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In this paper we report on an experiment performed at the Fra
scati 1.1 GeV electron synchrotron on the inelastic photoproduction
of the eta meson on deuterium

(1) v+d —=> 1+ (p,n).

The differential cross section for the process (1) has been mea
sured for different c. m, angles, at two photon energies around 850 MeV,
The overall energy resolution of the incident gamma beam was +35 MeV,

The purpose of the experiment is to make a direct comparison
of the eta photoproduction cross sections for deuterium and for hydro-
gen(l), A study of these two reactions can lead to information on the re
lative properties of photoproduction from protons and neutrons from
which the relative contribution of the isoscalar and isovector parts of
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the eta photoproduction amplitudes may be deduced,

Qur results show that, within the accuracy of the measure-
ments, the ratio of the cross section for the process (1) and the cross
section for the photoproduction on free protons is about two and does
not depend upon angle, This result indicates that the neutron and pro
ton cross sections are quite similar and consistent with a center-of-
mass angular distribution that is essentially isotropic.

The experimental set-up is shown schematically in Fig. 1.
It is the same that we have used in a previous measurement on eta
photoproduction in hydrogen(l)_

The y-ray beam was incident on a cylindrical deuterium tar-
get, 7 cm in diameter, The 7 's from reaction (1) were detected by
measuring the angles and energies of both photons of the two photon
decay mode,

Two pairs of photon detectors (each composed of a lead-glass
total-absorption Cerenkov counter preceded by a veto scintillation
counters) were used in order to increase the collection rate and to
reduce possible sources of systematic errors,

The kinematical definition of the events from reaction (1) is
given by the opening angle between the photon detectors and the e-
nergy maximum of the bremsstrahlung spectrum,

For each kinematical condition the detection efficiency of the
apparatus was determined by a Monte Carlo calculation in which the
measured energy resolution of the photon detectors and the Fermi
motion of the target nucleons were properly taken into account.

The background, mainly due to multiple w© production, was
measured by changing slightly the geometry of the apparatus in such
a way to exclude the detection of 7 -events, but at the same time main
faining the same angle of each photon detector with respect to the y-ray
beam line, Since a strong correlation between the energies of the two
detected photons is not expected for the background, we believe that
this procedure can be used directly for a proper background subtrac-
tion, This method was successfully applied in our previous experi-
ment on eta photoproduction in hydrogen(1),

Our results on the differential cross section for deuterium
are shown in Fig, 2. In this same figure earlier results(1,2) on hy-
drogen at the same incident y-rays energies are shown for compa-
rison., The deuterium points refer to the y-nucleon center-of-mass
system,

The errors quoted are inclusive of the uncertainties in the back
ground subtraction, In addition there are systematic errors due to un-
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certainties in the quantameter calibration, shape of the bremsstrah-
lung spectrum near the maximum energy etc., which are not included.
This gives an overall systematic error of + 10%. Note that a better de
termination of the efficiency has resulted in some difference in the
values reported for hydrogen in reference (1), The angular resolution
is shown by the horizontal error bars,

We observed from Fig, 2 that the differential cross sections
for hydrogen and for deuterium do not show a significant departure
from isotropy. Furthermore, the photoproduction rate per nucleon
for deuterium turns out to be equal to the rate for hydrogen.

The analysis of the experimental results has been carried out
by making use of the impulse approximation, which states, essential
ly, that the transition amplitudes for each of the two nucleons in the
deuteron target are linearly Superposable(3).

In this approximation the differential cross section elastic plus
inelastic is given approximately by(3):

d€ | o= a2 2 . %
(2) (GoF )p & Ap A+ 2Re(ApAn) I(24)

where A (A ) is the amplitude for * production on free proton (neu-
tron) ané) I(ré_) = /#/2 exp (21i4. E)'d3£{_ is the deuteron form fac-
tor (& = 1/2 (k - q) and where k, g are the photon and % meson labo
ratory momenta, respectively). Due to the magnitude of the form fac
tor, the last term in (2) is small ( < 10%) for all of our kinematical
conditions, On the other hand the elastic part (y +d -> % + d) of the
cross section is given by (der/d.n.*)elx\Ap + An\Z 12 (A) and, as the
form factor is squared it turns out to be negligible at our values of
A. As a consequence, our measurement essentially determines the

