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Break-up and Coherent Photoproduction ofp Mesons on the Deuteron
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We present new break-up and coherent datarfaneson photoproduction on the deuteron, using a
deuterium target and tagged bremsstrahlung photons up to 1 GeV. The differential cross sections for
the coherent process were measured from threshold to 800 MeV. They are much smaller than those
previously reported. The break-up channel provides a direct measurement of the neutron to proton
differential cross section ratios. At tt§;(1535) resonance peaks, /o, = 0.68 = 0.06 leading to an
isoscalar to isovector amplitude ratio 4f/A, = 0.096 * 0.02. [S0031-9007(97)03324-3]

PACS numbers: 25.20.Lj, 14.20.Gk, 14.40.Aq

The photoproduction of pseudoscalar mesons on therite

nucle_on is a fundamental elementary process of hadronic Ay(yp — pm) = A, + Ay, (1a)
physics. Although the experimental database for the
meson is quite extensive [1], that for the meson is An(yn — nm) = A; — A, . (1b)

quite sparse. Until recently only a few differential cross The present Letter presents a measurement ofithe
section data [2] and four polarization points [3] existedmeson photoproduction process on the neutron. Since
and these data were obtained using untagged photahere is no free neutron target, a deuterium target has
beams. Recently published measurements have studigéen used. We have also measured the photoproduction
the threshold behavior [4] and photoproduction at energiefifferential cross sections on the proton. Those data will
above theSy;(1535) region [5]. be published in a forthcoming paper [8]. In studying the

Below 2 GeV, the photoproduction process is domi-meson photoproduction using a deuterium target, we have
nated by the excitation of baryonic resonances. The followed two complementary approaches. First, in the
meson, having isospith = 0, selects only isospini—N* break-up channel, we detected in the final staterttend
resonances. Furthermore, there are only a few of thesane of the outgoing nucleons. The data show that we catch
resonances which have a significant decay mode to thtte nucleon on which the elementary reaction took place
n-N channel. Thes;;(1535) has a branching ratiot9N  while the undetected nucleon behaved as a “spectator.”
much larger than the other neighboring resonances arféor the outgoing protons or neutrons, the corresponding
dominates they meson photoproduction process belowcounting rate ratios are related to the relevant “free”
1 GeV [6]. ForN* resonances coupled ipV, in particu-  nucleon cross section ratios:,/o,. Those ratios are
lar the S,;(1535), the coupling strengths, expressed by therelated toA, /A, as defined in Eq. (1), and provide a
helicity amplitudes, could be extracted reliably from the connection ti; andA,. Second, since the target deuteron
photoproduction data, provided a complete enough datas an isoscalar object, the coherent reactigd — 7d)
base is available. The authors of Refs. [5] and [7] wergroceeds throug,. The major breakthrough of the
the first to attempt the determination of thg (1535) cou-  present work is to provide the first clean identification
pling strengths from the limited amount ef photopro- of the coherentpd final state, allowing us to derive the
duction data available. corresponding differential cross sections.

For the excitation of isospinl/2 resonances, both  Previous experimental investigations concerning the
isospin components of the photdn= 0 (isoscalar) and incoherent photoproduction of; on deuterium were
I =1 (isovector) can contribute. Accordingly the am- limited to inclusive measurements looking at the outgoing
plitude splits in two termsA; and A, for the isoscalar % [9,10]. Such measurements require a model for the
and isovector excitations, respectively. The separationeaction mechanism in order to extract the raiggd o ,.
of those components requires measurements on the prohe authors of Ref. [10] find approximately equal cross
ton and on the neutron. For aptN final state one can sections on protons and neutrons, while the more recent
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results [9] lead to a constant ratio »f3, consistent with way the 2y decay channel (40% branch) of the to
the values reported in the present Letter. separate the good events (close to a two body pattern)

For the coherent production, early reported resultsrom the background. However, due to the geometry
[11] found large coherent cross sections, suggesting thaif the SPES0, thé#° decay channel (32% branch) of
the photoproduction ofp mesons could be mainly an the n has a larger efficiency than t®e channel. Since
isoscalar process. However, recent experimental inveshe granularity of the SPESO is too coarse to resolve
tigations [9,12] provide only upper limits, 3 times smaller 6’s, these events spoil the resolution and produce
than the results of Ref. [11]. We found small cross secinvariant masses significantly lower than 547.45 MeV.
tions for the coherent process. In connection with theTo preserve the statistics, in particular, for the coherent
ratioso, /o ,, they lead to a ratiol;/A, of the order of deuteron events, we have kept all thedecay channels
10% close to the value expected from tg(1535) pho-  in the analysis of the PHOENICS events. Therefore, the
ton couplings extracted from pion photoproduction datamissing mass is the relevant signal to identify the process,
[13] and consistent with quark model predictions [14].  while the invariant mass serves as arfilter. For the

