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Study of KN interaction-
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level energy and decay width
E15: 3He(K-, n) missing & 

invariant mass
K @ 1 GeV/c

T. Waas, N. Kaiser & W. Weise, Phys. 
Lett. B379 (1996) 34.

by E17 / E15
sharing resources: area, setup etc.

strongly attractive in I=0 channel



U0: real part of the K--He 
local potential

Y.Akaishi:EXA05

Calculated 2p level shift by Akaishi 
(Coupled Channel)
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level shift and absorption width
E17: K- 3He 3d - 2p x-ray

KN study by atomic states-

K-
x-rays

charged particle by K- reaction

trace back by CDC

In-flight 
reactions

K at rest

application of well proven 
experimental method in KEK PS-E570



KN study by nuclear states-
level energy and decay width

E15: 3He(K-, n) missing & invariant mass

K @ 1 GeV/c

T. Yamazaki, Y. Akaishi / Physics Letters B 535 (2002) 70
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• simplest system

• minimum absorption
multi-nucleon absorption

less excited states

full kinematical reconstruction
less ambiguity

K-pp

M. Agnello et al. 
Phys. Rev. Lett. 94 (2005) 212303

Data from FINUDA group



T. Kishimoto et al., Prog. Theor. Phys. 118 (2007) 181

New data from Osaka group
in-flight (K-, n) reaction @ 1 GeV/c

indicating very deep potential
Kaon condensation?

in-flight ensures ...
2N process suppressed
kinematically separated
  not seen in the spectra

Re(V) ~ 200 MeV
Im(V) ~ 50 MeV

- deep & wide KN pot.

- lower background

(one of new data : in-flight)

fit = Green’s function
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- resolution must < 20MeV
- yield 5 ~  40 µb / (sr MeV)
- bound state will be seen 

Theoretical progress

Chiral unitary

K- Conversion
1-body absorption
2-body absorption
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J. Yamagata, S. Hirenzaki, H. Nagahiro, D. Jido, 
Mod. Phys. Lett. A accepted. Proc. of Chiral07.



‣ lightest：K-pp
‣ observation of   

K- 3He K-pp

Λ

 Cylindrical Detector System
  １）solenoid

  ２）CDC
  ３）hodoscope

  ３He target
 neutron counter

 beam line detector

neutron

proton

proton

π−

decay

form
ation

CDS

sweeping magnet
neutron 
counter

E15 setup

neutron charged
particles

“formation” and “decay”

cf.

by π  π  tag+ -

FOPI @ GSI aiming same physics!
competitor

KN study by nuclear states level energy and decay width
E15: 3He(K-, n) missing & invariant mass



counter Rad. Length

Target (L3He+cell) 1.55%

ZVC Chamber
(GEM-chamber) 0.27%

CDC
(He:C2H6=50:50) 0.48%

Solenoid
Magnet

Hodoscope
Counter

Cylindrical
Drift Chamber

Target
Chamber

liq. 3He 
Target

Kaon Decay 
Veto Counter

Z-Vertex
Chamber

Charge Veto 
Counter

B

CDS overview
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Λ vertex
K-pp vertex

p

p
π-

n
~1.3GeV/c

~400MeV/c
~150MeV/c

~500MeV/c
p

p π-

 binding energy = 100MeV
 Geant4 simulation
 with forward neutron

K-

K-pp event display

1GeV/c



Where to do ... ?

K1.8BR

severe K- dump background

radiation safety not allow us to place NC where we wish ...

hole for
test beam

not enough resolution
much shorter than expected

K- start hitting NC!

10m ... 32 MeV
  9m ... 37 MeV
  8m ... 40 MeV

(FWHM)



Why not K1.8BR ?
extraction angle modification small K- dump background

enough resolution

well separated K- beam

 15m ... 20 MeV

as in proposal
(FWHM)

3He buffer 
 system

4He reservoir 
 tank

neutron counter 
(NC) CDC electronics 

and HV units

CDS

Platform for CDC 
installation

Secondary Beam

KURAMA?

final shape for E15 
realized until Sept. 2009 
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K1.8BR Op.1 proposed by Noumi
QDDQ configuration added dipole

cf. originally QDQ

Δp/p ~ 0.7 % (@ Δθ ~ 5 mrad by VM to FF tracking)

