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A subject for discussion: J-PARC E15

Key questions :

- Can kaon (boson) be a member of nuclei?
- Kaon properties change in nuclear media?

Hadron masses and y-symmetry 4 /<qqz>|
<qq> as QCD Higgs | condensate
Non-perturbative aspects e \\l
@ energy < Aqcb [/ B

Finite density — signh problem /

Lattice-QCD approach d|ff|¢u/lt\

normal nuclear
\ d
X ensity




Can meson form a nuclear bound state?
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m,/m, in nuclear matter

Study of KN interaction”|
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Atomic States

h/h
T. Waas, N. Kaiser%( W. Weise, Phys.
Lett. B379 (1996) 34.

level energy and decay width

Nuclear States

atomic states
level shift and absorption width

K at rest

strongly attractive in I=0 channel



Atomic study = very attractive
bound state?

width [eV]

1000 —T—T—T T
| O Constant Scattering Length _
K-Matrix ]
Potential Model , —
Cloudy Bag Model Veit et al. 85 He & Landau 93
D Consti‘tfuent anr\lf Model N
800[— o —
N O Tanaka & Suzuki 92 ] N
3 \
B N T I
N ® X ./Siegel & Sagh HAR
- I\ ~ 1 —
N Conboy 85
6001~ \ é\ Kim 65 O
— NN Martin & Ross 70 —
B N | Martin 81 3}
| I Dalitz et al. 82
] | | Martin & Sakitt 69/J -
400+ Von HiQpeI & Kim 68 — | o K
N I | Hamaie efal. 95 A Sakitt of 4] QA
\ 'Kumar & Nogami 80 \ '
n AN o [ A\ ~ |
7 g :
, ® K o —
200 ; 2/ é\' 8 f -
e / } L 5.
B v “3/ &B © T —
C E X 9 - (4]
— y 'c/ K. 0 o @ —
CE RS R 5 S
- 57 & g = -
0 I | v //» F& I I I
-500

ift

upward sh

>

kaonic hydrogen energy level [keV]

>

Shift (-AE,) [eV]

0

N

1
N

1 I 1T 1 1 I 1 1 1 I 1T 1 1
'f3s ™ — T

._28 e Nl

N. ‘-" LN N ]
: —

— W =10 MeV

W =10 MeV |

0 100 200
potential real part (V) [MeV]

300



A(1405) as KN bound state

Hyper Kaonic
Nucleus nucleus nucleus
® ?2??
Bound
deuteron Not bound

state



A(1405) as KN bound state

A(1405) 1/2~ I(U7) = o

)

N =

The nature of the A(1405) has been a puzzle for decades: three-
quark state or hybrid; two poles or one. We cannot here sur-
vey the rather extensive literature. See, for example, CIEPLY 10,
KISSLINGER 11, SEKIHARA 11, and SHEVCHENKO 12A for dis-

cussions and earlier references.

It seems to be the universal opinion of the chiral-unitary community
that there are two poles in the 1400-MeV region. ZYCHOR 08
presents experimental evidence against the two-pole model, but this

is disputed by GENG 07A. See also REVAI 09, which finds little basis

for choosing between one- and two-pole models; and IKEDA 12, .

which favors the two-pole model.

A single, ordinary three-quark A(1405) fits nicely into a JP =
1/27 SU(4) 4 multiplet, whose other members are the /\C(2595)+,
=.(2790)™, and _:C(2790)0; see Fig. 1 of our note on “Charmed

Baryons.”
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A(1405) as KN bound state

Hyper Kaonic

Nucleus aucleus ucleus
Bound )
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A(1405) as KN bound state

Nucleus

Hyper
nucleus
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deuteron

~ 2 MeV

Not bound

A(1405)?

~27 MeV



A(1405) as KN bound state

Nucleus

Hyper
nucleus

O

Kaonic
nucleus

¢

Bound
state

B.E.

deuteron

~ 2 MeV

Not bound

A(1405)?

KN >>2MeV @ NN !!



A(1405) structure from Lattice QCD calculation
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Search for Kaonic nuclear states
m;/m, in nuclear matter A(1405) = K- p bound state ?
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Formaflon of high density mat’rer?



Particle fraction in dense nuclear matter

— a possibility —

Does kaon can be
born spontaneously In
star matter?

