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Introduction

Motivation :

What will happen when anti-kaon is
embedded in nucleus?

¢ Does the simplest Kaonic nucleus “K-pp” exist?
v How deeply bound ?
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The simplest kaonic nuclei KbarNN
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Experimental situation
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“He(stopped K-,p)

Proton Momentum (MeV/c)

*He(stopped K-,n)
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E15 Experiment

Setup &
Performance of detectors




Inflight kaon reaction on 3He
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final goal:

detect everything! | po | CDS



K1.8BR spectrometer [Jun. 2012]
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Theoretical calculations on 3He(K-,n)
C

K-+ 3He =“Kpp”’ + n @ P =1GeV/e, 6=0°
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CDS performance

007, Single Track p: resolution
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CDS performance

007, Single Track p: resolution
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Neutron analysis
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Energy deposit on NC (MeVee)
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» Neutral hit
- no hit on the BVC and CVC

« first hit in the NC (timing-wise)
was used to calculate 1/beta
» Threshold on energy deposit
- reduce accidentals
- online (discri) : ~0.5 MeVee

- offline : 8 MeVee

Efficiency = 23+4%
MM resolution ~10MeV



3He (K-, ) semi-inclusive

spectrum




semi-inclusive spectrum
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*He(K',n)X missing mass (GeV/c?)

Tail component in the bound region is
NOT due to the detector resolution !!
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Possible fast neutrons

> Quasi-free nucleon process
- fast neutrons from Z decay
» Two-nucleon reaction process (2NR)

- peak structure in non-mesonic branch

« continuous distribution in mesonic branch
(if uniform in phase space)

> Three-nucleon reaction process (3NR)
- similar situation with mesonic 2NR



K-+ “N” = Z+m
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Background evaluation

no significant excess «———
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Upper limits of the deeply bound K pp production
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The obtained upper limits are
0.5—5% cross section of quasi-free K scattering
one order of magnitude smaller than Koike&Harada prediction




Possible fast neutrons
D

» Quasi-free nucleon process
- fast neutrons from Z decay ~90% can be removed

» Two-nucleon reaction process (2NR)

- peak structure in non-mesonic branch
AN,2ZN branch negligible  Y*N branch may contribute

« continuous distribution in mesonic branch
(if uniform in phase space)

> Three-nucleon reaction process (3NR)

- similar situation with mesonic 2NR
Mesonic 2NR & 3NR are negligible in the bound region

We can not explain the tail structure with ordinary processes
— evaluate the intensity of the excess
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Inten

sity of the excess in K'pp assumption

0.3Eg % oo 0 K PRI AD: -
0.0 i 0 KPREZE R 3 0obASIM| ... i -e-Kpp=2'p -
E i §+Kpp—>nzp 3 . §+Kpp—>nzp :
01:_ ....... ..- ..................................... : 01:_ ....... ... .................................... :
OO:....'....i....i....i....|.... [, 3 OO:....'....i....i....i....l.... [ g0
"~ 210 215 220 225 230 235 "~ 210 215 220 225 230 235
He(K ,N)X missing mass (GeV/c?) He(K ,N)X missing mass (GeV/c?)

~1 mb/sr in bound region
If we assume the decay to
Ap/Z0p or TZp



3He (K-, ) spectrum



J-PARC E15 experiment

A search for the simplest kaonic nucleus K pp

— 3 °
K He reaction

,r

p T

Can not separate

2 components experimentally. Missing mass

spectroscopy
reaction ; K

To compare with both 3He(K~, n/p) reactions,
We can get the information of isospin dependence of reactions.
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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
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spectrum (VERY preliminary!)
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Ap n(missing) correlation
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Exclusive 3He(K",Ap)n events
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- K3He2>A(Z°)pn events can be identified
exclusively

# of A(X°)pn events: ~190
- 2%pn contamination: ~20%



. 33l
3SHe(K-,Ap)n: Dalitz plot

- To check Apn events phase space distribution
To plot in this figure, kinematics is fixed.
Checking 3 nucleon absorption or 2 nucleon absorption

- kinematical
- boundary

pA in CDS

Y
) in NC
nin
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If events are distributed
uniformly
=> 3NA is dominant



?He(K',Ap)n: Dalitz plot
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Events are scattered widely in the
phase-space of K-+3He->A+p+n

=>3NA is dominant!!
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e.g. K3He2>Apn,

2NA+2step:
e.g. K3He->ZX'pn,,
2n,~2>An

2NA+2step:
e.g. K3He->ZXnp,,
2op,2Ap

Kpp form.:
K-3He—>(Kpp)n,
K'pp2>Ap
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SHe(K",Ap)n: Invariant Mass
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- total CS : ~200 pb (~ 0.1% of total cross section of K3He)

when phase-space distributions are assumed
« Excess around the threshold?



Structure just below the threshold

=
)
A
>
=

b

N
a1

IIII|IIIIIIIII|IIII|IIII|I

> Exclusive Ap+Nmissing

« cannot be explained by
phase-space distribution

N
o

Counts per 40MeV/c?
o

10 _|_
1 _|_'|' e » Semi-inclusive (K, n)
+ e .|. - multi-nucleon processes
PRSPINTINN O o ok ki A0 i sk A ke il kel L. - (T . .
B=%1 22 23 04 25 26 2.7 2.8 2.0 3 might contribute
[.M. (Ap)of He(K ,LAp)n 3
| ——— | e K~ +3He — Y™ 4[N]+ N..
5 160 i ag
L [ H ]
? ol 3 : spectator
g w0 ;‘i + k- A* Psp
5 120F - 13 o
£ 10 Pl r ol O n :I NC
<§ 805— E+ i 4 ; G————— —_—
o s 7 8 : 1§
g i i T3 gj 3  we need further analysis
2 T T 0 1 including a comparison with the (K-,p) channe
EARAND:
S P | S ks g gt o T iy Ta 0

I\Jo

2 o 22 .00 :2_4 25, 26
He(K',n)X missing mass (GeV/c")



Summary of J-PARC E15 status

v J-PARC E15 1st stage physics run was performed.
— All the detector subsystems are working well
with the good performance as designed
— Unfortunately stopped at only 4 day running...

¢ Semi-inclusive 3He(K-,n) spectrum have tail component
in the K-bound region which is hard to be explained
by ordinary processes.

v Cross section< ~102of K-QE at BK~100MeV

v 3He (K-,p) spectrum looks very similar to (K-,n)

v A+ p + n(missing) correlation analysis seems
very interesting when the statistics is much improved
In the future run.




