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20.11.1998
S160′ [206Pb(d,3He)205Pb⊗π] End of Run Party
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17.05.2001
S236 [116,120,124Sn(d,3He)115,119,123Pb⊗π] End of Run Party
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Restoration In a Nuclear Medium

Still one of the very unique quantitative data on a partial 
restoration of chiral symmetry at finite density

pionic Sn states

π-Nucleus interaction/
π-N interaction⇒Medium effect

K. Suzuki et al. PRL92(2003)
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For the numerical evaluation we use the values of the c
coefficients of the fit 2† from Ref. [52]:

c1 = −0.35 ± 0.1 GeV−1, c2 = −1.49 ± 0.67 GeV−1,

c3 = 0.93 ± 0.87 GeV−1. (43)

It would be more consistent to use the values of the present
fit in Table II instead. However, in the present model we have
only access to c2 and the combination 2c1 − c3. In Eq. (42) the
c coefficients are combined in a different way, and we have to
resort to the values of Ref. [52]. In any case the values from
Eq. (43) are compatible within errors with ours from Table II
(see also Ref. [31]). For an estimate of the theoretical error,
we can also use the c values from fit 2∗ instead of 2† [52].
This induces a theoretical error of the order of 20% for the
contribution, which by itself is smaller than other diagrams.

For the on-shell part of the interaction in Eq. (40) we notice
that the intermediate pion propagator, between the nucleon
tadpole and the Weinberg-Tomozawa vertex, does not cancel.
This means that the on-shell nucleon tadpole contributes to the
pion self-energy and not to the vertex renormalization and
hence, if it is an external pion line, it will be automatically
considered when solving the Klein-Gordon equation for pions
with the proper self-energy and must not be included as a
genuine new contribution. When this part of the tadpole occurs
in internal lines, compared to the p-wave pion self-energy, the
s-wave self-energy is small and can be neglected, as we have
also seen in the self-consistent calculation in Sec. III.

F. Results for the isovector renormalization

For all corrections evaluated in Sec. IV, the vertex
corrections can be recast as a correction to the isovector
interaction strength b∗

1(ρ) or, in other words, an in-medium
change of fπ . Note that we refer to the fπ that appears in
the Weinberg-Tomozawa term of Eq. (3); we do not claim a
universal change of fπ in the nuclear medium [see also the
caveat following Eq. (24)]. For example, Eq. (24) gives the
renormalization of b1 vac/b

∗
1(ρ) from diagrams (1) to (4) of

Figs. 8 and 9 with an overall value of r = 1. Including these
diagram as well as all other isovector corrections found gives
the plot of in-medium change of b1 in Fig. 17.

The result in Fig. 17 is given at # = 0.9 GeV for the
monopole form factor that appears in the ph and $h pion
self-energies of the vertex corrections [see Eqs. (11), (34), and
(39)]. The dependence on # is moderate and at # = 1 GeV
b∗

1(ρ)/b1,free is increased by another 10%. With the decrease
of fπ in the medium the isovector πN interaction effectively
increases, in quantitative agreement with a recent analysis of
deeply bound pionic atoms [26] and the phenomenological fit
from Ref. [22] and the analysis of πA scattering from Ref. [71].
There is also qualitative agreement with other theoretical
works [13,25], which are justified in a different way, without
the thorough many-body study done here.

In Fig. 17 we give a band of values for our results of b1,
including the uncertainties discussed earlier from the diagram
of Fig. 13, plus a 20% extra uncertainty from the dependence
on the form factor. We can see that the band overlaps with the
experimental band of Ref. [26].
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FIG. 17. (Color online) In-medium isovector b∗
1(ρ) compared to

the vacuum isovector term b1,free. The gray band from Suzuki et al.
[26] is from a phenomenological fit as is the point from Nieves
et al. [22]. Also shown are chiral calculations from Meißner et al. [25]
and Friedman et al. [71] (including those of Weise [13]).

