Exclusive Analysis of the

in-flight *He (K™, ApP)Nissing
reaction to search for the KPa'NN
bound state
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Strange and exotic matter

Hadron with strangeness
Kaon (meson)
A, Z, A(1405)( baryon)

What happens if strange matter is in nuclei??
A in nuclei => hyper nuclei
Kaon in nuclei => kaonic nuclei exotic!

To investigate these exotic matter,
we can extract information of interaction
of YN ,YY and KN

structure of néU"ﬂtar,

or new high density matter??




KbPar in nucleus

« Kbar_N interaction

— Expected to be strongly attractive when 1=0

« Low energy KN scattering experiments
« Kaonic-atom experiments

(KpX@KEK, DEAR/SIDDHARTA @DA®NE)

— What happens if KP2" js embedded in nucleus?
« Kbar-nucleus bound state?
* high density?

— Kaonic nucleus is a bound state of nucleus and anti
kaon (KPa&'NN, KParNNN, ...)
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Situation of KParNN

KbarNN : the simplest KPa'-nuclear state
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» To explain experiment result | Bypp[MeV],
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Deeply bound KPa&'NN
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J-PARC E15 experiment

in-flight 3He(K-, n) reaction & its exclusive measurement
=> Search for KPa"NN bound states both via formation & Decal

OV |
Missing mass

~ | spectroscopy

neutr

1OGeV/c “ Formation KbarNN
( ‘ ‘.

We are able to detect all
particles from formation &
decay of Kpp!!

| Invariant mass
— Spectroscopy




J- PARC K1.8BR beam Ime[Jun. 2012]

=

beam dump :
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beam Duration |
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14.5 kW

2013 (18 Tppp, 6S)
(Run#47)

1 May, 2013 24 KW
(Run#49c) (30 Tppp, 6s)

30 h




Semi- inclusive analysis of
SHe(K-,n)X
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loosely KP2NN state? A(1405)N 2body reaction? New resonance?

2.35

—350

300

ha
o
=]

[

o

o
Counts / 10 MeV/c?

160
140f
120
100F

Arbitrary unit

Binding Energy [GeV]
03 02 0.1

—Data

= BGz-decay“"""'

B B el
BGcep'
a_e'cidentaj

4T
.|.-|-|- 1 3

----- K N—Am(m)(m)
=== KN Em(T)(m)

= KNS Y 1T NKT(T) AK

.
- .
-------

------
g

2.1 2.2

2.3

24 2.5 26 2.7

3He(h(,n))( missing mass {GeWcz)




Exclusive analysis of the in-flight via.
SHe(K=, Ap)n reaction

missing




EXxclusive Analysis of the in-flight

SHe(K™, Ap)n reaction

missing

Detected all Apn => ~10 Events A
statics Is not enough

G- Deca

Enhanced events by expanding
neutron acceptance (regesting my
=m, not direct measurement)

neutrov |
Missing mass

Formation KbarNN

| Invariant mass
spectroscopy




Monte Calro simulation of
known elementary processes

process

Ap ns
- Kaon multi nucleon absorption and = AP W5
emission(YNN + ) Sp ns
* generated each process via PWIA, Sp ns +n
namely final state simply follows its Apn
phase space (with spectator, if any).
Apntr
' Apn+2rw
Apnt3n
: 2pn
- Can we reproduce data spectrum with i
these processes ? 2pnp
>pnt+2x

>pn+37




Invariant mass and missing mass
spectra in 3He(K- Ap) reaction
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SHe(K-,Ap)n data

and 3NA(S|m)

M(K+p+p)
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* Prominent peak structure IS seen above known processes.
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Dalitz plot

Especially, peak structure near Kpp threshold.
v2 INDF =171 /49 (~200 events)

» To understand peak structure, following 3 candidates are

examined
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Examination of possible
(iandidates

2. 2 step reactions
2NA followed by ZA conversion

neutro
’ o




2. A conversion (2NA + 2N->AN)

K+p+p
- MEK+p+p) 20 —3NAApn
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Only ZA conversion INALSA CONV.
Peak position ~2.25GeV /c? => too small
Not consistent 2NA itself is not observed in our data

=> 2NA should be weak



Examination of possible

candidates
1.

