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Hypernuclei with S = — 2

Strangeness: (-1)x#(strange quark)
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Nagara event

captured from an atomic orbital of 12C

P —

— 12 6 4
=T+ C—>AAHe+ He + ¢

6 5 —
anHe = He+p+ a7

H. Takahashi et al., Phys. Rev. Lett. 87, 212502 (2001);
J.K. Ahn et al., Phys. Rev. C 88, 014003 (2013)
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Nagara event

captured from an atomic orbital of 12C
==+ 12C - | °He + “He + ¢

6 5 —
anHe = He+p+ a7

e

tials. Moreover, the =~ capture probability in '>C from P
states 1s a few percent at most. The most likely capture in
I2C, as discussed in Sec. ITI B, occurs from atomic D states.

C. J. Batty, E. Friedman, and A. Gal, BAA — 6.91 =0.16 MeV

Phys. Rev. C 59, 295 (1999)

H. Takahashi et al., Phys. Rev. Lett. 87, 212502 (2001);
J.K. Ahn et al., Phys. Rev. C 88, 014003 (2013)
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Nagara event

captured from an atomic orbital of 12C
==+ 12C - | °He + “He + ¢
JHe - He +p + 7~
Byx =6.79 +0.91B-_ +0.16 MeV

e

tials. Moreover, the =~ capture probability in '>C from P
states 1s a few percent at most. The most likely capture in
I2C, as discussed in Sec. ITI B, occurs from atomic D states.

C. J. Batty, E. Friedman, and A. Gal, BAA — 6.91 =0.16 MeV

Phys. Rev. C 59, 295 (1999)

H. Takahashi et al., Phys. Rev. Lett. 87, 212502 (2001);
J.K. Ahn et al., Phys. Rev. C 88, 014003 (2013)
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Nagara event

captured from an atomic orbital of 12C

==+ 12C - | °He + “He + ¢
JHe - He +p + 7~
By, =6.794+091B-_-£0.16 MeV

e

tials. Moreover, the =~ capture probability in '>C from P
states 1s a few percent at most. The most likely capture in
I2C, as discussed in Sec. ITI B, occurs from atomic D states.

C. J. Batty, E. Friedman, and A. Gal, BAA — 6.91 =0.16 MeV

Phys. Rev. C 59, 295 (1999)

H. Takahashi et al., Phys. Rev. Lett. 87, 212502 (2001);
J.K. Ahn et al., Phys. Rev. C 88, 014003 (2013)
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=—-12C atomic levels
—B-_ [MeV]

+ Strong
0 Coulomb (Ehime pot.)
013 | ——— >
0.28 0.19 3D
4 0.58 2p
0.94 :

M. Yamaguchi et al.,
Prog. Theor.;Phys. 105, 627 (2001)
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=~-12C atomic level
_— dlOomicC iIevels
Deeply-bound E~-!*N states have —B-- [MeV] + Strong
been observed (cf. Yoshida-san’s talk) oA Coulomb (Ehime pot.)
(| Level schemeE of ;hyﬂernuclei (¢ [E-14N]) 8;:83 : 0.19 3D
Ichikawa - 058 2p
o 1002.... - - - - -0.17 : atomic 3D 094
i 2 j l 2p state ? -
_ % 2 g AA—EN coupling
> I | can be weak!!
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M. Yamaguchi et al.,
Prog. Theor.;Phys. 105, 627 (2001)
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=~-12C atomic level
_— dlOMIC 1evels
Deeply-bound E~-!*N states have —B-- [MeV] + Strong
been observed (cf. Yoshida-san’s talk) oA Coulomb (Ehime pot.)
(| Level schemeE of ;hyﬂernuclei (¢ [E-14N]) 8;:83 : 0.19 3D
Ichikawa i 058 2p
Sl S S 1002, ... - - - - -0.17 : atomic 3D 0.94
i 2 j l 2p state ? -
_ % 2 g AA—EN coupling
> | | can be weak!!
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M=ES A, £330V XY —BEBEBHRS
Was the =~ hyperon absorbed from

L]

M. Yamaguchi et al.,
Prog. Theor.;Phys. 105, 627 (2001)

the 3D orbital in the Nagara event?? \ 477 1s
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J-PARC E75 Experiment