After studying vertex corrections of isovector type in this
section, next we turn to study vertex corrections of isoscalar
type and their effects in the isoscalar optical potential.

V. RENORMALIZATION OF THE NLO ISOSCALAR TERM
IN π N SCATTERING

The model from Ref. [31] for the πN interaction in vacuum
has two sources for isoscalar contributions, one from the
NLO, pointlike interaction from Eq. (4) and the other from
the isovector term in the rescattering of the pion generated in
the Bethe-Salpeter equation. In fact, the latter is quite large,
being bg = 442 × 10−4 m−1

π (see Table VII from Ref. [31]).
This large contribution is partly canceled by the NLO contact
term from Eq. (4), which is bc = −336 × 10−4 m−1

π , leading
to a final value of b0 = −28 × 10−4 m−1

π .
For the application of the model in nuclear matter this partial

cancellation has consequences. Renormalizing the isovector
strength changes the in-medium isoscalar term through the
rescattering piece. Then, the sum of this term and the pointlike
NLO interaction will no longer show the partial cancellation
of the vacuum case. It is therefore important to treat the
NLO isoscalar term on the same footing as the isovector
renormalization.

It is easy to see what the effects of the increase of b1 will be
in the isoscalar part of the potential. Indeed, if one cared only
about Pauli-blocking corrections in the intermediate nucleons,
the effect would be given by Eq. (16) with an increased b1,
thus leading to an increased isoscalar repulsion. However,
the πN rescattering term with no Pauli blocking, which is
larger, has opposite sign (see the sign of bg). Hence, the net
effect of increasing b1 in the medium, including Pauli-blocking
corrections, is a net attraction, with opposite results to a
naive implementation of the b1 changes in the Ericson-Ericson
formula of Eq. (16). In some analyses of data [71] the
needed repulsion is obtained by using the Ericson-Ericson
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24.06.2002
On Hongo Campus, Univ. of Tokyo
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04.06.2013
Hans Geissel at his plenary talk at INPC2013 Firenze
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24.06.2002
On Hongo Campus, Univ. of Tokyo
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24.06.2002
In Ken‘s Office at the University of Tokyo
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Trzcinska et al. PRL87(2001)82051

Neutron rms Radii

Neutron Radii Meas. At LEAR, CERN
Using Anti proton as a probe

Freitag, 21. Juni 13



Schottky Measurement
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AIC (Antiproton-Ion-Collider)

Medium energy antiproton absorption,
a tool to study neutron halo nuclei

P. Kienle *

Fakult €aat f€uur Physik, Technische Universit €aat M €uunchen, James-Franck-Strasse, 85748 Garching, Germany
Institut f€uur Mittelenergiephysik, 1090 Wien, Austria

Nuclear Instruments and Methods in Physics Research B 214 (2004) 191–195

www.elsevier.com/locate/nimb

Fig. 4. Schottky noise power spectrum as function of the
relative revolution frequency, normalized to the revolution
frequency of a 187Re 75þ primary beam coasting in the ESR for
200 s through an argon gas jet target with 3· 1012 argon atoms/
cm2. Note the narrow side lines with small numbers o! ons,
which can be assigned to projectile fragments produced in the
intersecting argon gas jet target. By replacing the argon target
with antiprotons at 5 MeV in a small collider ring, all absorp-
tion products could be detected in the Schottky spectrum.
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2003 March Dissertation

2003 April California

2003 April München
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2003
was'the'year'of'exotic'hadrons:

„new'form'of'hadron“
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Winter'2003

Belle'reported'X(3872)
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Non-CQM-like particles found in charmonium spectroscopy,
collectively called „XYZ-state“

„The Exotic XYZ Charmonium-Like Mesons“, 
S. Godfrey and S. L. Olsen, Ann. Rev. Nucl. Part. Sci. 58 (2008) 51

„Hadron Physics at Belle“,
T. Iijima, AIP Conf. Proc. 1388 (2011) 156.
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Most cited Belle publication
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Summer'2003

Pentaquark
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Mini Review in PDG
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• LEPS group confirmed their 2003 data with higher statistics 
(„Evidence for the Θ+ in the γd→K+K–pn reaction by detecting K
+K– pairs“, T. Nakano et al., Phys. Rev. C79 (2009) 025210).

