Quasi-free photoproduction of 7-mesons off the deuteron
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Fig.1. Quasi-free cross sections and 7nn invariant mass spectrum (low right
panel) for the yn — nn reaction (data from [13]). Solid lines are the fit by
the sum of 3-order polynomial and narrow state. Dashed lines are the fit by
3-order polynomial only. Dark areas show the simulated signal of a narrow state.
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Fig. 2. Overview of the experimental setup. The electron beam enters from the left side. Scattered electrons were detected in the
counters of the tagging spectrometer (cf. Fig. 3). The liquid deuterium target was mounted in the center of the Crystal Barrel.
The forward range was covered by the TAPS detector. The Time-of-Alight wall was mounted, but not used in the experiment.

Beam intensity was monitored at the end of the beam line.
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Fig. 3. Setup of the tagging spectrometer. Unscattered elec-
trons stop in the beam-dump. Scattered electrons pass a two
layver detection system. Scintillating fiber detectors (good po-
sition resolution) and scintillator bars (good time resolution)
cover photon energies up to 80 % of the electron beam energy.
The part covered by a multiple wire chamber (MWPC) (low
energy electrons corresponding to photon energies above 80 9%
of the electron beam energy) was not nsed in the experiment.



Fig. 4. Arrangement of the Crystal Barrel and TAPS detec-
tors. Upper part: side view, lower part: front view of the TAPS
wall: left hand side: logical segmentation for the LED-low trig-
ger, right hand side: logical segmentation for the LED-high
trigger (see text).

This component was made of 528 BaFs erystals of hexag-
onal shape with an inner diameter of 5.9 cm and a length
of 25 em corresponding to 12 X,. They were arranged in
a wall-like structure as shown in the lower part of Fig. 4,
covering polar angles down to 4.5°. The front face of the
Bal's wall was located 1.18 m from the center of the tar-
get.

The two calorimeters have a comparable energy reso-
lution [58,60]
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These events were subjected to a combined invariant
and missing mass analysis. In the first step of the invari-
ant mass analysis the invariant masses of all combinations
of three disjunct pairs of neutral hits were calculated. In
the case of six neutral hits (events with proton candidate
or without candidate for recoil nucleon) these are 15 dif-
ferent combinations among which the ‘best’ combination
was chosen by a y*-test, minimizing

2

& (mp(y7y) — myo)
zzl (Amy(17))? (5}

for all disjunct combinations where m o is the pion mass
and the m.,., are the invariant masses of the photon pairs
with their uncertainties Am.. calculated for each pho-
ton pair from the energy and angular resolution of the
detector. For events with seven neutral hits (events with
neutron candidate) one must in addition loop over the un-
paired hit giving rise to 105 combinations. Onece the ‘best’
rombination was determined, in all cases a cut between
110 MeV - 160 MeV was applied to the invariant masses.
Only events where all three pairs of the best combination
passed this cut were kept. Subsequently, for events with
seven neutral hits, the residual hit was taken as neutron
~andidate.
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Fig. 10. Detection efficiency for recoil nucleons. Upper row:
neutrons, lower row protons, left hand side: Crystal Barrel,
right hand side: TAPS. For all figures: €; (open black cir-
cles): MC simulation for isotropically emitted nucleons with-
out further detector hits, €a (blue squares): simulation with
six decay photons from np-meson decays, €3 (red dots): exper-
imentally determined proton detection efficiency from 1 and
27" photoproduction from proton (hydrogen) target (see text).
Solid (red)line: measured neutron detection efficiency for CB
at CERN [64].
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Fig. 14. Comparison of total cross sections. (Blue) upward tri-
angles: quasi-free proton cross section o, (red) dots: quasi-free
neutron cross section o., (black) open squares: inclusive quasi-
free cross section o,,,, (black) stars: o,, + 0,. Downward (ma-
genta) triangles: inclusive quasi-free cross section from Weiss
et al. [39]. Insert: ratio of neutron cross sections.
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Fig. 17. Comparison of the total cross section of quasi-free
production off the bound proton to free proton data. Filled
(red) circles: quasi-free o, corrected for effects of Fermi mo-
tion (see text). Open (blue) diamonds: free proton data from
[16,21-23,28,29,31|. Total cross sections for the free proton
data from [22,29] have been estimated from the published dif-
ferential cross sections. Solid line: eta-Maid model [34]. Insert:
comparison of quasi-free proton data (black triangles) to quasi-
free proton data after correction of Fermi motion effects (red
filled circles) (see text). Solid curve: ratio of free and folded
cross section (scale at right hand side).
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Fig. 19. Comparison of quasi-free proton and neutron excita-
tion function. Upper part: Curves model results, dashed: Eta-
MAID for proton [34], solid: Eta-MAID for neutron [34], dash-
dotted: Shklyar et al. [50]. Insert: comparison of the total neu-
tron cross sections extracted from the coincident measurement
of neutrons (o, ) and the difference of inclusive and proton data
(a7,). Bottom part: Cross section ratio on /o compared to pre-
vious data from quasi-free production off the deuteron [39] and
off *He [38] and model results (solid: MAID [34], dashed: Shkl-
var et al. [50]) folded with Fermi motion.
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Fig. 20. Quasi-free angular distributions, labels indicate incident photon energy. (Blue) squares: proton coincidence o, (red)
filled cireles: neutron coincidence o, (red) open cireles: difference of inclusive and proton o7,. Dashed (blue) curves: fit of proton
data, solid (red) curves: fit of neutron data, dotted (black) curves: Eta-MAID for neutron folded with Fermi motion.
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Fig. 22. Momentum distributions of spectator nucleons. (Red)
dots: reconstructed from data, (black) lines: expected from
deuteron wave function [68], (blue) squares: Monte Carlo sim-
ulation including detector response. Left hand side: neutron
spectator (i.e. recoil proton detected), right hand side: proton
spectator (i.e. recoil neutron detected).