® Novel production method for , 2H ( pnnAA )

» (Step-1) Production of = Hypernuclei 7Li(K -, K+)EZH
p (Step-2) Decay of = Hypernuclei EZH — A\ /fH + 2n

@® Decay Pion Spectroscopy for , EH

» Momentum measurement of pions from
two-body , ’H — {He + 7~ decay at rest

p analysis unaffected by (poorly-known) =-nucleus
interaction and production mechanism of , fH
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Formation Probability of , °H
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Conversion processes for 7EH are discussed as a typical example of the double-A hypernuclear formation via
a neutron-rich = state. iAH is formed with a surprisingly large branching ratio of about 90% from 7EH that is
produced by the (K~ K *) reaction on the Li target. The 7EH state has a narrow width, 0.75 MeV, and its
population can be confirmed by tagging K* momentum. [S0556-2813(96)50507-8]
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LH—\H+n+n ~11 MeV,
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—H+A+A+n+n ~5 MeV.
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Comparison

® Hybrid-Emulsion method (J-PARC EQ07)

p Systematic studies on
Double-A Hypernuclei with4 < A <17

® Decay Pion Spectroscopy (J-PARC E75)

» aims at ,  H 4 o
Two-body decay into a daughter axH — AHe + 7~
hypernucleus in the ground state ,JH — RHe + 7~

is unlikely in case of A # 6 JHe = He+p + 7~
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Comparison

® Hybrid-Emulsion method (J-PARC EQ07)

p Systematic studies on
Double-A Hypernuclei with4 < A <17

® Decay Pion Spectroscopy (J-PARC E75

Prospects:
. 5 study of weak decay,
) aims at A AH including lifetime measurement

Two-body decay into a daughter axH — xHe') + 7~
hypernucleus in the ground state ,H — RHe + 7~
is unlikely in case of A # 6 JHe = He+p + 7~
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Why is AEH special? (1)

A =4 @@ 3/2+: unbound e @@@

AH= xHa 1
1/2%: B =0.13MeV -~

most likely unbound

A=5 @@ 1+:B: 1.O7TMeV = @@@

AH=>,H+ |
T A AL NANT e
@@ 07 B =2.16 MeV expected to be bound

L. Contessi et al., Phys. Lett. B 797, 134893 (2019)
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Why is AEH special? (1)

A =4 @@ 3/2+: unbound e @@@

AH= xHa 1
1/2%: B =0.13MeV -~

most likely unbound

A=5 @@ 1+:B: 1.O7TMeV = @@@

H=>H+» 1
T A AL NANT e
@@ 07 B =2.16 MeV expected to be bound

The lightest Double A Hypernuclei will be , YH/, JHe

L. Contessi et al., Phys. Lett. B 797, 134893 (2019)
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Why is , JH special? (2)

A=6

H-O0 -00- -00

¢ AN < =7 p mixing

— | - | I— | I
| g I I A ) 9 4 . 4
—{ DN DN DN
D

Triple-shell closure

A SHe-O@- -0@ -0

(A > 7 as well)
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Why is , JH special? (2)
1=3] \H -0 Q@ OO

¢ AA < E™p mixing

— | - | I— | I
| g A ) 9 4 . 4
— — DN DN DN
D

Triple-shell closure
A=6| , SHe-@0-®- O -®-®-

(A > 7 as Well)

Suppression of AA <& Z7p mixing
due to the Pauli principle
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Why is AAH special? (2)
1=3] \H Q7 @0 OO0

¢ AA < E™p mixing

— | - | I— | I
| g A ) 9 4 . 4
— — DN DN DN
D

Triple-shell closure

A=6| , S He-@@ @@ OO

(A > 7 as Well) study of AA interaction

Suppression of AA < = p mixing
due to the Pauli principle
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Why is AAH special? (2)
1=3] \H Q7 @0 OO0

¢ AA < E™p mixing
-°H -~ ===

study of Z/N-AA interaction as well as AA interaction

Triple-shell closure

A=6| , S He-@@ @@ OO

(A > 7 as Well) study of AA interaction

Suppression of AA < = p mixing
due to the Pauli principle
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Why is AAH special? (2)
1=3] \H Q7 @0 OO0

