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Establishing the existence and mass spectrum of hyperons is an unrgent task
in relation to the study of various systems such as netron stars and hyper nuclei. In this study, we
have developed a theoretical model for antikaon-proton and antikaon-deuteron reations, which
rigorously treats coupled-channel effects coming from two-body as well as three-body reaction
channels. We then have accomplished a comprehensive partial-wave analysis of existing data for
antikaon-induced reactions. Thourhgh this analysis, we have successfully determined the mass
SEectrum of hyperons and discovered new hyperon resonance states. Also, we have developed a
theoretical approach that enables a quantitative and accurate determination of hyperon-hyperon

interactions through antikaon-deuteron reaction data.



B X C—19. F—19—1, Z—19.

1. WSO 5

(DK HETJRAECNA RX—EOWEE L D
EWEENS, AR LU VR AR HE O
N F o THBINNARXa OWE (& AN
7 v, MHEER., ERA DT =X L) OB
ENEH L 72> TS, Bl iX, BHimIcHE
ENRTEINTWVWARRAMN LI HE AR F
(K T 1 ST 2 B EREIREE)
DOEELH B 2L X —1Txt LT, A A
I DFE—hEIREETH D A (1405) DOME
WERS BT L Z EPRIBINTWD [5H
KD, Lo L s, EBRT—X DR
2 E D A (1405) OMEFIZ DWW TIERSE &
<HmoTWen, FEEE, UL Lo A~
7 U FhEIREE (Y9) (2 oW T, BUR TIIFELE
THMEE LTV, ZORREITERT 572
O, H A D KGR E B - s g5 i 3% (J-PARC)
T, ZWKFE—2LTHD n PRIFOK K
HRIFZ2FHT 252 & T, A1405) &1EU
LT D VRN F UMM AEER ORI A H
TR EBRAHEAE - FHE STV D,

(2) ™ R u bR RRE X, BRELOEFERRE (K
JETF v v FI) ITHEA L CHRIFICHREE T D
REEIRRLT LR AE) TH D, & T AN,
N R Rl IR BE T 2 4 Sk 0 B Em AR 4T
D% ALK RE 2 AR L e W ERL 1 &
L CHUY v, FREEOMEL DS hE R RE DM
W2 HDEBICHONTITITEAETAIGN
TIhmrole, KIGHA T I 7 Azt
D ANTZHRRRTFEICESE . N R upik
WEEDOME %2 THAEET 5 R E I LR EE |
EWIBLENSHTICHRIETAZ N, NEK
o YBICBT A REEREOOESE L
TR SN TV 5D,

2. WHEOHM

(DBAFT DK - B7 (o) RIGT — & OfE
TR AT A2 L, A ML URAS = -1
ZHOY(EAY, SOV FUOHEEART
IVRORREE I S A R ET D, BE AN B
IVORFFEZ I L TR ROV OWKEAT D &
EHIT, YEREAY MVOMELICHET TE
DIZHEEE 72 D8 &ET — % OFE - K -
EENFA IS A RN L. BT LW ERZIRSR
T %,

Q) KpSTIXERET 7 A T5Z LML
VYA (1405) 72 EORELEE V¢ LIS OE B A
7 MVERET D00 K -EBA (d) B
K-d— n YN, OEFRIIFHEZ1IT 5., KB v*
LB A J-PARC E31 S2BR CHIE S 415 Max X
ICOBREIZG 2 DEEORE S ERIET
2o

BQ)Kd i EFIHT5 2 & T, Blim - EBW
FeBWTHOL WA RL Y RA =2 &
7 & — DY F AR BAEH ORGP RE
ThbdH, KWL TIE, Kd—K° BB, KIG%
FIF U7z YY REIAE AAEH OFGE R E O rTREME

CK—19 (Jtm)

EREEL, HTRD J-PARC FRA~ORREAT
50

3. WrgEoHk

(DKp ST — % OEFGMITIC T /2N K e
VISR & O SO & R U S
gt 2 — R&EBRET 5, K = fKF v x
NAEETZR D=2 ) — M & g B 7=
TENN T v > RS A [ 5] SCER@)] |
% SOSHERIBASR O MR AT 5 2 & T, 3
IEARIE D E B ORISR A B = X LD
R RGN, 2T X RNV INE A T
S 7 ZADWHRENBTREOFR 2 ATREICT 5,
BT — XD x? 7 4> MTX Y ETIOR
TA—BERET Do x> 74 NIV
DIVIZRARLRT X — % 2 BN RO 7)
5 HBELIEIEC Y LS IC BT 2 WA 55,

