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Strangeness S = —1 and —2 hypernuclear

research at JLab and J-PARC
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Hypernucleus

Nuc | eon
up (u), down (d) quarks

Hyperon

(u, d +) strange (s)
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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)

particle fraction

—(Nature Astro. 4(2020) 72)

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

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

AN + ANN (1) PSR J1614-2230
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™?

12 13
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=> Multi-body force may play an important role
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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.
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v el (€ nuclear/hypernuclear research) has
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become more important as the
macroscopic study is in great progress
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YN/YY interaction study

Scattering experiments Femtoscopy Hypernuclear spectroscopy
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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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he mass at the moment of production

T Missin mass spectrosco
~ (measure) = . .

Fxcited state | )/ ray @

o1
e ®

Incident particle
(measure) Ground state
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Missing mass spectroscopy for A hypernuclei

Jefferson Lab
>ThHomas Jefferson National Accelerator Facility

S-2S (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).
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https://doi.org/10.1016/j.nima.2018.05.042
https://doi.org/10.1051/epjconf/202227111002

Reactions used at J-PARC and JlLab

Hadron Beams
@J-PARC, Japan
Electron Beams
@JLab, US
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Mirror Hypernuclear Study

ef' .egon Lab

D>Thomas Jefferson National Accelerator Facility

n>A
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Charge Symmetry Breaking (CSB)

Balanced Unbalanced
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Charge Symmetry Breaking (CSB), the mystery

Figure from proposal of JLab E12-19-002

0.35 + 0.05 MeV 0.03 + 0.05 MeV

—HE*—

*1) J.H.E.Mattauch et al., Nucl. Pys. 67,1 (1965).

AB = 0.76384 (26)*) MeV
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CERN PS (1976) \ @

E_=1.09%0.02 MeV

Present
experiment

J-PARCE13 (2015)
E = 1.406 = 0.003 MeV

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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https://researchmap.jp/gogami/published_papers/42604225/attachment_file.pdf

Previous study of CSB effect for A = 7 at JLab

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

r Uodd,CSB . odd, CSB) e —Bodar?

0 Ncrcr-\

Parameters were adjusted
Theoretical to reproduce the binding energies of
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Present data:

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

The origin of GSB is more complex?
T. Gogami (Kyoto Univ.), “Strangeness S = —1 and —2 hypernuclear research at JLab and J-PARC”, @ AAAAAAAA % SCIENCE 1 4
Department Seminar at Czech Academy of Sciences, Rez, Czech Republic, Oct 18, 2024 KYOTO UNIVERSITY

TG et al., PRC 94, 021302(R) (2016)




AN-2N coupling effect

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

Charge symmetric AN-2ZN
:I:1

' T 3 ]' i ' T r T
':.i'\" 1 ’: NX I-""['_jt:; N ﬂ:

AZ mixing matrix element

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

B{=0 2.37+020 2.540.1 1537008 | 2.2740.09
B{=! 1.08153% 14ﬂ§1 0.837097 | 1.0340.09
1.254:0.02

Fy [u+ —»ljfd ) EEWAERIUREN (1.054+0.25 0.7140.04

w/o CSB
. 3 = —— — = D)
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Mirror hypernuclear data for p-shell systems

IS PP A T AT] TPRa TT:* TT:* THa SPa_8T: 9P_97: 10p_10p,*
IbLJ‘]‘.].J.].].].t].I_‘].Lt A HE_. A H A BL A L‘]. A Ll A HE_. A BE_. A L‘]. A B A L‘l A B A BL

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

Cluster model (Hiyama et al.) [39, 40] +150 +130 +20
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). N T L axnsn
ice review by Martin [ ,
i o R © T 2 (Oct 15, 2024) - here oo semac W Jeftersonlab, .,

Existing data accuracy is not sufficient for CSB study (AB . > 200 keV)
- AB,~100 keV for A =6, 7,9, 10, 11, 12
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https://wiki.jlab.org/tegwiki/index.php/WEPH2024

Missing-mass spectroscopy at JLab

o Electro—production f
(%) K + Better understanding of reaction cooo®
« Small cross section T €

« Larger noise as Z gets larger ?5‘5"

Primary beam

« High precision / small emittance
« High intensity - thin target 5559
(= High energy resolution) |

=3

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

MHzJ(Ee+MT_E’_EK)2 (e \Pe I\PK) p = A *
=>» Good calibration with proton target
By=My—M,, ,— M, To be measured = Mirror Hypernuclear study G559
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T. Motoba, P. Bydzovsky, M. Sotona,

K. Itonaga, PTP Suppl. 185 (2010) N eW fi n d i n g -Fro m
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0B (' ¥) 1B splits p, state

............................................................

