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Kaonic Nuclei

® Bound states of nucleus and anti-kaon

® Predicted as a consequence of attractive KN

interaction in I1=0 my/m, innuclear matter
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Will provide new insight of low energy QCD
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Kaonic Nuclei

the density of kaonic nuclei is predicted to be
extreme high density

_ Binding :

Kaonic Ener Width Densit

Nuclei 9y [MeV] y
[MeV]

K—p 27 40 3.5pg

K-pp 48 61 3.1p,

K-ppp 97 13 9.2p,

K-ppn 118 21 8.8p,

T.Yamazaki, A.Dote, Y.Akiaishi PLB587,167(2004).

we will open new door to the condensed matter

physics, like the inside of neutron stars
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Present Status of KParNN
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» Theor.: mesonic decay

Upper limits were also obtained: > Exp.: non-mesonic decay

e LEPS@SPring8 [Inclusive d(y, K*m)X]
e HADES@GSI [Exclusive pp—>pAK*] 4




J-PARC E15 Experiment

* 3He(in-flight K-,n) reaction @ 1.0 GeV/c
@ 2NA processes and Y decays can be discriminated kinematically

1 GeV/c 1.2~1.3 GeV/c
K- 3He K-pp

—_— .

P reaction :
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Experlmental Setup for E15

% heutron counter
& charge veto counter

proton counter

. gepsctrometery }:;::;e::esse./ [

/ _K AG&H et. al., PTEP 2012, 02B011
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Outline of the Talk

1. KP>'NN search via Ap channel
-> Non-mesonic channel

2. KPa'NN search via tZp channel
-2 Mesonic channel




Outline of the Talk

1. KPa'NN search via Ap channel

-2 Non-mesonic channel
o——

1 GeV/c




Count per 20 MeV/ 2

Exclusive 3He(K,Ap)n
in E15-2nd
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* dedicated trigger was introduced for (K-,Ap)
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Momentum Transfer

Momentum transfer (GeV/c)
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for sub-threshold structure
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Structures in Forward-n Region
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Fitting with BW and Gaussian
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Sliced by Reaction Angle

cos0 . dependence
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Reaction Angle Dependence

Peak posmon MQF:Mw*z&K Width
'5"--.1.__'_' N AR 2T T T T T T T
; - { / ¢ peak B "m:_ --l.xfuwerpeak I
’g .44%- e LN E S — o
2 raf Gau55|an —*— S e e I | =
.E 40 _E Z h
T ER T
RS Breit-Wigner E = T B e
Iﬂ:— T —
T ¥ —y T '_ X Y — ﬂ'_l,_.s' T Y ER—— T5E ' '1,_430
msEIEM ¢ {)&-‘EE”
 Above IVI(K'pp): 1 T ——
— peak shift by recoil kaon energy o8 | . """“-AQF ]
e Below M(Kpp): . B.5. |
— peak is independent of cos0, ~ q,, H Sekihara, Oset, Ramos,
. “*I" PTEP(2016)123D03 |
-=> would be S=-1 di-baryon dzc,...-dMAmee} wbrGev
A . . Y o
e Similar tendency as in a theoretical T RT——
CaICUIatlon 02.2 225 23 235 24 245 25 255 26 1°

MAp [ GeV ]




Width (MeV)

Present Status of KPa'NN

® Exp. CANDIDATES
— Upper limit
e LEPS/HADES

— B.E ~ 10-40 MeV
 E15

— B.E. ~ 100 MeV
e FINUDA/DISTO/E27

® Theor. calculations.
— Difficult to reproduce

. E27

T T N I I deeply bound state

20
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For further understanding:

v' A(1405) production > A*N doorway
v 12N decay channel = new info. of KP2'NN 16




Outline of the Talk

2. KPa'NN search via tZp channel
- Mesonic channel
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“Kpp”-2>7n=N Decay Channel

kaon absorption probability
of A"N->nZN/AN

w(py W) (107" MeV2)

