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Mesons photoproduction off light nuclei

» mesons photoproduction

off the neutron

W, (yn) [MeV]
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P coherent photoproduction P coherent photoproduction

of mesons off the deuteron
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@ jsospin filter
seg yd — N* —dr'm’

@ map spin structure of the elementary amplitude

s jsotope dependence
? search for meson bound states
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Nucleon structure

complex system
P valence quarks
P sea quarks

P gluons

degrees of freedom ?
P 3 constituent quarks
P quark-diquark

P quark flux-tube °

more complicated structure
P couple channel
P chiral soliton
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comparison: known excited states —
constituent quark model
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(Capstick & Roberts)
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proton resonances versus neutron resonances

photoabsorption on the nucleon (Bianchi et al)

Photon energy [GeV]
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photoproduction of N-meson

from light nuclei (TAPS)
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P A*: n and p electromagnetic coupling are the same

P N*: n and p have different electromagnetic coupling
P no neutron target
P light nuclei: LD => nuclear effects

M(inclusive)
M(n) directly

= M(p) + M(n) + M(coherent)

M(n) = M(inclusive) — M(p) if M(coherent) <<1

introduction
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Search for missing resonances by looking at
resonances coupling strongly to yn
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N4 y+n - T°T°+n - 4y +n
ytn = 1°n +n - 4y +n
i.nitial st.ate .ﬁnal stz.lte y+n = K°A(1115)- 6y +n
Interaction Interaction
ytd=1n +d -4y +d
P initial stat(? interac.tion to produce resonances y+d » T°m°+d - 4y +d
:ht:l)lll'?llissfg iéﬁiﬁ?ﬁﬁﬁlﬁ&gggg :Vcifh other mesons yrdomw +d -~ dy+d
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@ short live mesons that interact with nucleons

@ short live mesons that interact with nuclei y+d = 1°TCn+d = 6y +d

ytd-=>n'+d - 6y+d
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Resonances coupling to n photoproduction

Photoproduction of n-meson off the proton
(TAPS, GRAAL, CLAS and CB-ELSA collaborations)

o, [ub] . E, 2[§ev1

20 i T

15 M » n works as an isospin filter
L B\ => only N* are tagged

5 °

Involve less than 12 resonances
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The neutron anomaly: yn(p) = nn(p)

P GRAAL, Tohoku-LNS show a bump on the neutron which is not seen on the proton
» the bump is getting narrower if the Fermi motion is removed

GRAAL (V. Kuznetsov et al.)
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Tohoku-LNS (F. Miyahara et al.)
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M(n) = M(inclusive) — M(p)
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ELSA: electron accelerator (@Bonn

T ol i = Dipole (horizontal)
. : m  Dipole (vertical)
. =  Quadrupcle
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physics s NN, o = Sowcung
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MAMI-C: electron accelerator @Mayence

harmonic double sided microtron
P energy increase from 0.855 GeV to 1.6 GeV
P 2HF structures and 2 achromatic return magnets

IIIIIIIIII

RTM3
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Crystal Barrel and TAPS detectors

4m detectors: 1818 crystals + CPCs

Target
system TAPS TOF wall measure: Ey = Eg' - Ee'
Tagging Beam Crystal | Beam  Princident photon beam
magnet dump barrel mg Mohitor b
— | gﬁ@ bgroton
Incoming ﬂ E aX E @

| = P neutron
beam L %{; o
| f H | % P deuteron

Gonlometer  poqqer detector 2m s
particle identification TAPS S —— %i
TAPS veto detector base | 2
P 5 mm plastic scintillator NEW24  BaF,  phetemulipler £
» individual for each BaF_crystal -
proton =
veto hit in front of BaF2 crystal + E vs TOF %
neutron L
no veto hit + E vs TOF oy

Neutron TOF [ns]
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Crystal Ball and TAPS detectors

4n detectors and 47 trigger : ~ 1000 crystals + CPCs

351

Focal plane ladder debector

Cu Radiator

Tagger

particle identification CB
PID detector

P 24 scintillators

P cylindrical shape
proton

L]
! ; —— beam dump

A main & beam

Collimator

Crystal Ball

a scintillator matches a hit in the CB + EPIDV ECB

neutron
no scintillator has fired

setup

Epp [MeV]
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measure: EY =Eg - Eo
P incident photon beam
@
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P proton

P neutron

P deuteron
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N photoproduction off the deuteron

yn—1n measured in 2 different ways : CBELSA/TAPS,
P 1 in coincidence with the recoil neutron PRL 100 (2008) 252002
B difference of inclusive cross section and in coincidence with the recoil proton