All of our measurements have used the PHOENICSlata sample recorded with AMADEUS, the efficiency of
[15] tagged bremsstrahlung photon beam up to 1.2 Gethe system was increased even more by triggering on single
at the electron stretcher ring ELSA in Bonn [16] as well y’s in the SPESQ, relying on the particular properties of the
as the neutral meson spectrometer SPESO [17] to detedeuteron detection to cleanly identify thgl final states.
the 2y and37° n-decay channels. The recoil baryons The experiment was able to identify completely the
were identified using the large scintillator detector systeméinal states corresponding to the production of &an
of the standard PHOENICS detectors [18] for neutronsneson on a proton, a neutron, and the coherent deuteron.
and charged hadrons and the SENECA neutron detectéiigure 1 shows an example of the corresponding peaks
array [19] for increased neutron detection efficiency afor the n missing masses, which are computed from
forward angles. To increase the system efficiency fothe angle and the linear momentum of the recoil baryon
coherent deuteron detection, the AMADEUS detector [20pssuming a two body reaction. Thgis easily identified
was also used in separate runs. All neutron detectorlsy the missing mass in the coherent deuteron reaction
were located behind anticoincidence scintillator slabs. Thas in our previous measurements on a free proton target
basic idea of this system is to identify simultaneouslythe [21]. The broadening and shift of the peak observed
in SPESO by its invariant mass and the energetic outgoinfpr protons and neutrons is well reproduced by a spectator
baryon (p, n, or d) in the forward scintillators by time of model Monte Carlo simulation taking into account the
flight and energy loss. In principle, the measurement icharacteristics of the detection system and the Fermi
exclusive, even in the case of the deuteron breakup, sincgaomentum of the struck nucleon [22]. This allows us to
the kinematical variables of the and one of the outgoing treat the process as a quasifree reaction and to obtain the
nucleons are experimentally determined. Therefore, focounting rates for proton and neutron from the integration
the data sample recorded with SENECA, a procedureinder the missing mass signal using the same criteria
making use of they? distribution resulting from a two for cuts and background subtraction in the proton and
body kinematic fit to the experimental parameters of eaclthe neutron cases. Details of the experimental setup
event has been used. This method selects in a systematind the analysis procedure will be reported in further
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FIG. 2. RatiosR =d(y,n X
n)p/d(y,np)n of the cross
sections corresponding to the
“quasifree” reactions, as a func-
tion of incident photon ener-
gies. (b) Angular dependence
of the ratioR. The correspond-
ing differential cross sections
have been integrated from 720
to 860 MeV. The error bars
take into account statistical and
systematical uncertainties.
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publications. In our approach, protons and neutrons are For the coherent deuteron, the extraction of the cross
detected in the same kinematical conditions by the samsections is straightforward once the missing mass peak has
detectors. The only difference comes from the efficiencybeen identified above the background. The background
for the neutron detectior{=35%), which reduces the shape is consistent with multipte final states containing
corresponding counting statistics accordingly. at least oner’. It has been subtracted by a smooth fit
The present experimental analysis leading toshgo,  looking at each individual spectrum [22,26]. Figure 3
ratios corresponds to the assumption of a pure “impulsehows that our results lie roughly 6 times lower than those
approximation” reaction mechanism. This is justifiedof Ref. [11].
because rescattering contributions in the break-up processFigure 4 displays the angular distributions at four dif-
were estimated to amount only to a few percent [23] anderent energies, between 650 and 780 MeV. The curve
are identical for the neutron and the proton data, if “chargevhich fits our data at 678 MeV was obtained by scaling
symmetry” holds. Therefore, they tend to compensate ilown those of Ref. [27] by a factor of 5. It is interest-
the ratios and the points displayed in Fig. 2 are governethg to note that a satisfactory fit to our angular distri-
by the “free nucleon” cross section within a few percent,butions is obtained with only the impulse approximation
while the experimental error bars are larger than 10%contribution, without much need for the rescattering terms
The free production angle corresponds to the nucleooorresponding ter andn meson exchange. Similar con-
angle and is taken in the c.m. frame of the incident photorlusions would arise from a comparison of our data with
and the struck nucleon as if the latter had been at resthe older calculation [28] or the more recent ones [24,29]
using the energy of the incident and the angle of the in all approaches, the impulse approximation generates
detected nucleon in the laboratory. Thg/o, ratios do  good fits to our angular distributions.
not depend very much on energy, but there is a marked The ratio of the coherent deuteron cross section to that
angular dependence. For the neutron theis more of the free proton will scale approximately &,/A,)>.
forward peaked. In the energy region between 720 and@he authors of Ref. [27] had to use @)/A, ratio of
860 MeV where theS;;(1535) peaks, the average value 0.6 to fit the data of Ref. [11]. In the framework of their