(2) Kd SEMITT 57200 EH 70D
JEAEANZ O TR, K1 O X D Zifafe s & s
L7bOEREEST S, 22T, AV 2—1RY
7 @ AR R (1 RBRER) \Z DWW T,
K-p ST — & OFENT THEZE S 307z SO
TELNEHILIEREZHW5, —J7. BB+
WENBE oY A MM AAER IOV T,
BETFED realistic R SERICH LN H D
ZWESE B POIZ)G U Col X 12585,

(a) K'\\

X 1:(a) Kd> 7z YNt (b) K d> KBB
s

4. WFFERE

(DARVUYIRAS=—1 BT HZ—DAY Y -
WY F USRI T D TETF v o R Li
A &2, Kp—EKN, nZ, A, nA, KEX
I D ELFE I 72350 3 W AT % S TR TA T
S>7= (K 2), fENTIZEFT 542 T ORI
WA R L A U RBED T — % D 52
74w MZX VIt TICED bz
F— & 513 17,000 HLL Bz DIFE 5, Z OfiF
Waml, N"Feryryilcls W TEER
S=—1 B Z—DRA Y v — F B AEANE
FICEE T 2 AR (BELE. BELOER 3
RIEYE) ZfhH Lz, —FH., EBRT— X &R
IDTRUVVEARBEAN Y Ao DAY R PR,
B CIET — A DN TH D A [HERfA
BEOBIHEDTEHRA ., i S 72 BEELIRIE



DREHEZZMY RS DICARARTHSD Z
L ERWINTR L, JPARC ZiZ LD ET 5
N ERR R TOH LW ERR O EEM
R LT, ZDORKEIL Physical Review C
FEICFEEF I 4. Editors’ Suggestion 12388
E Xz,

0,.,[?3...7W“ﬁ“
15 16 17 1.8 19 2 21
W (GeV)

2:x*7 4 v b (K-p—K-p i
W) . GRAR) Model A, (F#) Model
B,

(2) EF (1) OER W MENT A28 U TR b
Fkx 72 Kp BOGOBELIRIE 2 B3 = v ¥
AR T A 2 BT L0, BELIRE
ROMRE L TERIND Y DHEE, FAERS
BT A EREME LXK 3), ZhETH
R STEF LAWY OFEERZ TETHE L
BT, ZADOH UWIEEN B o X5 A8
BEIZRWEEE G250 EH LML, £D
{ETE DR TENT e il 72 87 L WO FEBR & 1 42
L7z, RWFGE 258 U CH 5 a7z Y " hns i (2 B
T % — # O IF #H 1L . Particle Data
Group (PDG) 23 w435 Review of Particle
Physics OWREIFFIFHZIBE IND TETH
5,

127(p,) 32NP ) 527(F) 72" (F,

g B
8 = = = = [=R=N=] B E H E
‘ EEHg N R

PDG
@w A B Ksu

M (GeV)
5 =

12748,) 32D, 527 (Do)

E'HE"Eﬂaﬁaa

M (GeV)

E )

X3 :ANRNUF L DBEBEANT MILOHE,
()7 74 b -0 g7 F—"E&@PDG) .
(FR)Model A(CAHFZE) . (F)Model B(AMF
72) . (fk)Kent State K7 /L —7DfER[5]
FSCHER®)]

(3) K-d— n YN St OEREmat R 217\, (K
B YRS 23 Y BSOS OB &2 5 % B R
BRRAE L7z, RERICHE R A =Y F
TARER Sy R DFEBFE D IRIEIZ O W TIX, Kp
FIGTF—F TEL T A MESNZb D[ FFEAR
HBEMIZHWAZ LIcky ., E@EEDOEN
K-d— 7 YN SR O EFEICkZh LTz,
J-PARC E31 EER THIE S4B Y% DT —
2R, A1405) I LD LT HNL OnDK
JEbES YIRS OB B DR ENIE R A
WEH2DHZ L EEEMNIRLIE(MY),

B
]

n

do/dM_dQ [ub/(MeV sr)]
2
=

0 e — L : 1 L -
1350 1400 1450 1500
M_, (MeV)

B4 : A5 KEEEIE 1GeV, FIEFHGELA 0
FEICHIT D K-d> ' i 3 BERS Wrim
. BRI ROREE 7 S O E &, (F2HR)
TIVOFERER, () A (1405) 2 &Te S
W ABDOEEZ2 A4 72 UTc R R,

(4) ARLUIRAS=2| I X —DNY F
VR EAER ZR SO LR s L
T Kd2K'BB) ¢, SJUSIZHEH L, S ez
FLR I DR A RESE LT, MR LR &
WT S==2 O F URBFEAMERASRS H A R
U A OABENRS OB E 2 5 5
ERGE LT, BSOS OEB)ZRMEER (A= %