• The most recent „dedicated“ Θ+ search at J-PARC/Japan 
observes, though still preliminary, no structure („Search for the Θ
+ pentaquark via the π–p→K–X reaction at 1.92 GeV/c“, K. 
Shirotori et al., nucl-ex:1203.3604)

Naruki @ 15th J-PARC PAC
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Winter'2003
(discussion'among'collaboration)

(publication'in'2004)

Kaonic'Nuclei
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Experimental Search

M. Iwasaki, T. Suzuki et al.
Submitted to PLB

Discovery?
Evidence?

Indication?

E471@KEK

BK
exp - BK

th  ~ 46 MeV

 Observed Yield
 much smaller than expected

BK ΓK

Observed ~173 MeV ~25 MeV

Predicted ~127 MeV ~30 MeV

Jun-July 2002

3He-K(ppnK) system
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S.Marcello, La Biodola, June 1, 2012

7
7

fit region

PRL 94(2005)212303

M = (2255 ± 9) MeV/c2

B = 115+6
-5 (stat)+3

-4 (sys) MeV

*=  67+14
-11(stat)+2

-3 (sys) MeV

Yield  § 0.1%/stopped K-

M = (2255 ± 9) MeV/c2

Akaishi-Yamazaki, PLB535(2002)

B=48MeV, *=61MeV

Shevchenko, PRL98(2007)  
B=50-70MeV, *~100MeV

Ivanov, nucl-th/0512037     

B=118 MeV, *~58MeV

K- pp

mK+2mp

FINUDA @DA)NE
first observation 
of the lightest DBKS in p/ spectrum

DEEPLY BOUND
KAON STATES

p / events strongly

back-to-back correlated

K- (pp) o X o /p

o 60p o /J p

K- stopped in 

Light targets  6Li, 7Li, 12C
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MINI-WORKSHOP 
KAONIC NUCLEAR  CLUSTERS 

 
Tentative  Program 
 
Monday, February 9th,, 2004 
 
14.:00  P. Kienle  
  Welcome and introduction of the goal of the workshop 
 
14.20 T. Yamazaki, Tokyo 

Kaonic nuclear clusters, theoretical predictions and first experimental searches 
 

15.:20  K. Suzuki, Munich 
  Invariant mass spectroscopy of the decay of kaonic nuclear clusters 
 
15:45  Ch. Fuchs, Tübingen 
  Testing high density matter by kaon production in heavy iron reactions 
 
16:45  Coffee Break 
 
17:15  M. Cargnelli, Vienna 
  Kaonic hydrogen X-ray spectra 
 
17:45  Discussion on physics issues 
 
18:30  Stadtheuriger im Esterhazykeller 
 
Tuesday, February 10th, 2004 
 
09:00  K. Suzuki, Munich and T. Yamazaki, Tokyo 
  (pi,K)-reaction 
 
09:30  R. Simon, Darmstadt 
  Pion beams at GSI 
 
10:15  Wisniewski, Darmstadt 
  FOPI-Detector 
 
10:45  P. Kienle 
  KAOS as forward spectrometer 
 
11:00  Coffee Break 
 
11:30  Experimental procedures and problems (Kaon trigger missing mass, and 

invariant mass measurements) 
 
12:30 Lunch 
 
14:00 Continuation of discussion on experimental procedures and problems 
 
17:00 Summary and end of the workshop 

 
 
 
 
 

Mini – Workshop 
 

on 
 

Kaonic Nuclear Clusters 
 

 
 
 

Institute for Medium Energy Physics 
 

1090 Wien, Boltzmanngasse 3 
Hörsaal – Room 38 

 
Monday,  Feb. 09, 2004, 14:00 – 17:00  

Tuesday, Feb. 10, 2004, 10:00 – 17:00 
 
 

