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|. “KNN” at E3 |
2. Approach beyond significant reactions
3. Current understanding




Kaonic nuclei “KNN”

® Nuclear system with Kbar mesons.

® Based on Strong KbarN (I=0) attraction.
Excited hyperon A\(1405) as KbarN quasi-bound state

® Kbar meson should bound in a nucleus with large binding energy.

® “KbarNN” is the simplest Kaonic nucleus to investigate.

Expected as

® “Cold and Dense” state.

® Anti-quark in matter.

[u3/1] A31suep

Good probe for low energy QCD.

e.g., antisymmetrized molecular
dynamics (AMD) calculation

A. Dote et al. PRC70(2004)044313.
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Theories and experiments on “KNN”

e EI5 at KI.8BR J-PARC
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Result of |-PARC EI5
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® Momentum transfer g
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The advantage is the ¢ dependence to understand
background processes.



d(K-, /A\p)TT- reaction

SHe
reaction
J-PARC E15 + — +
o/\op
1 GeV/c 0.6 GeV/c
K- d K-pp
- reaction Missing.
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CDS time-of-flight.




Experlmental Setup at KI BBR

2 heutron counter
¥ charge veto counter
proton counter

beam line £/

§pectrometer (Modlfled Partlally)

RO 2 / PL.e Aaarl et. al.. PTEP 2012, 02B011




Event selections

® ppTT event selection in CDS.

Square of Ap missing mass after
applying all the event selections

® A—pTI- pairs selection: o .
Likelihood method on closest >

distance approach.

— Data
=== MC 1N Kn->Am
— MC 1N Kn->X7

® Missing pion selection:
X2 method on kinematical refit
to conserve energy-momentum. 0

nination

0.1 o o1
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Ap distribution (1/2)
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q [GeV/c]

q [GeV/c]

Ap distribution (2/2)
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Event distribution of A pTT- final state

kinematical Degree-of-Freedom = 4

9 (3 on-shell particles) - 4 (energy-momentum conservation) - | (¢ symmetry)

3 (m, q)-plots are more than sufficient to identify
the event kinematics

=) We can specify reaction dynamics by these 3 plots
m : invariant mass of a pair  q : momentum transfer to the pair
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To know reaction dynamics,

we heed to expand the
acceptance on (m, q).
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Knowledge from reaction dynamics (m, q)

200 .

N
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Knowledge from reaction dynamics (m, q)

K- d - Z(I385)p
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Approach for further estimation

1) Rely on clear reactions
2) Assume reactions near “KbarNN” region

3) Evaluate w/ momentum transfer dependence

|5



Approach (1/3)

1) Rely on clear reactions

K- d — 5(1385)p

® Creation angle distribution.

KN - ATt- K>@<“-
One nucleon " ’;

® Tail component of fermi-motion
including D-wave.

Knowledge from reaction dynamics (m, q)
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® >* ... Mand [ based on PDG

Or

® pTT scatter

Approach (2/3)

2) Assume reactions near “KbarNN”

region

Status as seen in

( )
X(1660) 1/2+ I(4P) =1(3%)
Re(pole position) = 1585 + 20 MeV
—2Im(pole position) = 290 * 140 MeV
Mass m = 1640 to 1680 (~ 1660) MeV
L Full width I = 100 to 300 (= 200) MeV )
r
X(1775) 5/2~ I(4Py=1(37)
Mass m = 1770 to 1780 (= 1775) MeV
Full width ' = 105 to 135 (= 120) MeV
. W,

Overall
Particle J¥ status NK | Anx zn
»(1193) 1/2* ok ko
»(1385) 3/2* *H Kk *okRk KRRk
X(1580) 3/2° * * = *
2 (1620) 1/2° * * - =
X (1660) 1/21 koK . g -
— 2 (1670) 3/2° ok Kok *okkk  kkokk  kokokk
X(1750) 1/2° * kK * kK ok kK
2(1775) 5/2 kK Kokkk  kokkk * %
X(1780) 3/2* * * = *
2(1880) 1/2% *k # n *
22(1900) ]/2 * % *% = *
2(1910) 3/27 * ok ok * % * %
Y(1915) 5/2%  sxxx *kk kKK kK

| skip today.

