A(1405)

- mis-ID of n+

0.6 0.8 1 1.2 1.4 1.6 1.8

Missing mass [GeV/c?]

Detailed analysis status : T. Nanamura

2



CATCH analysis <
O
=3
_é

BGO m

©

Fiber tracker E
(CFT)

Proton can be stopped in BGO

- Proton’s direction and energy information

Pion cannot be stopped in BGO for many cases

—> Only direction information

But, =~ from A decay has low momentum (~150 MeV/c)
- many of - can be stopped (resolution is not so good)

7~ energy is calculated from A’s decay kinematics.

Particle ID in CATCH (AE-E method) 40

v
(9]
T

5 : — - . h2
e PRI R E T 5 %ive s .. - Entries 214599
oy ~ T g NE el 5 Mean x 68.58
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Std Dev x 39.84
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 Very prelimina
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Very preliminary
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CATCH analysis

Particle ID

47

in CATCH (AE-E method)

h2

-

>
(O]
=

BGO Typical event display
Fiber tra
(CFT) proton
ybeam ...
.n‘:ol;'\gﬂ‘:f'. :
\., ’{ ¥

Proton can be stopped in BGO

- Proton’s direction and energy information
Pion cannot be stopped in BGO for many cases

—> Only direction information

But, =~ from A decay has low momentum (~150 MeV/c) 6000

- many of - can be stopped (resolution is not so good)

4000
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preliminary

7~ energy is calculated from A’s decay kinematics.
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Integrated A beam

v we have accumulated ~~2 x 106 A

48

v" We will continue data taking until 2027 July to accumulate 107 A
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Autum beam time

2500 e

Spring-Summer beam time

2000

Lambda / hour

@ A/ hour

® K+/10 / hour

ko Vertical Horizontal ‘ . amde
0 1500 L - .
=) e i
[®) o'j T 4y .
= 5“ CHE #
GLJ / 1000 ..:‘i: . ‘B Es.t ..so. o: 5
[ ] { ]
© A% Y 1 - .
. .
- f. ﬁ‘ & ’:“:.!° ’.0 .g'o ﬁ
e . » rd, . ., . .
500 . a . '*v % : . R
. . + - . - .
(w/ Contamination of n* (~20%)) . o . v s . e
L 1]
. . . | ] ' :* 3 : . =. %N . o . o
- L ]
20250413 202515123 20257112 2025/8/31 2025110120 202512/ 2026/1/28 e R '*‘m o oo W & s 04 Ao oemOmme 40 48
1200 2700 3200 3700 4200
date Run#

New Ap scattering data will be provided within a few years !



Summary

« Many progresses have been obtained in the BB interactions study.
 Lattice QCD, Chiral EFT, ...
» Femtoscopy is successfully used for the hadron-hadron interaction study.
* YN scattering experiment gets possible!

* New collaborative project regarding the two-body AN, 2N interactions
« Ap scattering experiment with photo-produced A
* Precise measurement of ZN cusp shape with S-2S
» Lattice QCD potential of AN, 2N, AN-ZN potentials

* New experimental project just started at SPring-8 to measure Ap scattering cross
section
» A particle (300<p,<600 MeV/c)can be identified cleanly by yp—2>K*A reaction.
« Experimental technology developed at J-PARC is introduced.

* Our goal
» Total cross section measurement better than 10%
 First derivation of the differential cross section for Ap elastic scattering



Particle and Nuclear Physics at J-PARC HEF

Comprehensive research on the origin and evolution of matter and the universe
« the mystery of the matter-dominated universe,

: : . Big B
« the evolution from quarks to hadrons (the smallest composite particles) - ,i,r:tg,,,,amm,.
* neutron star as a giant atomic nucleus. Quark dominated universe
. . o o Search for physics beyond
Intensity frontier accelerator o 0o ° the Standard Model
providing intense and variety of secondary beams o 00
Iy a-“"‘-
<2.0GeV/c ° 4 (
K1.8BR 6 . .9
~10° K-/spill Hadron
<1.1 GeV/c

Mass acquisition
mechanism of hadrons

-~ - co
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! Quark x 3
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30 GeV proton o0 208
i»-f,-.’ RO
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Baryon-baryon interaction
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30 GeV, 82 kW Prsese®
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N
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Particle and Nuclear Physics at J-PARC HEF

Comprehensive research on the origin and evolution of matter and the universe

* the mystery of the matter-dominated universe,
Big Bang

« the evolution from quarks to hadrons (the smallest composite particles) R Atk of 2 matter-
» the neutron star as a giant atomic nucleus. Quark o
e . o o Search for physics beyond
u—>e conversion measurement 0o 0o ° the Standard Model
Search for charged lepton flavor violation © ° o
100 times improvement over present upper limits -"'—o' o .

Rare decay of neutral kaon

Search for CP violation beyond the standard model
The world's highest sensitivity exceeding the standard model

Mass modification of vector mesons in nuclei

Mass acquisition
mechanism of hadrons

. . . ags . : Quark x 3
Elucidation of the mass acquisition mechanism of hadrons Nucleon
Vector meson in nuclei : 10 times more precision :.2‘:, i!w..

Systematic study of Kaonic nuclei

Baryon-baryon interaction

Study of exotic hadron bound system including K- P O OP
Mass number dependence of kaonic nuclei ' ;;“m’?‘ ’
Spectroscopy of S=-1, -2 hypernuclei e

Elucidation of the appearance mechanism
of E, A hyperons in dense matter

Excellent mass resolution of 2 MeV for = hypernuclei

¥ Strange matter?
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