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1. — In this letter we wish to present a modification of the Del Giudice-Veneziano
ansatz (*) for the pomeron (diffraction term). This new model, besides enjoying all
the good properties of the old one (i.e. crossing symmetry, proper large-angle behav-
our ete.), now gives only small corrections to the dual-resonant model meson-meson
scattering lengths and hence does not ruin previous agreement with experiments. We
have also constructed off-shell pomeron amplitudes and imposed continuous PCAC in
a manner analogous to ARNOWITT et al. (%) for the dual Veneziano terms. If we employ
t-channel helicity conservation for diffraction dissociation processes (e.g., wN°— A, N)
in agreement with recent experimental results (*) and data on A, production cross-section,
we end up with an asymptotic prediction which seems to be borne out qualitatively
by experiments.

For elastic nr scattering DEL GIupIicE and VENEZIANO suggested the following ex-
pression for the pomeron term:

P(s, t) = ga'(t—1to) H(s, 1) ,
@ { H(s, 8) = o™ (1 — o(s)) P(1— als), &5 — go'(E—4u?)) ,

where o is the universal slope of ordinary trajectories, «(s) the nonlinear pomeron tra-
jectory normalized to «(0) = 1, ¢ and o positive dimensionless constants and ¥ is the
confluent hypergeometric function (*). The constant ¢, was fixed by the authors to be
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2u® (p being the pion mass) in order to eliminate a massless scalar particle. With this
choice, however, the scattering lengths, as noted by the authors, turn out to be too large,
a fact reflecting the absence of an Adler zero in expression (1). In the spirit of the Freund
Harari conjecture about the dual role of the pomeron term, any candidate for such a
role should possess the proper Adler zeros if it has to be added as a background builder
to the usual Veneziano amplitude which does possess such zeros. We thus propose that
expression (1) be modified as follows:

oczg (2t + s —z) 0™ (1 — afs)) 9”(1 — (s), —;—; —go’(t— 4/42)) ,

2) P(s, t) =

where z is the sum of the squares of the external masses through which the off-shell
continuation of the Adler point has to be made. This is, of course, not a smooth conti-
nuation but it should be remsmbared that the continuation in the Lovelace-Veneziano
formula was not smooth either. Consider, for instance, a typical term in mrw scattering

Vis, t) = o'(2u® —s — 1) B(s, t) = o«'(u— > + 2u2) B(s, 1) ,

where B is the Euler beta function. The Adler zevo is therefore obtained by continuing
off shell. Our modification (2) is entirely analogous.

Notice that our expressions (2) has no scalar massless pole even for one particle off
mass shell since, for any elastic amplitude with one particle off shell, 2¢ s—z =
=t —u = 4p,q,2,, where & is the scattering angle and p,, ¢, denote the initial and final
3-momenta in the s-channel c¢.m. system.

With expression (2), the contribution to a scattering: amplitude of a pomeron tra-
jectory exchanged in a given channel, say:t, can be written in the very compact form

~ ~ S—u
Pts‘I‘ Ptu: g“/ _E— [H(t’ S)MH“’ u)] .

Of course, the detailed test of the model rests in obtaining phenomenological fits to the
diffraction term in high-energy scattering processes. Pending such tests we present
below two theoretical applications of the model. The first is in-caleulating the contri-
butions to scattering lengths for nr and nK, where the Veneziano resonance formula
makes good predictions. The second is to impose the continuous PCAC counstraints
which give us rather interesting results.

2. — = and =K seattering lengths.

Using the same notation as in ref. (1), we call §7° the pomeron pole contribution to
the nr amplitudes with pure isospin I (I=0,1,2) in the s-channel.” It is now

’

pom cgo
SO = {(S—u)[H(t, S)HH(L ’ll/)] +
+ (s—0)[H (u, s) —H(w, 1)] + 3(t —u)[H(s, t) — H(s, )]} ,
= &a’ {(s —w)[H(t, s) — H(t, w)]— (s — t)[H(u, é) —Hu, 1)1},
2o = P (s [ H(t, 5) — H(t, w)] + (s — OUH (u, 8)— H{u, )]} ,
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where the normalization is fixed so that

ome(s) puwg 8n2ega’ o .

