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“K~pp”, a K-meson nuclear bound state, observed in *He(K —, Ap)n
reactions
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What We Did i
- Experimental Search for the KNN -

» We measured the 3He(K Ap)n\ reaction
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What We Observed
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What We Have Learned

* “K'pp” bound state exists
v g-independent

1+ QF followed by 2NA

{1 shows Apn FS can be

1 generated from 2-step

1 processes via (K,n)

v q-dependent

- quite important to understand

the production mechanism of the
“K'pp” bound state
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q : momentum transfer of (K-,n)
M : invariant mass of Ap
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2D analysis in (M,q) is essential




What We Have Learned

(Tkpp/2)*

Fit with PWIA (M, q) « p(M,q) X (M — M) 2+ (T 2)?
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By, 40 MeV, '~ 100 MeV  Q,p ~ 400 MeV (cf. Qg ~ 200 MeV)
- large binding energy - wide momentum transfer

The results suggest the “K'pp” is quite compact\



Size of “K'pp”

Fit with PWIA (M, q) « p(M, q) x (Tipp/2)* wexp -
(M — MKpp)2+(FKpp/2)2 Kppz
Byop ~ 40 MeV Q,, ~ 400 MeV
- large binding energy - wide momentum transfer

suggest the “K'pp” is quite compact (R,, ~ 0.6 fm)
= INeed more-realistic. theoretical calculations

. still an open question (KN = strong force)

Radius of “Kpp” Interaction range of “K”

In addition, | -
) —
effect of K size: ~06fm /




What We Have Learned with Theorists

* A theoretical calculation in chiral unitary approach
reproduces the mass spectrum with the KNN

= Theoretical investigations for experimental
results are mdlspensable

PLB789(2019)620. PTEP2016(2016)123D03.
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Many Questions to be Answered

e Further details of the KNN

— Spin and parity of the “K'pp”? “
— Strength of KN interaction?
— Really compact and dense system?

e A(1405) state

— KN molecular state as considered? EO
— Size?
— Relation between KN and KNN? P

_ . o« K8pp
* Double kaonic nuclei?

— Much compact and dense system? c

K'K'pp

K'pp

 More heavier kaonic nuclei?
— Mass number dependence?
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Experimental Task for the New Project

e Further details of the KNN

— Spin and parity of the “K-pp”? | “
— Strength of KN interaction?
— Really compact and dense system?

e A(1405) state
— KN molecular state as considered? ‘

—(Size?.

— Relation between KN and KNN?  “°

£ ¢

Kppn K'ppnn

K'pp

* More heavier kaonic nuclei?
—|Mass number dependence? |

* Double kaonic nuclei?
— Much compact and dense system? O

K'K'pp




Strategy of the New Project

- for systematic study from the KN to KNNNN systems -

Reaction Decays Key
KN d(K,n)  g*0x+0 n/y identification
KNN  3He(K,N) Ap/An polarimeter < Feasibility study

KNNN “He(K,N) Ad/Apn large acceptance € A first step
KNNNN ¢Li(K,d) Adn/Apnn many body decay € Feasibility study
KKNN p+3He AA p beam yield
We take a step-by-step approach

e To realize the systematic measurements, we utilize
[ a large acceptance spectrometer
e detect/identify all particles to specify the reaction

[ high-intensity kaon beam
e more K~ yield than the existing beamline



L,e A First Step: Search for KNNN

Goals of the proposed experiment:

@ Observe the K'ppn state via 2-body Ad decay

> Establish the existence of the kaonic nuclei

(@ Reconstruct the K'ppn state via 3-body Apn decay
» As a feasibility study to access heavier system

® Feasibility study of the polarization measurement
» e.qg., by installing a prototype module of the polarimeter
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A New Cylindrical Detector System

A new 47 spectrometer with n/y detection capability
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A New Cylindrical Detector System

return yoke

present setup B
e ——— I CDS >
' == 1 [ i f
J_ n counter L
500 mm

e SC Solenoid Magnet ﬁ%ﬁ

e Cylindrical Drift Chamber Lvvoleries]

* Neutron Counter . 0 1m

+ FWD/BWD Drift Chambers S0lid angle: “x1.5 (~90%)

* Vertex Fiber Tracker Neutron detection capability: ~x10
* Electromagnetic Calorimeter ( ~1.5x15%)

(constructed in 2"d-stage)



Improvement of Kaon Intensity
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* We propose a new configuration of the beamline
* K-yield is expected to increase by ~ 1.4 times @ 1.0 GeV/c



