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HYPERON Puzzle

Based on our knowledge of baryonic force,
Hyperon naturally appear at high density (p~2,3p,)

Mystery of heavy Neutron Stars.
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New astronomical observations

New Gravitational Waves from NS mergers and
NICER (Neutron star Interior Compsition ExploreR)
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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)

Macropscopic features of NS : Tidal deformability, Radius and Mass



New constrains from astronomical observations

J0740+6620 (2019/9/18 2.14 Mg,
Green Bank Obs.)
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AFDMC

Macroscopic understanding of NS made great progresses. C.F.Burgio et al. Prog. Part. Nucl. Phys 120 (2021) 103879.
But we would like to know why NS is so heavy and large.

Microscopic study (nuclear physics exp) becomes more important than ever!
Today, Togashi-san will talk about recent theoretical progresses



A Single Particle Energies of A Hypernuclel by Vonous Colculohons

M.M. Nagels et al., PRC 99 (2019) 044003.

Va5
000 002 010 0]

ESC16
ESC16+ (Inc. 3BF) | |E RN [ < 10]
G-mairix ARSI SR ) N SR O S

--=- ESC14 only ZA*‘S‘f e 10 15
ESCI12 only Mass number A
NLO13 | 220 — ESCI4+ MPP + TBA “4Ca

—— ESC12 + MPP’ + TBA”
LEC from YN scat. - - ‘ e
0 20 40
Mass number A

Binding energy [MeV]

M.Isaka et al.,
PRC9%4, 044310 (2016),
PRC 95, 044308 (2017)

-
-
=
-
=
o6
=
=
Evy
20
5
=
=
=

emulsion
(K'.)

25.0 fm
fm \ (=" K*)

ll\

200 fu ) j _ NLO19 |

AFDMC ! s LEC from SU(3) sym!. Jinno-san will talk
| " NN scat about unified
theoretical
approach to study
Hypernuclei, Hi
collision and
hyperon puzzle

1 8
S 2

Binding energy [MeV]

-
-
=]

D.Lonardoni and F. Pederiva, arXiv:1711.07521. R R CCTOnER TA (2020} 56:55.



Sefup Lﬂ Hall-C —

1.2 GeV/c K*

- - L | > ‘
A -5

s £

~- - - E

HKS-HES+SPL (EO15-115)
@ijm e

s BT i o -




PCS magnets, newly developed major instrument, were
already constructed and shipped to JLab

Newly constructed PCS magnets
(TOKIN, 2020.3)
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(a) The model of HES implemented in GEANT4.

Detalled GEANT4
Simulation Incl. PCS

(b) The model of HKS implemented in GEANTA4.

Beam Energy E. [/(GeV)] 2.240
Energy stability AE,/E, <1 x107*(FWHM)

PCS + HES | Central momentum P. [/(GeV/c)] 0.744
Central angle 0, . [/(deg)] 8.5

Solid angle AQ. [/(msr)] 3.4

Momentum resolution AP, /P, 4.3 x 10~H(FWHM)

PCS + HKS | Central momentum Pk [/(GeV/c)] 1.200
Central angle 6 [/(deg)] 11.5

Solid angle AQy [/(msr)] 7.0

Momentum resolution APy /Py 2.9 x 10~*(FWHM)

p (e, KT) A | W [/GeV] 1.912
Q% [/(GeV/c)?] 0.036

O (/deg) 7.35

€ 0.59

€r, 0.0096
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Expected resolution 0.6 MeV (FWHM)



Estimation of Necessary Beamiime

GEANT4 Simulation

Expected Spectra

Counts / 0.25MeV
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Mixed Event Analysis(BG subtraction)
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Summary of updated request of beamtime

Target Beam Target Assumed Num. of Req. .G. Comments
(Hyper current | thickness CTOSS events | beamtime
Nucleus) (pA) | (mg/em?) | section (hours)
(nb/sr)
CHs (A, XY) 2 450 1000 144 Calibration
2C (*B) 50 150 90 168 4 | Calibration
2TAl (3"Mg) 50 150 40 * P : Calibration
Subtotal 480 Calibration
PCa (VK) 50 150 50 456 . Physics
¥BCa (PK) 50 150 50 552 . Physics
Subtotal 1008 Physics

Total 1488
* for 0s* 9/2%,7/2% doublet.

1488 hours (62 days) beamtime (28 days were already approved as E12-15-008 by PAC51)
7 days (168h) calibration can be absorbed in E12-24-011.

