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Photoproduction of mesons off the deuteron:

quasifree and coherent processes *

I. Jaeglé1) (for the CBELSA/TAPS collaboration)

(Departmement of Physics, University of Basel, CH-4056 Basel, Switzerland)

Abstract Photoproduction of mesons off the deuteron has been investigated at a tagged photon beam of

the Bonn ELSA accelerator with the combined Crystal Barrel - TAPS electromagnetic calorimeter for incident

photon energies up to 2.5 GeV. The mesons have been detected in coincidence with recoil protons, neutrons and

deuterons. This allow the measurement of meson production reactions off the quasifree nucleons bound in the

deutron, as well as the coherent production off the deuteron. The comparison of quasifree proton reactions to

free proton reactions can confirm or invalidate possible nuclear effects on the extracted cross section reactions.

Furthermore the isospin composition of a resonance can be estimated from the comparison of quasifree proton

and neutron reactions. The quasifree photoproduction of the η
′ and π

◦
η mesons off nucleons and the coherent

photoproduction of π
◦
η−pairs off the deuteron are discussed.
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1 Introduction

The study made of the photoproduction of mesons

off the deuteron, is related to the discussed problem

“missing resonances”[1, 2] and the studies of the na-

ture and properties of the known resonances[3] in par-

ticular in cases where the resonances couple strongly

to the neutron. Another topic is the study of the

interaction of mesons with nucleons and nuclei[4—16].

The main difficulty of this study stems from the

fact that there are no free neutron targets, hence the

choice of a light nucleus such as deuterium. With a

deuterium nucleus, there are two possible mecanisms:

breakup and coherent. In the breakup mecanism, the

nucleon is not at rest but has a motion the so-called

Fermi motion. Thus in the breakup case, the reac-

tion is quasifree and one has to take into account the

Fermi motion and possible FSI effects. A contrario,

the coherent mecanism is more simple as the nucleus

in the intial and final states is identical.

The η
′ as the η− works as an isospin filter, due to

isospin conservation: only N∗ resonances contribute

to Nη and Nη
′

final states while resonances in ∆η

and ∆η
′ belong to the ∆∗ series. Very little is known

on the η
′ photoproduction and the results from dif-

ferent analyses are contradictory. The old bubble

chamber data was analyzed, by Mukhopadhyay et

al.[17] with an effective Lagrangian model, that con-

cluded that the dominant contribution comes from

the excitation of a D13(2080) resonance. A more

recent measurement, of p(γ,η′)p with the SAPHIR

detector[18], shows the contributions from different

resonances (S11, P11) and t-channel. But these re-

sults are not in good agreement with the most recent

measurement by the CLAS-group[20]. The analysis of

the CLAS data by Nakayama and Haberzettl[21] ex-

hibits possible contributions from S11, P11, P13, D13

and t-channel processes.

In this parallel contribution the quasifree pho-

toproduction of η
′ (preliminary results), π

◦
η−pairs

(very preliminary results) off neutrons bound in the

deuteron are summarized. The very preliminary re-

sults for the coherent photoproduction of π
◦
η−pairs

off the deuteron are also discussed. This coherent re-

action may open up new possibilities for the search

for η−mesic nuclei and in general in the study of in-

teraction of η−meson with nucleons and nuclei.
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2 Experimental setup

The experiments were done in four beam times

at the electron accelerator ELSA in Bonn[22, 23] us-

ing two different electron beam energies 2.6 GeV

and 3.2 GeV. The real photon beam was made by

directing the electron beam on a copper foil (0.3%

radiation length), where it produces photons by

the Bremsstrahlung process. The photon energies

were tagged via the momentum analysis of the scat-

tered electron by a magnetic spectrometer[24]. The

Bremsstrahlung photons are nearly collinear with the

incident electron beam and pass through a hole in

the magnet yoke, after which they are collimated,

and then impinge on the deuterium target (of 5.3 cm

length) which sits in the center of an almost 4π detec-

tion system. It was composed of: the Crystal Barrel

(CB, 1290 CsI crystals covering the full azimuthal

angle for polar angles between 30◦ and 168◦)[25] and

the TAPS detectors (528 BaF2 crystals mounted as

a hexagonal forward wall covering polar angles down

to 4.5◦)[26, 27], and their respective Charge Particle

Counters (CPC), the inner detector (three layers of

plastic scintillating fibers)[28] and the veto wall (528

plastic scintillators). More details can be found in[29].