Expected Yield of KNNN

A\ — o X i?\":bea'n'l- X j\;m-?”g et X €,

€ = €DAQ X €trigger X €beam X € fiducial X 'QC'DS X €CcDS,

 We assume the Kppn cross section
of
o(K ppn) - Br(Ad) ~ 10 ub
o(K ppn) - Br(Apn) ~ 10 ub

@ The same CS of “K-pp”=>Ap in E15

& As for Ad decay, we refer to the
absorption of stopped K~ on “He

= decay fraction to X pd : 2 ppn~1:1

absorption of stopped K- on “He

Events/ (stopping K™)
%

Reaction

K Het — Ztr~H® 9.3+2.3
— Ztr—dn 1.940.7
— Ztrpun 1.6==0.6
— 20 uun 3.2+1.0
— 3T unn 1.04£0.4

Total Z*= (17.0£2.7)9%,

K-Het — Z-r*H? 42412
— Z=rtdn 1.6:0.6
— I xtpun 1.40.5
— I He? 1.040.5
— =770 pd 1.040.5
— =0 hhn 1,04-04
—3" pd 1.6+0.6
— T ppn 2.0£0.7

Total Z7= (13.8+1.8)9,

K-Het— 7~A He? 11.24:2.7
— 1A pd 10.9+2.6
— a"A ppn 9.542.4
— 720 He? 0.9+0.6
— 772 (pd, ppm) 0.3£0.3
— 70 A (29 (pun) 22.5+4.2
— A (E  (pun) 11.742.4
— A (Eunn 2.14+0.7

Total A (2°) = (69.26.6)%
Total =A+X = (100_1) %

PRD1(1970)1267



Expected Yield of KNNN

N = g X i\'rbea.-n'z. X i?\'rta'?‘get X €,
€ = €DAQ X Etrigger X €beam X € fiducial X 'QC'DS X €CDS,
e N = - r
veam — 100 G K- on target Ad ] hon
e under the MR beam power of 90 kW (Kopn)*Br | 10 ub
with 5.2 s repetition cycle. 2 _pp -
e 3.2 x 10° K- on target / spill @ 1.0 GeV/c N(K’on target) | 100G —
* 3 weeks data taking (90% up-time) N(target) 265x10
£(DAQ) 0.9
- ~ g(trigger) 0.93
* N(Kppn2>Ad) ~1.9x 104 r— e
° N(K'ppnéApn) ~2.8x103 Q(CDC) 0.27 /0.077
e c.f. 1.7 x 103 “Kpp” =2 Ap £(CDC) 0.6/0.3
accumulated in E15-2"9 (40 G K) N(K-ppn) 19k / 2.8k

* improved from E15
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Expected Spectrum of K+%*He

@ 3 weeks, 90kw‘ K+*He—>Ad+n ‘ ‘ K+*He=>Apn+n ‘

MK'ppn)

M('PP“)

1.4
Byoon ~ 40 MeV 3

['yppn ~ 100 MeV

Qyppn ~ 400 MeV/c S,
)

e

o(K'ppn)*Br~ 10 ;,Lb::r >
o(QF) ~10 ub
o(BG) ~20 ub 02
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 Similar parameters obtained with the K+3He—> Apn
(arXiv:2006.13433) are adopted to K'ppn/QF/BG shapes

e K-ppn signal [g-independent] can be seen clearly



Expected Spectrum of K+%*He

@ 3 weeks, 90kW‘ K+*He—>Ad+n ‘ ‘ K+*He=>Apn+n ‘
) M(K ppn) M(K'ppn)
"0 2000 - R 2200 i
B. _~40 MeV 2 15005 K+He—Adn | 3 ¢ K'+‘He—Apnn
Kppn = 1eook 0.3<q<0.6GeVic | = |t 0.3<q<0.6 GeV/c
~ N C N C
Fippn ™ 100 MeV g 1400 — total g ‘oo
Qyppn ~ 400 MeV/c 2 1200 — Boundstate | £ -
3 1000 — Quasi-free = 120
o — Background | O 100f
o(K'ppn)*Br~ 10 ub *%: 80°
(QF) ~10pb O 60;
~ L 40-
o(BG) 20 ub 200¢ 20f
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e The signals can be enhanced by selecting 0.3 < q < 0.6 GeV/c

e The K ppn signal will be observed if the (K ppn)*Br is
more than ~ ub



Schedule & Cost

 We would like to perform the proposed experiment

around 2023

C1Design & construction: ~2022

CdCommissioning run : 2023

OPerformance run followed by Physics run : 2023~

e Most of the construction
cost will be covered by
“MEXT Grant-In-Aid” and
“RIKEN internal budget”

v'We are now applying
“Specially Promoted

Research ($5¥)”