§L1-503 qeTr
avH

......................................................

@g:]vo L(:)1,3°3)Fo,
)

asaloum

ceec¥¥eccscccscscccccccdecsccnns pesscscccsccnde 00000 0o o hpummmmmeaaauamare ¢ 0 0 0 o oo S Secosesscesscssecsecose

(1: 20

)
NOTLVLIOXH

’!
‘.
N\
I\ . -
’ SNaw = i —
TRy = e TTTRT] PRPPRR  PETPN . TTrvn et ] S
T = \ c & s
. e -
< e R
’ t -
1 in

[ASWI Ya-
[ASW] V3

c.f.)
A. Umeya, T. Motoba, K. Itonaga, EPJ
Web Conf. 271, 01010 (2022)

19 /52

ADHHANHA

;



Virtual state Resonant state

A = 4.00 fm-" Resonant nn/\ state

Alexander

NSCO7f | >
XEFT(LO) Small By (xH)
XEFT(NLO EMUL.: 130 keV
YEFT(NLO) - ,

YEFT(NLO) -

YEFT(NLO) -

Large By (AH) oA
STAR: 410 keV nn/\
v g v' Resonant state may exist
v' Energy + width = nA Interaction
v' Strongly related to B, (3H)
> E12-19-002 (HKS)

Re(E) [MeV]
M. Schafer et al., PRC 105, 015202 (2022)
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(e,e’K*) reaction spectroscopy in 2018

Unti-strange quark

Strange quark

Missing-mass measurement at JLab
=>» Sensitive to both bound and states !!

c.f.) Invariant mass spectroscopy is sensitive to only bound state
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Cross section spectrum for Ann
Unbinned maximum

T, target likelihood fit
3H(e,C,K+)X (—20 < B) < 20 MeV)
Probability density function (PDF):
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2. Decay width
» Breit Wigner
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3. QF shape (—B, > 0)
» Unknown
= Linear function & RF
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4. Combinatorial background
» Data > the 4™ order polynomial

- e — = . 55
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Upper limit at 90% C.L. (2-D scan)

Upper limit xy; :

Jo Uk g(x)dx
fy. g(x)dx
where, g(x) is a Gaus.

¢

XyL = + sys.err.

= 90%

do/d€Q (nb/sr)

-

® Belyaev

Theoretical calculations to be
1 2 3 4 5 compared with the results are
—B, (MeV) awaited !!
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v HRS-HRS @ Hall A
v’ Tritium target

v (e,e’K") @ @

v Oct—Nov 2018
Progress of Jl_)qu PHYSICAL REVIEW C

Theoretical and _ )
Experimental Physics covering nuclear physics

he Playateal Soriety of fapes

The cross-section measurement for the *H(e,
e'K')nnA reaction &

K N Suzuki ™, T Gogami, B Pandey, K Itabashi, S Nagao, K Okuyama, S N Nakamura,

Spectroscopic study of a possible Ann resonance and a
pair of XN N states using the (e,e’ K ) reaction with a

tritium target

L Tang, D Abrams, T Akiyama, D Androic, K Aniol, C Ayerbe Gayoso, J Bane, S Barcus,

J Barrow, V Bellini, H Bhatt, D Bhetuwal, D Biswas, A Camsonne, J Castellanos, J-P Chen,
J Chen, S Covrig, D Chrisman, R Cruz-Torres, R Das, E Fuchey, K Gnanvo, F Garibaldi,

T Gautam, J Gomez, P Gueye, T J Hague, O Hansen, W Henry, F Hauenstein,

D W Higinbotham, C E Hyde, M Kaneta, C Keppel, T Kutz, N Lashley-Colthirst, S Li, H Liu,
J Mammei, P Markowitz, R E McClellan, F Meddi, D Meekins, R Michaels, M Mihovilovic,

A Moyer, D Nguyen, M Nycz, V Owen, C Palatchi, S Park, T Petkovic, S Premathilake,

P E Reimer, J Reinhold, S Riordan, V Rodriguez, C Samanta, S N Santiesteban,

B Sawatzky, S Sirca, K Slifer, T Su, Y Tian, ¥ Toyama, K Uehara, G M Urciuoli, D Votaw,

J Williamson, B Wojtsekhowski, S A Wood, B Yale, Z Ye, J Zhang, X Zheng

Progress of Theoretical and Experimental Physics, Volume 2022, Issue 1, January 2022,
013D01, https://doi.org/10.1093/ptep/ptab158
Published: 06 December2021  Article history v