of the experimental ratios %68 *+ 0.06. impulse approximation model, the fit to our new coherent
An important goal of the present experimental effort is

to determine the real photon coupling of tl§g (1535) 50 ' ‘ ' ' ' ' ' I

resonance to the neutron. As shown in Ref. [9], this cou- 45 & vd —>dn 3

pling is roughly equal to the proton value multiplied by 40 b TL + o= 90°+20° E
o./o,. However, resonances other than tg(1535) 7 0 E

can contribute. Furthermore nonresonant Born terms to-= ° £ + © And., Pre. (1969) 4

gether with vector meson exchange must be considered™— *° this worls (1996) 4

[7,24]. A multipole analysis, using a large database for o 2° © ® PHOENICS 4

both the proton and the neutron, is needed to disen-g§ ** £ + T AMADEDS 4

tangle those contributions and extract the coupling cor- = *° 3 *H%%H + E

responding to individual resonances. Such an approach SE T H—*’—f E

has been attempted in Ref. [25] using the inclusive re- %620 640 660 680 700 720 740 760 780 800

sults of Ref. [9]. They obtained the value af,/A, = photon energy  [MeV]

—0.84 = 0.15 in good agreement with our experimental F|G. 3. Differential cross sections for the reactipd — nd

ratios of cross sections. compared to the former results of Anderson and Prepost [11].

4699



VOLUME 78, NUMBER 25 PHYSICAL REVIEW LETTERS 23UNE 1997

1S preprrrr T *Electronic address: didelez@ipno.in2p3.fr

. vd —>dn 1 1] SAID database, quoted in R. A. Arnét al., Phys. Rev. C
f E, =658+6MeV ++ - 52, 2120 (1995).q g
sk — 3 [2] P.S.L. Boothet al., Nucl. Phys.B71, 211 (1974), and
ot 1 references therein.
4 [3] C.A. Heuschet al., Phys. Rev. Lett25, 1381 (1970).

[4] B. Krusche et al., Phys. Rev. Lett.74, 3736 (1995);

3 S.A. Dytman et al.,, Phys. Rev. C51, 2710 (1995);
""" 3 J. W. Priceet al., Phys. Rev. (51, R2283 (1995).

E, =678+ 7 MeV

20 IA + R [HAL 89]
[ — IA [HAL 89

10 [~---

T [5] S. Hommaet al.,J. Phys. Soc. Jpi7, 828 (1988).
- ']337;70",)!1'21\‘“‘,‘ T [6] H.R. Hicks et al.,, Phys. Rev. D7, 2614 (1973);
g 200 + F. Tabakin, S.A. Dytman, and A.S. Rosenthal, Rro-
© b 1 ceedings of the Topical Workshop on Excited Baryons,
= b —+—+ E Troy, New York, 1988(World Scientific, Singapore,
ot ] 1989); C. Bennholekt al., Nucl. Phys.A530, 625 (1991);
sob Ey — 750+ 27 MeV | 1 L. Tiator et al., Nucl. Phys.A580, 455 (1994).
i + [7] M. Benmerouche and N.C. Mukhopadhyay, Phys. Rev.
10f 3 Lett. 67, 1070 (1991); M. Benmerouclet al., Phys. Rev.
: ++ ] D 51, 3237 (1995).
o [8] M. Breueret al. (to be published).
1080604 "iﬁs{é"%f 04 06 08 1 [9] B. Kruscheet al., Phys. Lett. B358 40 (1995).
n

[10] C. Bacciet al., Phys. Lett.28B, 687 (1969).

