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Kaonic Nucl. Search
- E15@J-PARC

- FOPI experiment

- DISTO experiment

-AMADEUS experiment

K. Suzuki et al., NPA827 (2009) 312

T. Yamazaki et al., PRL104 (2010) 132502

topic continues from the 

previous talk

Experiment (-September 2009), Analysis in progress

previous talk

talk by J. Zmeskal
Freitag, 11. Juni 2010
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Introduction

Kaonic hydrogen puzzle, just ~10 years ago

M. Iwasaki et al., Phys. Rev. Lett.  78 (1997) 3067

key ingredient: KbarN interaction

Freitag, 11. Juni 2010
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Experimental principle

p+ p → Λ+ p +K+

„ordinary process“

Freitag, 11. Juni 2010
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Experimental principle

p+ p →

Λ+ p

+K+”K−pp”

„exotic process“

Freitag, 11. Juni 2010
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Experimental principle

p+ p →

Λ+ p

+K+”K−pp”

„exotic process“

Freitag, 11. Juni 2010
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Experimental principle
Production Channel
Missing Mass: K+

p+ p →

Λ+ p

+K+”K−pp”

„exotic process“

Freitag, 11. Juni 2010
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Experimental principle
Production Channel
Missing Mass: K+

From Decay Channel
Invariant Mass: Λ(π-+p)+p

p+ p →

Λ+ p

+K+”K−pp”

„exotic process“

Freitag, 11. Juni 2010
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Experimental principle
Production Channel
Missing Mass: K+

From Decay Channel
Invariant Mass: Λ(π-+p)+p

with a large acceptance detector
Exclusive measurement

p+ p →

Λ+ p

+K+”K−pp”

„exotic process“

Freitag, 11. Juni 2010
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Proton Incident Kinetic Energy [GeV]
1 2 3 4 5 6 7 8 9 10

C
ro

ss
 S

ec
tio

n 
[m

b]

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

++K-!++
!+p+"#Channel 79: p+p ++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p
++p+K0

$#Channel 108: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p
++p+K0

$#Channel 108: p+p
++p+K-(1385)$#Channel 120: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p
++p+K0

$#Channel 108: p+p
++p+K-(1385)$#Channel 120: p+p
+(1405)+p+K"#Channel 299: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p
++p+K0

$#Channel 108: p+p
++p+K-(1385)$#Channel 120: p+p
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++p+K"#Channel 84: p+p
++K-!+p++
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++p+K0

$#Channel 108: p+p
++p+K-(1385)$#Channel 120: p+p
+(1405)+p+K"#Channel 299: p+p

++K-ppK#Channel 300: p+p

Background Suppression

: 2 proton, 1 π- and 1 K+ in backward
Channels which can have same event topology as signal

Signal

chi
d

threshol
d

reaction @Tp=3.0GeV

77 2.798 Λ+p+π++π0+π-

+K+
2

79 2.382 Λ+p+π++π-+K+ 11

83 1.958 Λ+p+π0+K+ 96

84 1.582 Λ+p+K+ 339

97 2.592 Σ++p+π0+π-+K+ 2

99 2.185 Σ++p+π-+K+ 52

106 2.616 Σ0+p+π++π-+K+ 3

108 1.794 Σ0+p+K+ 123

120 2.348 Σ(1385)-+p+K+ 6

195 2.943 p+p+π-+K+ +K0 1

299 2.415 Λ(1405)+p+K+ 25

300 2.412 ppK-+K+ 61

KS2006

signal on the „physics background“, pΛK+ dalitz decay 
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Proton Incident Kinetic Energy [GeV]
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Background Suppression

: 2 proton, 1 π- and 1 K+ in backward
Channels which can have same event topology as signal

Signal

chi
d

threshol
d

reaction @Tp=3.0GeV

77 2.798 Λ+p+π++π0+π-

+K+
2

79 2.382 Λ+p+π++π-+K+ 11

83 1.958 Λ+p+π0+K+ 96

84 1.582 Λ+p+K+ 339

97 2.592 Σ++p+π0+π-+K+ 2

99 2.185 Σ++p+π-+K+ 52

106 2.616 Σ0+p+π++π-+K+ 3

108 1.794 Σ0+p+K+ 123

120 2.348 Σ(1385)-+p+K+ 6

195 2.943 p+p+π-+K+ +K0 1

299 2.415 Λ(1405)+p+K+ 25

300 2.412 ppK-+K+ 61

KS2006

full kinematics information

signal on the „physics background“, pΛK+ dalitz decay 
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FOPI Apparatus