3 Data analysis

The neutral mesons were reconstructed from their

decay modes into photons (η → 3π
◦
→ 6γ, η → 2γ,

η
′
→ π

◦
π

◦
η → 6γ, π

◦
→ 2γ). Because of trigger re-

strictions (see Ref. [29] for details) only channels with

at the least four photons were investigated. The iden-

tification of photons, neutrons, proton and deuteron

in TAPS can be achieved with the veto detectors and

a time-of-flight versus energy analysis (see Ref. [30]

for details). The photon identification in the CB (see

Ref. [30] for details) is based on a cluster search al-

gorithm and uses the information from the inner de-

tector for rejection of charged particles.

The analysis is similar for the different final states.

We will shortly describe as an example the quasifree

η
′ production and the identification of the coherent

production of π
◦
η−pairs (see Ref. [30] for details).

For the η
′ production, in the first step, events with

six or seven neutral hits are selected. The invari-

ant mass of all photon pairs is built. A cut on the

π
◦ mass is applied between 110 MeV and 160 MeV

and on the η mass between 500 MeV and 600 MeV.

The best combination of 6γ to 2π
◦
η is seletect by the

χ2
−test. The π

◦ and the η masses were used as con-

strains. Fig. 1 summarizes the most two important

steps of the reaction identification: the six-photon

invariant mass analysis for η
′ identification and the

missing mass analysis of the nucleon for the suppres-

sion of πη
′ final states. The missing mass (see Fig. 1)

was calculated under the assumption of quasifree me-

son production on a nucleon at rest from the incident

photon energy and the energy and momentum of the

η
′ meson. Good events correspond to the nucleon

mass. A very strict cut on the missing mass was used,

in order to avoid any contamination from πη
′ back-

ground channel. Nevertheless the background level

coming from un-correlated π
◦
π

◦
η was still high after

the missing mass cut on the invariant mass spectra
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Fig. 1. Identification of d(γ,η)pn (top raw), d(γ,η)p (middle raw) and d(γ,η)n (bottom raw) with invariant

and missing mass analysis for incident photon beam energy between 1.4 GeV and 2 GeV. Left-hand side: 6

photons invariant mass spectra. Right-habd side: 6 photons invariant mass spectra aftercut on missing mass.

Middle column: missing mass spectra, the mass of nucleon has been substracted. Dashed lines: simulation

of peak line shape. dotted: simulation of background from πη
′ final states. Solid: sum of both.
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(see Fig. 1 left-hand side). This background was elim-

inated by fitting the invariant mass distributions for

each bin of incident photon energy and η
′ polar an-

gle with the peak line shape and a polynomial back-

ground.

Figure 2 shows the identification of recoil pro-

tons, neutrons and deuteron in TAPS. The TOF-E

pictures clearly show the bands for the proton and

the deuteron while the neutral hits corresponding to

the neutron are scattered over a large area since the

neutrons only deposit partly their energy in the de-

tector. The narrow width of the missing mass of the

deuteron (which is not broadened by Fermi motion

as in Fig. 1) in Fig. 2 demonstrates the clean iden-

tification of the coherent reaction d(γ,π◦
η)d. Recoil

protons and deuterons going in the CB have been

identified with the inner detector. In the CB neu-

trons cannot be separated from photons. Therefore

for reactions with N decay photons and a further neu-

tral hit in the CB first N neutral hits were assigned as

decay photons via invariant mass analyses and then

the left-over neutral hit was treated as recoil neutron.

The systematic uncertainty for the extraction of

the quasifree neutron is dominated by the detection

efficiency of the coincident recoil neutrons. The neu-

tron detection efficiency was determined with Monte

Carlo simulation. However , since the coherent re-

action is negligible (for single η
′ and π

◦
η-pairs pro-

cesses), the n(γ,x)n cross-sections have been deter-

mined in two different ways: directly by measuring

the meson(s) and the recoil neutrons and indirectly

by first measuring the inclusive cross-section without

any condition for recoil nucleons and then substract-

ing the measurement of the cross-section for reactions

with coincident recoil protons. In the direct measure-

ment, the analysis relies on the neutron detection effi-

ciency, while in the indirect measurement on the pro-

ton detection efficiency which is completly different.

This allows an independent test of the recoil nucleon

detection efficiencies.
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Fig. 2. Identification of d(γ,π
◦
η)d. Upper row:

time-of-flight as function of energy deposited

for π
◦
η candidates with additional charged

(left-hand side) and neutral (right-hand side)

hits in TAPS (veto fired). Bottom row: η and

π
◦ invariant mass spectra and missing mass

spectrum in coherent kinematics for π
◦
η (af-

ter a cut on the deuteron TOF-E-band).