62- 7 = 55 PAC days was approved by PACS52.




AFDMC calculation

Assumed Isospin dependent term of
the ANN potential

(b) A binding energies calculated by AFDMC for }PK

D. Lonardoni and F. Pederiva (2018) and 48K as a funciton of Cy

This calculation is somewhat dated.
Requires theoretical support reflecting the latest developments.



Summary for E12-24-013

» High-precision hypernuclear speciroscopy is more important now due to
recent progresses of asfronomical observations.

» All necessary spectrometer including newly developed PCS magnets are
ready in hands.

» The last HKS experiment was conducted in 2009, and more than 15 years
have since passed. Therefore, a thorough re-check and update of the
detectors is necessary, and this work is currently underway.

» The experiment aims study ANN 3-body force iso-spin dependence study.
It is essentially important to solve the hyperon puzzle.

» Closer collaboration with theoretical physicists is indispensable.



E ] 2‘24‘0 ] ] Study of triaxially deformed nucleus using a A particle as a probe

Nucleus High density guantum many-body system

Extremely dense, but its shape can be changed with a relatively small energy.



Deformed nuclei are not special.

Gamma-ray measurement is Ground-State Quadrupole Deformation
usual experimental technique 1B,
to study deformed nuclei 040
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Parameters 10 describe deformation

Nuclear quadrupole deformation (f3,y)

* (3: degree of quadrupole deformation

* v: (tri)axiality Middle

Long

Short

Trlaxlal deformatlon
no symmetry axis

Oblate deformatlon 0
short axis symmetry B
B=0

Spherical Prolate deformatlon
long axis symmetry

M.Isaka, Hypernuclear Physics Workshop 2023 at JLab



26Mg is interesting candidate for
friaxially deformed nucleus

Proton /=12 Prolate

Neutron N=14 Oblate

Co-existence of different deformations

Terasaki et al. NPA621(1997)
Rodriguez-Guzman et al. NPA709 (2002)

Peru et al PRC77 (2008)
Hinohara, Kanada-En'yo PRC83 (2011)




Recent theoretical calculation

(Hyper)
Anti-symmetrized Molecular Dynamics
M. Isaka et al. PRC 83 (2011) 044323.

PRC 83 (2011) 054304
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Adding a A particle M rovd sae: 041, 135
27Al(e,e'K*)* Mg

1321152 = 7/20,5/2s—= AN interaction is attractive
5/27,77/2§ e

WEF of A in p-orbit is straight
1/23,3/2 e
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M.Isaka, Hypernuclear Physics Workshop 2023 at JLab




Genuine hypernuclear state : ?Be

Excitation energy [MeV]
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Energy spectrum obtained by the (7%, K1) reaction at KEK-PS

Impossible for normal nucleus
due to Pauli blocking

O. Hashimoto and H. Tamura, Prog. Part. and Nucl. Phys. 57 564 (2006)



PCle.e’K")’B

Expected resolution 0.6 MeV (FWHM) ExpeCTed miSSing MmMass
0 50 pA 12 27
ongin spectra for 4B, Mg

}  SIMULATION

Counts / 0.25MeV

Triaxially deformed %{Mg

Energy level : Hyper-AMD (Isaka)
Cross Section: Shell model (Umeya)

Counts / 0.25MeV
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Summary of request of beamtime

Target Beam Target Assumed | Expected | Num. of Req. B.G. Comments
(Hyper current | thickness Cross yield events | beamtime rate
Nucleus) (tA) | (mg/cm?) | section (/h) (hours) | (/MeV/h)
(nb / ST )

CH> (A, XY) 2 150 1[] 0.02 475 Calibration
12C (°B) 9( Calibration
Subtotal C ()1111 )1119(1 \ 1th

“"Al ('Mg) | 50 67 Ph}- sics

Total _____I@,_-

28 PAC days

Calibration beamtime can be shared
with E12-15-008/PR12-24-013 and other campaign exps.



Summary

» A particle in p-orbit can be used as a probe to study triaxially
deformed nucleus, 2*Mg.

» This is a totally new experimental fechnique to study triaxially
deformed nuclei. We request 672 hours (28 days) beamtime,
calibration beam time (CH, and '?C) can be shared with other
hypernuclear experiments and Al calibration beamtime (7days) of
E12-24-013 can be absorbed in this proposing experiment.

This will open a possibility to use Lambda as a probe to
study shape of various nuclel.
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