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KPar-A interaction
An important tool is kaonic atomes.

— Simple tp approach

[A = 20(B + Vop + Vo) + (Ve + B)!|U = 0,
21 Vope (1) = —47?(1 — A—[A I l>b0p(r)

m

Re(V,) ~ —80 MeV

— DD(Density dependent) potential
bo — bo + Bolp(r)/po)

Re(V,) = —(150-200) MeV
— Fourier-Bessel method

Re(V,) ~ —(170) MeV

— IHW K"2'N interaction+phenomenological
multi-nucleon absorption

Re(V,) ~ —(170) MeV

— Chiral motivated model
Re(V,) = —60 MeV

—Shift (eV)

Widih (V)

Kaonic atoms
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KPar-A interaction

An important tool is kaonic atomes.

— Simple tp approach Kaonic aoms

10~
(a)

[A — ‘);1(B+\pt+1) + (V. +B)]\I;:'
e AN ped

n=3

The depth of K*?"-nucleus potential strongly depends on
the model setting. It is not conclusive whether KP3'-nucleus

potential is “deep” or “shallow”!! Both type of potential
can reproduce the kaonic atoms data.

$

To solve this problem,
a hew experimental constraint is necessaryI

— Chiral motivated model AR =
] [
Re(vo) = _60 MeV 0 1 I
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KEK E548

T. Kishimoto et al., PTP 118, 1 (2007)
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[12C(K-, N) spectrum]

o 12C(K, n), 1*C(K", p) at 1GeV/c
— K beam: 10%/spill
— KEK-PS K2 beamline + KURAMA
— MM resolution ~ 10 MeV (o)
— 0,.<4.1° was chosen

* V,, Was studied comparing DWIA
— C(K", n): V. = (Re -190, Im -40) MeV
— C(K", p): V. = (Re -160, Im -50) MeV

(dotted line: Vopt = (-60, -60) MeV)




Discussion for KEK E548

e V. K. Magas et al., pointed out a serious drawback
in this experimental setup.

— In E548, at lest one charged particle detected by their

decay counter was required (semi-inclusive spectrum).
V. K. Magas et al., PRC 81, 024609 (2010).

[Simulation]
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Criticism for KEK-PS E548

V. K. Magas et al., PRC 81, 024609 (2010).

Monte Carlo study for the semi-inclusive spectra.

300 —IAII prlocessesl. U=—6IO PPy | | | | -
. . N T All , U=-200 p/
Although their calculation is _ e o
o 2501 | = = = No one K'N QE scattering, U=-60 p/p,,
nOt rea“ShC, they ConCIUde — I L No one KN QE scattering, U=-200 p/p,
o . > L
the semi-inclusive spectracan 2 *®
distort the original inclusive § is0l
spectra. o
‘\é 100
— Semi-inclusive 50 .
spectra doesn’t have N e 2 et
p -350 -300 -250 -200 -150 -100 -50 0 50 100
e e e -E_ [MeV
enough sensitivity !! o [VieV)

FIG. 8. (Color online) Calculated "*C(K —, p) spectra for Vo5 =
(=60, —60)p/po MeV and Vi = (=200, —60)p/py MeV, taking
into account all contributing processes (solid and dot-dashed lines)
and imposing the minimal coincidence requirement (dashed aid
dotted lines).



12C(K-, p) data as a by-product of
J-PARC EO5 experiment



J-PARC EO5 experiment

Search for =-hypernucleus 12_Be by using
12C(K, K*) reaction at p, = 1.8 GeV/c

*Purpose

BNL-E8S885

* Confirm the existence of

=-hypernucleus as a peak

* =-nucleus potential depth

. L Dpe A ,/:;‘1 _ do/dQ
and width i L AVl -39+ 14 nb/sr (<8deg.)
=42+5 nb/sr (<14deq.)

Vz~14 MeV

counts / 2 MeV

[

S-2S spectrometer will be used
for the EO5 experiment.
In the last October, pilot run

AM=14 MeVrwHm

counts / 2 MeVv

using the SKS was carried out.