Topics: 
Kaonic atoms 
Deeply bound kaonic systems: 
¾ Experiments at KEK and GSI 
¾ Theoretical predictions 
¾ Future experiment at GSI Freitag, 21. Juni 13



with Heavy-Ion-Collision
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K- cluster fragments in HI reactions

K Cluster
decay

Invariant Mass Spectroscopy

Density: 3ρ0

Temperature: ~100MeV
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KEK-KNUCL
3He(K-,n)ppnK-

FOPI  Ni+Ni

Inv Mass d + Λ

Comparison
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Dedicated Experiment
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(π,K) reactions

(π-,K0) (π+,K+) (π+,K0)
ΔQ -1 0 1

Target
p Λ, Λ* Σ+, Σ++

[n] Λ, Λ* Σ+, Σ++

d pnK- ppK-

3He ppnK- pppK-

4He ppnnK- pppnK- ppppK-

BE: 48MeV
Γ: 61MeV
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(π+,K+) Spectra

Akaishi 2004
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(π-,K0) Spectra

Akaishi 2004
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Setup

FOPI+KaoS Spectrometer?

KaoS

h 2.6m x l 6m
Q aperture: 30cm

Freitag, 21. Juni 13
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Pion Beam

• Pion target before HADES
- 105/spill
- Long flight path  - 80m

• New Pion Target
- 106/spill
- Short flight path – 25m

• More detail by R. Simon
FOPI

New Pion
Target

Freitag, 21. Juni 13



Ken Suzuki 21.06.2013

Summary

• The most fundamental d(π+,K+)ppK system as a 
first step

- Important both experimental and theoretical point of 
view

• Byproduct 12C(π,K) reaction in CD2

Missing mass spectroscopy +  Invariant mass 
spectroscopy

KaoS Spectrometer       +                  FOPI 

Freitag, 21. Juni 13
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Ken Suzuki 21.06.2013

NN reaction vs. πK reaction

minor
dominant

dominant K-pp  Bound State

Λ* quasi free continuum

Λ(1405) quasi free 
continuum

@4.0 GeV Q~1.6GeV/c

Fo
rw

ar
d 

Cr
os

s S
ec

tio
n 

(μ
b/

sr
  M

eV
)

p+p --> K+ + p + Λ*

T. Yamazaki and Y. Akaishi, PRC76 (2007) 045201
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K�pp

� p

p��
Missing Mass: K0+p

Invariant Mass: Λ(π-+p)+p

�� �+

6 Charged Particles

p + d� �� + p + K0 + p
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Experimental Conditions

Previous Present

Target
ø=5mm, 
L=4cm
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ADC board
Ampl. board

Target Cell (ø5mmx40mm)

Silicon array

LD2 line
Start & Halo2

Target Region Setup (previous: p+d)
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Experimental Conditions

Previous Present

Target
ø=5mm, 
L=4cm

ø=35mm, 
L=1cm
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Experimental Conditions (+)

Previous Present

Target ø=5mm, 
L=4cm

ø=10mm, 
L=1cm

Kaon 
Identification K0→π++π- K+ 

(<1GeV/c with RPC)

Trigger CMUL=6
~1/100

CMUL=4
~1/10

Lambda TriggerStrangeness 
Production
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Lambda Trig: Basic Concept

Target

1st layer: L0

2nd layer: L1
3rd layer: L2

before ctau

Short-lived neutral particles
X=Λ, Σ..

after ctau

beam through hole

Equal geometrical acceptance
(Symmetric Shape)

X

X1

X2

multiplicity information at trigger level

multiplicity information at trigger level

ONLINE: nhit2>nhit1
OFFLINE: vertex not originate from 

target
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FOPI Detector

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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DISTO
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Paul, Marco, Toshi, Ken 
2005 (EXA05) -
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Energy Dependence of 
the Formation of X(2265)
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DISTO pp→pΛK+ data at 2.5 GeV
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pp→pYK+ cross section energy 
dependence

p+p    ͢  Λ+p+K+
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Proton INcident Kinetic Energy [GeV]

