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Invariant mass distributions of the yn—p=~ =° reaction
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The invariant mass distributions of the— p7~ #° reaction have been determined from a measurement in
the photon energy range 5600 MeV at the MAMI Mainz accelerator with the large acceptance detector
DAPHNE and using a deuterium target. At the higher photon energies, the invariant mass spectra of the
(7 7% system show a peak at larger invariant mass values, a signatureraf@rrelated emission in the
final state[S0556-28139)00310-9

PACS numbds): 13.60.Le, 25.20.L]

[. INTRODUCTION tion of about 2 MeM9]. The collimation of the photon beam
gave an experimental tagging efficiency of about 55%. This
Our previous measurements of some double pion photo/alue was continuously monitored throughout the experi-
production reactionfl,2] have shown that the amplitudes of Ment using an electron-positron-pair detector. In this way,
the yp—pm*~ and yp— pm°n° channels are fairly well the photon flux could be determined with an absolute preci-
reproduced by the models of Gomez Tejedor-Q38p(GTO)  Sion of =2%. )
and Murphy-Lagef4] (ML). However, both of these models The reaction products were detected using the large ac-

strongly underestimated the total cross sections of the oth&€Ptance detector DAPHNE (2&°9<159°, 0%<¢
two measured double photoproduction channelgp =360°) built by the CEA/DAPNIA-SPhN at Saclay and the

—n7*7° and y+n—pm 70 INFN-sezione di Pavigl0]. Good definition of charged par-
These last reactions are. on the contrary, better reprc}ide tracks is obtained by a central vertex detector consisting

duced by a more recent model by Ochi, Hirata, and Takaka three coaxial cylindrical multiwire proportional chambers,

[5] (OHT) which predicts that, in this case, an important ro|esurr0unded by a segmente‘:d_i— E_—AE__pIa_stlc SCIn_tIIIator

is played by the intermediate excitation of thl state. telescope for charged particle identificatiphl]. Finally,
Since the information given by the total cross sectionthere is a scintillator-absorber sandwich which provides ad-

ditional energy loss measurements of charged particles and

alone is limited, in order to obtain a deeper insight into the I he d . f Lo ith ful effici
reaction mechanisms, we present in this paper the invaria ows the detection of neutral pions with a useful efiiciency
=40% when at least one of the two photons of t@

mass distributions of then— p=~ 7 reaction in the photon

energy range 500-800 MeV obtained using a deuteriun‘i1ecay is. re_quire)d . . .
targqu g g The liquid deuterium target was contained in a 43-mm

diameter, 275-mm-long Mylar cylinder with a wall thickness
of 0.1 mm. The target density was stabilized and known to
Il. EXPERIMENTAL SETUP an accuracy of-0.5% by means of an automatic pressure

The experimental setup used for this measurement ha&'d temperature control system.

already been previously described in defdl7] and we
present here only its main characteristics. Photons were pro-
duced by bremsstrahlung of the 855 MeV electrons from the In our previous papef2], the quasifregpm 7° events
Mainz MAMI [8] accelerator on a thin nickel converter. The were identified by a triple coincidence between one proton,
photon energy is determined by the Glasgow-Mainz taggin@ne pion and at least one gamma from th& decay. The
spectrometer, which analyzes in a 352 channel focal planglentification of the final state particles was the only require-
detector, the momentum of the electrons that have radiateghent needed for the evaluation of the total cross section.
the bremsstrahlung photon. This detector system is able to The determination of the invariant mass distributions re-
tag photons in the range from 50 to 800 MeV with a resolu-quires, in addition to this, the knowledge, event by event, of
the reaction kinematics. Since only the charged particle
emission angles, the proton kinetic energy and the energy of

Ill. DATA ANALYSIS

*Corresponding author. Electronic address: the incoming photon were measured, the event kinematics
PEDRONI@ PV.INFN.IT; Telephone: 39 0382 507635; could be reconstructed only by neglecting the recoil momen-
FAX: +39 0382 423241. tum of the spectator proton and the binding effects on the
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FIG. 1. The experimental invariant mass spectra for {e) 100
systems from theyp—p=* 7~ reaction between 750-800 MeV
obtained both on hydrogefopen points and deuterium(solid lm;;'w 12'0013'0;14;)010001"1'0“2'0“3'0014'00
pointg are compared with the predictions of the ML modsblid M(pr) (MeV)
and dashed lings

FIG. 2. The experimental invariant mass spectra for fhe"(

interacting neutron. With these assumptions, the energy anlP7 ) system are compared to the prediction of the OHT model|
momentum conservation laws provided the kinematical con{dashed lingand the TBPS distributiotdotted ling.
straints that were necessary to determine the four unmea-

sured parameters, i.e., the. and 7° kinetic energies and Section and the invariant mass distributions of the" 7~
the #° direction. channel in the measured photon energy range. In order to

Because of the contraints that were imposed, the kinet€Produce the invariant mass spectra obtained on deuterium,

matical calculation rejected the parasitic events coming fronthe effects of the Fermi motion and of the binding energy
the quasifreeyn—pm~ reaction when the emittegt ™ gave ~ Were included in the model, with the Fermi momentum dis-

rise to a secondary particle inside the detector materialfibution taken from Ref[12]. The good agreement found
which was identified as a photon. b_etween the expe_rlmental spectra and the model_predlctlons