Cost [JPY]

SC Magnet
200M

al:~ 600M JPY

20

M SC Solenoid Magnet
B CDC
1 Read-out system for CDC
Backward DCs
® Forward DCs
m Scintillator for Barrel NC
B VTF
B Read-out system for DCs
B PMTs for Barrel NC
m Scintillator for Endcap NC
B BHT
B CHC

M Read-out system for MPPCs



Summary of the New Project

®The new project aims to reveal the properties of the
light kaonic nuclei from the KN to KNNNN
» a powerful probe to understand low energy QCD
» the best approach to cold & high-density nuclear matter

®\We take a step-by-step approach:
e a KNNN search via 4He(K-,N) reactions as a first step

o followed by a spin/parity measurement of the K NN soon

 experimental challenges of KN, KNNNN, and KKNN will
also be followed

®\\e realize the systematic measurements with
[ a new 4r cylindrical detector system (CDS)
[ the improved K1.8BR beamline spectrometer



1.

2.

Requests to PAC

stage-1 approval of “the KNNN search via
“He(K",N) reactions”

Endorse of “the K1.8BR beamline upgrade”

We would like to perform the upgrade during the long shutdown in 2021-22
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- OWA/Harald Ritsch
H:gh mtense K beam New large CDS

’ New era of kaonic nuclei

Thank you for your attention!

A first step of the project

© 00 P

K'p K'pp \__K'ppn / K'ppnn
via in-flight *He(K-,N)
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Physics Background



Physics Goal

Reveal the K meson property inside nuclei
via the KN interaction

A powerful probe to understand low energy QCD
<l e.g. spontaneous and explicit chiral symmetry breaking

K°N scattering

NPB179(1981)33. |

Strongly attractive in |=0 from extensive
measurements - kaonic nuclei

- Ié L) L) :ii ) ) pi‘ 1 1 Ited
sool SIDDHARTA | 70 g g 300 < ¢ < 600 MeV/c
< 60 I: t data
4001 —— K'p atom sof- : e
PLB704(2011)113. |4 N N "K'pp"
j ﬁ— S ol ’ w I | PLB789(2019)620.
200 n B ﬁ
- KEK-PS T 20} * ]
- E228 DEAR ol M
fo6aos a0 200 e o . },//\M"
Shift g15 [eV] 2.0 3.0

M{Ap) [Gerc2]



Predicted from attractive KN interaction in 1=0

Kaonic Nuclei

PL7(1963)288., PRC65(2002)044005.,

etc.

=
Binding .
Kaonic ! Ener J : Width
Nuclei || S [MeV]
i [Mev] |
! I
A(1405)=Kp |1 27 | 40
- I
K-pp : 48 : 61
I 1
K-ppp : 97 : 13
I I
K-ppn '\__31_8__,1 21

c.f. Nuclear Binding Energy

fewMeV@A=23

T=0,J=1/2

30 60 90 120 150 180 210

Number of nucleons in nucleus
[
2.0

—
o

[ uy/1] A31susp

240 270



Kaonic Nuclei

Pred |/ m,/m, innuclear matter 1=0
15
- 4005., etc.
Kaonig i l -
NUCIel M‘(WH‘&M‘{;{/" e
1.0,
-
A(1405) = ]
K-pp [rgy
_ =23
K- ppp g
K-ppn
' ' 210 240
0 1 n";‘ﬁ%( 2 3
T. Waas, N. Kaiser & W. Weise, Phys. — P}
Lett. B379 (1996) 34. 2.0
. 5 1.5 §
An excellent probe to investigate =
N’ <
n 1.0
changes of meson property =
=
[ (J 0.5 |_|w
in nuclear media (H
L |
EE
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Are Kaonic Nuclei Really Compact?
In the case of the KNN system (JP=0)

o Chiral SU(3) Phenomenological
KPa'N int. :
(energy dependent) (energy independent)

M A(1405)"'1420 double pole M A(14°5)~.1405 smglle ﬂgle

§) |
e

Re f(K~p — K~ p) [fm]

Im f(K p—= K p

200 —

g 15“; B-E. ~ 20 Mev B-E. ~ 40"70 MEV

$ r not compact compared compact & dense system

< 100 to pheno. models ¢

s F ° - & i

Za0- ee® ¢
@mpactne;s (density) also largely depends on calculation methods
l} 20 41] 81] 100 121}

Binding Energy (MeV)



New Project
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“© Task for KN

 Theoretically, A(1405) is consider to be the KN quasi-free bound state

« We have revealed the line shape of the KN — ©X channel via the (K
,n) reaction at 6,=0° in E31

(NS

o (M Zt+mtE -n 20)/

E31results "~ Exploratory analy5|s at E31

- N
o o o o a
1 i 1

d%al/ dMpsdQ,
[ub/MeVsr]
F o5 [arbitrary]

KN - KN
Amplitude
in =0

08 [

o
I

Mom. Transfer [GeV/c]

0.4

(KN, KN)[fm]

g

-2
1350 1400 1450 1500
X mass [MeV/c?]