30 B T
Excitation Energy (MeV)

PKhaustov et al., PRC61(2000)054603




12C(K-, p) in EO5 pilot run

e Goal of this measurement
— Compare the real inclusive spectrum with DWIA calculation.

— Search for the Kaonic nuclei
— Check the semi-inclusive effect by decay counter (“KIC”).

We took this data as a byproduct of EO5 (2015/10).

Proton orbits at 0" in 12C(K", p) reaction at 1.8 GeV/c

Recoil momentum of K
for K'p elastic scattering
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Review of KIC

KIC (“K™ identification counter”) was installed to check the distortion effect.
KIC: 4 segments (U, D, L, and R). KEK E548: only (U and D) .

The U and D configuration of KIC is same as KEK E548 detector (called as “CV”).

400 mm Y [Simulation]
g € > 7 B and mom, of K" for K'p - K'p (6, < 4.1°)
é 4 ‘=\ v w/o Fermi motion for p, =-1.0 and -1.8 GeV/c
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g 8 02t ~—
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vl D | — p, = -1.8 GeV/c sim (J-PARC EO5)




Data summary

Target Beam mom (p,-) Npeam*€paq
[GeV/c] [G Kaon]
1.5 2.08
1.6 2.19
CH,
[9.54 g/cm?] 1.7 2
(Elementary process) 1.8 7.30
1.9 0.87
Carbon 1.5 0.57

2
[9.36 g/cm?] 1.8 56.6
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CH, data for elementary process

We will evaluate the elementary differential cross section
for Kp—Kp elastic scattering process precisely.

Py = 1.5 GeV/c
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CH, data for elementary process

We will evaluate the elementary differential cross section
for Kp—Kp elastic scattering process precisely.
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* A proton target data was evaluated by using
Each yield was free parameter.

p(K, p) spectrum at 1.8 GeV/c

We could fit the obtained spectrum.

and C target data.

* The resonance production processes such as K'p 2K*(892)p éfrcp

Counts

and K'p = A(1520)r® > Krip were included.

(Data 6y, <

4.1%)
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12C(K, p) inclusive spectrum analysis

There are significant yield in the bound region same as KEK E548.
We could obtain the reasonable solution for 0.15 < -BE < 0.4 [GeV]
region with toy model fitting, whose yields were free parameters.
However, we could not reproduce -BE < 0.1 [GeV] region.

75; -
KEK E548
4000_ | By < 41 —t— Data
— Sim Total
3000250 _ K"'p" —Kp
" 0t s o s 0 44 || "'p" (Else)
-OE -.BE(MEV) Sl K "nu N ATC
> QF elastic
O 20000F : K"n" - 21
O - (w/o mteractlon) K™n" > K
10000 = NG/ .. WS o T K"n" - An't
‘ K"n" - Z'nn
wl K"n" > Annn

-BE [GeV. 18



12C(K, p) inclusive spectrum analysis

There are significant yield in the bound region same as KEK E548.
We could obtain the reasonable solution for 0.15 < -BE < 0.4 [GeV]
region with toy model fitting, which was not included interactions.
However, we could not reproduce -BE < 0.1 [GeV] region.

By, < 4.1° ~+— Data
— Sim Total
K'npu N K p

We will perform the x? fit by changing
the K—A optlcal potentlal

v
780

KEK E548
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500 |
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Coincidence analysis

We can see the coincidence probability drop around Elastic region as we expected.
However, the coincidence probability is more drastically dropped around BE = 0 GeV.
In principle, the final state of BE < 0 region should be included A or Z or mt. Thus, the
coincidence probability for BE < 0 region should be higher than QF elastic region.

The KEK E548 coincidence (UD coin)
has distorted original inclusive spectrum.