~11MeV mass difference ¢ AN < E7p mixing

— | - | I— | I
| g A ) 9 4 . 4
— — DN DN DN
D

study of Z/N-AA interaction as well as AA interaction

Triple-shell closure

A=6| , S He-@@ @@ OO

(A > 7 as Well) study of AA interaction

Suppression of AA < = p mixing
due to the Pauli principle
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=/N-AA int. and AB, ,, E mixing

ABa (4 CHe) = 1.0 MeV (fixed)

2‘5_ 16_
Isle

[sle

200 300 400 500 600 200 300 400 500 600
. 3
Volume integral (MeV fm”) Volume integral (MeV fm")

JVA asn(Ndr

D. E. Lanskoy and Y. Yamamoto, Phys. Rev. C 69, 014303 (2004)
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AASH and re-clustering
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AASH and re-clustering
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AASH and re-clustering
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AASH and re-clustering
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AASH and re-clustering

QP C

X

( ) ( D ~“re-clustering”

e in two semi-hierarchies Q\/)
uds uds 2200 IBEIZELNS nnp AA
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E75 Phase-1
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AEY - TAYAE VR L WIHIE, o+E (EHe, EH) H25WIE, ata+E (LBe,
L) ORT VY IWES ZRET 2ONEHENTH B, Ths ORI, ZEMRREIT
S (K-, KT) KISTREHEERTE R, bz, LK, KN)IH (a+2n+E7)
® UB(K—, KHYLi 2a+n+E7) 2HIET 2 Z e BREINTVWS, ITNSDHITIE. n
OEBBIRIIIMNHED > TV B 720 - L DM EFEHIZGZ 2B NI Ve EZSNT
Wa, Z0& S ICHEHE OWIc & S REMIEIIR L ORI X D, EN HEMEH O Z

— N ?. w N Ea I NEAS o7 = WELTW ZEDREZSND,
2 J-PARC LL— j:D Li%ﬁ?*/(/ \ I\ I:l /tl:%i::d) E&Ik t »lv_f;E =T RAEMERODOT, WHENIA—RKIZEVWTI, 7Y RT VY v VORES
MIRWHHEEAIZEEZRT VI vy LV ERILNIIZKREL 2D, Wb 3 Coulomb Assisted
N FRNY EH Bound States B ¥ I N5 k512725, ZORMEIZ, HEHE & HITHMMEL R —F
2 'l 4 I\ I/ >3 *Z*Zfl:%i_ S=_ 'I CHEHIRAES 55 - ANHE I T B,
" —_ MAT, § =201 5—KRIE. EN & AL DRH 27 MeV B UL EEN TV
WO R ERD, TITIDZODOF v A IVEIZEN — AAMHBEEMZBEL T, 8

S, y . A ) :

2 2 2 I\ I// y* 2 1‘ fI:%IEEI' S—_2 MBI X 2REAMH B, ZDDRIETF ¥ v RIUHEEIZE DBFEA LAY £ VR
- A X - NS Tt D, BT, BHRIICIEEN o AN KEAIC £ 5T (K, KY) KiSE D
N . Mo THEHEX TV ABMPERI NG ZENFEINT VD, ZhITED L, 2N R—K

\ N —— BB 1 R o A s .
221 INAT YUY KRK - IVILIYqUEE (oFHI A) oo meeecs it i
. . n - Y- R FRRAL 1T REE 2D, 2, XTI AN R—OEEIREE (01) Tl
2K, 2fldB5HD UHAD AN =10 p— Pus Il I n-miikEch b, Z DR

_— X AN V4 BMERKENET B L (K-, K*) KIS& o728 70 A BORRKIEOHIZE 2\ 5 5 L
. . N VA KN 1]\ ? AR I Z 2R3,

SR ED (KR LK) B C o D D RO RS Sl e L DN LU D A C L

— o \ M2 O A AR A BB U 2 B OB THIE § 2 EBR B M - BEI W TWD, PT5E
223 _ /\/r/ \-*2% 7ID Beld, TLi(K—, KHL HRIGTHBKR U7 LH % S-2S TRIE L7z E T, @Akt U