0.2
Z 0.15F T
< 74
= /
el /
= / .
e
Z
-
§ 0.05 7
©
o

0 1 1

2260 2280 2300 2320

ME'p (MeV)

X5 : AKKIEENE 16eV, KO T HELA
0 EIZBIT 5 Kd2>K'E p i 3 Eig Wi
FE, BREIIHIRREE p O EE, (FEHY)
ZVOFFEMESR, (R E p BIFREEHE A
VER 2 A 712 LT3 BAs 5,



X — WELAE) 295 F<®|ETEITED,
AN A R EAEFICE KR T % (& EEAH A
TERONENBNBEICABEREREBEYE5 25

ZEERLIEES),

<G| 3Tk >

@ Y. Ikeda, H. Kamano, T. Sato, Progress
of Theoretical Physics, 124, 533-539
(2010)

@ A. Matsuyama, T. Sato, T.-S. H. Lee,
Physics Reports, 439, 193-253 (2007)

® H. Zhang, J. Tuplan, M. Shrestha, and
D. M. Manley, Physical Review C, 88,
035205 (2013)

5. TR
FeRFH ., WL

( Gy K UNEHE
E 7Y

el

CdERERmSC) (20 1)

@D S.X. Nakamura, H. Kamano, Y. Hayato,
M. Hirai, W. Horiuchi, S. Kumano, T.
Murata, K. Saito, M. Sakuda, T. Sato,
Y. Suzuki, “Towards a unified model
of neutrino— nucleus reactions for
neutrino oscillation experiments” ,
Reports on Progress in Physics 80,
056301 1-38 (2017), i (Invited
Review Article)

DOI:10. 1088/1361-6633/aabebe

@ H. Kamano, T.-S. H. Lee, “Toward
establishing low-lying A and X
hyperon resonances with the Kbar + d
— 71 + Y + N reaction” , Physical
Review C 94, 065205 1-13 (2016), B
H
DOI:10. 1103/PhysRevC. 94. 065205

® H. Kamano, S.X. Nakamura, T-S. H. Lee,
T. Sato, “Isospin decomposition of vy
N — N*transitions within a dynamical
coupled— channels model” , Physical
Review C 94, 015201 1-14 (2016) , #&
[/

DOT:10. 1103/PhysRevC. 94. 015201

@ S.X. Nakamura, H. Kamano, T. Sato,
“Dynamical coupled—channels model
for neutrino—induced meson
productions in resonance region” ,
Physical Review D 92, 074024 1-33
(2015), @t
DOI:10. 1103/PhysRevD. 92. 074024

® H. Kamano, S.X. Nakamura, T-S. H. Lee,
T. Sato, “Dynamical coupled—-channels
model of K'p reactions. II. Extraction
of A* and X* resonances” , Physical
Review C 92, 025205 1-16 (2015), B

A
DOT:10. 1103/PhysRevC. 92. 025205

® H. Kamano, S.X. Nakamura, T-S. H. Lee,
T. Sato, “Dynamical coupled-channels
model of K- p reactions: Determination
of partial wave amplitudes” ,

Physical Review C 90, 065204 1-40
(2014), &3FHFA (Editors’ suggestion
&L CTHHR)

DOT:10. 1103/PhysRevC. 90. 065204

(@ H. Kamano, “Impact of tN— = xNdata
on determining high-mass nucleon
resonances’ , Physical Review C 88,
045203 1-5 (2013), #HifA
DOI:10. 1103/PhysRevC. 88. 045203

H. Kamano, S.X. Nakamura, T-S. H. Lee,
T. Sato, “Nucleon resonances within
a dynamical coupled—channels model of
n N and vy N reactions” , Physical
Review C 88, 035209 1-51 (2013), &
i (Editors’ suggestion & L THE#R)
DOI:10. 1103/PhysRevC. 88. 035209

©® S. Ohnishi, Y. Ikeda, H. Kamano, T.
Sato, “Signature of strange
dibaryons in kaon— and photon—induced
reactions” , Physical Review C 88,
025204 1-13 (2013), ##HAH
DOI:10. 1103/PhysRevC. 88. 025204

(Fa%R) G35 )

@D H. Kamano, “Dynamical  coupled—
channels approach to meson—
production reactions in the nucleon
resonance region” , 2016 2nd HaPhy
Meeting on  “Hadron productions:
Theory and Experiment” , November

25th, 2016, Pohang(Korea) (FRfFiEiH)

