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Kaonic nuclear bound state

Anti-kaon might be bound to a nucleus
due to the strongly attractive KbarN interaction in =0

Assumption 1.Y. Akaishi and T. Yamazaki. Phys. Rev. C 65, 044005 (2002). p .
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Current situation on “K-pp” & -t

1 (a) large-angle proton: high-P1(p)
2.5 — . _

B L L L I
g ]
S . —| DISTO | w=oy | i
® 120/plot by Y. Ichikawa — IR ]
B — (5 K_ ” K+ _’A K+ i I
E N.V.Shevchenko, A.Gal, J.Mares PP ( PP ) P I a
—z - T @Tp=2.85 GeV BE
= DISTO p=&- T B
% B é 10F g N : e -
- 100 Zx 8 po1s ]
B s A ? ]
- S tof . gl ]
. . | < o1 P
c %
80 | Y.lkeda, T.Sato IS ? ? i
A. Dote, T.Hyodo, W.Weise 2 osf g ;55 -
- A —— o af oz
60_ : ‘ ‘ L_%: : O -. PR IEPTTRET R ...IE.... l..%.:l. PREPE BT
— T.Yamazaki, Y.Akaishi FINl]DA 2150 2200 2250 2300 2350 2400 2450
| . . 2
N.Barnea, A.Gal, E.Z.Liverts Missing Mass AM(K) [MeV/c”]
— - T. Yamazaki et al. Phys. Rev. Lett. 104, 132502 (2010).
— 1 P. Kienle et al. Eur. Phys. J. A 48, 183 (2012).
40 B S.Wycech, A.M.Green ¥ ( )
Y.lkeda, H.Kamano, T.Sato By, [MeV]
- 200 -150 _ -100 _ -50 0
20 Loy oy oy by oy by e by ey by by FINUDA | I | ] :_15|0 100 -50 o
0 20 40 60 80 1 00B 1“%0\/ back-to-back Ap pair NI
Kpp[ ev, stopped K-on 6Li, 7Li, 12C £
_ —— . . N. Barnea, A. Gal, E.Z. Liverts, Phys. Lett. B 712 (2012) 132. 2 r ©
Theoretical | IC*™ interaction C‘:T'l‘;‘:':‘::“ A. Doté, T. Hyodo, W. Weise, Nucl. Phys. A 804 (2008) 197; S 15 +
A. Doté, T. Hyodo, W. Weise, Phys. Rev. C 79 (2009) 014003. E n : T e
® Chiral base Variation Y. Ikeda, H. Kamano, T. Sato, Prog. Theor. Phys. 124 (2010) 533. S 10— 22 225 23 235 24
@) Chiral base Faddeev T. Yamazaki, Y. Akaishi, Phys. Lett. B 535 (2002) 70. 3 E : : :
A Ph \ .. N.V. Shevchenko, A. Gal, J. Mares, Phys. Rev. Lett. 98 (2007) 082301 ; s , : ,
enomenological Variation * : : :
. N.V. Shevchenko, A. Gal, J. Mares, J. Revai, Phys. Rev. C 76 (2007) 044004. N :
A Phenomenclogical Faddeev Y. Ikeda, T. Sato, Phys. Rev. C 76 (2007) 035203 = I P D P P e B =l == T P
Y. Ikeda, T. Sato, Phys. Rev. C 79 (2009) 035201. 212 22 225 23 235 24 245 25
S. Wycech, A.M. Green, Phys. Rev. C 79 (2009) 014001. p-A invariant mass [GeV/c']

M. Agnello et al. Phys. Rev. Lett. 94, 212303 (2005).

+ Variety of few-body calculations
+ Two major experimental “observations” are still not understood weli
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New experimental results
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In-flight K- reaction on 3He
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Summary of E15 1st

24 kW * 4-day data taking in May, 2013
~ 5.3 x 10°0on 3He

~ 1% of the approved proposal

Formation channel

Semi-inclusive 3He(K-,n)X
+ No significant bump structure
In the deeply bound region
4+ Excess below the threshold

Decay channel

Exclusive 3He(K-,A\p)n
+ Deviation from the
simple Phase space
+ Excess around the threshold ?
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Formation channel
Semi-inclusive 3He(K-, n)

T. Hashimoto et al., arXiv:1408.5637

9 T. Hashimoto@J-PARC workshop, Nov. 30, 2014



Semi-inclusive spectrum

glab= 0° @ px= 1 GeV/c
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Semi-inclusive spectrum
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Semi-inclusive spectrum
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Semi-inclusive spectrum
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Background evaluation

Binding Energy [GeV]
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Background evaluation
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J-PARC E15

SHe(K-,n)X @ 1 GeV/c
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Intrinsic peak shape:
Decay mode:

Breit-Wigner
K-pp—Ap 100% (isotropic decay)

= J-PARC E15 (U.L.)
30 ~ 300 pb/sr @ 0 deg.
0.5 - 5% of quasi-elastic
smaller than usual hypernucleus sticking

= LEPS (y+d) (U.L.)
1.5-26% of yYN-K+rY

= HADES (pp @ 3.5 GeV)
0.7-4.2 yb (A* ~ 10 ub)




What is the origin of the excess?

other possibllities are...

