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Baryon interaction study through hypernuclel

> 4 Hyperon(Y)—nucIeon(N) interaction
=» More general baryon—baryon interaction
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Hyperons In neutron stars

D. Lonardoni et al., Phys. Rev. Lett. 114, 092301 (2015)
—(Nature Astro. 4(2020) 72)

J0740+6620 (2019/9/18 2.14 M,

'_/-o-\sreen Bank Obs.)
: ‘ 4 PSR J0348+0432

PSR J1614-2230

particle fraction

AN + ANN (I1)
PR > 0.56 fm™?

1.36(5) Mg
AN + ANN (1)
P =0.34(1) fm™?
0.66(2) Mg

AN
P =0.24(1) fm™?
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=> Multi-body force may play an important role

Next generation hypernUC'ear spectroscopy T. Gogami (Kyoto Univ.) #% THE 23 INTERNATIONAL CONFERENCE ON
. T = F B = FEW-BODY PROBLEMS IN PHYSICS (FB23)
with the (e,e’K*) reaction at Jefferson Lab & s P st 22.27,2024 - geling China


http://fb23.ihep.ac.cn/
http://dx.doi.org/10.1103/PhysRevLett.114.092301

New astronomical observations
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Gravitation Wave from neutron star mergers NICER : NS x-ray hot spot measurement
LIGO/Virgo PRL 119, 161101 (2017) Physics 14, 64 (Apr. 29, 2021)

Macroscopic features of NS : Tidal deformability, masses and radii

: . — v " HYPERNUCLEAR
Microscopic investigation of NS: Inner composition B cPECTROSCOPY
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New constrains from astronomical observations

C.F. Burgio et al. Prog. Part. Nucl. Phys 120 (2021) 103879.

GWi70817 == Hyperons?
——BOB - - - Skyrme i Afii!

—V18 A Y

——N93 ------DDM W\ W\ o . ,

AN U AN Microscopic study

v el (€ nuclear/hypernuclear research) has

——FSS2GC
AFDMC

become more important as the
macroscopic study iIs in great progress
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YN/YY interaction study

Scattering experiments Femtoscopy Hypernuclear spectroscopy

@

(a) 0.84 < p (GeVic) < 0.55
ALICE p-Pb sy = 5.02 TeV

NSCaTt

- yEFT NLO13 (cutoff 800MeV)
¥EFT NLO19 (cutoff 600MeV)
ESCO08 (0.55 GeVic)
E289 data (0.35<p(GeV/ic)<0.75)
E251 data (0.3<p(GeV/c)<0.6)
present work
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T. Nanamura et al., PTEP 2022, 9, 093DO01 (2022) S. Acharya et al., Phys. Rev. Lett. 123, 112002 (2019) H. Hotchi et al., Phys. Rev. C 64, 044302 (2001)
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Missing mass spectroscopy for A\ hypernuclei

S= ZS (2025’\/) HES-HKS (2027~)
A=7,10,12 A=6,9,6 11,12,27,40, 48, 208

T. Gogami et al., EP) Web Conf. 271, 11002 (2022).

FEW-BODY PROBLEMS IN PHYSICS (FB23)
- Sept.22-27,2024 - Beijing, China
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Reactions used at J-PARC and JlLab

Hadron Beams
@J-PARC, Japan

Electron Beams
@JLab, US
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Mirror Hypernuclear Study

n>A
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Charge Symmetry Breaking (CSB)

Balanced Unbalanced
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Charge Symmetry Breaking (CSB), the mystery

*1) J.LH.E.Mattauch et al., Nucl. Pys. 67,1 (1965). Figure from proposal of JLab E12-19-002
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81 keV after Coulomb correction ~400 KeV after Coulomb correction
[R.A.Brandenburg, S.A.Coon ef al., NPA294, 305 (1978)] - 5 times larger CSB than NN interaction!
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Previous study of CSB effect for A = 7 at JLab

E. Hiyama et al., PRC80, 054321 (2009)
Phenomenological CSB potential

al ' J -1
jeven, CSB e Pevent”
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Parameters were adjusted
Theoretical to reproduce the binding energies

prediction

Y-l ‘He, +H, SLi, :Be hypernuclei

The calc. w/o the CSB potential is more
consistent with the data.

