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Exotic hadrons and hadron structure
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Exotic hadrons and hadron structure
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Many exotic candidates lie close to hadron-hadron thresholds.

Hadron spectroscopy is a key to
understanding exotic hadron structure.



Present A */X* resonances

PDG2026 Overall Status as seen in —
Particle JP  status NK Ax  Xr Other channels
Overall Status as seen in — X(1193) 1/27  ssekx N (weak decay)
_ P — Y (1385) 3/2T ek KRR KKK A~y
Particle J status NK  Xw Other channels $(1580) 3/2- . . . .
A(1116)  1/2F sk N7 (weak decay) $(1620) 1/2- . . . .
A(1380) 1/2~ o kx ko X(1660) 1/2% kK sk kkk kokok
A(1405) - 1/27 ok ok porork X(1670)  3/27  swwkk kkkk Rk kR
A(1520)  3/27  kxwk kkkk kkkx Amw, Ay, Ynw $(1750) 1/2- . wrr . =
A(1600)  1/27 sk sk okkkk A, X(1385) S(ITT5) 5/27 ks kekk wkrs s
A(1670)  1/27 sk oksk skookok An $(1780) 3/2+ . . . .
A(1690)  3/27  sxwk kxxk owkk Ammw, X(1385)w $(1880) 1/2+ x x .
A(L710) 1727« ko . $(1900) 1/2=  #% s % %
A(1800) 1/2~ koK koK ¥ AWW,LV*K $(1910) 3/2- xx . . .
A(1810) 1/27% ok o o NEK X(1915) 5/21T  ssekx kkk Rk kokk
A(1820)  5/2T  sxwk  wkkx  koxkok X (1385) 3(1940) 3/2+ . . .
A(1830) 5/27  skwkk  skkx kkkk 2 (1385)m 3(2010) 3/2- . . .
A(1890)  B/2  skwr s we X(1385)7, NK© $(2030) T/2%  wmkx wksk skl oak A(1232)K, NK©, 2(1385)7
A(2000) 1/27 * * * ¥(2070) 5/2F « « x
A(2050)  3/27 * * * ¥(2080) 3/2% « x
A(2070) 3/2* * * * X(2100) 7/2° % * X *
A(2080) 5/27 * * * X(2110) 1/2~ * * * *
A(2085) 7/2F 5k 5k K X(2230) 3/2% * * * K
A(2100)  T/27  skwekk kekkk ek NK" X(2250) koK koK * *
A2110)  5/2% ek kx kk NEK" X (2455) x x
A(2325) 3/27 * * 37(2620) * *
A(2350)  9/2F  swx owwx % ¥(3000) i £
A(2585) * X (3170) *

More than half are still poorly established




J-PARC Hadron Experimental Facility
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J-PARC Hadron Experimental Facility

< 1.2 GeV/c
N NP A ™ near A7 threshold (e72)
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Hyperon Spectrometer / HypTPC

Hyperon Spectrometer

HTOF

Plastic Trigger Counter

—

-
—
138

-’ —

|

N @
e | | _{l )

-
'
-
oy l.. >
I ; o
4 -
-
\ - 1 :
» . <4
!
] -
4 4 ‘
- - ]
-
-
o -
»
L
.

Vs
.” i
e ¥ ‘ l’ ’
» | o 1IN '
3 - R
2 18 -_- e :
'

Superconducting|!: ]
Helmholtz Coils

Reconstruction of charged multi-particle final states

HypTPC
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Search for Narrow A * J=3/2 near A7 threshold &72)

Extra \* J=3/2 indicated by past result

Flat Quadratic Flat

.Zr;—a»yy

~ LI BN B BN LR B o o T 1 ]
1: 5 — 32° \z\ 0.2 - P=724 MeV/c - g_ % 0.2 L p=754 MeV/c
E o1t 1 E E 01 Fhute—e—a s
S 0pF——a————a—aah G S o
g 0.2 - =726 MeV/¢ | g E 0.2 p,=758 MeV/c
| o1 Hrewpatt KT D — /\7] measurement
L P=762 MeV/¢ . *
02| A with HypTPC near threshold
0.1 "—ﬁ.; ““ t ““ ___*M _‘.._g._:
0 =
0.2 - | + P=766 Mev/c. |
e T
O+ _*h—i‘—.i. o
o2 | M
P G
A T T
-1 -05 0 05 1 -1 -05 0 05 1
Js = 1667-1676 MeV cosO cos®




