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(e,e’K*) spectroscopy / decay 1t spectroscopy

Hypernucleus i
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(e,e’K*) spectroscopy / decay 1t spectroscopy

Hypernucleus i

Large Spin flip @ n 5

e.g. “He > TH(1%) c.f. J-PARCE63

TG et al., EPJ Web of Conferences 271, 01001 (2022)
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(e,e’K*) spectroscopy / decay 1t spectroscopy

10—100 ns/sr
for gamma beam i
o K

Virtual photon flux

[ =10~ /electron

— 1014 electrons/sec
(High intensity)

Hypernucleus i

Large Spin flip @ n 5

e.g. “He > TH(1%) c.f. J-PARCE63

TG et al., EPJ Web of Conferences 271, 01001 (2022)
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(e,e’K*) spectroscopy / decay 1t spectroscopy

10—100 ns/sr

S ,"—"\ Coincidence experiment
'/' ’\ for gamma beam "K_|_ \ —> CW beam with High duty factor
] // ﬁ’ S ¥, is required (100%)
\ SN

Virtual photon flux

[ =10~ /electron

— 1014 electrons/sec
(High intensity)

Hypernucleus i

Large Spin flip @ n 5

e.g. “He > TH(1%) c.f. J-PARCE63

TG et al., EPJ Web of Conferences 271, 01001 (2022)
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(e,e’K*) spectroscopy / decay 1t spectroscopy

10—100 ns/sr /"'\\ Coincidence experiment
y ’\ for gamma beam ,'K_|_ \ > CW beam with High duty factor
// o) b / is required (100%)
\

4
’

Virtual photon flux

[ =10~ /electron

— 1014 electrons/sec
(High intensity)

Hypernucleus

Large Spin flip

g He D> (18 cf J-PARC E63H i ot B

TG et al.,, EPJ Web of Conferences 271, 01001 (2022)
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(e,e’K*) spectroscopy / decay 1t spectroscopy

J. Takatashi, Poster
K. Higashimoto, Poster
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Roles of hypernuclear study

da/d [mb/sr]

T. Nanamura et al., PTEP 2022, 9, 093D01 (2022)

Scattering experiments

NSC97!
- %EFT NLO13 (cutoff 600MeV)

%EFT NLO19 (cutoff 600MeV)
ESCO08 (0.55 GeV/c)

E289 data (0.35<p(GeV/c)<0.75)
E251 data (0.3<p(GeV/c)<0.6)
present work
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S. Acharya et al., Phys. Rev. Lett. 123, 112002 (2019)
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Hypernuclear spectroscopy

H. Hotchi et al., Phys. Rev. C 64, 044302 (2001)
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?p

Core contraction due to A (4Li) & A D

=)

SLi (1) K .Tanida H. Tamura et al., PRL 86, 1892 (2001).

ALd (1/27)

7/2+
5/2+ 2.050

counts/2keV

3/2 0.692
/2% 0

w)
ST.i (1+)

LA (1/2%)

1900 2000 2100 2200 2300
E,(keV)

B(E2) = 3.6 + 0.5702 e2 fm?

ey ) = 19% reduction of a-d distance
E. Hiyama, M. Kamimura, K. Miyzaki, T. Motoba, PRC 59, 5 (1999)
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Unstable to stable ({He)

JLab E05-115
Li(e,e’K*) He
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)
=

Theoretical
predictions

T. Gogami et al., Phys. Rev. C 94, 021302(R) (2016).
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/\ probe for unstable states

- - E (MeV)
o 70 <0,,,<90 3 EXPERIMENTS THEORIES
2" (fixed) o —

SPIRAL
1.8 MeV x?=0.52 5Li/Be) (t,°He) “He(p.t)
I'=113 keV

counts/200keV

2.65 MeV

. 2. at
. 9 — 2
1+,l,‘i"',, A+ Ly o “ 18

“r=000" r=03 [=04

r=0.1"

s0*
E o (MeV) [16,17]  [19] FewB NCSM QMC GSMa CSM GSMb COSM

X. Mougeot et al., PLB 718, 2, 441— 446 (2012)
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Cluster model calculation using CSM:
E. Hiyama et al., PRC 91, 054316 (2015)

3.00 (5.22)
2.81 (4.63)
0.07 (1.01) 5/2,

- 7————————- -3/2F
o+N+nN+A 2

0.03 (1.13)
é\He+n+n
—4.65 52 aHe+n
-4.73 3/23

—6.39 1/2

7
A He

Accurate 23 measurement would be
possible thanks to A’s glue-like role

@ e SCIENCE 11
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T Motobr  Bytzovly. M. Sloe New finding from
Improved precision