VM FF
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Beam tune
TOF

TOF counter 

CDC electronics 
and HV units

Platform for CDC 
installation

Secondary Beam

CDS

0.7 GeV/c
t (nsec)

1.0 GeV/c
t (nsec)

e 50.03 50.03

µ 50.60 50.31

π 51.03 50.52

K 61.31 55.83

p 84.22 68.74

d 149.18 107.51

0.7 / 1.0

 (GeV/c)

Water

 (n=1.33)

Aerogel 

(n=1.05)

Gas 

(n=1.003?)

e Y / Y Y / Y Y / Y

π  (µ) Y / Y Y / Y N / N

K Y / Y N / N N / N

p N / N N / N N / N

PID by Cherenkov

most devices are ready
(from previous exp. 

/ well proven)

- based on scaler (hardware)
- beam profile by simple chamber analysis

- realize on-line beam tuning by

realized until Jan. 2009 



Device for Beam tune
most devices are ready
(from previous exp. / well proven)

•check/preparation at KEK K5
device for E549 / E570



E17 mode

realized until April 2009 

3He buffer 
 system

4He reservoir 
 tank

neutron counter 
(NC) CDC electronics 

and HV units

CDS

Platform for CDC 
installation

Secondary Beam
TOF counter 

target & CDS installation 



Evaporator

Heat Exchanger

Target Cell

4He

3He
Liq. 3He

vapor 3He

Temperature in the Target Cell 1.3 K

Pressure in the Evaporator 36 hPa
Liq. 4He Consumption 45 L/day

Heat Load to the 1K Parts 0.19 W

3He target is ready

Pressure Tight (>1atm)
Impurity-free (Fe, Cu,..)

High Radiolucency @6.3 keV
Frame:    Pure Titanium

Cylinder: MICTRON (para-type aramid film)TORAY



SDD (~80K)

K-
x-rays

(π-)

K-
x-rays

3He Target  
cell (~1.3K)

Radiation Shield (~80K)Pre-AMP (150~200K)

SDD support work / PreAmp test
Ti & Ni foils for in-situ calibration



He refrigerator
8W at 20K

SDD test at SMI
- SDD test of peak stability and energy resolution under 70 ~ 170 K

using an 55Fe source
- pre-amplifier board test in vacuum under 70 ~ 200 K

KETEK SDD

KETEK Pre-amplifier

•test bench at SMI (Vienna, Austria)



•H.V. circuit board
completed on Feb/2008•PreAmp Discri. board

test board on April/2008

board on CDC for mounting test

opposite side

board test on proto-type

CDC status



Prototype CDH placed in Solenoid

CDH/CDC support structure
- design Jul.
- fabrication Aug.

Solenoid magnet & CDH



~300mm

~85mm
~1

40
m

m

GEM and readout pad

HV : 6.5kV
drift: 150V/cm(P10) x 30cm 
amp:  + 2kV(GEM)

acceptable hit rate few kHz/spill
read-out : 36 ch x 3 layer = 108 ch

double stage thick-GEM

ZVC design work
TPC based z-vertex chamber (ZVC)



by π  π  tag+ -

J. Yamagata-Sekihara, H. Nagahiro, 
D. Jido, S. Hirenzaki, in preparation

ZVC (z-chamber) allows Σ-ID!

Chiral unitary
shallow pot.

mesonic decay mode



Summary
... to be ready for the first DC beam ... 

- KN interaction : need to be studied!

most of the theory at present give bound state
width will be as wide as > 30 MeV

- clarify the situation of deeply bound kaonic state

target date : April 2009! 
- both E17/E15 preparation is in good shape

cf. previously : Sep. 2009 

- realize E17 & E15 as cascade exp. at K1.8BR

- utilize well proven device / circuit 
device from previous exp. 
proven circuit  ... TKO based UNIDAQ

- E17 need a longer beam time for beam line extension
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- long beam time at full intensity (as requested)
beam scheduling with other experiments at K1.8

unfixed

- D5 (14D230 or 8D230) preparation 
need a commitment from beam channel group

- liquid helium retrieval line and re-liquify system 
need further discussion

- time sharing of sweeping magnet (KURAMA)
scheduling with other experiments at K1.8
(GC availability: negotiation with SKS group)

- 3He(K-, p) spectroscopy? 
need further work



Thank you!