Accessible A*/X* resonances using K p reaction

Status as seen in —

Overall Status as seen in — Overall
- . P =

Particle JP  status NK XYn Other channels Particle  J . status = NK = Am 2w Other channels
A(IL16) 1/2F sk N7 (weak decay) ; (1?1)2? ?1)/ ; otk Nm (Wejk decay)
A(1380) 1/2= #x b ks 2(1580) 3/2_ orkor ok ootk Y
A(1405)  1/27  sekx kokx o kokok ( ) 3/ j * * * *
A(1520) 3/27 ok ok kkkk  kdokk Arm, Ay, Xnw 2(1620) 1 2+ x x 0 *
A(1600)  1/2F s wxk srrr A (13851 3)(1660) 1/2_ sk 5k Kokk  kokok ok ok
A(1670) 1/2~ fokkk  kokkk kekekok An ;qggg) ?/;_ Fokokok cololok okolok - dokokok .
A(1690) 3/2~  sxwx  wkrx  wwx Awm, $(1385)r (1750) 1727 ek ek ek ok U
A(1710)  1/2F . . . | ;8;;5)% gng >l<>|<*>l<>l< >1<>|<*>|<>|< >1<>|<*>|<>x< >:<>|<
A(1800) 1/2~ ko *kk Kk A, NK ( )

)Y

1880) 1/27 ok Kok %

Key opportunities at K1.8BR:

o /A7nthreshold: Narrow A(1665) candidate, A(1670)
o 2.1 threshold: 2(1750)

e A(1710): does it exist?

e 2(1670): structure and couplings



Hadron spectroscopy at K1.8
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What can K1.8 cover?

Status as seen in —

Status as seen in —

Overall
Particle J¥  status NK Xr« Other channels
A(1116)  1/27 sk N7 (weak decay)
A(1380) 1/27 Kk Kk Kk
A(1405)  1/27  sskx kkekk skokekok
A(1520) 3/27  skxx kxkk kkk Amw, Ay, Xww
A(1600)  1/27  sxxk oxxk oxxxk Ammw, X(1385)w
A(1670)  1/27 sk skl skokokok An
A(1690)  3/27  skxx okxxk okkx Awmw, X(1385)w
A
( ) Arm, NK
(1810) NE
(1820) $(1385)7
(1830) ¥(1385)n
(1890) »(1385)m, NK
(2000)
(2050)
(2070)
(2080)
(2085)
(2100)
A(2110)
A(2325)
A(2350)  9/2F  xxx * X

k >k
Ma

Overall
Particle JY  status NK  Axm p3s Other channels
Y(1193) 1/27  sxekx N7 (weak decay)
Y(1385) 3/27  sxekx Kokskok kKKK A~y
»(1580) 3/2 % k% N
2(1620) 1/27 * * * *
Y (1660) 1/2% Kk k sk kkk kkk
X(1670)  3/27  skxwk kkkk kkkk okkokok
X (1750) 1/27 koK kkk ok Kok % Xn
2(1775) 5/27 sk koK kdkokk  dokskok k%

Xk

A(1232)K, NK ", ¥(1385)7

X X X X X

>k
>k
>k
>k

Xk

ny states are still poorly established
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Why are they still poorly known?

Most KN data are old and incomplete,
especially for multi-body final states and polarization observables.

K p = KN, nA, 2

low-mass

~p — n2(1385), #A(1520), K*N, K=, . ..

high-mass



Measure couplings, not only peaks

The calculation predicts many
_ channel couplings other than
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Multi-body spectroscopy with HypTPC

Kp— ﬂ_2(1385)+ e Invariant masses
- a1 N> g rntpr

all-charged final state
/ M(pr™) - A
M(Art) - $(1385)
\ M(z=2(1385)") — Y*

e Dalitz plots

e Helicity angles

o /\ polarization

Amplitude information, not only resonance peaks



Physics opportunities at K1.8

e Around 1.8 GeV
- K=, K*N
- Threshold / coupled-channel dynamics

e Around 2.0 GeV
- A(2070), A(2080), 2(2010), 2(2030)

Newly listed as 1-star well-established reference

- Poorly established states / ggg multiplets

- How do quark-model excitations and hadronic dynamics coexist?
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=* resonances

associated production:

p > KE*

Particle

Overall
status

Status as seen in —

AK XK Z=(1530)m

[1]
S

Other channels

1820

1950
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2120
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2370
2500

(1] [1] [1] [x] (1] [x] [xdglel [x] (o] (1]
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X >k kk Xk
Xk >k Xk
XXk

XX
XX

Decays weakly

sk 3k ok k% k%
k% *
k% k% 5k
*
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3-boc
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'y C
'y C

lecays
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'y C
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K1.8

— Future K10
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Summary

From hyperon spectroscopy to hadron structure
e K1.8BR: threshold phenomena and low-mass A*/>*

e K1.8: systematic A*/>* spectroscopyupto/s ~ 2.2 GeV

e Hadron spectroscopy connects conventional ¢qqg
excitations and exotic/coupled-channel dynamics

Further higher energy — K10
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