 Size of the A(1405) is still important subject to be determined
-> Clarify the picture whether a baryonic state or a KN molcuer

* We deduce the A(1405) size via form factor measurement in a
wide range of g



“ Task for KNN

e The KNN system is expected to have J¥ = 0~

e To determine the spin/parity, “topological analysis of decay particles”
or “direct measurement of decay particle polarization” is essential

Exploratory analysis at E15

T 14

() A-rest system (cf (b) Laboratory system GF I | :
. Decay plane A - I:‘:fil i- ':a cted ‘H
Tipro 4 é .' f ; Ap' TN J
A1 / 34 / / =R h‘ | | | ' t lﬁ
) n/ = K /N 2 ! JJ i
p ; 30 B T— £ 'y * s izrdb
C'g Tl / ,_g JE / ) “ A':l | ,/E ??'
2 /| 4 7
Production plane ) roduction plane /)
T |l|."llf flﬂllf

 We determine the spin/parity of the system via its Ap decay
— by introducing a polarimeter composed of a hodoscope and a tracker

* We precisely deduce the system size
— with more statistical data in corporation with theoretical analyses
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08 Task for KNNN and KNNNN (8,

 Beyond the KNN, more heavier system must be  «eem
explored to establish the kaonic nuclei

v'In particular, the KNNNN system is expected to be the
most compact system due to an a particle configuration

* We reveal the mass number dependence of the
binding energy, decay width, and system size

5ol | @AY the larger nuclei - | would become large if
. | 'mwe —> the larger B.E, f the models adopt
E 200~ | A BGL " | mesonic & non-mesonic
Eﬁ - ¥ OHHMH = Z sl decays
£ 150~ | Y E15-2nd =
= : - = o B Y
£ 100~ _ i =
E i __/ é TSy S
oA __..:-'//,/’ % - L i
50— # S0l ';

KNN KNNN KNNNN KNN KNNN KNNNN
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@ 1oward KKNN

K'K'pp

* We also wish to access the e31 Kp Kpp Kppn KKpp
S = -2 kaonic nuclei such as = =
the theoretically predicted
“K'Kpp” state
v'as previously submitted Lol

KN interaction
strength type

"Chiral"

-102 Mev N 04

v'A good probe to the KN int. =100 S, IR A1405) poct
1.61m | ?

e The KKNN system could “.
give us a chance to access L et
mUCh hlgher denSity than Proc. Jpn. Acad., B89 (2013) 418.
the S = -1 kaonic nuclei

The KKNN production cross section would be quite small
=> roughly 1/1000 of that of the KNN
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“K'ppn” Candldates so far
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* A few candidates have been
reported in inclusive
measurements
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e Ad in Ni+Ni < Observed? o TR P
g 02 I \t\l ‘7$LB654(2007)80
* Exclusive measurement fj: N

using a simple reaction "7 AdinNitNi
(in-flight & light nuclei) .. | euos conference (2005
is crucial i T T




Schedule of Preparation

2020 2021 2022 2023 2024
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Magnet desigr| silrezies
(S.C. wires)
. test and
VFT construction C e
commisioning
CDC
Backward DC
design and construction .
) test and |. ) comm. ) analysis,
Forward DC design integration physics run L
comm. run publication
Chamber Readout R&D production
BHT
. test and
construction ommisionin
CHG c isioning
. test and
NC desigrl purchase assembly estan

commisioning




Summary of the Experiment for KNNN

Beamline K1.8BR

Primary beam 30 GeV, 90 kW (5.2 s spill interval)
Secondary beam 1.0 GeV/cK

Beam intensity 3.2 x 10° K- on target per pulse

Improved K1.8BR beamline spectrometer,

Detectors o
New cylindrical detector system (CDS)
Target Liquid “He
1 week forn commissioning run,
Beam time 1 week for performance study run with LH,,
3 weeks for physics run with L*He
. 1.9 x 10* K'ppn—=>Ad,
Expected yield

2.8 x 103 K'ppn—=2>Apn
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Collaboration with Experimental
& Theoretical Group
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Apparatus



Kaon Beam Momentum

8 1.0 GeV/c
— T — T T | ptK_’p)K_ T
,|K"N->KN@96,=0 | B |
PRL83(1999)4701. PE.1)

mb/sr
B

........