θlab Tracking TOF
35-150 CDC Sci. Barrel
7.5-35 Helitron PLAWA
1.2-7.5 ZD

Magnetic Field: 0.6T
Trigger Rate: 200~500Hz
Particle/event: ~100

R. Kutsche Ph.D.Thesis
K. Wisniewski Ph.D.Thesis

ø2.4m x 3.3m

Fixed target experiment designed for heavy-ion-collision study
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FOPI performance: charged particle
48 CHAPTER 4. DATA ANALYSIS
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Figure 4.4: Logarithm of the energy loss of particles in the CDC as function of
their momentum/charge (left) and the mass spectrum extracted with the Bethe-
Bloch formula (right).

amount of energy the particle lost while passing a drift cell. The spectrum
of these energy-loss values resembles a Landau distribution [81] which has a
long tail towards high values of dE/dx. This can cause systematically higher
values of the mean energy loss due to statistical fluctuations. A truncated
mean method is applied using a lower threshold for the energy loss and, in
addition, discarding the 30% largest values. This results in a more reliable
measurement of the mean energy loss.

The event vertex position in the transverse plane is obtained in an iter-
ative procedure by first finding a vertex which best fits all tracks and then
discarding the most distant tracks until the position converges. Afterwards
the distant of closest approach, d0, is calculated for each track with respect
to the primary vertex.

The particle mass is determined from the mean energy loss 〈dE/dx〉 and
the momentum per unit charge p/q which are linked by the Bethe-Bloch
formula (see appendix B). A typical two-dimensional distribution of the
logarithm of the mean energy loss and the momentum per charge is plotted
in the left panel of figure 4.4. Parameterizations of the Bethe-Bloch formula
for different particle species are indicated by the white lines in the picture.
Pions, protons and deuterons can easily be distinguished. Heavier particles
like tritons and 3He are also visible. The resulting CDC mass spectrum is
shown in the right picture of figure 4.4. A certain particle species is selected

ex. event monitor ex. particle id
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Figure 4.4: Logarithm of the energy loss of particles in the CDC as function of
their momentum/charge (left) and the mass spectrum extracted with the Bethe-
Bloch formula (right).

amount of energy the particle lost while passing a drift cell. The spectrum
of these energy-loss values resembles a Landau distribution [81] which has a
long tail towards high values of dE/dx. This can cause systematically higher
values of the mean energy loss due to statistical fluctuations. A truncated
mean method is applied using a lower threshold for the energy loss and, in
addition, discarding the 30% largest values. This results in a more reliable
measurement of the mean energy loss.

The event vertex position in the transverse plane is obtained in an iter-
ative procedure by first finding a vertex which best fits all tracks and then
discarding the most distant tracks until the position converges. Afterwards
the distant of closest approach, d0, is calculated for each track with respect
to the primary vertex.

The particle mass is determined from the mean energy loss 〈dE/dx〉 and
the momentum per unit charge p/q which are linked by the Bethe-Bloch
formula (see appendix B). A typical two-dimensional distribution of the
logarithm of the mean energy loss and the momentum per charge is plotted
in the left panel of figure 4.4. Parameterizations of the Bethe-Bloch formula
for different particle species are indicated by the white lines in the picture.
Pions, protons and deuterons can easily be distinguished. Heavier particles
like tritons and 3He are also visible. The resulting CDC mass spectrum is
shown in the right picture of figure 4.4. A certain particle species is selected
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Experimental Setup at FOPI
Scintillating Fiber detector 

with SiPM readout

Target (LH
2
) 

=1cm, L=1cm

3 cm
13 cm

 Labmda Trigger (Silicon)

1st layer 2nd layer

K+ ~1GeV/c

- from 

p from 

p

Segmented Scintillation 
Counter

Magnetic Field: 
~700 gauss

Double-layered 
Scintillation Counter

6000 gauss

z

y
1 m

Start Counter

Target (LH2)

Veto Counter

Lambda Trigger Counters

Central DC Forward DC

TOF Wall (RPC)TOF Wall (plastic)

TOF Wall (plastic)

proton beam
Tp=3.0GeV, I=107/s

Superconducting Solenoid Magnet Yoke (0.6T)

Beam Pro!le Monitor

from SIS

K+ ~1GeV/c

- from 

p from 

p

target region

Cryogenic 
Hydrogen Target Cell
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Data taking

• -September 2009 (effectively ~2wks data 
taking)

• Tp=3.1 GeV, 10-15 M /spill, spill cycle=10 s

• LH2 target (2 cm = ~0.4 %)

• ~80 M „Lambda-Trigger“ events

Freitag, 11. Juni 2010



Ken Suzuki 11.06.2010

IM (K-pp decay products)
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K+ analysis
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(DISTO) Analysis Strategy