J Bt

J. Zhang?, and X. Zheng-" (Hall A Collaboration)

https://doi.org/10.1093/ptep/ptab158 https://doi.org/10.1103/PhysRevC.105.L.051001
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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. ;H
“Hypertriton puzzle, s-shell GCSB”
® E12-20-013 (CP: F. Garibaldi (INFN)) > 298]
“ANN three body force”
@ E12-24-004 (CP: TG) > SHe. jLi. 1Be
“p—shel | CSB”
® E12-24-011 (CP: S.N. Nakamura) > %]Mg

“Search for triaxially deformation states in 26Mg”

- - «“ = - = 2
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Approved Hypernuclear Experiments
(proposed by JLab Hypernuclear Col laboration)

: “ANN three body force” .
t @ E12-24-004 (CP: TG) -> ®He. JLi. Be : ]

b ) e T ., 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”

; o — = - 2
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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

Hypernucleus

T. Gogami (Kyoto Univ.), “Strangeness S = —1 and —

Department Seminar at Czech Academy of Sciences, Rez, Czech Republic, Oct 18, 2024
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New experiment at
e’: HES

JLab Hall-C

( 2027 ~> 0.7 GeV/ = 19 Ge /c )

 High resolution: 0.6 MeV FWHM
 High accuracy: 0.07 MeV
 Wide mass number: A = 6—208
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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) |
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TOF walls TOF walls
(Plastic scintillators) Drift chambers (Plastic scintillators)
T. Gogami (Kyoto Univ.), “Strangeness S = —1 and —2 hypernuclear research at JLab and J-PARC”, @ #55 SCIENCE 3 O /52
KYOTO UNIVERSITY

Department Seminar at Czech Academy of Sciences, Rez, Czech Republic, Oct 18, 2024


https://doi.org/10.1016/j.nima.2018.05.042
https://doi.org/10.1016/j.nima.2013.08.047

Energy Calibration

TG et al., NIMA 900, 69—83 (2018)

JLab E05-115
CH, target

wn

p(ee'’KH) A

w o

:r;])
[ Counts / (0.25 MeV/c?)]

Quasi-free A, ¥ p(e,e’K) Z°
from '2C nucleus

TS

[E— [E—
. .
< . —_
h —

Accidental
e'K* coincidence

0.6 0.65 0.7 0.75 0.8 0.85 09 0.95 -200 -150 -100 -50 50 00 150 200
LG M,-M, [MeV/c?

=» Systematic error ‘AB/S\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 stludy 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 . 1"B(e,e’K*) 'Be
100 mg/cm?, 50 u A “

20 C OOOOO dence

'H‘WWH M i’ L T S K
N

==

Total accuracy:

‘ABtOtall = \/(ABIS\tat')Z + (287 < 70 keV

: = — = = 99
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More deformed
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; c.f.) TG et al., PRC 103, M. Isaka et al., PRC 92,
TOtal accuracy' L041301 (2021) .
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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 S]MULAEN fA +

50 pA

.’I‘?.O mg/cm? pA ++ +++.

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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Great progress in theoretical predictions
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P. Bydzovsky , D. Denisova, D. Petrellis , D. Skoupil, P. Vesely, G. T. Motoba, JPS Conf. Proc. , 011003 (2017)
De Gregorio, F. Knapp, and N. Lo ludice, PRC 108, 024615 (2023)
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Japan Proton Accelerator Research Complex
(J-PARC), Ibaraki, Japan
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J-PARC EO5 at K1.8 beam line

Analysis by Dr. Y. Ichikawa
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N . c.f.) Result for the 12C(K-,p) reaction:
Y. Ichikawa et al., PTEP 2020, 123D01 (2020)
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Result (J-PARC E05), 8 MeV (FWHM)

Y. Ichikawa et al., PTEP 2024, 9, 091D01 (2024), https://doi.org/10.1093/ptep/ptael33
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Expected spectra (based on E05 result)
J-PARC EOH J-PARC E/O

(b) QF(I" = 0) + 2Gaus

Two scenarios which
AM = 4 MeV EO5 could not clarify
(FWHM) would be clear in E70

Counts /1 MeV

Ll
-40

4 MeV (achieved

resolution now)

AM = 4 MeV — analysis in progress

(FWHM) N * to reach 2 MeV (design
TR it

R s value)

>
(]
=
NG
2
c
=1
o
O

R R
—40

c.f.) BEheor = 8.4 MeV (I = 0.89 MeV)
E. Friedman, A. Gal, Phys. Lett. B 820, 136555 (2021)
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Expected spectra (based on E05 result)
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Strangeness nuclear physics by S-2S
X ray

y ray

Scattering particle

Meson beam
10° particles/spill
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Strangeness nuclear physics by S-2S

