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Why n-mesic nuclei G)))

« New bound state of hadrons

* Investigation n-N interactions

 Studies of n quark structure

Binding energy and effective mass of n are sensitive to the gluon component of

the flavour singlet function |n >

(more gluon content - more attractive binding - higher binding energy)

(5.D. Bass, A.W. Thomas, Phys. Lett. B634 (2008))

 Study of in-medium properties of N*(1535) resonance:

N-n system is strongly coupled with N*(1535) resonances. Eta-mesic nucleus as

a probe for testing different N* models




History of a search for n-mesic nuclei G)))

« 1985: Bhalerao & Liu:
attractive interaction n-N
« 1986: Haider & Liu:
first predictions for n-mesic nuclei (for A>10)
* Series of experiments (no conclusive results):
Chrien et al. (1998) m*+'°0 - p +n-°0
Johnson et al. (1993) nt+'%0 - m -+ n-80
¢« 1993-2002 new data:
n-N scattering length much bigger than expected.
« 1991-2002 T. Ueda, C. Wilkin, S.A. Rakityansky and others:
new calculations and theoretical models which predict the existence of

the n-mesic nuclei with light nuclei e.g. d-n, *He-n, *He-n, T-n




COSY-GEM results
p+2’Al- *He+(n -°Mg) - *He +m +p +X
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A. Budzanowski et al., Phys Rev. C79 (2009).



Experimental indications of the existence Ch
of a bound state in the n-He system
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(T-Mersmann et al., Phys. Rev. Lett. 98 242301-1-4
(2007))

Empty circles: COSY-11

Also total x-section pd - 3Hen and dd - “Hen
SPES-3 and SPES-4 @SATURNE
N. Willis et al. Phys.Lett. B406(1997).

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

Also total x-section y?*He- n3He
Crystal Ball-TAPS@MAMI
F. Pheron et al. Phys.Lett. B709 (2012).



Experimental indications of the existence GDDD
of a bound state in the n-’He system

200

o (dd- *He n)

a (o)

R. Frascaria et al., Phys. Rev. C 50 (1994) 573.
N. Willis et al., Phys. Lett. B 406 (1997) 14.
A. Wronska et al., Eur.Phys.J. A26 (2005) 421-428.
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dd - (n-*He) - p + 1 + 3He

bound

OB

n+p EE) N<1535) EEE)

Relative p-m angle intheCM: 6__ ~180°

Search for a resonance-like structure
with maximum below the n-*He production threshold
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Signhatures of the bound state

Opening angle p-m~ in CM frame *He momentum in CM frame
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WASA detector at the
COSY accelerator



WASA-at-COSY

Pellet line

Solenoid Tracking Detectors
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Measurement in June 2008

Channels:
dd - *Hepm
dd - 3He n

 Time: ~16 hours

Q: -51 to 22 MeV
P: 2.185 to 2.4 GeV/c
T: 1.005t01.171 GeV
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do [“_b]
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Reference to SATURNE data: G.~Bizard et al., Phys. Rev. C 22 (1980) 1632.



Luminos ity T G )))

(beam momentum dependence)

Quasi-elastic scattering:
dd - pp (nn)

Spec EM Calorimeter E Range Hodoscope

* One charged in FD && one charged
track in CD.

» Coplanarity condition A@<20 deg. g
« Cut on E in scintillator barrell N
( m background reduction).
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Analysis of

dd - (n-*He) -»3He p

bound
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Acceptance for
dd - (n-*He) -»3Hepm
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3He ions identification in Forward Detector

Edep(FRH1) [GeV]

T 0.35

Edep(FRH2) [GeV]

p-r identification in Central Detector
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Additional cuts - Opening angle

counts
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Upper limit of the maximum cross-section G)))

for the reaction dd » (*He -n),___ - °He p
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Summary

« Exclusive measurement with ramped beam of the reaction
dd »3Hepm

* No n-*He bound state observed in current analysis

« Upper limit estimated

 New data: December 2010

(~20 x statistics, magnetic field, additional channel 3He n n°)



Cross-section estimate C
dd -» ‘He n =»3He p -

2 "o (dd- *He n)
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~ . . ag o o .
O 1 5 nb o N. Willis et al., Phys. Lett. B 406 (1997) 14.
10 E:ﬂ ? A. Wronska et al., Eur.Phys.J. A26 (2005) 421-428.
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Systematics

Efficency: flat as a functionofp,__ : * 1%

Normalization (from quasi-elastic pp): flat as a function of

p :x1nb*

beam

Additional checks of the background in pp case.
Shape of the excitation function
Fits of the final excitation function:

- Linear vs quadratic background

- E__, [ dependency

- Binning dependency
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Upper limit linear vs quadratic background

7o E _=-20 MeV

., 60— .

o - blue - quadratic

L. s black - linear

b~ -

£ w

= -

g 3=

Q [

S 20
10
0:IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
5 10 15 20 25 30 35 40 45 50

linear background: Chi-2 =21,3 Chi-2 = 1.25,
quadratic background: Chi-2=17,7, Chi-2 = 1.1



¢ [nb]
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Fit examples
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Quasi-elastic reactions

dd - pp (nn)
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other reactions (non-coplanar)
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Quasi-elastic reaction GDDD
(dmt™)
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Proton / pion identification
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I Example of the excitation function
(simple simulation)
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Search for the resonance-like structure
with the maximum below the dd - “He n threshold
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. Hejny, PhD Thesis, Justus-Liebig University Gissen (1998).
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n-mesic nuclei in heavy systems

20

B+T/2 [MeV]
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n-nucleus bound states

C. Garcia-Recio, T. Inoue, E. Oset Phys. Lett. B550 (2002) 47
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WASA-at-COSY

4 1 detector for charged and neutral particles

Iron Yoke FPC  FTH FRH

SEC_
SCS_

MDC

COSY

psB Beam

Pellet line — FRI

Central Detector Forward Detector

Central detector:

Max. stopping energy
nm x=/p/d 190/400/450 MeV

Angular resolution
charged ~1.2°
neutral ~5°

Relative energy resolution by SE
photons ~8%
stopped charged particles ~3%




3He

WASA-at-COSY

Forward detector:

Iron Yoke
\\,

FPC  FTH FRH

SEC._
SCS_

MDC

COSY

psB Beam

Peilet line

—_— FRI

Central Detector Forward Detector

Scattering angle coverage 3°-18°
Scattering angle resolution 0.2°

Maximum energies for stopping
n *=/p/d/a 170/300/400/900 MeV

Time resolution <3ns

Relative energy resolution
particles Tst°p<T<2Tstop 3-8%

stopped particles T<Tstop 1.5-3%
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