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ETA-MESIC HELIUM  ???

GLUONIC MATTER  IN ETA-PRIME ???

KAON-ANTIKAON MOLECULES   ???

COSY

WASA-at-COSY

COSY-11 



ETA-MESIC NUCLEUS

It is not an atom or mesonic atom

π



ETA-MESIC NUCLEUS:

eta meson bound with nucleus via 

STRONG INTERACTION
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d+d → (4He-η)bound→ X+ p + π-

p-π- emission:    θcm ~180˚

Measurement of the excitation function
d+d → (4He-η)bound → p + π- +3He

search for a resonance structure with center below the eta threshold

N*



Unique possibility for the study of η-N  interaction.

Study of properties of N*(1535) resonance in nuclear matter.

Some information about η meson structure

T. Inoue, E. Oset, Nucl. Phys. A 710 (2002) 354.

S. D. Bass, A. W. Thomas, Phys. Lett. B 634 (2006) 368.



Attractive interaction between η and N
(R. Bhalerao and L. C. Liu, Phys. Lett. B54 (1985) 685 ) 

possible existence of bound states 
of the η meson with  nuclei for A>10 

(Q. Haider and L. C. Liu, Phys. Lett. B172 (1986) 257 ) 

Optical potential η nucleus calculated in the frame of unitarized 

chiral perturbative approach 

(C.Garcia-Recio, T. Inoue, J.Nieves, E. Oset, Phys. Lett. B550 (2002) 47).



3He-η 3H-η 4He-η
(C. Wilkin, Phys. Rev., C47 (1993) )

η bound state possible with the light nuclei

Supported by model calculations of:
- S. Wycech et al., Phys. Rev. C52(1995)544

(the multiple scattering theory)

- N. N. Scoccola and D. O. Riska, Phys. Lett. B444(1998)21

(the Skyrme model)

and  by observations of:
- near threshold enhancements of the amplitudes for the

dd →→→→ 4He η and pd →→→→ 3He η reactions

(N. Willis et al.., Phys. Lett. B406(1997)14)



η - 3He

• dp→ 3Heη

ANKE: T. Mersmann et al., Phys. Rev. Lett. 98 242301 (2007)

COSY-11:  J. Smyrski et al., Phys. Lett B 649 258-262 (2007)

T. Mersmann et al., Phys. Rev. Lett. 98, 242301 (2007)

Total cross sections of dp→3Heηηηη



η - 3He

• dp→ 3Heη

ANKE: T. Mersmann et al., Phys. Rev. Lett. 98 242301 (2007)

COSY-11:  J. Smyrski et al., Phys. Lett B 649 258-262 (2007)

|Re(a)| > Im(a) 

|Re(a)| = 2.9 ± 0.6 fm

Im(a) = 3.2 ± 0.4 fm

σtot = pcm/pcm
beam |fB/(1-ipcma)|2

C.Wilkin et al., Phys. Lett. B654 (2007) 92 



γ 3He →→→→ pπ0 X

TAPS at MAMI
(M. Pfeiffer et al., Phys. Rev. Lett. 92 (2004) 252001)

Binding energy:( -4.4 ± 4.2) MeV

Width: 25.6 ± 6.1 MeV

signal: σ ≈ 0.8 µb ( 3σ above background)

background 3 µb





Peter Grünberg,   Nobel Prize 2007



COoler SYnchrotron COSY

WASAWASA

COSY-11



COoler SYnchrotron COSY

• polarised and unpolarised proton and deuteron beams

• stochastic and electron cooling

• momentum range: 600 – 3700 MeV/c

• meson production  up to φ(1020)



WASA









WASA-at-COSY
d+d → (4He-η)bound → p + π- +3He



Helium in FD 

Monte Carlo Data

only helium





Missing mass

COSY-11

ηπ

3.166 GeV/c  < pbeam < 3.170 GeV/c

Q ~ 6.5 MeV

Background:  3.134  < pbeam < 3.138 GeV/c



dp → 3Heπ o 

3Heη threshold

COSY-11
Fig. from C. Kerboul et al., PL B181(1986)28

COSY-11

σ(dp → (3He -η) bound → 3Heπ o ) < 0.07 µb



To what extent the eta-prime meson

is build out of gluons?