The origin of CSB is more complex?
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AN-2N coupling effect

A. Gal and D. Gazda, J. Phys.: Conf. Ser. 966 012006 (2018)

Charge symmetric AN-2N
:I:1

! AT
! N/

AZ mixing matrix element

A =4 CS average LO LO [22]  NLO [22] | Exp. (Fig. 1)

P,{:[ﬁl ) 37+8.%g 2.010.1 1. ?’f:::;: 2.27+0.09
By=! 1.08%9:58 14405 0.83F00T 1 1.0340.09

Ex(0 1t BRETERECH 105505 0714004 | 1.2540.02

w/o CSB
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Mirror hypernuclear data for p-shell systems

comnltinle Ao 4T TRe_TTi* TTi*_THe 5SRa_5T: 9R_97; 10p_10p.*
Isomultiplet +He—{H {Be—}Li* |Li*—{He {Be—3Li 3B—3Li "B—,"Be

Shell model (Gal et al.) [41] +226 —17 —28 +49 —54

Cluster model (Hiyama et al.) [39, 40] +150 +130
No-core shell model (Le et al.) [43] 238 —16 +143
Experiment +233 +£92 —100£90 —20 = 230 +40 £ 60 —210 £ 220 —220 £ 250

A. Gal, and D. Gazda, Jour. Phys.: Conf. Ser. 966, 012006 (2018)
E. Hiyama et al., Prog. Theor. Phys. 128, 105 (2012). 7 Y
H. Le et al., Phys. Rev. C 107, 24002 (2023) ‘)5’-PHHL'

Jﬂggﬁ'effesrsg nrl\’a ti%raal Ae:elera to

r Facility

ex

Existing data accuracy is not sufficient for CSB study (AB . > 200 keV)
- AB,~100 keV for A =6, 7,9, 10, 11, 12

= FEW-BODY PROBLEMS IN PHYSICS (FB23)
& Sept.22-27,2024 - Beijing, China
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Missing-mass spectroscopy at JLab

L Electro—production f
L) K « Better understanding of reaction cooo8®
/ « Small cross section ==,

{ @"3?25

2

« Larger noise as Z gets larger Ejgv

Primary beam

 High precision / small emittance
« High intensity > thin target GOSE®
(= High energy resolution)

Virtual photo production
> Large spin flip amplitude cooo® 522 €

=>» Good calibration with proton target
By =My — My, — My Jo be /ﬂeasurea’ = Mirror Hypernuclear study GO5E
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TG et al., .
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Approved Hypernuclear Experiments
(proposed by JLab Hypernuclear Col laboration)

@ E12-15-008 (Contact Person: S.N. Nakamura (Univ. Tokyo)) > *?K. *%K
“Isospin dependence of AN interaction”
@ E12-19-002 (CP: TG) > 3H. zH
“Hypertriton puzzle, s—-shell GCSB”
® E12-20-013 (CP: F. Garibaldi (INFN)) > 298]
“ANN three body force”
@ E12-24-004 (CP: TG) > SHe. jLi. iBe
“p—shel | GSB”
® E12-24-011 (CP: S.N. Nakamura) > % Mg

” Search for triaxially deformation states in 26Mg”

Next generation hypernuclear spectroscopy  T. Gogami (Kyoto Univ.)
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Approved Hypernuclear Experiments
(proposed by JLab Hypernuclear Col laboration)

: “ANN three body force” '
: @ E12-24-004 (CP: TG) -> ®He. JLi. !Be : :
g 3 VI ., Will be performed
: o-shell CSB z _

i ® E12-24-011 (CP: S.N. Nakamura) > 2]Mg in 2027

” Search for triaxially deformation states in 26Mg”

Next generation hypernuclear spectroscopy  T. Gogami (Kyoto Univ.)
with the (e,e’K*) reaction at Jefferson Lab € =science



http://fb23.ihep.ac.cn/

ef' .egon Lab

DThomas Jefferson National Accelerator Facility
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New experiment at
JLab Hall-C
(2027~)

 High resolution: 0.6 MeV FWHM
 High accuracy: 0.07 MeV
 Wide mass number: A = 6—208

0.7 GeV/c
2 X102 /sec

Next generation hypernuclear spectroscopy
with the (e,e’K*) reaction at Jefferson Lab € =science
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New experiment at

JLab Hall-C

 High resolution: 0.6 MeV FWHM
 High accuracy: 0.07 MeV
 Wide mass number: A = 6—208

- -
o

< aaey

.. 2.2-GeV Electron
' 50 pA (3 x 10 /sec)
' > Hypernuclei: 0.003 /sec
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P arti & 1 C D ete Ctors Cherenkov detectors

* Aerogel (n=1.05)
TG et al., NIMA 900, 69—83 (2018) e Water (n=1.33)

TG et al., NIMA 729, 816—824 (2013) |
< I
- I AR RS -
e | B
! ! RN
P! I ™™ W\ 'Y
' : - | :
! - R
| 4 _
TOF walls TOF walls
(Plastic scintillators) Drift chambers (Plastic scintillators)
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Energy Calibration

TG et al., NIMA 900, 69—83 (2018)

JLab E05-115
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from 2C nucleus
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Accidental
e’'K* coincidence

0.6 065 0.7 0.75 0.8 0.85 09 0.95 -200 -150 -100 -50 50 00 150 200
p,. (GeVie) M.~ M, [MeV/c?]