At threshold we have

3) SI s 2002, {vﬂ zo—zzﬁ B vyz—zo)} ,
Lu—>0
(4) S§°mmccgoc (t—u) {3\/9120——2 —bn\/n—z;)}
£u->0 =1
with
gn-1 1
to= dptgw’, Apg=-——o—— '  By= ———
0 wge T 2n—D!n " oal(2n -+ 1)
and

b= Ap{n + 1—4u2op(0)[P(n) — ¥ D)1},
by = Bu{n + § — 42 ap(0)[¥(n + 5 — ¥ (H)]} .

In the above expressions op(0) is the slope of the pomeron trajectory which we shall
put equal to 3o’ and ¥(g) = [(d/de) I'(2)]/I'(2)

Ag in ref. (1), (ogo/)~! is the scale factor in a Regge-type expansion so that assuming
it to be of order 1 (GeV)? we see that og~ 1. Since ¢ has to be larger than 1 to
ensure Regge behaviour in s at fixed ¢ of expression (1) or (2) (provided oc(s)s—_;'?-*oo)
the constant g will be less than 1 and we can neglect in eqs. (3) and (4) terms of
order, 2, with »>1. We then have

M O't t( OC)
pa) = pa® = L0 (g —a),

4
pal® ~ — ) {\/nzov——zo[l*éc,u 25(0) 1n2]}

82

To estimate the order of magnitude we have taken ooi(oo) = 16 mb and computed
the scattering lengths for a few g values: we thus get Table I.

Tasre I.

g 1 % +
pad” 0.017 0.013 0.09

— pa® 0.004 0.003 0.002

These values for, say, g = & represent a 109, 15% and 259%, correction to the cur-
rent algebra I=0,1,2 scattering lengths and are smaller if o co) and/or ¢ are smaller.
They seem to be of the correet magnitude thus encouraging us to use expression (2)
for the caleulation of the pomeron contribution to =K scattering amplitude. The
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pomeron trajectory being exchanged only in the I,= 0 channel, we can write

w
2 [H/(t: 8) _‘Hl(t3 /M/)} 3

8
S;om — Sgom o G/gOC/

where
H'(t, s) = 0O I (1— o(t)) ¥ (1 — rft), 43 — ga'(5 — (m + w?) »
m being the K.meson mass. Again the above amplitude, when extrapolated off the

mags shell in the manner already specified, has zeros when any of the external mo-
menta is sent to zero. Proceeding as before, we get

(m - ) afh = T oTi(o0) [ V7S — S (A — Byv/7)|
n=1

with 2 = 4mu«’g. Taking ofa(oo) = 12 mb, we again estimate the scattering lengths
for different g-values as shown in Table II.

TasLe 11.
g 1 —% % 1_1_
Ma}}‘) 0.017 0.013 0.01 0.005

We see that this contribution to =K scattering length is, for #5<g<1, of the same
order of magnitude as the one provided by the usual Veneziano term (%) (the current
algebra value is similar). It is interesting to caleulate the threshold cross-section for
nK scattering using our pomeron term summed with the dual Veneziano term.
For K™~ we obtain

itV (threshold)
opin-(threshold)

~ (1 0.144/9)2,

which for g1 can reduce the discrepancy between the measured value by TRIPPE et al.
and the Veneziano model value (see footnote 16 of ref. (2)).

3. — Continuous PCAC.

Consider for example Kx — Kr and Kr —+ KA, amplitudes with last = and A off
their mass shell. We try to relate the pomeron parts of these amplitudes via PCAC,
Let the pomeron term for the process

K(p,) + m(py) - K(ps) + =(g) ,
be
T = c{t)(s ~w)[H (¢, s) —H(t, w)],
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where ¢,(f) has not off-shell momentum dependence. For the process

K(p,) + w(p) = K(ps) + A4(9)

let us write
— 14
Ty= &y Ty,

where
i = (p,—p)* D1+ (9, + p3)* Dy + ¢“ Dy

PCAC implies that (2)

2F m}

9a

(8)

Tp=({—p*+ ¢)D;+ (s—u)Dy~+ 2¢* Dy .