However, neglecting the Fermi momentum and the bind91Ves confidence in the correctness of the analysis made for
ing energy induced two effects on the experimental invarianthe p7"+77.7 channel. . .
mass spectrdi) A small deformation in their shape, due to ~ For a given ph(())ton energy mterl/alt,) we then applied to the
the missing experimental information. The calculated infor_experlgnental e7 +pm~) and (@ =) spectra from the
mation is slightly different from the values that would have P 7 channel a correction function which was respec-
been derived from an exact kinematical calculatiGi. A t|veIX taken as equal to the measured ratios bewteen the
loss of events which depends both on the photon energy a7 ) and (" ") invariant mass spectra obtained using
on the invariant mass value. the deuterium and the hydrogen target. The global correction

A correction to take these effects into account had then tdactor amounts to=40% of the number of experimental
be applied to our experimental invariant mass spectra in oevents atE, =500 MeV, decreasing to=20% at E,
der to make a meaningful comparison with the model pre=3800 MeV.
dictions. This correction was experimentally evaluated using The experimentab~ «° data were also corrected for the
the yp—p= '~ reaction both on hydrogen and on deute- 0 detection efficiency. This quantity was evaluated using
rium. the GEANT code as a function of° momentum and emission

The pm* 7~ events were identified with a triple coinci- angles and the corresponding correction was applied, on an
dence between one proton and two charged pions. For eaéivent by event basis, using thé€ parameters deduced from
event, the kinematical reconstruction was performed in ghe kinematical calculation. The small distortion of th8
similar way as for thepr~ 7° events by taking into account outgoing parameters produced by the kinematical calculation
the angular information of only one of the two detecteddoes not significantly affect the calculated efficiency, which
pions. Since nor*/7~ separation is possible with our de- shows only a weak dependence on tHeemission param-
tector, the experimental invariant mass spectra of e eters|[6].
and (w"7~) systems were calculated. This analysis was
performeq bqth on hydrogen, for Which the kinematical re- | EXPERIMENTAL RESULTS AND DISCUSSION
construction is exact, and on deuterium.

In Fig. 1 the experimental invariant mass spectra for the The experimental invariant mass spectra for thper{
(p7™) system in the photon energy range 750—-800 MeV+p7 ) and (m~ 7°) systems, corrected for the” detection
experimentally obtained both on hydrog@pen pointsand  efficiency and for the losses due to the kinematical calcula-
deuterium(solid pointg are shown. In the same figure, the tion, are shown in Figs. 2 and 3 frol, =500 MeV toE,
experimental data are compared to the predictions of the MI=800 MeV, and for photon energy intervals having a width
model which compares well with the experimental total crossof 50 MeV. The total measured yield obtained for ed&ch
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FIG. 3. As in Fig. 2, but for the £~ 7°) system.
FIG. 4. The integrated cross section over the DAPHNE accep-

bin from the integration of these invariant mass spectra i§ance for theyn—pa~ #° reaction is compared to our previous

compared in Fig. 4 with our previous resuft], obtained results. Only statistical errors are shown.

with a different analysis. The two data sets agree to within

the estimated systematic errors and this is a further confirrN contact term contribution in comparison to the predic-

mation that all the different corrections applied to the datdions of other models. Whether this new spectral function has

were sufficiently well taken into account. In Figs. 2 and 3,a physical meaning remains open to question.

our data are also compared with the predictions of the OHT Another process which could give a contribution is the

model(solid lines, and of a uniform three-body phase spacecorrelated emission of then(rr) system in theT=2S=0

(TBPS distribution normalized to the dataotted lines. state. This mechanism should be important since the phase
The shapes of the experimental invariant mass spectra f@hifts 55 and 87 have comparable values in the photon en-

the (pm°+ p7~) system are significantly different from the ergy region that is covered by our ddtE3]. Moreover this

predictions of the TBPS distribution. This is a clear indica-process, as thgN contact term, can only contribute to the

tion that an important role is played by the intermediate ex-yp—n=* 7% and yn—px~7° channels since, in these re-

citation of aA 7 intermediate state. actions, the intermediaten{r) state is charged and can
The invariant mass spectra for the (7°) system show, couple to the photon. However this possibility still needs to

at the higher photon energies, a clear peak at the larger irfpe investigated in a theoretical framework.

variant mass values. This effect is an evidence afmacor- In conclusion, we have measured the invariant mass dis-

related emission in the final state and is clearly reproducetfibutions for the pm°+pm~) and (7~ #°) systems of the

both in shape and in magnitude by the OHT model. Theyn—pm~ 7° reaction in the photon energy range 500—800

basic ingredients of this model are essentially the same as tideV. The invariant mass spectra of ther (#°) system

ML and the GTO models. In these last two models the pashow a strong final state correlation between the two emitted

rameters which appear in tHé¢p contact term and in the pions.

D,3—Np decay were taken from the experimentat phase

shift data in theT=1,S=1 state. In the OHT model, how-

ever, a finite range form factor was given to e vertex

in order to reproduce the measured total cross section of the We thank K. Ochi for fruitful discussions and for having

yp—n=mt 7% andyp—pm* 7~ channels. The modified provided the predictions of their model integrated over the

spectral function then gives a significant enhancement to thacceptance of our detector.
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