X ray

Ge
detector

y ray

Meson beam
S 73 2 S 106 particles/spill
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Energy spectrum with the (K , K +) reaction

T. Harada, Y. Hirabayashi, A. Umeya, NPA 914, 85—90 (2013)

Bo+n Bo+a

o3
o3

—— 500 MeV
—-— 250 MeV

nJ
=

=
[ =

r:_"'l
=
ik
=
[
n
rD'-.
A
=
o
L
-
L
=]
ol
o
ol
o
o
L

AN hypernuclei may
be observed

. . “« — — = %
T. Gogami (Kyoto Univ.), “Strangeness S = —1 and —2 hypernuclear research at JLab and J-PARC”, @ st SCIENCE 45

KYOTO UNIVERSITY

Department Seminar at Czech Academy of Sciences, Rez, Czech Republic, Oct 18, 2024



. + s = - e <
= ] - P - . e y J | 3
- e 3 o Y &'t . . A £
p } ¢l | v o ¢ c o o
: g ! . s 7 / N
g » A i ol i 1 % =4 .
- - = = - - | bt S /
| : Ripass— ¢ /% : %
" B B —e_ g g - i - s I (o
n Proton Accelerator Research Complex / 'l | | | ~ ot I : —
- "4 " - | v < % A } i —
A5 7 5 / o | 4 ¢ gy - KTy
loll  Hf0 v fher, ) € | ¢
i : ~ - | 1 2 A / 5 y ¥
’ = 1N \ .- " a3 = L i |
N ol i1, 4 o V) = : { P ™
% - «
4 /]
. A\ !/ e
|

"S — _1((

as well

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

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

® (e,e’K%)reaction atw = 1.5 GeV

o] el oTviE ORI 8 BRIS (e Al & N ST A Pl gL G s S
= AN CSB, ANN, tri-axial deformation

J-PARC (S-2S, 1.0 MeV FWHM, 0.1 MeV accuracy, 2025—)
& (mt,K*) and (K—,K*%) reactions atp = 1.05and 1.8 GeV/c¢
& Approved: {Li, 3B, *£C, ZH, 'ZBe
¢ New additional plan: §Li, '1B efc.
= AN CSB, =N interaction
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New data with high accuracy and precision data will be
provided in a few—95 years

4

Theoretical calculations are necessary

Czech Academy of Sciences has been playing important
roles and will be!
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Thank you for
your attention
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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 /¢)]
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PCS | HES (¢) |
{00

pa ra m Ete rS fo r Solid angle acceptance 0. (/msr) (at pti™)

Momentum resolution Ape /pes 1.4 % 101 (FWIHM)

e I Ie a Central momentum pSeT [/(GeV/e 1 20

X K l I :Il

PCS | HKS (K Central angle 6752 11.5°
o I8 S (K1)

EX p e rl m e nt Solid angle acceptance £y, (/msr) (at piT-) 7.0

2027 Momentim resolution Apg /pge 2.9 x 10" (FWHM)
( _) Vi =W (/GeV) 1.912

Q* [/(GeV/e)¥ 0.036

K oseattering angle wrt virtual photon, 0. g
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cr, 0.0096
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https://researchmap.jp/gogami/published_papers/46343137/attachment_file.pdf

Next JLab experiments; light to heavy hypernuclei

T. Motoba, JPS Conf. Proc. 17, 011003 (2017)
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Next JLab experiments; light to heavy hypernuclei

A Hypernuclear Chart (A<60) o

Neutron Number

™

N

)
3

Measured by (e.e’K*)

. . “« — — = 99
T. Gogami (Kyoto Univ.), “Strangeness S = —1 and —2 hypernuclear research at JLab and J-PARC”, @ st SCIENCE 57

KYOTO UNIVERSITY

Department Seminar at Czech Academy of Sciences, Rez, Czech Republic, Oct 18, 2024



Next JLab experiments; light to heavy hypernuclei
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Limited data for the CSB study

O: Data w/ <100 keV accur. exists
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Limited data for the CSB study

O: Data w/ <100 keV accur. exists

Shell A Component <0 IST;';I n 0 w/c1solc3) |itvua:2,u )
S 4 E]@ A (0*/1%)] O O | O Yes Yes
6 m O A -'I-'h-is-prop. J-PARC Yes
7 m OO A O (JLab) O O Yes
S o | d DR ® O Yes
s o APIOO® | mever [0 2
10 mn O A O (Lab) J-PARC E94 Yes
11 mn N XIN A - Th|s ;:’)r-oj - J-PARC Yes
12 mnm@ A O (JLab) J-PARC E94 Yes
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Expected spectra (J-PARC E94)
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