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3. Summary




What is A(1405)?
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KbarN |nteraction

v Low E K-p scattering data suggest: Attractive (S=0)

v’ K-p atomic X-ray shift : | n’ ok
Repulsive Shift at 1s energy reg. 2« ‘ l‘ I
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Suggests Strongly Attractive KP2'N Int.
Is “True”1s State deeply bound ?

= A(1405) : Sy, ?

If so, deeply bound Kaonic Nucleus...?
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Deeply Bound K-Nucleus System ?
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Weighted events / 0.010 GeV

In PDG2007...
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A(1405) S,

See the note on “The A(1405)" in our 2000 edition, Eur. Phys. 1.
C15, p. 748 (2000). For a recent discussion and earlier references
on evidence for a 2-pole structure of the A(1405) sece MAGAS 05.
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" . T. Hyodo:
Motivation : Two poles? EEEICERE RSN

There are two poles of the scattering amplitude
around nominal A(1405) energy region.

» Cloudy bag model A(1405) : JP =1/2—,1 =0
J. Fink, ef al., PRC41, 2720

e Chiral unitary model A(1405)

J. A. Oller, ef al., PLB500, 263 RN 1426 — 16i
E. Oset, ef al., PLLB527, 99

D. Jido, ef al., PRC66, 025203 Tl s
T. Hyodo, ef al.,, PRC68, 018201 L5 1

T. Hyodo, et al., PTP112, 73 Lo 1.0
C. Garcia-Recio, ef al., PRD67, 076009 L 0.5
D. Jido, ef al., NPA725, 181 0.5

T. Hyodo, ef al., PRC68, 065203

‘T—.

C. Garcia-Recio, ef al., PLB582, 49 1440

-80
1420 -60

1400 40
Re(z] 1380

e Correlated quark model S0 Imlz]
A. Zhang, et al., hep-ph/0403210 ChU model, T. Hyodo 6
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Evidence for the Two Pole structure of A(1405) I?
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In PDG2009...

COSY-ANKE: pp—pK*A*(—n920)

A(1405) S,

,"(JP) 0(%_) Status:

It seems to be the universal opinion of the chiral-unitary commu-
nity that there are two poles in the 1400-MeV region. For recent
discussions and earlier references, see for example MAGAS 05 and
JIDO 03. ZYCHOR 08 presents experimental evidence against the

two-pole model, but this is disputed by GENG 07A.

|. Zychor et al. PLB660, 167(2008)

~ also the “Note on the A(1405)" in our 2000 edition, The Euro-
n Physical Journal C15 1 (2000).

KK KK

"o ~ EI= KN
> S0 | | | . o p
g - Et] single, ordinary three-quark A(1405) fits nicely into a J© =
o aoF ~ SU(4) 4 multiplet, whose other members are the AC(2595)+.
- E 5 2790)™, and :_C(Q?'QO)O; see Fig.1 of our note on “Charmed
o 30 + X =ny yons.”
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Bubble Chamber Exp. for d(K-,Z-n*)n at CERN

O. Braun et al.,, NPB129, 1(1977)
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A(1405): y+p— K* +n°E(rE*) - M Niiyama et al., Phys. Rev. C78, 035202 (2008) i
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A(1405) Spectrum

v'The situation is not conclusive,
rather controversial.

v'Experimental studies are necessary.

v'Approaches to A(1405) from different
production processes are important.



A(1405) Spectroscopy via the (K-,n) reaction on °H

Motivation
v Study of A(1405) structure
clarify if it is a K*o"N resonance (K**"N bound state)
What do we need?

v'KberN scattering below KPe"N threshold
Virtual Kaon Beam

Employ d(K-,n)A”
v'Identify I=0 state in KN -> ©X process

S-wave, I=0 — A*(1405) | — 700 | , -2+
S-wave, I=1 — non-resonant
P-wave, I=1 — X*(1385) — mOA, TH-E




Reaction Diagram
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Calculated Cross Sections and Spectra for K-d -> nZ¥n

dol(dM,.« deost,'™®) [ubMeV] do/(dM,; dcos8, ™) [Lb/MeV]
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ChUM By D. Jido, E. Oset, and T. Sekihara, arXiv:0904.3410
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A(1405) Spectroscopy via the (K-,n) reaction on 2H

2H(K-p)z™
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Missing Mass Resolution in the d(K-, n)X reaction

Dominant sources of ambiguity...
dt~120 ps (NC) dL,~2cm, dL;~5cm, F.L.=15m » dp ->dp

dMM ~ 9 MeV/c (sigma) at p,.=1 GeV/c

0.012

—d(K-,n)Lambda* /
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0.008 -“““"“““““““"7{
0.006 / E
0.004 /

0.002

Missing mass resolution (GeV/c2)

0
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K momentum (GeV/c)



Detection of the A* -> >+ and "X~ modes

(1)
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TIdentification of A* -> =2+ and >~ modes

histd 142 histd
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Detection Efficiency of A* -> n-2* and n*X~ modes
Contamination (Mis-identification) ~ a few%
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o
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o o
N w
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0
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1460
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Backward Proton Detectors for the A* -> 1020 mode