1. Selection of exclusive p+p➝p+Λ+K+ final state events 
(Ordinary+Exotic process)

2. „Acceptance Correction“

3. Look for a binary process: p+p➝“K-pp“+K+ (Exotic 
Process) as a deviation from the ordinary process, 

4. Analyze the binary process

1. Consistency check with production ch. (MM) and decay ch. (Minv)

2. Kinematics

3. Further cross checks (high momentum transfer)

5. Interpretation
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Comparison: FOPI  DISTO

R. Kutsche Ph.D.Thesis

ø2.4m x 3.3m
   1
p

   2
K

   3

   4
p

Beam Energy 3.1 GeV 2.15, 2.5, 2.85 GeV

Prim. Det. Design Heavy-Ion-Collision hyperon spin physics

Magnet Cylindrical Dipole

Λ Trigger Yes Yes

Direct K± ID Yes No

Venue GSI, Darmstadt Saclay, Paris

Statistics 177k pΛK events
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Acceptance Correction

4.5 5.0 5.5 6.0 6.54.0
M(Λp)2    [(GeV/c2)2]
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CORUNC SIM DEV

UNC: Acceptance non-corrected data

SIM: „ordinary“ pp→pΛK events with flat phase space 
assumption

DEV: UNC/SIM (bin by bin), deviation from flat distribution

Valid if the event sample is only pΛK final state. Purity~a few %

Powerful technique which works only with this specific case
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cosθcm vs Pcm

(a) Proton
UNC                       SIM                      DEV

(b) Kaon UNC                       SIM                       DEV
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cosθcm vs Pcm

(a) Proton
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(b) Kaon UNC                       SIM                       DEV
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Large/Small Proton Angle Cut

(a) proton cut: large angle 

(b) proton cut: small angle
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MM / Minv spectrum

• X component consistent in both cases,

- symmetric shape

- background description still primitive
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• Binding energy and width does not much with any theory
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Beam Energy Dependence

4 5 6 7

2.5

3.0

3.5

4.0

4.5

5.0

Tp=2.85

Minv
2(p ) [(GeV/c2)2]

M
in

v2 (K
+

) [
(G

eV
/c

2 )2 ]

3.1
3.2
3.3
3.4
3.5

Tp=3.0

90

110

130

150

2,6 2,8 3 3,2 3,4 3,6

Tp [GeV]

Re
la

tiv
e 

ra
ng

e 
M

in
v2 (

pΛ
) DISTO

p+p→p+Λ+K+

DISTO peak
±2σ

Y. Akaishi, 2007 private communication

Proton Incident Kinetic Energy [GeV]
1 2 3 4 5 6 7 8 9 10

C
ro

ss
 S

ec
tio

n 
[m

b]

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

++K-!++
!+p+"#Channel 79: p+p ++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p
++p+K0

$#Channel 108: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p
++p+K0

$#Channel 108: p+p
++p+K-(1385)$#Channel 120: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p
++p+K0

$#Channel 108: p+p
++p+K-(1385)$#Channel 120: p+p
+(1405)+p+K"#Channel 299: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p
++p+K0

$#Channel 108: p+p
++p+K-(1385)$#Channel 120: p+p
+(1405)+p+K"#Channel 299: p+p

++K-ppK#Channel 300: p+p

++K-!++
!+p+"#Channel 79: p+p

++K0
!+p+"#Channel 83: p+p

++p+K"#Channel 84: p+p
++K-!+p++

$#Channel 99: p+p
++p+K0

$#Channel 108: p+p
++p+K-(1385)$#Channel 120: p+p
+(1405)+p+K"#Channel 299: p+p

++K-ppK#Channel 300: p+p

Freitag, 11. Juni 2010



Ken Suzuki 11.06.2010

Outlook and Perspectives

• Exclusive measurement of pp→pΛK+ reaction, to 
the question of an existence of  kaonic nuclear 
states at FOPI and DISTO

• DISTO sees pp→K+X  process which fulfills a 
certain (but not full) picture of K-pp production 
(„Indication“: PRL104 2010 132502)

- Mid. July DISTO analysis week

• FOPI analysis in progress

• Energy dependence study: lower (less/no knucl.) 
energy (DISTO, COSY?), higher (more optimal) 
energy (FOPI).
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DISTO Data

Proton Incident Kinetic Energy [GeV]
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DISTO Experiment
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pp→pΛK(x)
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pp→pΛK(x)
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Lambda Gate on ΔMpK

Freitag, 11. Juni 2010