200 400 600 800 1000 1200 1400 1600
Py (MeV/c)

e Use 1.0 GeV/c K beam (/s = 1.8 GeV)

e KN — KN reactions have the maximum cross section
e Due to the intermediate state of Y*(1800)
e low-momentum back-scattered kaon as a ‘off-shell kaon’ beam

e We also plan to perform momentum scan (0.9-1.15 GeV/c) in
the near future
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Target System

* Pulse tube refrigerator system developed -
for P73 1=13.7cm

* Liquefy all types of H,/D,/3He/*He gases
e Pure Be target cell developed for E15

e System has been successfully operated
“534'

Be cell

PT410

Solenoid magnet

| N—

CDH”

CDC

/La—ﬂ-._—_n/ _

" Target cell
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SC Solenoid Magnet

e The same design of the Vacuum vessel of SC coil
“COMET Detector-Solenoid”

e developed by the KEK
Cryogenic Science Center

e Solenoidal magnetic field of &
0.7T is used (max ~1T)

e external dimensions:

3.4m X 3.4m X 3.9m (25t) 5 memmnmm osmor—naw, massessncomoy

 No need to dig the floor of
the HD hall
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CDC

e Conical-shaped end-plates
e 29°< 0P < 151°
e 15cm <r<50cm
e wire support: feed-though
* longest wire length: 2.2m

e readout channelsis ~2,150
e existing ASD preamps and

HUL boards
Super Wire Radius Cell width  Cell width Stereo angle Signal channel
layer  Layer direction  (mm) (degree) (mm) (degree) per layer
a1 14L,2,3 XXX 190-230 500 - ~ 800 L 2.
U1 4,5 U, U’ - - -
B S e o
A2 8,9, 10 X, X7 X 320-360 3.00 ~ 18.0 0 120
“U2 a1, 12 0 uut T
V9 13, 14 V.V 380 - 430  2.25 ~ 17.0 ~ =+ 3.5 160

A3 15,16, 17 X, X* X 450-490 2.00 ~ 16.5 0 180




BDC/FDC

* Planner chambers

o XX'YY'XX'YY’ config.

* BDC/FDC: 3/3 modules
e placed at 0.5 m, 0.8 m, and

Coil

1.1m up/down-stream

e 30cm, 50 cm, and 70 cm
inscribed circle diameters

45

e ~¥3 072 channels
e ~(32*8, 64*8, 96*8)*2

 We plan to construct DCs
In stages
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NC Neutron eff. / 3cm
* Aiming to detect low-p neutron §j:_+ ________________ =
ranging from 100 to 500 MeV/c @ O s
e 15cm plastic scintillator divided by ©—

~3 layers & ~32 segments

* Neutron detection eff. = 15~45%
depending on momentum

e FM-PMT and MPPC readout for
e Barrel NC has ~ 2.5m length s S e

0* 02 04 06 08 1 12 14
momentum [GeV/c]

 NC is used for trigger counters together with CHC
(Charge Hodoscope Counter)

 3mm plastic scintillator with MPPC readout

e Charged/neutral-trigger are generated using combination of
CHC/NC hits
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ECAL

e A sampling-type calorimeter
e ~15 radiation length is required

KLOE EM-CAL

Lead

e KLOE type or conventional sandwich

type
 KLOE type
e Lead - scintillating-fiber
e Excellent performance
* o¢/E =5.7%/sqrt(E(GeV))
* o, =54/sqrt(E(GeV)) + 50 ps
* Quite expensive: ~ 700M JPY
e sandwich type

e Lead - scintillator-slab with wave-length
shifting fibers

e Rather low cost: < 100M JPY

52.5 cm

-2 The second stage of the project
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Improved Acceptance of the New CDS

q [GeVI/c]

e.g. KNN — Ap, which has been well studied in E15

2
E15-CDS
- K+*He—Apn
1.5( S
L “x?:ﬁ?)c;&
1—.
0.5 -

- =
| .n_»j;?'
o
| %

,
- 00

02 — |2.|2| |
IM(Ap) [GeV/c?]

0.2

2

1.5

0.5—

new-CDS
... K+He—Apn

22 24
IM(Ap) [GeV/c?]

Drastically improved!