7T
dEEL K O Pimdeg.
4
cbc Solenoid Field
at 5 kG
to NC

target cell

\ COH

momentum measurement by TOF with BPD2
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ID & Efficiency for A* -> n0%0

e — pi0Sig0(1GeV/c)
e —pi0Lam(1GeV/c)
e 0.03 — P —
1000} 0.025 Ef\flC{WV: A*—>207
B0 - > 0.02
: = \
ﬁﬂﬂ: 'S 0.015 \
400} % 0.01
200 AF—>3070 0.005 _ '
I » o L Contamination: 2*—>Am’
-':'l.]l.'llI I I-5|l]I = _ﬂ I_ Eﬂl - I‘Ilillllll - I1|51]I - Iill?lm
Missing Mass"2 (MeVic2)"2 1325135013751400142514501475
Cut Condition: Y* mass (MeV/c?)

Proton: >300 MeV/c, 6 > 160deg.
Pion: >80 MeV/c, 40<0 < 140deg.

MM?2 > 30000 for A*>X070

~ 2 ~
AMM ~ 50 MeV/c?, 5,~200ps, L~0.45m Simulation by S. Enomoto
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Yield Estimation

lom  Mremonic [ Comment

Intensity 2.0E+5 ppp  30GeV-27kW(6s)
# of target nucler n 4.1E+23 D:8cm, 0.169g/cc
Reaction X section do/dQ 220 ub/sr AN —>mtE-
97 AN*—>mn 2t
128 A*—>m0%0
Solid angle AQ 0.020 sr
Reconstruction eff. ¢p 0.2
DAQ 0.9
Beam Tracking 0.9
Neutron detection 0.3
Decay mode eff. EM 0.32 AN—>ntE—>ntnn
0.16 AN —>nZt—>nrnn
0.015 A*—>n20—>n7tp
Analysis eff. Ep 0.8
Yield Y ~19200 A*=>m*nn (120 shifts)
~4800 A—>nrn (120 shifts)

~350 A*—>nonp (120 shifts)
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Summary

v'"We propose to study A(1405) hyperon resonance
via the d(K-, n)zX reactions.

v'"We expect to investigate A(1405) in the
coupled chanel K°¢'N - 7% sytem.

The E15 setup is quite suitable to carry out the
present experiment.

The 7920 final I=0 state as well as ©*/-Z/* are to be
identified.

The proposed experiment can improve statistics for
each mode very much:

1~2 orders of magnitude for n*/-X-/*
a factor 2 or more for n0x°



Backward Proton Detectors:

v'development of BPD

BPD1:K(charged) -beam ID/vertex
BPD2: TOF for protons
-> Scintillator Hodescopes with MPPC

v’ Vertex Detector for A->pn-
-> determine the reaction z vertex
for better p, measurement in A*-> 7030

MWPC/GEM/SSD/Fiber Hodoscopes

v d(K':p)z_*
-> using proton arm of P28 Setup(Fujioka et al)



Misc.



Comment on 3He(K-,d)

Compared w/ d(K-,n)

Merit

v'Slower d: better momentum resolution
-> better missing mass resolution

v Larger recoil Momentum: ~500 MeV/c
-> backward p-detection much better.

Demerit

v'Small cross section: 1/100 ~ 1/10 of d(K-,n)?
but feasible for n*~- and n=~* modes

Could be a parasitic to E15
-> be a good pilot experiment for d(K-,n)



Exp. to form S-Wave KN state and I=0 state in final state
with low-E K- Beam at J-PARC

K-
| ‘n(d))
K-d — nnX d K SR
3 (*He) ]  r059(1=0)
K-*He — dnx L )
__ -06
S — d(K-,n)L(1405)
> -05
3 : Odeg
e -0.4 d(K—,n)L(1405)
= 0.3 / 10deg
g / 3He(K-,d)L(1405)
g -0.2 % Odeg
()
Z — 3He(K-,d)L(1405)
' 10deg
0 |
0 0.5 1 29

p(GeV/c)
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do y+/dcosh [ub]

do ,+/dcost [ub]
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D. Jido, E. Oset, and T. Sekihara, arXiv:0904.3410
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D. Jido, E. Oset, and T. Sekihara, arXiv:0904.3410
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Diagram Contribution (no Interf’ce)
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d 5
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D. Jido, E. Oset, and T. Sekihara, arXiv:0904.3410
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Y. Ikeda and T. Sato, PRC79:035201,2009.

II'\-10::IeI(IA} |
Model(B) =— —

dN/dwcm=C | tn2—>n2 | 2pcm

arbitrary units
=)
=
T

1350 1400 1450
W, m (MeV)

FIG. 2: Invariant mass distribution of the 7X..
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FIG. 3: The total cross section of (a) K—p — K—p, (b) K p — 77X, and (¢) K p — n T

reactions. The solid (dashed) curve shows cross section calculated by using Model (A)((B)). Data
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are taken from Ref. [29, 30, 31, 32, 33].



AGS-E913 Setup
S. Prakhov et al., PRC70, 034605('04) K-p—X*—n'n0x0



S. Prakhov et al.,

PRC70, 034605('04)
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