inelastic part of (d G/-d.n.*)D in which the interference term is negligi
ble,

Now in order to interprete the observed cross section for deu
terium in terms of those for free nucleons one has to consider @ re-
scattering and absorption effects, On the basis of a measurement on
inelastic % photoproduction on various nuclei that we have made using
the same apparatus(4), we are led to the conclusion that this correction
is small. Additional evidence for the assumption that rescattering and
absorption effects at our energy are negligible comes from a compari-
son of pion-nucleon scattering on hydrogen and deuterium(5), Then:

d&

de .free de . free
an®D I )

2 2
vA® + A% = (2o a8
( Ap An (d.n. P * (d.o..*)n

In conclusion, our experimental result at E‘Y < 850 MeV /i, e, :



de . de \free
(TaF )n/(qa= )]p -

2 .

which is approximately independent of angle therefore indicates that:

d& )freew(gl__@:_ free
anx p - ‘d.aX'n '

(

A

In terms of the isoscalar parts 1(0) and T(l‘/z) of the T = 1/2 produc-

tion amplitude ¢ M N\T\yN> this relation gives | T(0) + T(1/2)]2 ¥
= rlo) - r(1/2)]2,

Now if we assume, according to several experimental indica-
tions(6), that the " -nucleon system, just above threshold, goes
through a T = 1/2, JP = 1/2- resonance state at a center of mass e-
nergy of about 1520 MeV (™~ 150 MeV), then the principal multipole
involved is the electric dipole Eg. In this regard we are led to con-
clude that

(0) 4 m(1/2)]2 ~ |mlo) _ m(1/2)]2
(3) By + B/ Eor = Fot
or that, Re(Ef)‘:_)*_ E&/z)) > o
Assuming a resonant structure for both Egﬂ_) and EE){L/Z), it

follows from (3) that either the isovector or the isoscalar part of the
photoproduction amplitude is small,

Supplementary information is necessary for a complete separa-
tion of the two isospin parts of the amplitude; for irs tance the isosca-
lar part of the amplitude could be isolated by elastic eta phé)toproduc—
tion on T = 0 nucleil?),
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his continuous interest. The critical remarks of Professors B, De Tol
lis and A, Verganelakis are particularly acknowledged., We are gra-
teful to the synchrotron staff for the smooth running of the machine du
ring the measurement,



REFERENCES -

(1) -
(2) -

(3) -
(4) -

(5) -

(6) -
(7) -

(8) -
(9) -

C. Bacci, R. Baldini-Celio, C. Mencuccini, A, Reale, M, Spi-
netti and A. Zallo, Phys. Rev. Letters 20, 571 (1968).

C. Bacci, G. Penso, G. Salvini, C, Mencuccini and V. Silve-
strini, Nuovo Cimento 45A, 983 (1966); R. Prepost, D, Lund-
quist and D. Quinn, Phys. Rev, Letters 18, 82 (1967); E.D,
Bloom, C.A. Heusch, C.Y. Prescott and L. S. Rochester,

Phys. Rev, Letters 21, 1100 (1968).

G.F. Chew and H. Lewis, Phys. Rev. 84, 779 (1951); G. F. Chew
and M. L. Goldberger, Phys. Rev. 87, 778 (1952).

C. Bacci, R. Baldini-Celio, W, Eponeshnikov, C. Mencuccini,
A. Reale, G. Salvini, M. Spinetti and A, Zallo, presented to the
1968 Vienna Conference on High Energy Physics (to be published),
E. Pauli, A. Muller, R. Barloutaud, J. Meyer, M. Beneventano,
G. Gialanella and L. Paoluzi, Nuovo Cimento 34, 236 (1964).
A.T. Davies and R.G. Moorhouse, Nuovo Cimento 52A, 1112 (19617).
J.A. Alexandrov, A.V. Kutsenko, V.N. Hajkev and V.V, Pavlov-
skaja, Proc. of the Dubna Conference (1964).

R.R. Wilson, Nuclear Instr. and Meth, 1, 101 (1957).

Particle data group: Review of particle properties, UCRL 8030,
pt. I, aug. 1968 (to be published in Rev. Mod., Phys.).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