https://pdg.Ibl.gov/2022/reviews/contents_sports.html

|7



Approach (3/3)

3) Evaluate w/ momentum transfer dependence

® [arge q in /Ap system corresponds to
low q in ATT system. The reactions in
both systems and their consistencies are
evaluated w/ the q dependence.
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g of At [GeV/c]

== High q region _

q sliced ATT system

2* resonances
W/ KN threshold state

® Events in high q region are well
reproduced with assumed reactions.
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1.8 2
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gof Ap [GeVic]

q dependence
of Ap system

2* resonances

W/ KN threshold state

Left: low q [GeV/c]
Up: 0.51<q<0.64
Middle: 0.38 < q < 0.51
Down: 0.26 < q < 0.38

Right: high q [GeV/c]
Up:1.09<q<1.25
Middle: 0.93 <q < 1.09

Down: 0.77 <q<0.93
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gof Ap [GeVic]

q dependence

of Ap system

2* resonances

W/ KN threshold state

Left: low q [GeV/c]
Up: 0.51<q<0.64

Down: 0.26 < q < 0.38

Right: high q [GeV/c]
Up:1.09<q<1.25

Down: 0.77 <q<0.93

Middle: 0.38 < q < 0.51

Middle: 0.93 <q < 1.09

@ Daia
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gof Ap [GeVic]

q dependence

of Ap system

2* resonances

W/ KN threshold state
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Summary

E3| collaboration is investigating “KbarNN" bound state using d(K-,
Ap)TT- reaction with the confirmation of all the kinematical freedoms.
Reaction dynamics are determined by the momentum transfer and
invariant mass of Ap, ATT- and pTT- systems.

The reaction processes identified clearly are one nucleon reaction
Kn—ATT-, two nucleon reaction Kp—Kp, Kn—ATT- and none-mesonic
Y* production Kd—2(1385)p.

“KbarNN" interested region is mostly explained with one nucleon
reaction Kn—ATT- and additional reactions having broad distribution.
Possible reactions as the broad distribution are pTT scattering and
higher mass none-mesonic Y* productions.We are trying to apply the
global event fitting with g dependence to identify the contributions of
each reaction and “KbarNN" state.

23



Backup

24



Analysis of 2p final state
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Kinematical anomaly
estimated w/ MC PS

Kd—=ApTr-

Before kinematical refit

After kinematical refit

Detecting system dependence on event kinematics N,,,./N,,

where number of reconstructed events NV,
kinematic events V,,
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One nucleon reaction: K-n = A 11-  (1/2)

K- -
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Result of E15

mg + 2my,;
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. m, (GeV/c?)
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J-PARCE15 J-PARC E27

SHe(K~, n)Ap d(z", KHAp/Z
o a2 R

Production of K™ pp is essentially the same.
Occurred by |ntermed|ate K or KN

2022 02.16 HEF ex workshop IJ.I%Z?SAJX7’I’ I\



anaMtg on 24Nov202 |

W/ each cut

Data
(1/5 of Run78)

IM_L[0,7,14,17,19,21]
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® S/N =14 in signal region (L mass £ 5 MeV) w/o Lambda mass selection.

® W/ Lambda mass selection, the selections show similar number of events

and distributions.

Fraction

107"

base condition
— |nL<49
— |InL<49 & InLpca<6

— InL<49 & kf chi2<I5

— InL<49 & InLpca<6 & kf_chi2<I5
InL<6 (& InLpbca<6) & kf_chi2<I5

(Fit)
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1.1 112 1.14
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.0

: - + ........... * InL<49 & InLoca<6

SIN =14 J(i 5 MeV)
(£ 13 MeV)
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Dalitz plot m2(Ap) vs m2(ATT)
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