U Vjugguu  \LwjuLmvry

DATA "
(TG etal., PRC93, ] »
1022 60100 G0\GOE [Up\eL\ s A]

034314 (2016)) | \
do/dQ, per 0.3 MeV [nblsr] A. Umeya, T. Motoba, K. Itonaga, J. A. Umeya, 20P1A
N »

AN Phys.: Conf. Ser. 1643 012110 (2020)
) v _
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e e 1 5c
M. Isaka et al., PRC 89, 024310 (2014)
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=386 7/27 ‘ 1.
~ spherical ‘ 19 .66 MeV 1+ 0+ ~

c.f.)
X.R. Zhou, 1P1A

Less bound as the
core is more
deformed due to
smaller overlap
between core
and A
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“’Al(e, e’ K*)?Mg (JLab E12-24-011)

Anti-molecular dynamics (AMD) calculation

Z=12: Prolate
N=14: Oblate
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M. Isaka, 29P1A

Mg X p, =2 Probing triaxially deformation
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https://indico.jlab.org/event/705/

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

0.35 + 0.05 MeV 0.03 + 0.05 MeV

—HE*—

AB = 0.76384 (26)*) MeV

-
+

1
uolsinws

1+
CERN PS (1976) \ @ :
E =1.09+0.02 MeV
nt

Prese
experiment

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

81 keV after Coulomb correction ~4(00 KeV after Coulomb correction
[R.A.Brandenburg, S.A.Coon et al., NPA294, 305 (1978)] - 5 times larger CSB than NN interaction!
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Previous study of CSB effect for A = / at JLab

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

peven, CSB) e — Beve we

OA'ON

r Uodd,CSB . odd, CSB) e —Bodar?

0 Ncrcr-\

Parameters were adjusted
Theoretical to reproduce the binding energies of

”"Ed"ft'DC”SB *He, #H, SLi, SBe hypernuclei
— W/O

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

—
—
-

E-I—I
o=
- T.
::r.::-
=7
QU

o 1

TG et al., PRC 94, 021302(R) (2016) The origin of CSB is more complex?
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Mirror hypernuclear data for p-shell systems

Energies in keV

comultinle 1o 4T TRe_TTi* TTi*_THe 5SRa_8T; 9R_97; 0p_10p,*
Isomultiplet iHe— H [Be—}Li* {Li*— He {Be—3Li 3B—Li ,"B—,"Be

Shell model (Gal et al.) +226 -' —28 +49 —54 —136

Cluster model (Hiyama et al.) +13( +20
No-core shell model (Le et al.) +238 —16 +143
Experiment +233 £92 —100 =90 —20 £ 230 440 £ 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). 08l aunrrumss
H. Le et al., Phys. Rev. C 107, 24002 (2023) ‘tf/‘-PHHL'

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

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
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CSB in heavier system

T. Sun, Y. Tanimura, H. Sagawa, E. Hiyama, PLB 865, 139460 (2025)

PK1 -EXP = with CSB
THe-TBe -‘"'“‘ CSBl  4scatice “["| o wio csB () PK1 s

wfo CSB

= 48
123 120 . 48g A Ca
:"'x C

A=7 A=10 A=12 A=40 A=48

Y. Tamimura, 29P1A
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Mirror Hypernuclear Study

Jg,f.eéon Lab

D>Thomas Je on National Accelerator Facility

(™, K™)
n>A\
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Missing mass spectroscopy for A hypernuclei

%4 ﬁ..a ppmep—_ TG et al., EPJ Web Conf 271 11002 (2022)

¥ = Y Ichlkawa, 1PLE1
B K. Ebata, 1P2B

5-25 (2025’\') HES-HKS (2027 ~)
A:A=7,10, 12 A:A=6,9 11, 12, 27, 40, 48, 208
= A =12
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T. Gogami (Kyoto Univ.), HYP2025, U. Tokyo, Tokyo, Japan, Oct 2, 2025 | SORCRN s RE s


https://doi.org/10.1016/j.nima.2018.05.042
https://doi.org/10.1051/epjconf/202227111002

New Spectrometer at J-PARC for high precision

2023.6 commissioning
2025.4—S5 Physics data (*2Be)

%2
b=

=

@)
o
10

J-PARC E70
$ ¢ 2C(n K 2C
¢ +++ p.=1.8GeV/c

3-g/cm? CH:
(Y

Missing mass (A.U)
T. Gogami et al., TDR for J-PARC FIFC, J-PARC E94 (2025)
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Expected spectra (J-PARC E94) s

T. Taniguchi, Poster
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Approved Hypernuclear Experiments
(proposed by JLab Hypernuclear Col laboration)