—> enables us to specify the reaction channel unambiguously

L=l 2-6 | | Iz-8 | | 1

0.2

0.05
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Improved Acceptance of the New CDS

e.g. KNN — An, which cannot be seen in E15

q [GeVIic]

2 0.04 2 0.04
H E15-CDS
. K+*He—Apn B el
0.03 51 T .
150 o, 0.03
i
\\F
._\\.\\-
Coggy >, —0.02
n So \\‘|
0.01
s N
N
N - &
S T I R T T R SR TS i N T SN T S B [ R N E T T N NN NN WA P AN NN MY T R S
0 22 24 26 2.8 0 0 22 24 26 2.8 3 0
IM(An) [GeV/c?] IM(An) [GeV/c?]

Drastically improved!

—> enables us to specify the reaction channel unambiguously
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What We Did in E15 o

- experimental search for the KNN -

* via the 3He(in-flight K*,n) reaction @ 1.0 GeV/c

1 GeV/c 1.2~1.3 GeV/c

K- SHe Kpp —
reaction chormation
O ¥ 6 @ ¥ Missing mass

. w ~ spectroscopy
O O d
decay

m Op CDS Invanant mass

I | spectrosco
eDS P 9%

e K- N = KN reactions have the maximum cross section
* low-momentum back-scattered kaon as a ‘off-shell kaon’ beam
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Events in the Apn-selection |

+{"  window are plotted.
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IM(Ap) vs. Momentum Transfer q,, -
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IM(Ap) vs. Momentum Transfer q,, -

4 \qKn A
E15 collab., PLB789(2019)620.
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IM(Ap) vs. Momentum Transfer q,,
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3He

\q Kn N

x
°<p"<;\'qkp

e Can beinterpreted as

002C

M, A [GeV/c?]

/
E15 collab., PLB789(2019)620.
| | | | |
IM(Ap) f s
- ev/c
¢ data +|}H++
t
L +3| -
t 1 4

_ ¢ Q— - t

.“’hf 5' t’i’ou,"".# . COlin s i

1 1 |z ! 1 1 ] | 1 8 8 g
o= | —— I I | — + ."} T T T
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s 4+
— —r— i.-'.'_._
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E 1 =
L - Ig_ )
L o = "’{‘ 5
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" 1 L == o
- 1 18 . -
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3 components

— Bound state

e centroid DOES NOT
depend on q,,

— Quasi-elastic K abs.
* centroid depends on q,,
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IM(Ap) vs. Momentum Transfer q,,

4 \qKn N
E15 collab., PLB789(2019)620.
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* Broad distribution

—> Fit the spectrum
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with 3 components



IM(Ap) vs. Momentum Transfer q,,

E15 collab., PLB789(2019)620.
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e Fit with 3 components

— Quasi-elastic K- abs.

Mp(q) = \/ 4??1?\; + 'm.i- L Ampy \/ m%{ + q=.

* centroid depends on q,,

e Followed by Ap

conversion
K- 3He
O—>
1 GeV/c
‘é‘ ‘b
P




IM(Ap) vs. Momentum Transfer q,, "

E15 collab., PLB789(2019)620.

400 M(Ap) RN e Fit with 3 components
300 $ data *+ ;H{.i‘ i} BG — BaCkground
200 y ! BG

e Broad distribution

s
I>
EI 1 1 1 1 1 1 1
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M, A [GeV/cH]

o
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IM(Ap) vs. Momentum Transfer q,,

E15 collab., PLB789(2019)620.
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* We have improved the analysis with

e >%n channel
e 2 pp background

* Parameters have been updated

Counts

000

e consistent with previous values

.............

—
11 (B) myof *He(K, ppIR

mR (Ge\ /¢?)
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-(c)ﬁ.\‘}
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= Apn
— ='pn
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fit roral ]
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¢ s ]
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T 1
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arXiv:2006.13433 (submitted to PRC)
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Spectrum above m_in MM(Ap)
is well reproduced with
inclusion of the X%n channel
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I 1 1 I I
acceptance corrn ected

1

=
12 300 <g <600 MeV/c-
=

the most reliable observation g

- simple K- induced reaction

. v K'pp— Ap
- exclusive measurement sor — K3 Zp -
- good BG separation from 2NA — OFRn-np 7]

- BG

w
o
I

all

do/dM [nb/(MeV/c?)]
s
1

N
o
1

%g(lﬁ + ' ® M) [Ge%hcz]

* Binding energy: ~40 MeV

Width (MeV)
2

80 —5—
€0 : % . i : e Deeper than chiral-SU(3)
‘%’ % o based theoretical predictions
. %}@ % Eheriomenological o Width: ~100 MeV
20 e .
0 L 1 cIhliralI L 1 | 11 | | L 1 1 | L 1 1 y Seems to be Iarger than