®@ H. “Extraction of N-Nxk
electro— magnetic transition form
factors within ANL-Osaka dynamical
coupled—-channels approach” ,  INT
Workshop on  “Spectrum and Structure
of Excited Nucleons from Exclusive
Electroproduction” , November 15th,
2016, Seattle (USA) (FAFFTH)

Kamano,

® H. Kamano, “Comprehensive study of S
=-1 hyperon resonances via the
coupled— channels analysis of Kp and
Kd reactions” , J-PARC  Reimei
Workshop on  “New Exotic Hadron Matter
at J-PARC” , October 25th, 2016,
Incheon (Korea) (FRfF#HH)

@ H. Kamano, S.X. Nakamura, T.-S. H. Lee,



T. Sato, “Isospin decomposition of
the y N—N* transitions as input for
constructing models of neutrino—
induced reactions in the nucleon
region” , 18th
International Workshop on Neutrino
Factories and Future Neutrino
Facilities (NuFact2016), Quy Nhon,
Vietnam, August 23th, 2016 (fAfFi#iH)

resonance

H. Kamano, “Comprehensive study of S
=-1 hyperon resonances via the
coupled—channels analysis of K—p and
K—d reactions” , The YITP Workshop on
“Meson in Nucleus 2016”7 (MIN16),
FA R LR T), August 2th, 2016
(FaAs e )

H. Kamano, “Modern dynamical coupled-
channels calculations for extracting
and understanding the nucleon
spectrum” , The 14th International
Conference on Meson—Nucleon Physics
and the Structure of the Nucleon
(MENU2016), HCHF R L), July
29th, 2016 (2K

H. Kamano, “Establishing S=-1 hyperon
resonances using kaon—induced meson
productions within dynamical coupled—
channels approach” , JLab workshop on

“Physics with Neutral Kaon Beam at

JLab” (KL2016), Virginia (USA),
February 3th, 2016 (#BfFi#EEH)

H. Kamano, “Light—quark baryon
spectroscopy within ANL-Osaka
dynamical coupled—channels
approach” , ECT*  workshop  on
“Nucleon Resonances: From
Photoproduction to High  Photon
Virtualities” , Trento (Ttaly),

October 13th, 2015 (#FfFEHHR)

H. Kamano, “Light—quark baryon
spectroscopy from ANL-Osaka dynamical
coupled-channels analysis” , The 10th
International Workshop on the Physics
of Excited Nucleons (NSTAR2015), KX
PR CRERFFS A TH7), May 25th, 2015
(ARG

H. Kamano, “ANL-Osaka PWA for
light—quark baryon spectroscopy” ,
The InternationalWorkshop on Partial
Wave Analysis for Hadron Spectroscopy
(PWA 8/Athos 3), Virginia(USA), April
14th, 2015 (FAFFEEH)

H. Kamano, “Toward construction of a

unified neutrino—nucleus interaction
model” , 4th Joint Meeting of the
Nuclear Physics Divisions of the
American Physical Society and The
Physical Society of Japan,
Hawaii (USA), October 11th, 2014 (3%
FFERTE)

H. Kamano, “ANL-Osaka dynamical
coupled—channels approach to baryon
spectroscopy: Status and plans” ,
ECT* Workshop on “Exciting Baryons:
Design and Analysis of Complete
Experiments for Meson Photo—
production” , Trento(Italy), June ,

2014 (FBAFEE)

H. Kamano, “Recent results on N
spectroscopy with ANL-Osaka dynamical
coupledchannels  approach” , 15th
International Conference on Hadron
Spectroscopy (HADRON2013), Zs B HEir
NE R (ZF B M), Japan, November
4th-8th, 2013 (JLFHRETH)

H. Kamano, “Dynamical  coupled—
channels approach to light—flavor
baryon spectroscopy’ , The 7th BLTP
JINR-APCTP Joint Workshop “Modern
problems in nuclear and elementary
particle physics” , Irkutsk (Russia),
July 17, 2013 (FAfFFHEH)

H. Kamano, “N¢  spectrum from
ANL-Osaka dynamical coupled—channels
analysis of pionand photon—induced
meson production reactions” , 13th
International Conference on the
Structure of Baryons (BARYONS2013),
Glasgow(Scotland), June 25th, 2013
(ARG

(& D)
N A
http://nuint. kek. jp/

6. HWFFEHLRE
() A RFTE
SEEr B2 (KAMANO, Hiroyki)

RS 3[R R B B YA N & = o1 L 26 —
T FerEs - SRR RERSET - IRET

A=
Fges &5 - 00625361

(2) Wrget 178

g 1% (SATO, Toru)

WAl B (NAKAMURA, Satoshi)
T.-S. Harry Lee (LEE, T.-S. Harry)