2. 2 step reactions

2NA followed by A 495N conversion

neutro
) 0’




A(1405)N conversion
(2NA + A(1405)N->AN)

M(K+p+p) K+p+p)
|
B 1 20 ——3NAApn
5000_— | -
- I 181 3NA Apn 0
4000 [ 16¢ fl ~ 3NAZ0pn
: ! 14
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Only A(1405)N conversion INALA*N conv

Peak position ~2.40GeV /c?

v?> INDF =123/ 49 Notice:

Not consistent 2NA itself is not observed in our data
=> 2NA should be weak



Examination of possible

candidates
1.

2. 2 step reactions

KN—KN followed by KNN— AN
neutr N

e K+NN
(- & absorption
: RN

1.0GeV/c
Re-absorption of the “back-scattered kaon” by spectator|°




“K-p — KOn” + “KOd — Ap” (2step)

Re-absorption of the “back-scattered kaon” by spectator NN
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missing

3INA+KNN re-abs.

KNN absorption events exist over Kpp threshold.

v2 INDF =183/ 49
Not consistent.
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Examination of possible
candidates

1

2. 2 step reactions

Peak structures from these processes are
not consistent of our data spectrum !!

»

— LAt Mroomporsion
S 40577
3. S=-1di-baryonic state

K ' ' r
3
1.0Gev/c He yew resonance:




S=-1 di-baryonic state

- Assumption of a resonance state

X (S=-1, baryon number =2) ;388_

* X state has been generated asa 1890 - I:T\z(ar:g%;:/lew@
function of mass of X My and Egg_ G, =100MeV
decay width T'y. 1000 E

Width of the peak is assumed to 288_
be Bright-Wigner shape 400 £
K-+3He=> X n(in phase space) 200 &

Coo o Loy | [ R R B ool b b b
02 21 22 23 24 25 26 27 28 29 3
M. ( Ap)in >He(K , Ap) ,[Gev/c ]

X decay to Ap in uniformly angle
distribution

n .
missin

To evaluate Mass and width,
Minimum position on 2 map was searched.
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Mass and width of X state
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* From 2 map, it is shallow and having large width,
if it is KParNN.
* In .M, significance of X state(sig/sqrt(sig+bg)) =8.0



2 == K+ptp
£ #==:100MeV bound(Zpn)* In E15 experiment

E15 (exclusive) Region of X state in [.M. (Ap)
3He(K-,Ap)n IS consistent to excess in

missing mass of SHe(K-,n)X

«u s eetM(Z+p+n)

2
dPoldQ/dM x Ao
(ub/sri(MeV/c?))

: E - Deeply bound KPa'NN
3 | s In our experiment (induced
2 ﬁ . W | H]L Kaon reaction), bump structure
22123 23 9425 26 27 28 26 3 of 100MeV bound K**NN is
y LM (diﬁ\p) in He(K', Apn . [GeV/c ] not seem
RSB I MU °He (K ,n)X - 100MeV bound KPaNN
o= O B e formation is strongly depends
' e 0 on reaction?

K/t induced?

Momentum transfer??

TRTALY NI ) collision

P TR T=2.85GeV _

FE. X state is shallow bound KP2'NN? or
u ’ 2{15 2 2%% Z:Sg?i_lii 240 2dE Oth er State?




Conclusion

First Physics run of the E15 experiment has been performed
Data statics is enough to analyze 3He(K-, Ap)n reaction

Data spectra of 3He(K-, Ap)n can not be reproduced by known
elementary process

Ap invariant mass spectra could be explained shallow and wide
S=-1 di-baryonic resonance.

Mass of the resonance state is very near K+p+p threshold
Full width is about 100 MeV

s it surely resonance state? KParNN ?
=>We need more information (i.e. spin / isospin )

We will obtain 10 times statics of this data in next E15 run
=> Full kinematics data / other final state (i.e. z2N) { 24]
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O consistent :
>%p decay <11%

Only Lpn contribution
There is peak



List of expected spectra

1600
1603
1610
1613
2100
2102
2103
2104
2110
2112
2113
2114

Ap ns
Ap nstr
2P Nns
>p ns +1
Apn
Apntx
Apn+2n
Apn+3n
2pn
Ypnt+p
Ypn+27
>pn+37

2.91E-09
1.45E-07
1.22E-09
3.01896
1.39825
21.1222
3.24E-07
0.000215
9.27836
20.2813
39.4892
4.92E-08

Contribution from tw
nucleon absorption
processes, I.e.one
nucleon is as spect
are almost negligibl
this reaction.