S.Ohnish et al.,PRC88(2013)025204

3.5 . .
3| ©) o Theoretically,
25 | R .
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OTtZN ;;—OO 2350 KNN
W, 1. (MeV)
K- 3He
O
1 GeV/c
n
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K- 3He = nXpn @ E15
CDS

e Exclusive measurement of
nitX " pn final state in K+3He

K-

1 GeV/c

CDS

 Experimental challenge of neutron
detection with thin scintillation
counter (t=3cm)

n detection efficiency ~ 3%




Neutron ID with CDS

e m'mp events (3 tracks) in CDS with 4 CDH hits are selected
e a CDH hit with CDC-veto (outer-layer) is applied to identify the “neutral hit”

dE vs. 1/B dE-cut dependence
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nt2.pn Events
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A’pn Events
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nfZ*p n_.. Final-State [IM(tEZ™)]
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(“iz-l_)p r‘miss VS. (T[-I-A)n r‘miss

mtAn n, final state was obtained as with m*Z¥pn_.
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Discrimination of A(1405) and 2(1385) is under way

— Careful investigation of the backgrounds is needed
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Production of A™ and “K-pp”

A(1405)
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nEZp n_. . Final-State [IM(1I+Z+p)]
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niZtpn_. . in A1 405) Region
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IM(TtEZ ) vs. IM(TTEZ T p)

A(1405) and QF are strongly correlated

= consistent with K+N quasi-free followed by K+N.N.2>A"p
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Ap vs. T2p
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Conclusion

e Structures around the K'pp threshold were TR e
found in 3He(K',Ap)n N L
— above M(K'pp): KN quasi-free followed by KN.N.=> Ap | P
— below M(K'pp): would be S=-1 di-baryon decayingto Ap " ++13£m*“:+**w
e I'(A(1405)) < I'(measured “di-baryon”) E‘ff:'::;“;:s_'\ g n:mnmz?:‘??ﬁ‘“’“o
- Ya[ 2(1385)/A(1405)
e A(1405) was clearly observed in m*XZ*p Npiss & |
final state b
— Important hints of “K'pp” production mechanism would * { muszu)
be obtained NI |
obir bt T2
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 Weak structure below the K'pp threshold was " 7
seen in 3He(K,m*X " p)n ﬂH nETp
— Suppression of “K'pp” = nZN channel? ﬂ |
or R
— Limitation of detector acceptance / statistics? ,** +H+++*f» N
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need further investigation of “K'pp” 2 XN



kaon in atoms/nuclei at DAFNE and J-PARC

-- Present status and future plans --

Dec.6-7, 2017, Wako, RIKEN
Place: Main building 2F room number 224-226

#HHE Dec.6 (Wed) 95
13:00-13:05 Masahiko Iwasaki (RIKEN): Welcome address [5]
13:05-14:00 Catalina Curceanu (LNF-INFN):SIDDHARTAZ2 and future [45+10]

14:00-14:40 Shinji Okada (RIKEN): kaonic atoms at E62/E57 [30+10]

14:40-1455 --- Coffee break ---

14:55-1550 Tetsuo Hyodo (Kyoto): KbarN interaction in chiral dvnamies [45+10]

15:50-16:30 Kristian Piscicchia (LNF-INFN): A* at AMADEUS [30+10]

16:30-16:45 --- Cofflee break ---

16:45-17:25 Hiroyuki Noumi (RCNP): A* at E31 [30+10]

17:25-17:55 Kivoshi Tanida (JAEA): polarization measurement of A(1405) from A. decay and spin
structure of A(1405) [20+10]

18:00-20:00 --- Get-together party @ Main Cafeteria (party-fee:3,000JPY) ---

#H# Dec.T (Thu) #4#

10:00-10:55 Akinobu Dote (KELK): KbarNN-rEZN-7AN coupled channel system [45+10]
10:55-11:10 --- Coffee break ---

11:10-11:50 Raffaele Del Grande (LNF-INFN): Ap at AMADEUS [30+10]

11:50-12:30 Oton Vazquez Doce (LNF-INFN): =0 at AMADEUS [30+10]

12:30-14:00 --- Lunch -~

14:00-14:40 Takumi Yamaga (RCNP): Apn at E15[30+10]
14:40-15:20 Fuminori Sakuma (RIKEN): nZN at E15 [30+10]
15:20-15:40 --- Coffee break ---

15:140-16:20 Tadashi Hashimoto (JAEA): (K",p) at E15 [30+10]
16:20-17:15 Takayasu Sekihara (JAEA): reaction calculation of KbarNN [45+10]
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Acceptance of K°2'NN Bound-State
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