1. non-mesonic two-nucleon absorption: A(1405)n branch

* rather large cross-section ~ 5 mb/sr needed
« U.L. 1 ~10% of A*n branch?

140
< L ; .1 20 mb/sr @ 6=0
- — Dat - - ]

2 1200 o Y oA oo 3 Breit-Wigner with PDG mass&width
= - Simulation -

~ 100 AN - — .3 (%) .
S P : K~ +*He —» Y {H N} N,
@ 80~ _— 5(1385)N ~

3 ’ spectator

< A(1405)N E « Psp

x S0  _ A(1520)N g O
S 40 t O :INC
g : —
2 20F - -
B Tr 1 AN/ZN branches are negligibly small
© w ﬂ&m4 o e T T el A(1520)Nn branch < 2 mb/sr
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°He(K',n)X missing mass (GeV/c?)
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What is the origin of the excess?

other possibllities are...

1. non-mesonic two-nucleon absorption: A(1405)n branch
» rather large cross-section ~ 5 mb/sr needed
« U.L. 1 ~10% of A*n branch?

1.0g
0.9k
2. Loosely-bound “K-pp” state 0.8
* The excess corresponds to 1~2 mb/sr 32
» ~ 10% of quasi-elastic peak <83-5§
0.4F
- Assumptions 0.3f =K ppz2Ap....2
. ] 0ob i +Kpp%2p_
- Fully attributed to the Kpp state T 5+Kppﬂzp :
O 1:_ ....... SEPEPIPERE PP PES CP PP PEE PEPEPEEPE SEPEPERERLE RRE _:
» isotropic decay K-pp—=Ap/Zp/Tep S DU U FURUE DU PO OV

210 215 220 225 230 235
He(K ,n)X missing mass (GeV/c?)
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Comparlson with theoretical sBectra

3 5w Data E theoretical spectral functions are inclusive
g_ % + 7 E Cr;g_-y [ e V.]:)
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E (MeV)
CS is roughly consistent with Koike&Harada

Exclusive measurement (mzN) is an important key for further study
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Decay channel
Exclusive 3He(K-, Ap)n

Updated results will be presented @ PAC meeting (Dec. 4th)

23 T. Hashimoto@J-PARC workshop, Nov. 30, 2014



Exclusive 3He(K-, ApZn events
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Ap invariant mass

K+p-+p threshold — Data ~ 200 events
....... BG
25 (A) —3NAApn 4

— 3NA 20pn | MC (Phase-Space)
, — MCall vl
' |

.M. resolution ~ 10 MeV/c?2
I

Integrated CS: ~200 pb
‘ ~0.1% of total CS of K-3He

N
-

—_—
-

U1

Excess around the threshold
: Fony from the phase-space distribution
PPN im0 O il ok ATk ek AT AT okt o ek O SO MO AT B o L cannot be from 2NA Of/\*n

122 23 24 25 26 27 28 29 3
.M. (Ap) of "He(K ,Ap)n f
mis 2NA reactions are not prominent

(1 nucleon is a spectator)
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2NA position
Further study is ongoing:

Improved event selection, contribution from 2NA + 2step.
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Apn kinematically complete measurement

Our final goal. But...
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~ 10 events
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Ap/Z% could be separated

We definitely need more beam !!
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Outlook - E152nd & near future plan@K1.8BR

N
» Calibration run with H2-target 4

G10¢

> E31 pilot run with D2-target
confirm the d(K", n)A(1405) reaction by tagging the charged decay modes

» E15 2"%-stage physics run <+ already approved !
- x10 statistics, ~10% of full proposal
- Exclusive analysis of nZN decay
- Kinematically complete measurement of *He(K’,Apn)

» E17: K'He X-ray measurement with TES s report @ PAC meeting by S. Okada ¥
- TES: novel cryogenic detector, ~5 eV FWHM@6 keV
- Feasibility test was successfully performed at PS| by HEATES collaboration

¢ ~910¢

» K'd x-ray measurement with SDDs talk by J. Zmeskal on Dec. 1

\ 4
These experiments provide crucial information on the KbarN interaction

27 T. Hashimoto@J-PARC workshop, Nov. 30, 2014



Summary of E15 1st

24 kW * 4-day data taking in May, 2013

~ 5.3 x 10%0n 3He 5
~ 1% of the approved proposal '?:;1 00
80
Formation channel ;560
Semi-inclusive 3He(K-,n)X S 40
+ No significant bump structure :\é 20
in the deeply bound region °
+ Excess below the threshold
2NA of A"n ? loosely-bound K-pp?, 25
> 20
Decay channel O
Exclusive 3He(K,Ap)n ?j 15
+ Deviation from the §- 10
simple Phase space §
o 5

+ Excess around the threshold ?

L1
x10 statistics data will come next year !! %0
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