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¢/ Kaonic nuclear experiments

¢/ Presents status and near future plan of the
E15 experiment at J-PARC

Search for the K-pp bound state in the
3He(in-flight K-, n/p) reaction
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Kaonic nuclei @

e Kaonic nucleus is a bound state of nucleus
and anti-Kaon (KNN KNNN KKNN ..)

e |nteraction between proton and anti-Kaon is
strongly attractive

¢ high density?
e \(1405) <=>KN ? Zmr?

e chiral symmetry

APPC12 @ Chiba, July17th 2013
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The simplest kaonic nuclei KbarNN

chiral & energy dependent B.E.[MeV] |[[MeV] DISTO ..
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momentum spectra
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J-PARC E15 (search for K-pp deeply-bound kaonic nuclear state

- S3He K-
o

Reaction
+ -

A‘ Deca

pp n

+ O TOF measurement

of newtron

Missing mass spectroscopy

K" pp search with

\ Invariant mass reconstruction

‘ K'pp search with

p decay particles
measurement

Beam Line
tracker

<]
L
3
O
g
g
&
(1
_—
u

.7

|

The conclusive evidence !

5 = will be obtained with !
——=———— measurement of |
=C— J-PARC E15 J
____________________ N

From M. lio etal. @PANIC2008

\

~




J-PARC E15 experiment

A search for the simplest kaonic nucleus K pp

_ 3 ,
K He reaction

J+

Can not separate

2 components experimentally. Missing mass

|soba-r:‘|§: analog spectroscopy
reaction

J"‘. -};K

To compare with both 3He(K-, n/p) reactions,
We can get the information of isospin dependence of reactions.
APPC12 @ Chiba, July17th 2013

135F7B17HKEH




E548: In-flight 12C(K-,N)
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Fig. 1. Missing mass spectra of the "2C(K n)

reaction (upper) and "*C(K ~,p) reaction
(lower). The solid curves represent the
calculated best fit spectra for potentials
with Re(V)=—190 MeV and Im(V)=-40
MeV (upper) and Re(V)=-—160 MeV
Im(V)=-50 MeV (lower). The dotted
curves represent the calculated spectra for
Re(V)=—60 MeV and Im(V)=-60 MeV.
The dot-dashed curves represent a back-
ground process (see main text).



J-PARC E15 1st stage physics run

e Accumulated data

e W/ liquid helium-3 target: ~1% of original proposal

period primary beam intensity duration Kaons on target
March, 2013 14.5 kKW (18 Tppp, 6s cycle) 30 hours 0.9x10°
| May, 2013 24 kW (30 Tppp, 6s cycle) 88 hours 4.0 x 10°

production target: Au 50% loss, spill length: ~2s, spill duty factor: ~45%
e |n total, 5 x10° K- on target

e empty target run, beam-through run, pion scattering run ...

e Expected physics output ‘ ﬂ

e 3He(K— n), [&Apn] ‘

e 3He(K—, p), [3He(K-, d)] ‘

e multi-nucleon absorption, hyperon production etc...
APPC12 @ Chiba, July17th 2013

1378178 KEH




Formation spectra : in-flight *He(K",n)

K-+ 3He 2 “Kpp” + n @ P,=1GeV/c, 6=0°
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Theoretical calculations on 3He(K-,n)

K- +3He =“K-pp” + n @ P,=1GeV/e, 8=0°
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2 tag may enhance the
structure in bound region.
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J-PARC E15 1st stage physics run

e EXxpected physics output
e 3He (K, n),[ & Apn]
* 3He (K-, p), [°He (K-, d) ]

e multi-nucleon absorption, hyperon production etc...

¢ Accumulated data

e w/ liquid helium-3 target: ~1% of original proposal

period primary beam intensity duration |Kaons on target
March, 2013 | 145kW (18 Tppp, 6s cycle) 30 hours 0.9 x10°
May, 2013 24 kW (30 Tppp, 6s cycle) 88 hours 4.0 x10°

production target: Au 50% loss, spill length: ~2s, spill duty factor: ~45%

e target empty run, beam-through run, pion scattering run....

v LK °F
i Usinvirsi ry or Tosyo

INPC2013 @ Firenze, Jun. 6th ;2013
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the J-PARC K1.8BR spectrometer = f- |

/

beam sweepmg fﬁ

' '\ ~mag net : > - -
' / neutron counter

1 %‘ 1 g
liquid 3He-target
7 - \ ' charge veto counter

proton counter
, Nl L%

,« y /\ i : . Y :
(S gari et. al., PTEP 2012, 02B011

6»_.



Kaon beam quality @ J-PARC K1.8BR

beam momentum

momentum bite

mom resolution @ 1 GeV/c

kaon / spill @ 24 kW

total beam / spill @ 24 kW

k/mtratio

T1-FF length

e?