@ total cross section 3 2 fit with

@ cross section ratio
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Bonn-Gatchina-Model analysis

A. Anisovich et al.
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P different scenarios are possible
¢ left: interference in S_- sector

¢ center: introduction of a conventional (broad) P resonance

¢ right: introduction of a very narrow P_
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De-folding the Fermi motion w/o TOF

» using the reaction, yd—r pn, kinematics:
3 particles * 4-vec =12 dof
- 3 identified masses = 9 dof
- energy & momentum conservations
= S dof
=> Bn, ® Tn, On, ¢ _are measured

=>T (as well as spectator momentum
and energy) can be calculated

neutron spectator proton spectator

" ® data
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results

CBELSA/TAPS submitted to EPJA

» n-nucleon pair final state invariant mass
compared with free p (TAPS, GRAAL, CB,
A2 and CLAS) => width 25 MeV £ 10 MeV
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P Fermi motion effect is handled
P other nuclear effects are negligible
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Fermi de-folded proton and neutron data of

P & free proton of A2, McNicoll et al. PRC 82 (2010)

CBELSA/TAPS
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New high statistics measurement at MAMI-C

PhD of L. Witthauer Preliminary PhD of D. Werthmueller
with Fermi motion with out Fermi motion -
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Couple mode channel

M. Doring et al

P explains the neutron anomaly by intermediate state in the photon loops

@ peutron: TUp, T'n, Nn, K°A, K'Z", K°Z° N
aproton: T'p, TUp, Np, K'A\, K'Z°, K°Z"* / \
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Count/ MeW

Strangeness: yn(p) = K°A°(p) = m°1°1°n(p)
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VERY PRELIMINARY

I < W(K°A)
I = W(yn)
\ + — W(K"A) folded
1_
a L
=
o !
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0‘ | | | ‘ | | | | | | | |
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» 50 % of CBELSA/TAPS data

P much more statistics available at A2

P o ~ 5 time smaller than expected => FSI ?
P seems to peak around 1650 GeV ?
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decays of N(1710)P

new narrow resonance or know resonance with un-determined proprieties

N Soliton PDG 2007
I >4(0 MeV 50 — 250 MeV
Br(Nm) 13 % 10— 20 %
Br(Nn) 28 % 0611 %
Br(Am) 13 % 15-40 %
Br(AK) 13 % 5-25%
Br(XK) 1 %

(Br(Nm)Br(Nn))” 19 % 8-30%
(Br(Nm)Br(AK))” 13 % 12-18 %
(Br(Nm)Br(Am))” 12 % 16 -22 %

50

\ yn—-yYn GRAAL (Kuznetsov et al.)

410

P a bump is seen in Yyn—yn which is not seen in yp-yp
P not yet confirmed by another collaborations

30
20

10
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Photoproduction of TU'TT-pairs off deuteron

Preliminary CBELSA/TAPS
P good agreement between the two neutron measurements
P good agreement between the free p folded and quasi-free p
P disagreement with GRAAL around Ey =1 GeV *yd-n°n°-A2

*yd—n’n® —~CBELSA/TAPS
*r*He—n°n®He-A2

- free p of A2 (Zehr et al.) folded

P concerning the neutron anomaly nothing obvious is seen
P first measurement of coherent photoproduction of T*T’-pairs off light nuclei

results
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TN and T’ invariant mass

Preliminary
650- 675 MeV |, [800- 825 MeVV g75- (000 MeVv| [1268- 1335Med (1875 - 942 ie P relative contribution of
. sl s i d s .= | Phase-spaceandA
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=

» do/dm(n) and do/dm(p) compared to TI-MAID (A. Fix et al.)
» invariant mass shape are similar up to Ey =1 GeV

» yN — N* or A* — A(1232)1t" dominant mechanism from threshold to Ey = 1 GeV
P interference between contributions from isoscalar y and isovector y
=> isopsin 2 wave contribution
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Conclusion

P narrow structure in excitation function of yn—=nn

* GRAAL: W ~1680 MeV, " <30 MeV
@ Tohoku-LNS: W ~1666 MeV, " <40 MeV
s CBELSA/TAPS: W ~1670 MeV, ' <30 MeV
2 A2: W ~1675 MeV, [ <30 MeV

[ single (P,T and 2) and double polarization (E,F,G and H) observables are needed and

are currently measured in Mainz and Bonn to determine the nature of the structure and
its quantum numbers

P other channels have been and are being investigate
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