σ0 = 0.591(0.225)

χ2 = 17.892/23

pow1 = 1.576(0.161)
pow2 = 1.854(0.395)

σ = σ0 (1 −
s0
s
)pow1 (

s0
s
)pow2

Landolt-Börnstein + COSY (COSY-11/COSY-TOF)

n

A. Sibirtsev, PLB359(1995)29

KS2010
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Energy Dependence
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Λ*(1405) involved in the X(2265) production mechanism?
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Summary

• Non-observation of X(2265) at 2.5 GeV is actually 
consistent with the picture that the X(2265) being 
a kaonic nuclei.

• This argument will be critically tested with FOPI 
data at 3.1 GeV.
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KN(=!") Int. from #c→""! decay      
Ken Suzuki

Hadron physics with strangeness

Deeply bound kaonic states

KN(= "!) interaction as a 
fundamental interaction / input

"! scattering length: a missing 
piece

"" scatt. length from K+→!+!0!0 
decay (Cabibbo)

[ ]

[ ]

p
p

p

p p
p
K-

K-

[ ]

[ ]

p

pp

p

K-

K-

total B.E. = 221 MeV
central density =  3.01 fm-3

rms radii = 0.69 fm

ppnK-K-

total B.E. = 118 MeV
central density =  1.50 fm-3

rms radii = 0.72 fm

total B.E. = 6.0 MeV
central density =  0.14 fm-3

rms Radii = 1.59 fm

ppnK-  ppn  

Density [fm-3]
0.0               1.5                3.0

Density [fm-3]
0.00             0.75             1.50

Density [fm-3]
0.00             0.07            0.14

   4 fm      4 fm      4 fm   

T. Hyodo and M. Oka, PRC84(2011)035201, N. Cabibbo, PRL93(2004)121801

−

Freitag, 21. Juni 13



⇡⌃ analogue to ⇡⇡

⇡⇡ case

Theory
Cabibbo, PRL 93 (2004) 121801

Measured
NA48/2 Collaboration
Batley et al., PLB 686 (2010) 101

0

5

10

15

20

25

30

270 275 280 285 290

d�
dM⇡⇡

M⇡⇡

(a0 � a2)m⇡+ = 0.265
(a0 � a2)m⇡+ = 0

from fit to IVM(⇡0⇡0) the ⇡⇡
scattering length is deduced

P. Bühler (SMI) SAB meeting, 10.05.2013 42 / 70
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⇡⌃ analogue to ⇡⇡
⇡⌃ case

decay ⇤c ! ⇡⇡⌃ is investigated
different charge states of (⇡⌃) can be considered
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 a = -0.23 fm (ChPT)
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Hyodo & Oka, PRC 84 (2011) 034201

⇤c are available in Belle data
! use Belle to determine ⇡⌃ scattering length

P. Bühler (SMI) SAB meeting, 10.05.2013 43 / 70
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Accumulating+high+quality+data+
with+the+world+highest+luminosity

for+~10+years!

Moore‘
s L

aw
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Integrated+luminosity+
has+surpassed+1+ab–1
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• Extremely large data samples and the general-purpose 
character of the detector makes B-factory suitable 
place also for a study of lighter mesons/hadron physics

• Decay of B mesons offer a wide phase space

• Two-photon production channel

• Discovery of non-q̅q candidates so-called XYZ 
charmonium-like states..

It‘s not appropriate to call it a byproduct

Freitag, 21. Juni 13



About myself

~3 km
<30 min

Stefansdom

Ken Suzuki

Charmonium-like states/
PANDA
#c decay

/K ̄N(=!") Interaction

Meson-Nucleon Bound States

Christoph 
Schwanda

HEPHYConsortium

Stefan Meyer Institute for Subatomic Physics

hadron physics / exotics

CKM

SVD
DAQ
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