( 10° % level )




K-beam

Event selection

roton
P 1.

N 2

T 3.

target region

4. Selected missing neutron
proton

120~ Missing neu{trﬁjn
100}~ window {
80f- C e W | * To ensure Apn final state,
60| 3/// Hﬁ } missing neutron (0.84-
sof 0 ++f@//7“ | 1.04GeV/c?) selected
20f | HH N/ //

- +_-| | I ST N T S S N T |+ L1

B4 06 08 1 T2 T4 T6 T8

M.M . (Ap) in He(K’, Ap) [GeV/c?]

Event tagged by ppr-
@CDS

Requested no forward
charged particle

Defined A decay pair by
using Likelihood method.

[29)




» To detect the decay particles from *HeTarg et

« Momentum reconstruction
* Particle identification

L*He Solenoid
Target Magnet
Z-Vertex Charabar
Chamber
Charge Veto
Kaon Decay Counter

Veto Counte

Cylindrical ‘
Drift Chamber

Hodoscope
Counter

~N

‘15 Ia(yers

3 Slze 99Jx,,?>0 Eiop mrds
W ¥ Ts

. Conflguratlon 36mo

- PMT: ﬂne mesh &

S8l .IL

H8409) ' =*

CDC (15 layers, 1816¢ch) + CDH (36 seg) + 0.7T 30)

solid angle: 60% of 4x
Mass resolution (Kpp) ~10MeV/c?



PID & Tracking efficiency

n/K/p/d are clearly separated Tracking eff

1 T s
6 e % 1 T R e W
Z [ "#'g- = - 0.9E
o 0.8 |-
CBD 0> 07 L
2 10° —_|1 . -
c Q 0.6
(@) =
= .05
® 100 2 041
S @03
~_ =k =
IQ‘O'S 10 =—0.2 |-
0.1
[0 S | Lo by | \ |
! 3 2 1 0 1 2 3

Phi angle[rad]

e Total eff =94.0%

e There is no geometrical
asymmetry!

Coov v
% 0.1 0.2

Momentum[GeV/cl

[zu(29/n89D)] Zussen jo o




Peak structure and Momentum transfer of
SHe(K-,Ap)n

.M (Ap) vs momentum transfer

T AT TP W0

< 120~ E;t;‘r‘? Y a7

% = RMSx 04721

: 08:— RMSy  0.3444

=

5 0.6 )
5 b Momentum transfer :
n e 2 2

. 022_ (P beam —P n) /(Pbeam *P n)
& o

C§ -0'2%...|....|....|...m....m...|H..|....|...‘|....

e 2 2122 23 24 25 26 2.7 28 29 3

.M (Ap) [GeV/c?]

» Peak structure seems enhanced in small momentum transfer
region. | 32}

* Process which make peak structure is enhanced in small
momentum transfer region?




Back up of Ap selection




Probability fuction

3

MC (Apn-3NA)

300f ntries 11020

F Mean  1.57
250: RMS  1.379
200f
150¢ -|Og(pr0 D)<2.5

100F

507 M
OO_ ' 2‘ B A L 5 ~éﬂ e TQ
-log(prob.)

* Cut -log(prob)<2.5
missID <0.5% @3NA Apn
=>miss ID @2NA (Apng, , Z%png,) & 3NA (Z°pn) also less than 0.5%.
Detail of fitting of DCAs and IM(Lp ) is in Backup slide.

3He(K,Ap)N pics
70 b im_sum_Lpn2
- Entries 1096
60} Mean  3.048
g RMS 2502

50
40
30

20

10 +++++4—F++ LT

00_““2 “A‘L"'é‘w-éw\‘-llo
log(prob.)



cos0, In Ap stopped flame
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H
f Im

- Data spectra is subtracted with Side band background .

17:08-06-0402 0 0204 0608 1

cosB, in A p stopped flame

* Red line is simulation of X state (S-wave)
- Data (cut in meanyg =+
- =>X state is S-wave state?

1oc) is almost consist to sim.