@ + E12-T5=008F 28 ik - 2{K ® Run group experiment (E12-15-008A):
“Isospin dependence of AN interaction” Decay-pion spectroscopy
@ E12-19-002 > 2H. 3H
“Hypertriton puzzle, s-shell CSB”
® E12-20-013 > 2987]
“ANN three body force”
@ E12-24-004 > SHe. jLi. !Be
“p-shel| CSB”
® E12-24-011 > 2’Mg
” Search for triaxially deformation states in 26Mg”
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Approved Hypernuclear Experiments
(proposed by JLab Hypernuclear Col laboration)

t @ E12-16-008F % 3i16.< K ® Run group experiment (E12-15- 008A)
: “Isospin dependence of AN interaction” Decay-pion spectroscopy

i @ E12-20-013 > 208 Tl

: “ANN three body force” ,

i @ E12-24-004 > §He. jLi. 1B = ,

e S PSS Will be performed
“p—shel| CSB” i s
F12-24-011 > 2]Mg rom 2027

" Search for triaxially deformation states in 26Mg”:
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New experiment at
JLab Hall-C i sl

Vs \Pa 5 % 10* /sec
 High resolution: 0.6 MeV FWHM EUNN W\

 High accuracy: 0.07 MeV
* Wide mass number: A = 6—208

' 50 pA (3 x 10 /sec)

— ' > Hypernuclei: 0.003 /sec
JeffersSon Lab ) 11 4
O‘Thomas Jefferson National Accelerator Facility " \\\ E 1=/' l
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New experiment at
JLab Hall-C
(2077 ) D 12 G/

G 10% /sec

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

4

£

.. 2.2-GeV Electron
' 50 pA (3 x 10 /sec)
- ' > Hypernuclei: 0.003 /sec
Missing mass + Decay pion spectroscopy 4$£1§s‘eg'/zsrsgnmaﬁ|&9£demFac’_my \‘§ :::/g__'l

-\
@i SCIENCE 26
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To realize heavier hypernuclear measurements

p.=0844GeV/c + 17.5%

Pre-chicane HES '

. beamline

T. Gogami et al., NIMA 900, 69—83 (2018)

Better S/N
High Precision Spectroscopy of Light Lambda hypernuclei at Jefferson Lab
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New magnet PCS

. : : Measurement vs. TOSCA calc.
(Pair of charge separation dipole magnets)

4 B
beam 1000 A, 1700 A, (2 | Excitation
97 V 106 V AREE Y o Rl ,

Corr. coils  mMain coils S TR | ‘. ‘* =, ; - curve
? ; \l.ﬁ ‘ - E | 500 1000 1500

Mar 2020 @TOKIN Japan | Current (A)
Good agreement (<1%)

e, f .

| | Dagg il

Shipping T

—7% B, along cent. ray
a R

Entrance Edge  Exit Edge

l}é\ s ‘

Feb 2022 ‘@9Lab It worked as expected !!
High Precision Spect f Light Lambda h lei at Jeff Lab
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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:

‘AB Co \/(ABgtat-)z + (a¥*)* < 70 keV

High Precision Spectroscopy of Light Lambda hypernuclei at Jefferson Lab
g P Py g yp SCIE NCE

T. Gogami (Ryoto Univ.), HYP2025, U. Tokyo, Tokyo, Japan, Oct 2, 2025 @ KYOTO UNIVERSIT 2 9
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More deformed

pp 4 pm

e
p=055 2.80fm

E — E(*He) [MeV]

+ SIMULATION
3/2 ‘Be(e,e’K*) AL
5/2* 100 mg/cm?, 50 u A

- Accidental
E_Coincidence

Counts /0.2 Me

- Accidental
- Coincidence

| . MHK
i WM\M 1

.|l..||

c.f) TG et al., PRC 103, M. Isaka et al., PRC 92,

TOtil iIClCuracy, L041301 (2021) e S 044326 (2015)
‘A B e < 70 keV uster / deformation structures
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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.

0Ca(e, e’ K+OK Sl‘AULATCIiN f A;

50 pA

150 mg/cm pA

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

Missing mass spectroscopy with the
world best accuracy |[AB,| < 100 keV
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T. Gogami (Ryoto Univ.), HYP2025, U. Tokyo, Tokyo, Japan, Oct 2, 2025

» New information for 3-body force
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K (JLab) and * Ca (J-PARC) =» CSB in medium heavy mass
HES-HKS at JLab (*7K ) S-2S at J-PARC (*2Ca )

—H)C‘l(e e K+ 4{}K SWAULAHN fA +

50 pA

’I‘:O mg/cm pA ++

Simulation based on T. Motoba et al., PRC 38, 3 (1988)
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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

