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History of Hypernuclear Study

1953 discovery of hypernucleus (emulsion with cosmic-ray, by Danysz and Pniewski)

19705S C E RN, B N I_ Counter experiments with Kaon beam

1980s BNL-AGS, K E K-PS Counter experiments with K/t beam

1998- y-spectroscopy with Hyperball




1998- y-spectroscopy with Hyperball

2000~
(e,e'K*) spectroscopy @ J La b Eq
4

Z(e",e’'K*),(Z-1) reaction

v 2011~ Pilot runs of decay & spectroscopy at \AWIE C



(e,e'K) /\NA IN—8 7t DI
> B A B AE R

>EFaE A
(m,K), (K,m) — TAYVZBEIE/N—KF—
A, OBEEF LG T RIILF—KRIE
p(e,e'K*) A ,X°

ml'll

B EFRE—L
S0 fREE (< 1MeV)

HMWE%Q—va



(e,e’'K) RISDHEZER

cHIBRH. A T —HELICER
EE/MEL. e

NS BAERMEE

* (e, KN AT ET A
fﬁ“BEénf:ﬂ‘.}n-l-

BT BB iR

dB 7 EFHRR E'— L VS A

ERGES

=l

FHEE



Progress of Theoretical Physics Supplement No. 117, 1994

Photoproduction of Polarized Hypernuclei”

Toshio MOTORA, Miloslav SOTONA* and Kazunori ITONAGA**

Laboratory of Physics, Osaka Electro-Communication University, Nevagawa 572

*Nuclear Physics Institute, 250 68 ReX [Prague
** Laboratory of Physics, Mivazaki Medical College, Mivazaki 889-16

E89-009 (38R 20004F)
PRL 90 (2003) 232502.
PRC 73 (2006) 044607.
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HAELTCET=EN—KD7

High Resolution, Large Solid Angle and Short Orbit Spectrometer (Hall-C)

RICH for good K ID (Hall-A)

SC Septum for charge separation
(Hall-A)




Motoba, Sotona, Itonaga (1994)
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WCa(v KK  E,=1.3Gev  6c=3°
- CAL(SLA) A

BSi(LKNZAl  E,=138 GeV =3 : 5

dyy CAL(SLA)
5+

A
D3

d26/dQdE (nb/sr/MeV)

208Pb(g.K+) Motoba/Millener

Resolution = 500 keV

T | T | T | T | T | T l 1'
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h11/2 +d5/2 hole
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JLab’s Hypernuclear Program To Date

What Have We Learned?

Very Forward, Small Q2
Elementary A Cross section is important.

One of proposing program.

Phys. Rev. €81 (2010) 052201(R).

First reliable observation of 7,He w/ good statistics, CSB of AN interaction
Phys. Rev. Lett. 110 (2013) 012502.

Theory doesn’t reproduce observed energies and strengths. To be published soon.
Preliminary result can be found in Nucl. Phys. A804 (2008) 116.
Nucl. Phys. A835 (2019) 129.

Phys. Rev. Lett. 90 (2003) 232502.
_ _ Phys. Rev. C73 (2006) 044607.
Demonstrates high resolution Phys. Rev. Lett 99 (2007) 052501.
750 keV (FWHM) Nucl. Phys. A835 (2010) 129.

Areference nucleus.

Phys. Rev. Lett. 103 (2009) 202501.

study of mirror hypernuclei to 26,0.
o YP e Nucl. Phys. A835 (2010) 129.

First beyond p-ShE" hypernuclear spectroscopy with (e,e’K). AT ) (P
Preliminary result can be found in Nucl. Phys. A804 (2008) 125.

First medium heavy hypernuclear study with (e,e’K). Y

CSB discussion with A=7, A=4 system.
Analysis is in progress.



A Hypernuclear Chart —
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Hall-A setup vs. Hall-C setup

Beam Energy

Virtual Photon

Charge Separation

K Spectrometer

e’ Spectrometer

Decay nt Spectroscopy

Hall-A (E94-107)

3.7 GeV
Low Brems. e’ BG.

Ey =2.3GeV
SCseptum
Easier calib.

HRS (2.0 GeV/c)

HRS (1.4 GeV/c)
Higher momentum

Hall-C (Eo5-115)

2.3GeV
Ey=1.5GeV
Largerc,

Splitter
LargerS.A.

HKS (1.2GeV/c)
Larger S.A., Easier PID

HES (0.8 GeV/c)
Low momentum

High res., Short Orb.