Q2 ROA
proton % N 21 f ot . .
AT @\ PC2013 @ Firenze, Jun. 6th ,2013
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Cylindrical Detector System

. > 5(?0 mm
% ST
S
5
5
5
=
148
e CDC (15 layers 1816 ch) + CDH (36 seg)
e cover 60% of solid angle.
e particle ID successfully done.
e Kaon elastic event, deuterons are seen.

INPC2013 @ Firenze, Jun. 6th ,2013
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PID for CDS (vertex in target volume)
Cos 6 means angle between beam K- and scattered particle
Correlation of K- ‘s cos and momentum is clear => elastic scattering
there is some deuteron events=> 3He(K-,d)A reaction??



Cylindrical Detector System

Counts / 1 MeV/c?
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Forward Neutral particles
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Forward Charged particle @
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Inclusive neutron spectrum at forward angle
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Inclusive proton spectrum at forward angle
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Missing Mass 3He(K-,p) [work in progress]

quasi-free reaction (K-p = K- p ) has been clearly seen in the spectra
APPC12 @ Chiba, July17th 2013
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Energy Loss Correction

Status for application to real data

InvPiP_goodvertex_goodk_target

= : A : : : : : a
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Simulation  INput CS 4. 7 pa. jx s

 Total CS for K-3He is assumed to be
2*6,i(K'p) + 0,,(KN) + 5,,,(K-d)

" o(Kd): only 2-nucleon abs. CSs are
Implemented

k¥ xx* input total cross-sections *****
kdkxx* for K-3He reaction study *****
K-p : 56.1758 [mb]
K-n :39.32 [mb]
K-d : 1.07 [mb]

// ### c.f. measured CS's ###

// K-p: total-CS =51.7 mb @ 1.020 GeV/c [PR168,1466]
// K-n: total-CS = 40.7 mb @ 0.984 GeV/c [PR125,1696]
// K-d: total-CS = 82.25 mb @ 0.99 GeV/c [PRL168,1466] 27




CS for Kp

number  reaction plab [GeV/c] CS[mb] error [mb] Reference Prod. Angle Comment

1 K-p = total 1.020 51.7 0.39 PR168,1466

2 K—p = elastic 1.005 21.75 0.73 NPB105,189 ok
272 K-p = A n+ n0 nt— 1.001 0.41 0.04 NPB90,349 -
280 K-p = A nt+ nt— 1.001 4.66 0.22 NPB90,349 -
330 K-p=A n0 1.001 3.4 0.2 NPB90,349 ok
349 K-p = A 2n0 1 1 1 - extrapolated from data below 0.86 GeV/c
361 K-p=An 1.001 0.22 0.07 NPB90,349 ok see NCA16,178 for prod. angle (1.021GeV/c)
364 K-p=A p0 1 0.1 0.1 extrapolated from data over 1.138 GeV/c
432 K—p = A(1405) n0 1 0.4 0.4 X extrapolated from data of 0.85 & 1.138 GeV/c
442 K-p = A(1520) =0 1.005 2.44444 0.16897 NPB131,399 ok
455 K—p = A(1690) n0 1 0.04 0.04 X extrapolated from data over 1.121 GeV/c
464 K-p = X+ 1+ 21— 1.001 0.051 0.014 NPB90,349 -
467 K-p = 2+ n0 m— 1.001 1.04 0.08 NPB90,349 -
476 K-p = X+ n— 1.001 1.95 0.11 NPB90,349 ok
506 K-p = X0 n+ 0 n— 1.001 0.18 0.03 NPB90,349 -
508 K-p = X0 nt+ n— 1.001 0.53 0.05 NPB90,349 -
514 K-p = X0 =0 1.005 0.92 0.12 NPB105, 189 ok (data fit) see NPB67,125 for prod. angle (0.934GeV/c)
516 K-p = X0 270 1 0.5 0.5 - extrapolated from data below 0.86 GeV/c
536 K-p =X— nt+ 1.001 1.53 0.09 NPB90,349 ok
537 K-p = Z— 1+ 0 1.001 0.9 0.08 NPB90,349 -
541 K-p = X— nt+ 270 1 0.1 0.1 - extrapolated from data of 1.15 GeV/c
556 K-p = X— 27+ n— 1.001 0.013 0.008 NPB90,349 -
579 K-p = Z(1385)+ n— 1.005 1.12 0.12 NPB143,189 ok
592 K-p = 2£(1385)0 n0 1 0 0 X extrapolated from data over 1.263 GeV/c
597 K-p = £(1385)— nn+ 1.005 1.99 0.19 NPB143,189 ok
635 K-p = p n+ n— K- 1 0.02 0.02 - extrapolated from data over 1.138 GeV/c
670 K-p = p n0 K- 1.005 0.965 0.052 NPB131,399 -
679 K-p =p n— KO 1.001 0.51 0.07 NPB90,349 -
707 K-p = p K¥— 1.005 0.26126 0.03003 NPB146,327 ok
714 K-p = n t+ 7— KO 1 0.01 0.01 - extrapolated from data over 1.161 GeV/c
716 K-p = n + K- 1.005 0.633 0.04 NPB146,327 -
729 K-p = n n0 KO 1 0.8 0.8 - extrapolated from data of 0.85 & 1.15 GeV/c
735 K-p = n KO 1.000 6.454 0.042 PLR38,1003 ok see NPB90,349 for prod. angle (1.001GeV/c)
737 K-p = n K*0 1.005 0.19652 0.0225 NPB146,327 ok
767 K—p = A+ K- 1.005 0.34707 0.02867 NPB131,399 X
771 K-p = A0 KO 1.005 0.73046 0.07244 NPB146,327 X