meson calculated mass empirical mass
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mqq = mq1  
+ mq2 

+  A

A  ,   mu ,  md ,  ms  

*  B+ → K+ η’ = (6.5 ± 1.7) · 10-5

*  B+ → K+ η <  1.4 · 10-5

Γ (Ds
+ → η’ ρ+)

Γ (Ds → η’ e+ ν)

= 12.0 ± 4.3

Γ (Ds
+ → η ρ+)

Γ (Ds → η e+ ν)

=  4.4 ± 1.2

First order strong and electromagnetic decays

are also forbidden for eta-prime and additionally:
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Clustertarget

driftchambers

scintillator

scintillator



σ =       dVps |M|2∫F

1

|M|2 ~ |M0|
2 |MFSI|

2

|MFSI|
2 ~ |Mpp|

2 |Mp1η|
2  |Mp2η|

2

dynamics � |M0|
2

interaction � σ (Q)

CELSIUS
WASA/CELSIUS: H. Calen et al., Phys. Lett.  B 366 (1996) 39.

WASA/CELSIUS: H. Calen et al., Phys. Rev. Lett.  79 (1997) 2642.

COSY
COSY-11: A. Khoukaz et al., Eur. Phys. J. A 20 (2004) 345.

COSY-11: P. M. et al., Phys. Rev. C 69 (2004) 025203.

COSY-11: P. M. et al., Phys. Lett. B 482 (2000) 356.

COSY-11: P. M. et al., Phys. Lett. B 474 (2000) 416.

COSY-11: J. Smyrski et al., Phys. Lett. B 474 (2000) 182.

COSY-11: P. M. et al., Phys. Rev. Lett. 80 (1998) 3202.

SATURNE
DISTO/SATURNE: F. Balestra et al., Phys. Lett. B 491 (2000) 29.

SPES/SATURNE: F. Hibou et al., Phys Lett. B 438 (1998) 41.

PINOT/SATURNE: E. Chiavassa et al., Phys. Lett. B 322 (1994) 270.

SPES/SATURNE: A. M. Bergdold et al., Phys. Rev. D 48 (1993) R2969.

SPES/SATURNE: R. Wurzinger et al., Phys. Lett. B 374 (1996) 283.
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COSY-11 EXPERIMENT 
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Results
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G. Faeldt, C. Wilkin, Phys. Lett. B382 (1996) 209.

G. Faeldt, C. Wilkin, Phys. Rev. C56 (1997) 2067.



COoler SYnchrotron COSY

PRECISION !!!!

WASAWASA

COSY-11



stochastic cooling

S. van der Meer

Nobel Prize 1984



electron cooling

proposed by G. Budker

in 1966

first  tested in 1974

in Novosibirsk



Direct measurement of the mass distribution
of the eta-prime meson with a unique precision

� COSY + COSY 11

Γ ~ 0.2 MeV,  

typical accuracy 

is in the order of few MeV 



dipoledipole

beambeam

KK--

pppp
KK++drift chambersdrift chambers

S1S1

silicon pads + scintillatorsilicon pads + scintillator
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Westf. Wilhelms-Univ. Münster,
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submitted for publication



COSY-11: C. Quentmeier et al., Phys. Lett. B 515 (2001) 276.

ANKE: Y. Maeda et al.., Phys. Rev. C 77 (2008) 01524.

COSY-11: P. Winter et al.,  Phys. Lett. B 635 (2006) 23.

DISTO:     F. Balestra et al.,  Phys. Rev. C 63 (2001) 024004.
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Multiplicity of kaon and anti-kaon production per participating 

nucleon for C+C, Ni+Ni, and proton-proton collisions



Thank You