High Precision Spectroscopy of Light Lambda hypernuclei at Jefferson Lab
T. Gogami (Ryoto Univ.), HYP2025, U. Tokyo, Tokyo, Japan, Oct 2, 2025

Jefferson Lab |

@ Exploring the Nature of Matter |
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KYOTO UNIVERSITY
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Thank you for your atten tio
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https://indico.jlab.org/event/931/
https://indico.jlab.org/event/931/
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Experimental setup

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

Hypernucleus P’
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https://doi.org/10.1016/j.nima.2018.05.042

Kinematic parameters

Energy (/GeV) 2.24
Beam (e) | _ . 4,
(Required) energy spread and drift I x 107 (FWHM)

Central momentum pz‘f‘“' [/(GeV/e)] 0.74
. 'clc H1 ‘ Qm}t. . o
PCS + HES (¢') | Central angle 6, - 5.5
Solid angle acceptance €2,/ (/msr) (at pJ;™) 3.4
Momentum resolution Ap.s /pes 4.4 % 10~* (FWHM) Optl mal for /\ ad nd ZO
Central momentum pi™ [/(GeV/c)] 1.20
Central angle g 11.5°
PCS + HKS (K* = ek _
¥ (&™) Solid angle acceptance Qg+ (/msr) (at pSt- 7.0 Small Q2
Momentum resolution Apg+/pk+ 2.9 x 10~* (FWHM) 9 AI
_ e most real photon
Vs =W (/GeV) 1.912 P
0% [/(GeV/c)?] 0.036
K™ scattering angle wrt virtual photon, g+ 7.35° Forward an g|e
€ 0.59 .
. 0.0096 =» Large cross section
High Precision Spectroscopy of Light Lambda hypernuclei at Jefferson Lab @ a8 SCIENCE 4 O
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High accuracy measurement by good calibration

E =224 GeV
HYK =0 deg

0.5 055 0.6 065 0.7 075 0.8 0.85 0.9 0.95
p. (GeV/c)

=» Good calibration
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Backward transfer matrix optimization

4 MeV (FWHM)

Entries 22674
Mean 26.37
RMS 41

W i i e

-60 -40 -20 20

Fri Oct 16 17:53:18 2009

High Precision Spectroscopy of Light Lambda hypernuclei at Jefferson Lab
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1.5 MeV (FWHM)

JLab E05-115

CH, target
p(e,e’KH)A 2 g

Quasi-free A, 3 p(e,e’K") X0
from 2C nucleus

Accidental
e’K+ coincidence

0 ‘
-200 -150 -100

M _-M, [MeV/c?]
TG et al., NIMA 900 (2018) 69-83
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Experimental target » o. meeins

Thickness Length in radiation Beam time Beam current

/ (mg/cm?) Length /hours m Remark

Material

450 10.1X10°3 144 2 Energy calibration, Raster 2x2 mm?

100 1.40%X10° 120 50 E12-24-004, Raster 2x2 mm?
100 1.53%10° 384 50 E12-24-004

100 1.87%10° 72 50 E12-24-004, B,C

150 2.34%X1073 168 50 Energy calibration

Beam position check
Raster 2x2 mm?

150 6.24X10° 50 E12-24-011
150 9.31X1073 50 E12-15-008/E12-24-013
150 7.76X1073 50 E12-15-008/E12-24-013

150 2.34%X1073 - 10

150 23.5%X10°3 25 E12-20-013/E12-24-003, Raster 2x2 mm?

High Precision Spectroscopy of Light Lambda hypernuclei at Jefferson Lab @
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P arti C 1 e D ete Ctors Cherenkov detectors

* Aerogel (n=1.05)

TG et al., NIMA 729, 816—824 (2013)
| HKS [

TOF walls Drift chambers TOF walls

(Plastic scintillators) =» L.Tang (Plastic scintillators)
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Comparison between 7K and *{K

P. Bydzovsky et al., PRC 108, 024615 (2023)

—— BS3 ds 40K Py df\ — BS3
A

) [nb/(sr MeV)]
[nb/(sr MeV)]

CXC
exX

Pa

SA..'. J\/\_j\
. j\LI_J_ il ! | A_J L \L
oS 10 15

|
0 20
cess® Excitation Energy (MeV)

L]

do/(d2, dE

do/(dQ, dE
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E, S.p. states Cross sections . s.p. states Cross sections

(MeV) P A SLA BS3 A SLA BS3

0.000 0ds/2 0512 4.47 7.55 0s1/2 13.14 1680 Lo
0.004 0ds > 0s12 1343 14.84 Os12 3.41 5.67 neg li gl ble
3417 Is) 2 0s1/ 17.02 21.77 0s1/2 10.30 11.52
8.570 0ds)» 05,5 17.34 24.53 Os172 thia 1561
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