15 F
L
f M : %
F 10 B L q : 1 1 1
g 1600 1800 2000 2200
E‘ WIMeV]
*  @(np), free proton
B g(np), quasi-free proton
5 @ 3/2g(nn), quasi-free neutron
B *
LX) .
**l; * oy @ . .
x L] »
AL I L LT
p
0 1600 1800 2000 2200

W[MeV]

Fig. 23. Total cross sections as function of final state invari-
ant mass W without cut on spectator momentum. (Red) dots:
quasi-free neutron, (blue) squares: quasi-free proton, (green)
stars: free proton data. Curves: fitted (up to W = 1600 MeV)
S11(1535) line shapes. (Black) solid: free proton, (blue) dashed:
quasi-free proton, (red) dotted: quasi-free neutron. Insert: ratio
of quasi-free neutron - proton data. Dash-dotted curves: model
results from [49].
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Fig. 24. Total cross sections as function of final state invari-
ant mass W for spectator momenta ps < 100 MeV. Notation
as in Fig. 23. All curves for neutron data; dashed: fitted Sq4
line shape, dotted: broad Breit-Wigner resonance, dash-dotted:
narrow Breit-Wigner, solid: sum of all.

Table 3. Result of Breit-Wigner fits. Ny branching ratio of
S11 is assumed as b,=0.5. Upper part of table: Comparison of
fits of S11(1535) resonance for free proton, quasi-free proton,
and quasi-free neutron data to PDG estimates [33] and BoGa
model fit [53]. 1: Breit-Wigner mass, in brackets pole position;
1: only m'ignltudea, no signs; §: only pole positions given, no
Breit-Wigner mass. Bottom part: fit of neutron data with Sq4.
resonance and two further Breit-Wigner curves. All uncertain-
ties of fit parameters are statistical only.

S11(1535) | W' [MeV] | I'T [MeV] Al
[10-2GeV—1/7]
PDG 153510 150£25 A7, 00£30
(1510+10) | (1704+80) | AT,y 46427
BoGa® - - Afm 0025
(1505+20) | (145+25) T ot 80420
p — p1] 15361 170£2 1061
~d — (n)pn 1544+2 181+13 100+3
~d — (p)nn 1546+3 176£20 00+4
vd — (p)ny
S11(1535) 1535+4 166+23 8846
‘broad BW' | 1701=15 180+£35 -
‘narrow BW’ 1663+3 25412 -
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The S wave K-matrix for 7p — nn transition in this region has the following
form:
Miriy | oo + non-resonance terms. (31)
Mi—w M—w
It can be easy seen from this formula, that there exists an energy M) < wy <
M, at which K, (wp) = 0. Since the second 51, (1650) resonance has a small
branching ratio for the i decay, this energy must be close to Ms( Py /2 980

MeV /c).
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