0 20 40 60 80 theoretical calculations
Binding Energy (MeV) (mesonic mtY decays only)




We need further understanding -

e Spin/Parity of the “Kpp”

 New 4 detector system is needed

* Other decay channels [(" “}{o —

“°He =2 m2pn
12N mesonic decay is theoretically expected to be
the dominant channel

 Only YN non-mesonic decays were reported

* Reaction mechanism

e Relation between A(1405) & “Kpp”

1/

e A(1405) has been considered as “Kp

e Theoretically, “Kpp” is expected to be produced via
A(1405)+p—=>"Kpp” door-way process




K- 3He = nXpn Measurement

C
e Exclusive measurement of Ds
it *pn final state in K+3He
K- 3He /
O " R
1 GeV/c ‘
n or

CDS

 Experimental challenge of neutron
detection with thin scintillation
counter (t=3cm)

n detection efficiency ~ 3-10%
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ni2.pn Identification
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BG Subtracted IM(t*X ") in =X pn

MM(r*pn) [GeVicT] MM(z*m pn) [GeV/c]

MM(z*n'pn) [GeV/icT]

counts per 1.0

—y
o
o

4.
(=]

ol b e
0 10 20 30 40 50

logL

-
L5
o

T

counts per 1.0
=)
o

[£1]
o o
T

_I\ L bl
0 10 20 30 40 50
logL

W |
F (c) X' (logl<4)

=
Bounts ©
/(30 MeV/ic)(5 MeV/c)]

5]

= J

0

1 F(d) rT* (8<logL=12) |

L e e

Zl
43D faeVic® Vo MeVic?)]

AR e R
E(h, X (8<logL<12)

1.16 1.18 1.2 1.22 1.24
IM(m*n) [GeV/c?]

1.16 118 1.2 1.22 1.24
IM(rn) [GeV/c?]

do/dM [ub/(MeV/c?)]

[ub/(MaV/c?)]

M

do'd

do/dM [ub/(MeV/c?)]

M(r“X)

M(K'p)

IIII|[II||.II|II

-+data

U

1405
N9 BG subtracted
DR >N
A(1520)
vy (15?0)

Ll l |+|

1.6
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Y"pn Final State

M(r5)

M(K p)

v2/NDF = 11.2/15

A(1405)
~ 200 pb

Fit with BW:
M ~ 1425 MeV

[evaluated from
¥ (1385)" >t A
measurement]

68

—»— data

----- (1385)°

~--- A(1520)

— - A(1405)

----- honres. %’

— totalfit Y A(1520)
~ 100 pb
nZpn

pn-resonant
/

(2(1385)>nA/nX : 87.0/11.7%) 1 3

L
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I | I
1.5

IM(137) [GeV/c?]
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A(1405)pn Final State Selection

M(r=X") M(K'p) %2/NDF = 11.2/15
i = i —— data
§ IM(tTZ ) l ----- 5(1385)°
Select -  A(1520)
A(1405) = 3 o - A(1405)
. O [ i R nonres. mY]
region =Nl | T — total fit
= 2PN\ It
¢ Below A(1520) = [ O A
e Small contribution'g_ - T 7+
from £(1385) =/ L[ i! +.1-’ E
= 1 |
S L NiA
c i | N
g®) | i i : . A .
0___:4-'.;;'-?. 1i- . e
: L EI | | | | i | | | | | |
1.3 1.4 1.5 1.6

IM(7:X7) [GeV/c?]
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IM(an) in A(1405)pn Final State
Dominant above the threshold

M(Ap) M(r Z*p)M(Kpp)

7

all region /
A(1405) reglon S4 =
(a) Q_ A(1405);:|%|8t|;d |i selected | A4S L
= W l \ L 2
e =) e -
> 1 El 5 53
= - S %
= a L (. | -0 s
=, | J'f O ii =
s | H o 0.9 | S
—..i..l.---l---ii-l--!I----I----|----|----|----|---- _.: ’I..w , %
2 22 24 26 28 3 22 24 26 23 =

IM(7*Z"p) [GeV/c?] IM(m2"p) [GeV/c]

e IM(A(1405)p) distributes above the M(Kpp)
 QF K'N->KP2a'n followed by K°2"NN->A(1405)p
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“Kpp”—=>mXp Decay?