Figure 3 illustrates the two neutron measurements

for η
′ and π

◦
η photoproduction which are in very

good agreement indicating a good control of the de-

tection efficiencies.
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Fig. 3. Left-hand side: excitation function for inclusive and exclusive η
′ photoproduction. Right-hand side:

excitation function for inclusive, exclusive and coherent π
◦
η
′ photoproduction (very preliminary results).
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4 Results

4.1 η
′ photoproduction off the deutron

The angular distributions have been fited by Leg-

endre polynimials which are related to the contribut-

ing partial waves[19]. The total cross-sections have

been determined from the integration of the angular

distributions.

The quasifree proton data and the free proton

data of CLAS[20] are in very good agreement for ex-

ample the Legendre coefficient Ai exhibits the same

behaviour indicating that the FSI are negligible. The

proton and the neutron cross-section (see Fig. 2) dif-

fer around 1.8 GeV in incident photon beam energies

indicating different resonance contributions. This

also reflected in the behavior of the angular distri-

butions (not shown).

4.2 π
◦
η-pairs photoproduction off the

deuteron

Multiple meson photoproduction is well suited for

the investigation of nucleon resonances which decay

more likely not directly to the nucleon ground state

but to other excited states. The analysis of the

π
◦
η−pair photoproduction off the free proton[31—35]

has clearly pined down a dominant contribution from

γp→∆∗
→∆(1232)η→ pπ

◦
η. At thresold the excita-

tion of the D33(1700) is dominant. The nature of the

D33(1700) is questioned as an excitated nucleon. In-

deed, Doring et al.[36] interpreted the ∆(1700)D33 as

a dynamically generated resonance with strong cou-

pling to the η∆ and KΣ∗ channels. Furthermore,

in the case of excitation of ∆ resonances the ampli-

tudes for neutron and proton should be equal. There-

fore, one is expecting that the proton cross-section is

equal to the neutron cross-section. The very prelimi-

nary results show (see Fig. 3) that first the quasifree

proton cross-section is a factor two smaller than ex-

pected. The Fermi motion, as shown in Fig. 3, has

almost no effect on the amplitude of the proton cross-

section. Thus FSI might play an important role. It

should be noted a similar effect was observed for

the single π
◦ photoproduction off the deuteron in

the second resonance energy region[37]. Secondly, the

quasifree neutron cross-section is slightly bigger than

the quasifree proton cross-section. This difference

might indicate other contributions than only the ∆∗’s

such as for example N∗’s which can decay sequen-

tially into two different ways N∗
→ ηN′∗

→ ηπ
◦N

or N∗
→ π

◦N′∗
→ π

◦
ηN. For N∗ resonances, the

electromagnetic coupling to the neutron and to the

proton are different and can have opposite signs.

Finally, the coherent cross-section exhibits a peak

structure around the mass location of the D33(1700).

Fig. 4 which shows the kinetic energy distributions of

the mesons, can be explained by the reaction chain

γN → ∆∗
→ η∆(1232) → π

◦
ηN. In this reaction

chain, the contribution of the proton and the neutron

are adding up coherently since their amplitudes are

the same for ∆∗’s. Another interesting aspect of this

coherent production is that the η−meson is emitted

with a very small kinetic energy as seen in Fig. 4.
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Fig. 4. Kinetic energy distributions of π
◦ and η mesons from the reaction γd → dπ

◦
η for different bins of

incident photon energies. Dashed curves: phase space simulations, solid curves: simulations of the γd →

d∗(∆∗)→d∗(∆∗(1232))η→ dπ
◦
η reaction chain (very preliminary results).

5 Conclusion

The η
′ and π

◦
η photoproduction off the neu-

tron and the coherent photoproduction of π
◦
η off the

deuteron have been measured for the first time. The

preliminary results show the neutron cross-sections

for the η
′ and the π

◦
η−pairs are different than the

proton cross-sections revealing more complex mecan-

isms than initially expected and maybe contribution

of resonances than couple strongly to the neutron
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but only weakly to the proton. Furthermore the

FSI seems to be negligible for the η
′ photoproduc-

tion while on the contrary for the π
◦
η photoproduc-

tion, the FSI might be non negligible. The coherent

photoproduction of the π
◦
η−pairs off the deuteron

shows that the η−mesons are emitted with small ki-

netic energies. This property might be used later for

the search of the η−mesic with 3He and 4He targets.
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