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We discuss the influence of dynamical nucleon~nucleon correlations on elastic elec~
tron scattering from light nuclei. The numerical results for He! are presented.

The recent measurements':? of the elastic elec-
tron scattering form factor for He?* show definite
deviations from the Gaussian model. Some at-
tempts have been made to explain the data by in-
troducing the short-range nucleon-nucleon corre-
lations in the standard Gaussian wave function.

In the work of CzyZ® the correlations were treat-
ed by the Jastrow method,* and only the contribu-
tions from the one-correlated-pair part of the
nuclear wave function were retained. The single-
correlated-pair approximation has been ques-
tioned by Stovall and Vinciguerra® where it was
shown that the calculations with six correlated
pairs give quite a different result from that ob-
tained in Ref. 3. In disagreement with this analy-
sis Khanna® again suggests the validity of the ap-
proximation.

We are presenting a method (for more details !

see Matecki and Picchi’ and Czyz, Lesniak, and
Matecki®) which avoids the mentioned difficulties,
as the summation of the troublesome series in
the Jastrow method is now automatically per-
formed. This allows us to make reliable calcula-
tions for nuclei heavier than He*. In this paper
the results for He* are presented; heavier nuclei
will be discussed elsewhere.” The analysis’ con-
firms the result of Ref. 5: Introducing similar
correlations as in Refs. 3 and 5, one gets an an-
alytical expression for the form factor which is
consistent with Ref. 5 but not with Ref. 3.

The square of the elastic form factor is de-
fined as the ratio of the experimental cross sec-
tion to the Mott cross section. For spin-zero nu-
clei the elastically scattered electron interacts
only with the charge of the nucleus. Using the
nuclear charge operator as given by McVoy and
Van Hove® we get the form factor

A
2)= qu®\ q*/4 Aa? 1 .
Fo@,9=Gp +Gp) (1+8M2)e <¢SM|AjL1exp(zq F) Uy, (1)

where G is the electric form factor'® of the nucleon; M, ¢, and ;% are the nucleon mass, three-mo-
mentum transfer, and four-momentum transfer squared, respectively. The third term in (1) is the
correction for the c.m. motion of the target,** evaluated in the shell model with oscillator potential for
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the nucleus. We shall use this model henceforth; @ is the parameter of the oscillator well. The last
term in (1) is called the shell-mode! elastic form factor of the nucleus Fgpg, ¥sp being the complete-
ly antisymmetrized shell-model ground-state wave function. In (1) the same number of protons and
neutrons Z=3A is assumed.

We can write Fgps as follows:

1 A

FSM=m(¢SM|j§k[exp(iﬁ -Fj)+eXp(i§ T llvg, )

1

=——-—Z(22_1)[42ab<a(1>b<2>|e"a""1+e"5'?2ia<1>b(z>>~za<a(1>a(z>|eia‘f1+e"5‘fzga<1)a(2)>], @)

where in the second equation the summation over spin and .isospin quantum numbers has been per-
formed, a,b being the spatial single-particle quantum numbers.

In the case of harmonic-oscillator wave functions it is possible to define a transformation?? from the
motion of two particles about a common center to the relative and center-of-mass motion of the two
particles. Following Moshinsky!? we can write the two-particle state as follows:

|ab>=2meEnuvL<lamalbmb | lalb)m)(lmLM| ILxuXnl, NL, A lna,l M nlm) NLM), (3)

a’ nblb’
where (n,l, m) are the quantum numbers of relative motion and (N, L, M) are the quantum numbers of
the c.m. motion.

We introduce the nucleon-nucleon correlations in (3) by modifying the radial wave function of the
relative motion:

n, = g(r) " = °© 2 2.2
|"mlm) ——-—-—(an)mRnl Y, (6,9), N, fod'r'r R &), (4)

where g(r) is a certain function.

Using Refs. 2 and 3 we obtain after some tedious, though straightforward algebra,” the following
short-range correlations correction:

-t

e ig-T/V2
FSM_Z(2Z-—1){[

72—8-%(3(2—2)“ (Z—Z)tz]A<OOO|e 1000)

+3(Z-2)A(100| eic’l'F/‘/E | 100) -(%)E (Z—Z)tA(lOOIeiq'F/ﬁl 000)}, (5)

where t =¢%/8a% and A(: * ) denotes the difference between correlated and uncorrelated magnitudes.
The formula (5) is valid for nuclei with two protons in the s shell and Z-2 protons in the p shell. It
was assumed in (5) that the short-range correlations act on the relative s states only.?