A NEUTRON STAR: SURFACE and INTERIOR
. ‘Swiss ‘Spaghetti’
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Can “boson” be a constituent of “matter”?
Hyper-nucleus

A : 3-quark baryon (Fermion, same as p, n)

K +n-oA+m K-
(us) (udd) (uds) (ud)

existence might not that strange,
because it is Fermion like p, n

anti Kaon-nucleus ®

New Paradigm

Can anti-quark u
“survive” in a nucleus?
K : (iis) meson (Boson, like i, but strongly attractive)
K +n->K +n
(@s) (udd) (us) (udd)

K-
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SHe(K-, nnc)X — semi-inclusive
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Counts per 20 MeV/c?

dap [GeV/c]
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E15 2nd

~ 30 times for Apn channel



fit with Brlghf-ngner + Gaussian
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*He(K", nne)X — semi-inclusive eye-fit only
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*He(K~, Ap)n @ pk=1GeV/c consist from

1) peak in unbound region (above M(Kpp))

K back-scattering (QE)
QF = X
internal conversion (IC)

2) peak in bound region (below M(Kpp))
nuclear bound state

unlike baryonic resonance, this is associated with
QF = QE + IC ... cf. nuclear formation

one can pull out the constituent particles, Kpp
K-pp compose the resonance



E15: He(K-, Ap)n comparison
with E31: d(K-, nirin¥)



E15: K'+’He+>n+Kpp Kpp—+Ap

E31l: K+d»>n+Kp Kp->»3iin?
h d +_ ot Kp = A(1405)
charge mope fz - (ﬂ) p
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_ | -
- charge mode average 1 MENU2016 Kawasaki et al.,
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E15 & E31
1) unbound region ( above M(Kpp) / M(Kp) )
K back-scattering (QE)
QF = X
conversion (C)
non-resonant
2) bound region (below M(Kpp) / M(Kp))
nuclear bound state
Bkpp > Bip
rl(pp >> |'|<p
Kpp major decay = YN
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Recent status of K pp bound state

¢ Recent results

» Theoretical calc. » Experiments
KN interaction model Reports structure / NO structure
E-dep. / E-indep. / J-PARC E27 LEPS
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Experimental studies on K pp — a personal view
J-PARC E15 experiment

— lowest momentum transfer, achievable
— well identified final state
— less background expected

non-strange channel — K+A(Y) >> K+K-N

Experi Reaction final state projec q(MeV/c) B.G. statistics Q.F. Results
ment tile

FINUDA | X (K- at-rest, Ap) Y Ap+X K- N. A. 2NA insufficient ?
KLOE | 4He (K- at-rest, X'p) X Xp+X K- N.A. 2NA ? ?  ~50??
DISTO pp—K+Ap (A p) + K+ p 300-400 N*(1710) huge

(Tp=285Gev)  PH+EAT SN W/ KA
HADES pp—K+Ap p -:; 1}+1K+ p 500-700 K+A
(Tp = 3.50 GeV) N*1710)
LEPS p(y,® K+ X N.A. Y 300-600 small o
J-PARC | d (mt+,K*) X (= Ap/X'p) Ap /X% T+ 500-700 K+A(Z%) RLEilEE )
E27 w/ K+Y
J-PARC 3He(K-, Ap) n Ap +n K- 200-300 — good Yes 40 ~50?

E15




*He(K-, Ap)n:
How to extract size information?



momentum transfer qx & cosOn

gk = PK = Pn (~200MeV/c)

P Form factor: )
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qZ = p% + p3 - 2 px pn cos6h



_ _ | 1 .
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KNsNs = “K-pp” S-wave resonance?
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what we assumed in E153st

existence of a pole in : K +3He > A + P + npis.

d?ox | (FX/‘Z)Q
< p3(Apn) X (Minonp — Mx)2 + (Ix/2)2

llllllllllllllllllllllllllllllllllllllll
o ’,

AM iny Apdq

<@ *
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q is reaching as large as ~800 MeV/c!

large Qx (T~400MeV/c) implies
realization of compact state



WHAT WE WISH TO HAVE?
spin / parity

WHAT’'S NEXT?



KN — Y*(~1700) - KN J(Px; pn)oc(fIVll)+ E Hy +ie
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present E31 (cosbnh=1) K-d > A*n

- (n).=2x2 A* = 2*nF
m
K- \ u
e
]
X NC
signal @ E15 =c0s0,=0.75 ~ 1
mn=2?
I I q dependence of A*
K- “ production
_—
Xn by checking
I I TNn=2*

directory



E15 (cos6,=0.75 ~ 1)

7\

mp=A~?
K-4He & Kn

Kppn — Apn

K-3He & Kn

Kpp = Ap

“Kppn” nuclei?






Why not improve detector?
for ¥ & n detect in CDS

spin / parity / branch / size / larger A
for high density matter study




Strange Quark Matter?

SHe(K,

M(K pp)

Ap)n
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Strange Quark Matter?

SHe(K-, Ap)n
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success in K'pp - R -_

Expandlng act1V1t1es
| based on > 20 years of
collaboratlon
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E15 collaboration
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Showcasing example of Executive Program
— StrangeMatter —

Strangeness in the
compact stars?

High precision experimental and theoretical studies of the
strange matter nuclear interactions at low-energies

— Italy-Japan —

Masahiko lwasaki
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