M(Ap) M(mX°p) M(K'pp)

. all region
S gy oy A(1405) region
¢y ' o jal selected
“Kpp”>nZN decay is Vé '~ _
expected to be the S IS' : Dominant above
dominant channel : | the threshold
BUT, statistically, IE
NO significant structure\i\
This will be due to phase- : ir
| l.

space limitation of :
“K'pp” 272N decay. :

L|§|.||=||II||._I.||I.||

2 22 24 26 28 3
IM(1=="p) [GeV/c?]
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PS Limitation of “K'pp” 2> nZp Decay

Phase space of n2pn

2500

2000

Phase Space (PS)

— Kpp Breit-Wigner (BW)

BW*PS

1500~
1000

500/

IM(nr*p) [GeV/c?]

[BW] * [phase space]

Kpp BW obtained with Ap

M(Ap) M(*X’p) M(K'pp)
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do/¢dM [ub/(MeV/c?)]

all region
A(1405) region

selected

-

22 24 26 28 3

IM(:=*p) [GeV/c]
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Comparison of Apn & A(1405)pn

M(Ap) M(R*Zip) M(Kpp)

::Al
—_ | o _
N i LS A(1405) region
o §I selected
1 : | Large CS of the
s | nl' t| t A(1405)pn compared
=l Apn AT to the Apn
s \I * N
'B O i J'T—O-@ ---------
9

2 22 2.4 26 28 3
IM(7Xp) [GeV/c?]
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Comparison of Apn & A(1405)pn

q<0.65 GeV/c
= | A(1405) region
“_'Q.5 selected
> T
Q s +
= |
S| i |+‘
3‘0 I Phodosod ’ 3 T¢
E u %}, _‘*.i
S | |
b ‘
S

2 22 24 26 28 3
IM(7Xp) [GeV/c?]



3He

Comparison of Apn & A(14(% .

1 GeV/c
M(Ap) M(rc*Z p) M(K'pp)
= _ I‘gl A(1405) region
‘?.5— 5: selected
% " N eeE:
| n * e
= A R
S |
5\
3‘ 000U T
0 o= L IEESEanAll NG
% ! Intrinsic m, < E,,
© | LK’ + (pp)r ~ “K'p”+p
© | az
i 1. 8 A(1405)p production is dominant

2 2.2 compared to Ap
IM(r*X7p) [GeV/c ]



S *He barison of Apn & A(14 S 3H‘e

1 GeV/c 1 GeV/c
M(Ap) M(m*X'p) M(K'pp)
p G | o= p G
K | Q] ] K n
‘ée ‘Hs_ | ! §-. A(1405) region ‘ég‘%
p X | = selected p X
< 2 ~
“K-pp” - Apn } x& 1 ¢ =~ }
n : * & 3 )
@ & \l { e®
i ii F N IIK-pII
. i ___________ T )_ Aouﬁou‘p-‘wpc _______

E, < intrinsic m, " Intrinsicm, <E,
K'+ (pp)r — “K'PP” 'K’ + (pp)r - “K'p”+p

“K-pp” production is dominant| A(1405)p production is dominant

Ap decay widely opens due to PS compared to Ap
limitation of 72N P eV/c
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e Binding energy: ~40 MeV |
* Width: ~100 MeV Sl }m
< PLB789(2019)620./arXiv:2006. 13433

w
o

Conclusion
* We observed the “K-pp” T N
bound state in 3He(K,Ap)n  z« *i —twn ]
g % — Ot g
S

M :

8 MiAp) [GeWcz] ¢ *
* We found large CS of the IR EE < E—
A(1405)p formation ; 1’5 ‘E'H |
compared to the “K'pp” 3 | Apn | | ’
e quite important information on the %01 &H«)QH,M%
production mechanism of the “Kpp” s o T+|

: : 2 22 24 26 28 3
< paper in preparation o) [GeVIcH
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Spin-Parity of KNN

s | 801/TNagae
HADRON CLUSTERS

> Binding mechanism : Hadron-Hadron Interactions A* N 4[

K in Nucleus 4——-’/

1/2- L=1 1/2+,

'® - @

B+ L=1 Y+

K-pp cluster A* cluster

T.Nagae, “The 4th Symposium on Clustering as a window on the
hierarchical structure of quantum systems”, May 28th, 2020
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Spin-Parity of KNN

e A polarization can be

@ - @

B+ L=1 W+

1

Palarization

0.5

K-pp cluster

- good agreement ' ,+

measured via T'p decay

A pol. in K+p2>m°A

+— Past meas.
— E15 data

Tcos? X (14 aPcosf)

-0.5

0.5 1
oosena

* Proton polarization is
measured with a polarimeter
e Tracking system -—--—————cemee——-.
e Plastic scintillator ---=--=—"""""""]

return yoke

coil

-
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