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Study of properties of N*(1535) resonance
in nuclear matter.
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Possibility for the study of #-N interaction.

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

Some information about 7 meson structure

m (MeV) i m* (MeV) Rea (fm)
s 547.7! 500.0 0.43
n (-10°) | 547.75 AT4.7 0.64
n (-20°) | 547.75 449.3 0.85
o 058 878.6 0.99
n' (-10°) | 958 899.2 0.74
n' (-20°) | 958 921.3 0.47




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

!

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

(Q. Haider and L. C. LilPhys. Lett. B172 (1986) 257 )
Optical potential n nucleus calculated in the frame of unitarized

chiral perturbative approach
(C.Garcia-Recio, T. Inoue, J.Nieves, E. Oset, Phys. Lett. B550 (2002) 47).
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Search for the n-mesic nuclei in a recoil-free transfer reaction
COSY-GEM Collaboration
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ight nuclei

(C. Wilkin, Phys. Rev., C47 (1993))

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

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

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

and by observations of:

- near threshold enhancements of the amplitudes for the
dd — “He » and pd — 3He 7 reactions
(N. Willis et al.., Phys. Lett. B406(1997)14)
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excess energy Q [MeV]

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

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

C.Wilkin et al., Phys. Lett. B654 (2007) 92
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J. Smyrski et al., Phys. Lett B 649 258-262 (2007)



COSY

(Cooler Synchrotron)

COSY 13-%

JESSICA

JULIC (Injector Cyclotron)
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stochastic and electron cooling

momentum range: 600 — 3700 MeV/c

meson production up to ¢(1020)
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COSY-11 detection system

dp — (°He -n)

bound

— SHer ©

T1:

dp— 3HeX, X= 1’ 1

T2:

dp— 3Hn",

T3:

dp — dp 1

T4:

dp — dp. pp — pp (QFS)

TS:

dp — dpn’

T6:

dp — pppiv

T7:

dp — dpy
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COSY-11
d+p = He+n" !
J i E = 0.06
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J. Smyrski et al., Acta Phys. Pol. Supp. B2 (2009) 133
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(M. Pfeiffer et al., Phys. Rev. Lett. 92 (2004) 252001)
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p-n emission: 6, ~180°

Measurement of the excitation function
d+d — (4He-n)bound — p + n +3He

search for a resonance structure with center below the eta threshold
arXiv:0909.3879
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Cross section estimate

dd %e SHe prr -
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.E ‘
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o
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| pal . ? N. Willis et al., Phys. Lett. B 406 (1997) 14.
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o~ 15nb 1w o° Y (2000
3 ®
2 0 2 4 6 8 10
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- Probability of decay (*He n ),,,,¢ — He p17 -

~ 44 x 12 = 1/8
nn-— p- ' Probability that spectator

nucleons (ppn) form 3He
By analogy to “He , = 3He p1T -

one of four possible
absorption channels

G(dd %( “He n )bound — “He pﬂ_) =2nb
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COoler SYnchrotron COSY

» polarised and unpolarised proton and deuteron beams

 stochastic and electron cooling

 momentum range: 600 — 3700 MeV/c

« meson production up to ¢(1020)
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WASA at COSY — Pellet Target Operation

Ihe Peliet Target

He H2

¥ E-© 400 me

vacuum njection

Cold head
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IE | Vacuum injection
1o’ @
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lon beam

Typical Target Values:
Pellet diameter 20 - 30um
Pellet frequency 5 - 12kHz
Pellet velocity 60 - 80m/s

Effective thickness > 10" atoms/cm’



CIl  wasA-at-cosy

d+d — (4He-n)bound — p + n +He

Iron Yoke FI?C FTH F.ﬁ'H

Absorber

FVH

»
CcoOSY
Beam

Pellet line L 30 cm 4 F;i'ﬂ

Central Detector Forward Detector



CIl  wasA-at-cosy

d+d — (4He-n)bound — p + n +He

Iron Yoke

SEC

SCS Absorber

MDC.

»
CcoOSY
Beam

PSB

Pellet line L 30 cm | Fli'n’!

Central Detector Forward Detector



*He identification in FD

« 'He selection based on the AE-E method.

Monte Carlo Data

LR} LR e
Edep FRMTot [GeV)
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p/mt identification in CD

Monte Carlo Data

protons
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< o ))) Further background reduction possibilities
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Cut on p/mr Ekin distribution in CM
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Excitation functions
(after Ekin cut)

Opening angle

hExcitationFunctionCM_openAngle_160_180

hExcitatonFunctionCM_openAngle 140 180

hExcitationFunctionCM_openAngle_120_140

hExcitationFunctionCM_openAngle_100_120




Excitation f.unctlons Upper limit 20 nb
(after Ekin cut) PRLIMINARY

Opening angle
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Excitation functions
(before Ekin cut)

Opening angle (divided)

hExcitationFunctionCM_openAngle_160_180div140_160
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At present
WASA-at-COSY 20 nb vs. 2 nb

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: ~2nb vs. 2 nb

UNIQUE OPPORTUNITY TO DETECT ALL EJECTILES
EXCLUSIVE MEASUREMENT
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(Cooler Synchrotron)

COSY 13-%

JESSICA

JULIC (Injector Cyclotron)
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before the reaction afterthe reaction

o N O

v proton spectator
proton spectator pion

wncaien | KD“\ ﬁm e\

deuterontarget

T-n bound state deuteron spectator

dd — pspnd — psp('T-n)ps — psp dsp p ™~
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Excitation functions
(before Ekin cut)

Opening angle
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Excitation function example

M xcitationFunctionCM _ openAngle 140 180

PRLIMINARY e —

hExcitationFunctionCM_openArgle 100 140
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Q=-51.4 MeV Q=22 MeV



Excitation function example
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Excitation functions
(after Ekin cut)

Opening angle (divided)
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First measurement in June 2008

Main channels:
dd - Hepmr

dd - tpmn’

Time:

« About 1 day of data taking
* Luminosity: ~10"cm? s

= 2.336 GeV/c |

threshold

for d+d - *He-n
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Some facts about n

@ simple quantum mechanical characterization: all important quantum numbers zero:
spin. 1sospin. electric charge. strangeness. charm. baryon and lepton number

parity : Pn==-1 m_:::,
charge conjugation: C [n>=+1n>

@® uncomplicated quark structure:

SU(3) singlet and octet representations isospin eigenstates
-1 T4 =0y _ 1 T_AdAd
=——(uu+dd +ss n)=—--(uu-dd
o) =73 ( ) ) =35 )
Ins) =N,v—16(llﬁ+dCT-28§) M) = cosBps Ns) — sinBpg |No)
N’) = sinBps INs) — cosBps [No)

octet-singlet mixing angle 8 = —20° (PDG, P — vY) (cosBp = 1, sinBpg = 1/2V2)

- .:;L' — y
n) : \,.%(uu+dd Ss)



Eta bound-states 1n nuclei

m (MeV) 2

m* (MeV)

Rea (fm)

; 547.75 331
n (-10°) | 547.75 3.15
n (-20°) | 547.75 3.00

o 958 1.46
n' (-10°) | 958 1.62
n' (-20°) | 958 1.76

500.0
AT4.7
449.3
878.6
899.2
921.3

0.43
0.64
0.85
0.99
0.74
0.47

« 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
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c
o(pp— PPM) . B
o(pp — *Hen) I
N momentum p_[MeV/c]
£ Total cross sections of dp—->Hen
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