FIG. 4. Differential cross sections for the reactions — nd ~ [11] R.L. Anderson and R. Prepost, Phys. Rev. L&8, 46
at four energy bins between 650 and 780 MeV. For 678 MeV (1969).

the results are compared to the theoretical predictions of12] W. Beulertz, Ph.D. thesis, Bonn University, 1994.
Halderson and Rosenthal [27]. The curves were scaled dowp13] Review of Particle Properties, Phys. Rev. B, 579

by a factor of 5 to fit the experimental points. Solid line: (1996).
impulse approximation. Dotted line: impulse approximation|j4] R p. Feynmanet al., Phys. Rev. D3, 2706 (1971);
and rescattering terms. R. Koniuk and N. Isgur, Phys. Rev. P, 1868 (1980); Z.
. . Li and F.E. Close, Phys. Rev. @2, 2207 (1990);
deuteron data brings th‘es./Ap ratio down to 0.27. We M. Warnset al., Phys. Rev. D42, 2215 (1990); R. Bijker
can also use Eq. (1) leading to the relation [9] et al., Ann. Phys. (N.Y.)236 69 (1994); Zhenping Li,
AgJA, = (1/2)(1 — an/oﬁ) 2) Phys. Rev. D62, 4961 (1995).

. . [15] P. Detempleet al., Nucl. Instrum. Methods Phys. Res.,
and the average value found for the experimental ratios ~ gect. A321 479 (1992).

o./o, to determineA;/A, in a model independent [16] K.H. Althoff et al., Report No. Bonn-IR-87-30, 1987.
way. We find a valueA,;/A, = 0.09 = 0.02. Such [17] G. Rappeneckeet al., Nucl. Phys.A590, 763 (1995).

a small isoscalar amplitude would bring the impulse[18] K. Blchleret al., Nucl. Phys.A570, 580 (1994).
approximation curve of Ref. [27] a factor of 9 below [19] G.v. Edelet al., Nucl. Instrum. Methods Phys. Res., Sect.
our data. New theoretical investigations of the coherent A 32, 224 (1993).

the experimental cross sections are still so large compar%g1 ﬁ/l 386‘ 89 (1991). . .

to first order theoretical predictions. ] M. Breueret al., in Proceeding of the 7th International

In summary, the present work provides /o, ratios Conference on Nuclear Reaction Mechanisms, Varenna,
Y, P proviaes/ o ltaly, 1994, edited by E. Gadioli (Universita degli Studi

in small energy qnd cé8) bins megsurgd exclusively \{ia de Milano, 100, Milan, 1994), Supplement No. 100,
n-nucleon coincidences for the first time [22]. Making p. 584.

use of available differential cross sections for the pro{22] p. Hoffmann-Rothe, Thése d'Université, Paris Sud, 1996.
ton [4,21], differential cross sections for the neutron may[23] A.I1. L'vov (private communication); Y. Zhang and
be obtained in a model independent way. Those data D. Halderson, Phys. Rev. €5, 563 (1992).

together with the differential cross sections for coher{24] L. Tiator et al.,Nucl. Phys.A580, 455 (1994).

ent » photoproduction presented also in this Letter pro{25] Nimai C. Mukhopadhyay, J.-F. Zhang, and M.
vide the necessary constraints to evaluate the elementarﬁl Benmerouche, Phys. Lett. 84 1 (1995).

amplitudes of they meson photoproduction on the neu- [26] E]HelliesyeBt;A'ﬁ(I?ng/eefslijtbhslhgegdg; also in Jochen Hey, Ph.D.
tron. Further progress in th_|s field may be expected fro 27] D. Halderson and A, SY Rosenthal, Nucl. Ph§S01, 856
measurements of polarization observables on the prot

. 1989).
[30]. Polarization data on the neutron should also COMeyg) E\I Ho)shiet al.,Nucl. PhysA324, 234 (1979).

soon, from the onset of new facilities with polarized pho-[2g] E. Breitmoser and H. Arenhével, Nucl. Phys612, 321
ton beams, and the development of new polarized target ~ (1997).

materials presenting a high dilution factor for polarizZ2d [30] A. Bock et al. (to be published).

nuclei [31]. [31] J.-P. Didelez, Nucl. Phys. News No. 3, 10 (1994).

4700