=» Systematic error ‘ABIS\YS'| ~ 60 keV

c.f.) T. Toyoda, Master’s Thesis, Kyoto University, Kyoto, Japan, 2021 (in Japanese)
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Expected Spectra (JLab E12-24-004)

for CSB study for CSB study for CSB study

SIMULATION | °CLi(e,e’K*) RHe & ‘ SIMULATION 2 SIMULATION
100 mg/cm?, 50 u A . . °Be(e,e’K) AL . 11B(e,e'K*) VBe
m 100 mg/cm?, 50 u A

Total accuracy:

JAY>] total‘ = \/(ABgtat-)z + (a¥*)* < 70 keV

Next generation hypernuclear spectroscopy  T. Gogami (Kyoto Univ.)
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More deformed

SIMULATION ®Li(e,e’K*) {He 3 , SIMULATION
100 mg/cm?, 50 u A . ‘Be(e,e’K") {Li
1 100 mg/cm?, 50 u A

>
Q
=
N
o
~
)
s}
c
>
(@)
()

Total accuracy: c.h) i GrctalEsRRE1 037 M. Isaka et al., PRC 92,

L.041301 (2021) ;
‘ A Btotal‘ < 70 keV Cluster / deformation structures 044326 (2015)
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“’Al(e, e’ K*)?Mg (JLab E12-24-011)

Anti-molecular dynamics (AMD) caIcuIation
Presentation by M. Isaka (2023); indico.j
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Mg X p, =2 Probing triaxially deformation
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High accuracy experiment = 3-body force study

Expected spectrum based on Geantd simulation M.M. Nagels et al., PRC 99 (2019) 044003.

—H)CJ(E e K+ —1UK SMULAEN fA +

50 pA

150 mg/cm pA ﬁ
e ;

ESC16
ESC16+ (Inc. 3BF)
G-matrix

Missing mass spectroscopy with the : _
world best accuracy |AB,| < 100 keV » New information for 3-body force
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Summary

N\ hypernuclear spectroscopy
& Baryon interaction (YN, YNN)

JLab Hypernuclear Collaboration

& (e,e’ K*) reaction = High resolution/accuracy spectroscopy

® The method was established at JLab

& hypertriton puzzle (biding energy vs. lifetime) 2027 ~
& Charge symmetry breaking

& (Triaxially) deformation

& NAN-2 N coupling

& iso—spin dependence of /ANN force

Next generation hypernuclear spectroscopy  T. Gogami (Kyoto Univ.)
with the (e,e’K*) reaction at Jefferson Lab € sance
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TABLE 11. Summary of the kinematics parameters in the proposed experiment.

ltem Valuce

Encrgy (/GeV) 2.24
(Required) energy spread and drift 1 x 10 * (FWHM)

Central momentum po™ [/(GeV /¢)]

cint.
o’

POS HES ( " Central angle 677
. 'CS e B[
EXpe rl m e nta I Solid angle acceptance S (/msr) (at pcemt)

Momentum resolution Ape /pes 1.4 % 101 (FWIHM)

pa ra m ete rS fo r Central momentum pSett [/(GeV/e)| 1.20)

K

the next JLab PCS | HKS (K V) Contral angle 0737} 115

T

Solid angle acceptance g (/msr) (at pitt) 7.0
Expe ri m e nt Momentim resolution Apg /pge 2.9 x 10" (FWHM)
ve=W (/GeV) 1.912

Q* [/(GeV/e)¥ 0.036

K oseattering angle wrt virtual photon, 0. g T.30"
i (.59

cr, 0.0096

% FEW-BODY PROBLEMS IN PHYSICS (FB23)

with the (e,e’K*) reaction at Jefferson Lab € scna ) sept 22.27,2024_-_Befing China
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Japan Proton Accelerator Research Complex
(J-PARC), Ibaraki, Japan
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Expected spectra (J-PARC E94)
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Missing mass spectroscopy of hypernuclei at JLab and J-PARC

JLab (HES-HKS, 0.6 MeV FWHM, 0.07 MeV accuracy, 2027—)

® (e,eK%)reaction atw = 1.5 GeV

& Approved: iH> THE2He ihih Be s tVe =0 s iat o ]
= AN CSB, ANN, tri-axial deformation

J-PARC (S-2S, 1.0 MeV FWHM, 0.1 MeV accuracy, 2025—)
ow b KC R RadCT Ky reactions @t v =105 andih:8:6eV /¢
o~ Approveds 2Lty B, <G, 4k, ‘2Be
¢ New additional plan: §Li, '1B efc.
= AN CSB, =N interaction
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