For the He* nucleus we get from (2) and (3) a very simple result:
ez‘q-ﬁ/ﬁ | ig-F/V2

’FSMz <000c.m.‘ 1 €

| 000 000 [000 ). (6)
c.m. re rel

Modifying the relative state |000re1> according to (4) we have the correlated shell-model form factor
202

00 1
L2 —q2/80£2£ dsse 2% sin(%qs)gz(s)
Fsm'=g¢ w3 —lakst2 v
fodss e 2 T g7(s)

where s is the distance between nucleons.
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The results of our analysis for He* are present-
ed in Fig. 1. The curve 1 represents the uncor-
related charge form factor and has been calculat-
ed with @=148.3 MeV.!® The curve 2 gives the
form factor corrected for the short-range nucle-~
on-nucleon correlations. We have modified the
Gaussian wave function of the relative two-nucle-
on motion only at small distances, introducing a
hard core, but we did not change it for large s
—see the inset of Fig. 1 where we have presented
the squared wave functions of the relative motion.
The function g(s) which “heals” the relative wave
function at medium internucleon distances has
been chosen as

g(s)=a?(s-7 ) expl-va*(s~r )]

Ed

"

Yy sSssvr

c h’

(8)

where 7, is the radius of the hard core and 7y, is
the so-called healing distance. The curve 2 has
‘been calculated with @=148.3 MeV, 7,.=0.56 F,
and ¥=1.0; it gives v5=2.37 F. The curve fits
the experimental data well down to the minimum
at ¢;®=-10 F~%; also the position of this mini-
mum is very well accounted for. Comparison of
the curves 1 and 2 shows that the effect of the
repulsive core in He* is very important.

For very large momentum transfers ¢%> 10
F~%, curve 2 is no longer consistent with the ex-
perimental data. This suggests that one should
modify the Gaussian relative wave function not
only at small internucleon distances, but also at
large s. In order to do this we have used the g(s)
function in the form (8) for o <s <. Sucha
modification means that the internucleon forces
at large distances between nucleons are more at-
tractive than those implied by the oscillator mod-
el; at short distances the interaction contains a
repulsive core. As a consequence the modifica-
tion will make the surface of the He* nucleus less
diffuse than indicated by the Gaussian model.
This is in agreement with the result of an analy-
sis done in Ref. 2. Using ¥=0.74 and the same
values of @ and 7, as before, we have calculated
curve 3 in the figure. This curve is consistent
with the experimental data up to ¢>=15 F™7%, but
falls still too rapidly with increasing q.

One could obtain a better fit than that of curve
3 by a simultaneous modification of both the rel-
ative and the center-of-mass motion of two nu-
cleons. The latter modification could be per-
formed, for instance, by changing the oscillator
parameter in the c.m. wave function. Putting
Oc 2= (1+T)o? with T' >0 one makes the sur-
face of the nucleus still less diffuse than it was
when only the relative motion was modified. Us-
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FIG. 1.

Charge form factors of He*. The experimental points marked by crosses are taken from Ref. 1; those

marked by solid circles with error bars, from Ref. 2. Curves 1, 2, 3, and 4 have been calculated using the wave
functions of the relative two-nucleon motion as shown by the corresponding curves in the inset. In addition, for
curve 4 the c.m.-system motion of two nucleons has been modified.
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ing I'=0.1 and the remaining parameters the
same as for curve 3, we obtain curve 4 which
reproduces the data very well. We do not want,
however, to stress the importance of this fit,
since the last modification introduces an addi-
tional parameter.
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Laboratori Nazionali di Frascati. We are indebt-
ed to Mr. A. Di Salvo for his help in calculations.

*On leave of absence from Instytut Fizyki Jadrowej,
Krakéw, Poland.

13, P. Repellin, P. Lehmann, J. Lefrancois, and
D. B. Isabelle, Phys. Letters 16, 169 (1965).

’R. F. Frosch, J. 8. McCarthy, R. E, Rand, and
M. R. Yearian, Phys. Rev. 160, 874 (1967).

Sw. Czy% and L. Le$niak, Phys. Letters 25B, 319
(1967).

1398

‘R. J. Jastrow, Phys. Rev. 98, 1479 (1955).

5T. Stovall and D. Vinciguerra, Laboratoire de 1’Ac~
celerateur Lineaire Report No. LAL 1191, 1968 (to be
published).

SF. C. Khanna, Phys. Rev. Letters 20, 871 (1968).

"A. Matecki and P. Picchi, Laboratori Nazionali
Frascati Report No. LNF-68/27, 1968 (to be published);
A. Matecki and P. Picchi, to be published.

W, Czy%, L. LeSniak, and A. Matecki, Ann. Phys.
(N.Y.) 42, 119 (1967).

%K. W. McVoy and L. Van Hove, Phys. Rev. 125,
1034 (1962).

01, N. Hand, D. G. Miller, and R. Wilson Rev. Mod.
Phys. 35, 335 (1963); T. Janssens, R. Hofstadter,
E. B. Hughes, and M. R. Yearian, Phys. Rev. 142, 922
(1966).

11, J. Tassie and F. C. Barker, Phys. Rev. 111, 940
(1958).

12\, Moshinsky, Nucl. Phys. 13, 104 (1959).

13y, Frank, D. Hass, and H. Prange, Phys. Letters
19, 391, 719 (1965).




<<
  /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