3 Coincidence probabilit
x10 .
= 50:_ — Inclusive er < 4.10 | 0'7; er < 4.10
.'8 - O . 6 » HH+H++++++HH+M++++++“*
8 40 B UD ] ()] E JEELT W +|++++++*
o= _ coin > 0.5H +++++
S5 | g ¥
g <. 30- T 04- #
£ Zo03 W i
S E 20— E E H +
“Z 0 3 0.2H WHHH
z  10- JfﬁH ; on’
930201 0 01 02 03 04 03 -02 01 0 01 02 03 Q4

-BE [GeV] -BE [GeV]



Coincidence analysis (0 <6,,<4.1")

Comparison the BE spectrum for each KIC multiplicity
condition. It seems there are non-exponential component
(“KINK”) around —BE ~ - 0.1 GeV .

x10° %103 (w SKS acceptance correction)
- -Inclusive . -Inclusive
20— ]

> [ -nKIC=0 = -hKIC=0
3, -nKIC =1 %08 _nKIC =1
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> i S 1
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S | 0.4
5 =
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Coincidence analysis (0 <6,,<4.1")

Comparison the BE spectrum for each KIC multiplicity
condition. It seems there are non-exponential component
(“KINK”) around —BE ~ — 0.1 GeV .

(w SKS acceptance correction)

/| 6MeV

Arbitrary unit

_ x10° :
104;_ -Ing:lusrve ff\:: 1__-Inc:|usngle
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zz So.4r
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Coincidence analysis (4.1 <6,,<8.2")

Similar “KINK” structures can be seen in the
larger scattering angle (4.1° <6Kp<8.2°) spectra.

(w SKS acceptance correction)

x10° | x10°
%0" -Inclusive [Lf] . -Inclusive (
> 50 -nKIC =0 3, KIC=0 |
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S 300 245"
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I —J—ﬁf—tf-'ﬂ__'_’—”’—f_:_;—:;; L . ﬁﬁw Ll e
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Coincidence analysis (4.1 <6,,<8.2")

Similar “KINK” structures can be seen in the
larger scattering angle (4.1° <6Kp<8.2°) spectra.

%103 (w SKS acceptance correction)
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Discussion for the origin of “KINK”

Woods-Saxon type potential + Coulomb potential
UR(H,T) = ITE(E,ﬂ

~V, W
~ f(r)

-- parameter
-- Fermi function

= (V@) + Vo) + 6 (WE P (B) ()

T. Hayakawa presentation

~ frs(E) -- phase space suppression factor

One nucleon absorption
(KN —2m) ~ 80%

0.80

0.40
0.20
0.00

supp. factor

150 |°

100

I'c (MeV)

50

00

0.60 -

0

-

ImV suppression

Phase space suppression factor (f*°)

fP(E) =JO'8fKN—>Zn+ 0.2 funn—yn

Two nucleon absorptio
(K'NN —YN) ~20% -

n

- E

e [ o o e o o ot o st e et
-

Threshold of (KN —2m)

T is BE~ 0.1 GeV.
il It is almost same as
1| “KINK” position.

0

J. Mares et al., PLB 606, 295 (2005).

200 300 400

B, (MeV)
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Theoretical calculation

Theoretical calculation for *2C(K", p) reaction of p, = 1.0 GeV/c
was carried out by J. Yamagata-Sekihara et al.

We hope to compare the obtained spectrum with theoretical

calculation of p, = 1.8 GeV/c.

J. Yamagata et al., Phys Rev C 74, 014604 (2006).
80 . —_—
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Summary

e Kbar-A interaction is studied by kaonic atom data etc..
— Itis still under discussion whether the potential is “deep” or “shallow”.
— 12C(K-, N) spectra were compared with DWIA calculation by KEK E548.

The charged particle hit requirement might distort the inclusive spectrum.

* We took *?C(K-, p) real inclusive spectrum as a by-product of
J-PARC EO5 experiment in October 2015.
— We will show do/dQK-pﬁK—p atp,=1.5,1.6,1.7,1.8,and 1.9 GeV/c.

— We observed the significant yield in bound region same as KEK E548.
The 12C(K-, p) spectrum couldn’t be reproduced —BE < 0.1 GeV region
by toy model fitting, which is not included secondary reactions.

— We have found the coincidence distorted the original spectrum.

— |t seems there are “KINK” structure around BE ~ 0.1 GeV. It might be
originated from the threshold of KN—2m absorption.

— We will compare our spectrum with theoretical calculation.



