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Search for the η-mesic helium 
by means of COSY-11

WASA-at-COSY and TOF
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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). 



Search for the η-mesic nuclei in a recoil-free transfer reaction
COSY-GEM Collaboration

 p + 27Al → 3He + π- + p + X  

 η-25Mg

A. Budzanowski et al., Phys. Rev. C 79 (2009)  



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)

Q. Haider, L.C. Liu, Acta Phys. Pol. B Supp. 2 (2009) 121



 η - 3He
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COSY-ANKE: T. Mersmann et al., Phys. Rev. Lett. 98 242301 (2007)

COSY-11:  J. Smyrski et al., Phys. Lett B 649 258-262 (2007)
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• dp→ 3Heη
                          

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

 η - He

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

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

                        SPES-2
B. Mayer et al., Phys. Rev. C 53 (1996) 2068.
                        SPES-4
R. Frascaria et al., Phys. Rev. C 50 (1994) 573.
                   SPES-3
N. Willis et al., Phys. Lett. B 406 (1997) 14.
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COSY-11 detection system

T1:  dp→ 3HeX, X= πo, η

T2:  dp→ 3Hπ+, 

T3:  dp → dp η

T4:  dp → dp,  pp → pp  (QFS)

T5:  dp → dpπo

T6:  dp → pppπ-

T7:  dp → dpγ

 dp  →  (3He -η) bound  →  3Heπ o 



COSY-11
Missing mass

ηπ

3.166 GeV/c  < pbeam < 3.170 GeV/c
               Q ~ 6.5 MeV

Background:  3.134  < pbeam < 3.138 GeV/c

dp → 3He X 



dp → 3Heπ o 

 3Heη threshold

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

COSY-11

σ(dp → (3He -η) bound → 3Heπ o ) < 0.07 
µb
σ(dp → (3He -η) bound → pppπ - ) < 0.27 µb
J. Smyrski et al., Acta Phys. Pol. Supp. B2 (2009) 133
J. Smyrski et al., Nucl. Phys. A790 (2007) 438



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 



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
arXiv:0909.3879

d+d → (4He-η)bound→ 3He + p + π-
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Cross section estimate 
 dd → 4He η  → 3He pπ – 

      
σ ~  15 nb 
    

• Probability of decay ( 4He η )bound   → 3He pπ – 

                                     ~ 1/4 x 1/2 = 1/8

σ(dd→ 4He η) 

η n →  pπ- 
one of four possible
absorption channels

Probability that spectator 
nucleons (ppn) form 3He
By analogy to 4He Λ  3He pπ – 

 σ(dd →( 4He η )bound  → 3He pπ – ) = 2 nb

R. Frascaria et al., Phys. Rev. C 50 (1994) 573.
N. Willis et al., Phys. Lett. B 406 (1997) 14.
A. Wrońska et al., Acta. Phys. Pol. 56 (2006) 279
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 dd →  4He η   → 3He pπ – 
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 analysis and simulations:
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Further background reduction possibilities

pions

pions
protons

protons
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                                  PERSPECTIVES with WASA-at-COSY

      2 weeks beam-time scheduled for 2010

Only main trigger not prescaled:  5 x luminosity 

      16 hours  14 days :  20 x luminosity

Expectation:   ~2 nb  vs.  2 nb
                           

UNIQUE OPPORTUNITY TO DETECT ALL EJECTILES
                EXCLUSIVE MEASUREMENT
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Eta bound-states in nuclei

• Sigma mean field couples to light quarks and not to strange quarks
  Flavour-singlet component is important !
 The bigger the eta-eta´mixing angle, the bigger the singlet component in the eta 

 greater the attraction
 more binding

    bigger eta-N scattering length 
      

SD Bass, AW Thomas, hep-ph/0507024



 BR( φ →  η γ  )
BR( φ →  η’ γ ) ~=	  200

 σ( pp → pp η )
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 σ( pp →  pp η )
σ( pp → 3He η ) ~=	  20
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Total cross sections of dp→3Heη





Peter Grünberg,   Nobel Prize 2007