PR12-13-002
New Experiment
In Hall-A

4.5 GeV
Lower Brems BG.

Ey =1.5GeV
Largero,

SC + New Septa
Easier calib., Opt. SA

HKS (12.2GeV/c)
Larger S.A., Easier PID

HRS (3.0 GeV/c)

HES + ENGE
(90-140 MeV/c)




JLab New Experiment Setup in 12GeV Era

K(HKS) x HRS (e’) + K(HKS) x {ENGE () + HRS ()}



Proposing Programs

1. Elementary A, 2Y
Reliable data *H(e,e’K*)A, 20 in low Q2
2. Few-body
2D(e,e'K*)[AN]  Exotic bound state, AN int.
‘He(e,e’'K*)s\H  ANCSB
3. Medium-heavy
40,44:48C3 (e, e'K*) 44448 K A’s S.E., iso-spin

27Al(e,e'K*) 27, Mg Tri-axial deformation

48Ti(e,e’K*) 48, Sc Level inv. due to A
4. Heavy

208Ph(e,e’K*) 208, T| A in heaviest nucleus
5. Decay nt

Weak decay of light hyper-fragments



Electro-production of strangeness

Eg4-197 Hall-A ES4-107 data
[ H 1K+ .E"L CLAS
(ee'K) LEPS
SAPHIR
E05-115 RPR2+D13
(preliminary) Saclay-Lyon

D.Kawama'stalk |- -+ Saclay-Lyon A

- WIC
== Kaon-MAID
_____ I_]E

p 5

1
forward angle me

asu re-ment.: JLabEo7-012, KaoS



Few-body physics with strangeness

1. Search of [nA] bound state and study of n-A interaction through FSI.

Established lightest hypernyclei =3,H

Hyp-HI experiment at GSI  a structure in d + " invariant mass
2 ->d+

Indication of a nA bound state ?

2d(e,e’'K*)[nA]

o
L

= w
2 o
= =2
(=] uw
(=] -
(=1 -—
o %]
~ 15
o 3
e Q
3 Q
=]

(&)

505 504 206 " i 02 03 . Direct method

M(d + ) [GeV/e?] Time [ns] . .
to search or set upper limit

1 Calibrated mass: 2.054 - 2.064 GeV/c? (n+A threshold = on thIS exotic System
2.055) T.R.Saito, NUFRA2011 )

(charge o, S=-1 nuclei)

Electro-production data of 2d(e,e’K*) provide also information of
n-A interaction through FSI. R.A.Adelseck & L.E.wright
(not very sensitive to deuteron W.F. and basic productiofma&edid) 58



Few-body physics with strangeness

2. Charge Symmetry Breaking of AN interaction

“He(e,e'K*)4,H A=4,iso-doublet hypernuclei

B, (fHe.I") =1.24+0.06 MeV

0.24 MeV

E J-PARC |
Decay 0.35 MeV 3@ Introduced to explain A=4.
By ( ey Y.00 Me

€~ 4 He.07) =2.39+0.03 MeV
—y
H O 4
A H e

e+ R@ check of A=4  system

aldl LML J=2.20T0.U3 VICY

Phanomenological CSB potential

By (cale) =536 MeV B, (calc) = 5.28 MeV

B, (w/ CSB) = 5.29 MeV

NOT becessary for A=7.

B, (w/ CSB)=5.44 MeV

_ Recently measured

at JLab Hall-C

JLab Eo1-011 (HKS)

B, (/He,1/27)=5.68+0.03MeV

A=7,iso-triplet hypernuclei



7AHe . Ground & Excited states (3/2*, 5/2*)

JLab E01-011

PRL 110 (2013)012502

Transition amplitude for spin-flip states (J.Millener private comm.)



Medium heavy hypernuclei

A in nuclear medium

High quality

medium heavy

hypernuclear
Aas a probe EREEE s oR Aas an impurity
---




1. Ca(e,e'K*) ,\K

A—dependence of A single particle energies

O .. R, = 0.553 DDRH by Keil et al.
0 ... R, = 0.542 DDRH by Keil et al.
+ ... Qmd by Tsushima et al.
28
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AB ‘ AN :
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Hypernuclear Energy
Mass number A

Missing in (e,e’K) data Doubly LS closed 4°Ca target
Complete A dependence of A S.P.Energy

Systematic study of isotope effect of core nuclei: 4°Ca, 44Ca (, 48Ca) targets



9,Be=a+a+A

E, (MeV) 9Be

7Al (e,e'K*) 77, Mg

20—

GB ®A(3rd)

5/22,7/27 —
3/23,5/2; —
122,312

Large overlap leads deep binding

gy Ex (Mel

5/21,77/27 e
1/21,3/2

Excitation ene

A*Mg AMD

(axial + triaxial )

0.04

Small overlap leads shallow binding ;} J‘“" ..’”l |

Myyp - Ma [McV]

Tri-axially deformed 2®Mg core + A in p-shell

Totally new method to study shape of nucleus with A!



3. 8T (e,e'K*) 8,Sc

T Isaké Hypér-AI\}ID
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0.2 0.3 0.6
nucl(® quadrupolc defornSgyon parameter 3

AMD (preliminary)

A impurity causes energy level inversion !




N =ingle particle enersy (— MeWV)

, ‘ ‘ 22 Ph(xt, KN Pb, p, = 1.06 GeV /c
A-dependence of A single particle energles :
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SU m ma ry @Dubrovnik (2010)
EBFRERWZ/NA N—8 - 2

2 OHie o £ DEEMILIHAE

Joi5 & A, Sotonas AZEDEERE Y R— b

Jlab E8g-0091Z & 5 JRIHZEEF

HKS—+HES in Hall C HRS+HRS in Hall A
Eo1-011, Eo5-115 Eg94-017

MAMI-CIZ S LN TEEE A RIBEIC
12GeV Era [Z2 & [T B Jlab FrEER~

THEEA. CADLELELLBHENLET,
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