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? AN interaction

KRS
The AN interaction is a fundamental
ingredient of hypernuclear physics.

Charge symmetry implies:
Vap = Van
Charge symmetry breaking (CSB) has

been observed in the A4 = 4 mirror
hypernuclei

4 4 <8
AH and AHe T. Ishikawa
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6P %H and iHe

AR A
0.3-MeV difference of excitation energies
between j‘{H and ‘He

4 — 4 -1
AHU = 1) adding a A rHe (J )

, 1.09 MeV 1.406 MeV
H(J = 0)
A 4
rHe(J = 0)
T.0. Yamamoto et al.,
PRL115, 222501 (2015);
~He

A. Esser et al.,
PRL114, 232501 (2015).

How different are the Ap and An b oS

J. Haidenbauer, U.-G. MeifRner, A. Nogga, "

interactions? g, Phys. J. A 56, 91 (2020). 44 g;;“t“;a::,abé; 2026




? Ap interaction

ARKF

The Ap scattering length was determined
200950 100 150 (ME%? from pp > K M (Ap) at
| iese oo P, =2.735GeV/c,
e | | O =0°

% o ﬁnul{_state My spectrum for

interaction | PP, K")X gives
a=2.43%)1% fm
T =2.21%57¢ fm

2%}5;+O{,|2IO|6|0| 2070 2080 2090 2100 2710 HIRES Collaboration,
M (MeV) " phys. Lett. B 687, 31 (2010). q 5L

Direct Ap scattering becomes possgihle

er 2026




? How to study the An interaction

AR A
Several reaction have been proposed to
study the An interaction.

1. K d - Any

W.R. Gibbs, S.A. Coon, H.K. Han, and B.F. Gibson,
PRC61, 064003 (2000).

2. K-d- n’An and n™Ap
direct comparison is possible between
An and Ap

Y. lizawa, D. Jido, T. Ishikawa, PRC106, 045201 (2022);
S. Yasunaga, D. Jido, T. Ishikawa, PRC112, 015208 (2025).

3. yd > K"An i
H. Yamamura, K. Miyagawa et al., PRC61, 014001 (1999). "’,6
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? d > K"An
|4
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An final-state interaction (FSI) in yd -
K™ An, where quasi-free (QF) yp' - KTA
Is expected to take place

|1 4 K™

QF

d
n

An FSl is expected to enhance
the M,,, spectrum near the An mggn gze
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P LEPS facility at SPring-8
At the LEPS facility, we use the laser
electron photon (LEP) beam, which is
generated by Compton scattering from

laser photons and circulating electrons
in the storage ring

" L ¢ Recoil electron
of the SPring-8 e (5~7GeV)
~ &
e .

~

High-energy circulating electron Laser electron photon (LEP)
(8 GeV) (1~3 GeV)
Laser photon 9
(~3 eV) 9 ).
T. Ishikawa “wgf

10 September 2026



P LEPS facility at SPring-8
K" detection at forward
angles from the liquid
deuterium target

Energy distribution of
_incident photons

Time-of-Flight

Drift Chambers

Dipole Magnet

40 =
> 30 2 355 nm
g _ oW
NE 20:\ /
S b __—
- 266 nm
0 - | I
0 1 2 3

T. Ishikawa
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Analysis
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¢ Particle ID
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K* detection
K_ 11'_ n+ K+ p

l 0.5 0 0.5 1 =
m/q (GeV) 0 September 2026



? Vertex selection
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Vertex resolution
cosbgy LH; SC deteriorates at

oo 20100 forward angles
10000:
5000 /\/—\\ _ _ _

| Selection criteria

0 e L
g ssof 0 997095 cosOy < 0.99
% 1000(]'E thX E
S ™ [—1135,—885) mm
0 —1200 -1100 —1(;00 | =900 -800
thx (mm)
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Preliminary
Results
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@ An invariant mass distributions

AR A
An invariant mass M,,, is given by the
missing mass My for d(v, K+)X

160 ZO y -

140

cosBK = 0.98~0.99
E, =1.6~1.7 GeV

v

L 120 -

100 —

80 |-

60 -
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Lo v v v v v by IR BEEA.. 1 "f
lU{?ll 0 0.1 L5z 03 0.4 0.5 0.6 ‘151‘

T. Ishik :
AMp, = My, — Mp — M,, (GeV) 10 September 2026




@ An invariant mass distributions

s
yp — K™ A data

relatively well-established below W ~
2.0 GeV (E)’ ~ 1.66 GeV) T. Mart, Prog. Theor. Exp. Phys.

2019, 069101 (2019).

Quasifree yp' - K*A and K™ data are
produced from the CLAS data

M. Sumihama et al., Phys. Rev. C 73, 035214 (2006)
R. Bradford et al., Phys. Rev. C 73, 035202 (2006)

An final-state interaction

-1
2

§16).
T. Ishikawa '
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FSI factor~ 1+( P )

1 1 2
a+2Tp



? An invariant mass distributions
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Quasifree yp' - K*A and K*X° from the
proton data

160

40
20
0

Counts/0.001 GeV

-005 0 0.05 0.1 0.15 0.2 025 0.3 0.35
AM,, (GeV)

140
120 -
100 f
80 f
60 :

R. Bradford et al.,
Phys. Rev. C 73, 035202 (2006).
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cosO, = 0.98~0.99
E,=1.6~1.7 GeV
a=-3.0, fm
r=2.211fm (Ap)

AM 5,
~ 77.0 MeV (Z°n)
L ~805MeV(Z D)
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@ An scattering length
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20 cosfg = 0.98~0.99,
o E, =1.6~1.7 GeV
230
220 - r=2.21fm (Ap)
210
R 200 -
190 -
180 a=-2. Zt(l):g fm
170 -
160 - Errorg correspond
150 s to Ay =1
ay, (Im)

(18],
a=—2. 7t(1)§ fm for Ey =1.5~1.6 GeVIshikawa’j L
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Summary
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We measured differential cross sections for
inclusive K+ photoproduction from the
deuteron with K* detection at forward angles

* A small excess over the quasifree
contribution is seen in the low-relative-
energy region

A preliminary fit suggests a spin-averaged
An scattering length: a~ — 2.5 fm

*More reliable elementary yN —» K'Y inputs
are needed ;201

*Three-body calculations are needpoog.;;htmaber 3 26
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