O_LI\}CJ)-ILCHU)"\I
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MMHM

Data (no cut)
Side band B
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)
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04-02 0
cos,

02 04 06 08 1
in A p stopped flame
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kinematical
boundary

pA in CDS
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-02 0 0.2
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y2 mapping of X state (sim)

Generated X state in some B.E and width

Fitting 6th polynomial to x2 v.s width in certain B.E
Making continues plot of ¥y2 map

Fitting map with 2" order XY function (z=py+p X?+p,y?
+P3XY+PyX+PsY )

> W




Generated X state in some B.E
and width
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Making continues plot of y2 map
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Cos n plot of SIm = |

j— 3NAARn KOdabs

Chim@Nﬂs.ppp;iqq RO 3474852

{—3NAZ0pn

Kpp

H|+|\T. L

17208-06-04-02 0 02040608 1
cosd, in “He(K', Ap)n_

......

45E ‘ 45[ ]
S NAAPT 2A conversion = aNAApn A1405 N conversion
] ChifN%N ﬁoﬁ\eg?ﬂgsga.smma [ : ChifN%yé1%&Qf%q 4.664291 [
1——3NAXZOpn 1——3NAXOpn
: - L Aconvi 1 A(1405) conv1
T Aconv2 1 A(1405) conv2 +

- TOF
10 =

5F 105—

0_+ I, AT . 5F

'170.8-0.6-04-02 0 0%04 0608 1 ot , ,

cost, in “He(K., Ap)n . '17208-06-04-02 0 o% 0406 08 1

cos, in “He(K', Ap)n

missing



M. M. of K%




MMpipi_cut_2t

- MMpipi_cut_2t
500 Hﬂh Entries 13998
E M H Mean 1.023
- | | data
300 \\1 :
i f
200} | - d**”Hﬁ”m-
100F n R
B y +++++H"Tr -."L
0 :ﬂm'm&ﬂ it ‘"1:;1 iy + h'Ll:_

0.5 0.6 0.7 0.8 0.9 1 1112 13 1.4 15
M.M of “p”(K-,K0s)X [GeV/c?]

Data and sim are consistent => missing mass resolution a

center value is good

| add offsell correction (considering 3He binding energy) to si

And chage distribution of Fermi motion (almost no effectto M




counts (a.u.)

SHe(K-,Ap)nN¢

« Expected missing n in NC ~60eve
« => 60 x 0.25(effN¢) =15

Missing energif - Detected event =10events
3f 10
25/ b 0.0u05 ..
13 * In missing energy spec., ~4event
3 from X0 (estimation of X°pn ~30%
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il —
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Missing neutron

S0
|]— 3NAApnN +

{— 3NAApnnO

— |

: — 3NA Etgifpopm.nam?'mﬂ 319
o |

|

s

: L1 | T T B |
B8 08 09 095 1 105 1.
M.M. of *He(K, Ap)X [GeV/c?]

10

* Reduced y°~ 1
» Fitting is not bad




nIM_MM_Lp Lpn_wocut

1 1 nlM_MM_Lp_Lpn_wocut
T Entries 214
B Mean x 2.433
- Meany  0.9527
105— X X ¢ X RMS x 0.1744
< - % X R X X RMSy  0.04567
: B X
,.\ : X X )§(x X >}\$< X * XK b4 A Ko
- e X X p o X
S 0.95+ * % %% VAR SONAY
—_— - . % % XX KX
— Xy X w XX, Tx X x
O — Y % )4 K owad
¢)) 0.9+ x X X X Xy « X
| % * W
< - X X
Q. - ) X x x o Fy X
e 0.85 B 5

082122 23 2.4 25 26 2.7 2.8 29 3
.M. (Lp) [GeV/c?]

« Peak structure of X state is on missing n peak
- => almost X state events seem not to be come from X°




Resolution of .M (Lp)

29/A99] (d7) “IN'I JO "|saY

- Estimated
« At Kpp th,

0.09F
0.08F
0.07}
0.06F
0.05F
0.04}
0.03F
0.02F
0.01F

oF

pol3

2 2122 23 24 25 26 2.7 28 2.9 3
.M. (Lp) [GeV/c?]

with sim of 3NA(Lpn)
resl is ~10MeV