% IH—,JH + 2n iR S0 2 H ©
S_ 2 /\%O)qm ;E\ SH 5 3Hed o (1)
- ]j v AHe — 1He+p+n, (2)
— E A \s I N &) RS IR R . S-2S @ L - BIREIZICEE L2V L A REEA & TPC THEK S
22_4 SU(3)f EI,\OD j( % é t H 4//\ J ;I / NIz RARA AR F B A =2 TREL., FHORIE1 O o~ OEBREEIC LD, SHOD

DHEATD (I 30K GHETHh s, HWIE, EN - ANHEFHOKRE I ORET

— N\ = N — = BB, BHOATY T LT IHOREERHET 2 EEHRD Sz, b DFEE X\ fiikE
2 3 = -EH Ej_]— t— Z) /r \/ % \,\ - = ﬁ THETENE, WRICHZ, Z- ORI IV E—LPETE, §ik L7z SN HEEHO
. AIEE)E / ] Cal el 2 » MBIMR, 27 OFF WP L 7 =

AV - TAY A VIHMRFEHORE I LIRETE S LI N5,

(’Téﬁg) 2.2.4 SU3) —BEEDODKEIE HY AN FY E75 Phase-Z

S=—2D/NY A U EMFH TRICEZECHEKE N DIX, SUB) —BEEHTH D, 74—
DI IED BRI X B X8 A VRS (D) OREIRHERS K. 2+ — 2 B0/ )
fluflty 2L — 4 VSRR & B 5 —RERA THIATE B, 24— 208 ) Pl A m A
KEKIZB IT 5 P NS —RANNE I L B SUB) — AT, KERINENTRING, ZOWRiE
ST B DI, wuddss D 6 24— 2 RIED H XA XY AL TH Y, 7 ORI BH -
RFEHEOD

Limbt

B A

?‘f‘*\

s O—F<wv 72020 16

http://kakudan.rcnp.osaka-u.ac.jp/jp/researcher/kakudan/KEK_RM_NPTF.pdf

Hiroyuki Fujioka (Tokyo Tech) 1 2 /1 7 - I WE Sy,

Tokyo Institute of Technology

Decay Pion Spectroscopy at J-PARC



Experimental Setup

"Li(K~, K*)="H (missing-mass spectroscopy)

K1.8 + “S-2S” (common to E70 Exp.)

L W .

A EH —> iH@ + 77 (decay pion spectroscopy)

Cylindrical Detector System

solenoid magnet + TPC + ...
to be borrowed from LEPS/SPring-8 group
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Superconducting solenoid
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Excitation Test

In Nov.-Dec. 2019 calculation by N

OPERA-3D (TOSCA)

z (mm)

Y. Nakatsugawa et al.,
Ph. D thesis, Osaka Univ. (2013) 2 f
2 C L T

supported by Joint Usage/Research Programs of RCNP 000 o0 1400000000
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Target

New CDS Ei BC3
(location to be determined) gras
N Q13

40 -30 -20 -10 0 10 20 30 40

Z [cm]

supported by Joint Usage/Research Programs of RCNP

/S—ZS Q1 magnet

- .
"'T"'h.._ ) =

pr— "_x""lh’i‘»;lﬁuence of the fringing field of the solenoid
7 on the ion-optics of the S-2S spectrometer
will be carefully evaluated by OPERA-3d (TOSCA).
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Time Projection Chamber

i 4
R

® |ntegrity assessment in Oct.-Nov. 2019

We observed analog signals from every sense wire.
supported by Joint Usage/Research Programs of RCNP

® The TPC will be moved to TokyoTech in near future.

® To-do: R&D of the readout system for the TPC
and its migration into HDDAQ
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® \We propose a production/spectroscopy experiment of
AEH in order to investigate =N-AA interaction.

> A /fH will be produced by decay of EZH with a large
probability ( = 50 % ?)

> Mass measurement by measuring the momentum of a
pion from two-body decay of , EH — XH@ + 7.

® Preparation of a Cylindrical Detector System for
momentum analysis of pions etc. is on-going.

Hiroyuki Fujioka (Tokyo Tech) 1 7 /1 7 ig—?\l%k?

Tokyo Institute of Technology

Decay Pion Spectroscopy at J-PARC