CS for Kn

number reaction plab [GeV/c] CS [mb] error [mb] Reference Prod. Angle Comment
820 K—n = total 0.984 40.7 3.2 PR125,1696
821 K—n = elastic 0.963 20 1 NPB18,425 ok see NPB129,397 for prod. Angle (0.935GeV/c)
851 K-n= A nt+ 21— 0.963 0.26 0.06 NPB18,425 -
856 K-n=A n0 n— 0.995 3.79 0.42 NPB129,253 -
862 K-n=A n— 0.995 4.8 0.34 NPB129,253 ok see NPB19,61 for prod. Angle (1.189GeV/c)
893 K—n = A(1405) n— 1 0.1 0.1 X extrapolated from data over 1.45 GeV/c
897 K-n = A(1520) n— 1 0.5 0.5 X extrapolated from data over 1.45 GeV/c
912 K-n =X+ 70 2n— 0.963 0.03 0.02 NPB18,425 -
915 K-n =X+ 21— 0.995 1.18 0.12 NPB129,253 -
922 K-n = X0 70 n— 1 0.5 0.5 - extrapolated from data below 0.854 GeV/c
923 K-n=X0 n— 0.995 1.35 0.18 NPB129,253 ok &) see NPB115,82 for prod. Angle (0.854GeV/c)
929 K-n =X— 7+ n0 nn— 0.963 0.24 0.04 NPB18,425 -
931 K-n = X— 7+ n— 0.995 0.69 0.09 NPB129,253 -
938 K-n =X- w0 0.995 0.89 0.13 NPB129,253 ok &) see NPB115,82 for prod. Angle (0.854GeV/c)
946 K-n=X- 210 1 0.3 0.3 - extrapolated from data below 0.854 GeV/c
984 K-n =2X2(1385)0 n— 1 0.5 0.5 X extrapolated from data over 1.45 GeV/c
990 K-n=ZX(1385)— n0 1 0.5 0.5 X extrapolated from data over 1.45 GeV/c
1025 K-n=p n— K- 0.995 0.95 0.1 NPB129,253 -
1041 K-n =n n— KO 0.995 1.49 0.23 NPB129,253 -
1045 K-n = n K*-— 1 0.2 0.2 X extrapolated from data over 1.45 GeV/c
1055 K-n = A0 K- 1 0.05 0.05 X extrapolated from data over 1.45 GeV/c

1061 K-n = A- KO 1 1 1 X extrapolated from data over 1.45 GeV/c



CS for K-d

number reaction plab [GeV/c] CS [mb] error [mb] Reference Prod. Angle Comment
1070 K—d = total 0.99 82.25 0.25 PRL168,1466
1071 K—d = elastic 0.963 8.8 0.38 NPB18,425 maybe ok not implemented
1098 K-d = A(1405) n 1 0.3 0.3 X extrapolated from data below 0.834 GeV/c (NPB129,1)
1099 K-d = A(1520) n 1 0.5 0.5 X extrapolated from data below 0.834 GeV/c (NPB129,1)
1105 K-d=X-p 1 0.07 0.07 X extrapolated from data below 0.834 GeV/c (NPB129,1)
1112 K-d = 2(1385)-p 1 0.2 0.2 X extrapolated from data below 0.834 GeV/c (NPB129,1)
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Angular Distributions
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Angular Distributions
@ elementary reaction (Cont'd)
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Summary

e We have performed J-PARC E15 1st stage physics
run to search for the K-pp bound state.

e ~ 5Xx10° kaons were irradiated on 3He

e ~ 300 x 103 neutrons from 3He(K-,n) reactions were obtained.

e Quasi-free peak was clearly seen
in the semi-inclusive 3He(K-,n) spectrum.

e Further analysis results will appear soon !!

e huntsmall “K-pp” signhal by reducing background, tagging
decay particles etc...

e Apn dalitz plot, forward proton channel, hyperon production

e and so on...
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