In eq. (5) m, is the A,-meson mass and the PCAC constants appearing at the left-hand
side can be fixed from KSFR and Weinberg sum rules (2) to be

Fomy =g, -

Asymptotic t-channel helicity conservation for the A, production process requires
that the leading term in 7T3_, vanish, T5_, being the helicity +1 amplitude for the
A,-meson in the t-channel c.m. system. Since Tj_, ~ D,~ B,(f)s*®1, t-channel helicity
conservation implies B,(f) = O.

In the spirit of ref. (?), we assume that, for not too large values of the off-shell mo-
mentum ¢, we need to keep only up to quadratic dependence in ¢ in the invariant am-
plitudes. This leads us to write for the D,s:

D, 5= dy o(s —w)[H(t, 5) — H(t, w)],
D, =dy(q"—mi)H{, s)—H(t, )],

where the d,s are constants. Notice that the form chosen for D, ensures on-shell (for
the A,-meson) t-channel helicity conservation. Using the above equations, we obtain

1
dy =—3(di+d),

(6)

1 .
() = o [ — p")dy—miydy) .
“ A

From (6) the reader will notice why we did not simply set dy= 0, since this choice
would imply a zero in the pion-residue function at ¢ = u2, which in itself is unreason-
able besides the embarassing consequence that it leads to the ratio of A, cross-section
to 7 cross-section much larger than unity instead of vice versa.

Now if we use the factorization property, we can obtain for the ratio of mA, coup-
ling ws. nr coupling to the pomeron:

praa®) _ dyVIt— tmy— pPllt— (g + 1

7
@ B idy T (W — 1)y
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Assuming the same ¢ dependence of the pomeron term in =N -z N and. 7N — AN,
eq. (7) allows us to compute the ratio of the integrated diffraction cross-sections, i.e,

o(mN > mN)  fus(0) (012 :
o(n N — A, N) h ﬂ?m,(o) -~ a)

having assumed |d,|=|d,|. To compute the ratio d,/d, we use the experimental value
of oyn(co)a~ 4 mb and the fact that A -production corss-section at 16 GeV/e is about
(250 -4- 50) ub (%). This tells us that |d,/d,|~%. We now have a prediction: if 4, and d,
have opposite signs, then from eqs. (6) or (7) we notice that the nw coupling to the po-
meron, ¢(t), has a zero at the momentum transfer value ¢, such that

d
—ly=— uF+ mi (—- E?) ~ dmy = 4.4 (GeV/e)? .

1

Thus we expect a dip in the diffraction part of do/df for =N’ scattering at ¢~
~ —4.4 (GeV/e)2 In fitting =N data at large {, BaArcrr and PraiLLips (°) find that their
pomeron term has a minimum around t ~ — 3 (GeV/c)2. Also, BERETVAS and BootH (%)
have obtained from experiment the ¢ dependence of the pomeron coupling in =N system.
Figure 1 of ref. (*) shows that the pomeron coupling at ¢ = —3 (GeV/e)? is ~1.5-10-3
times its values at ¢=0 and that at higher (i.e. more negative) ¢ values it rises
again. In a recent letter AKERLOF ef al. (}) have done a careful experimental analysis
of the reactions n*p > np and ='p »K'E" in the region 2.2<-—1< 3.5 (GeV/e)2.
They find a dip in the elastic reactions at —t = (2.8 GeV/e)? but not in the irclastic
one. Due to this reason they reach the conclusion (in agreement with us) that tLo dip
structure is diffractive in origin. Our calculation in fact shows a qualitative agreement
with the above experimental results.

(*) J. BALLAM, A. BRODY, G. CHADWICK, D. FRIES, Z. GUIRAGOSSIAN, W. JomnsonN, R. LARSEN
D. Luite, F. MARTIN, M. PERL, B. Pickup and T. YaN: Phys. Rev. Leit., 21, 934 (1968).

(°) V. BARGER and R. PHILLIPS: Phys. Rev. Lett., 22, 116 (1969).

() A. BERETVAS and N. BooTH: Phys. Rev. Leit., 22, 113 (1969).

(*) C. ARERLOF, P. CALDWELL, P. KALBACI, D. MEYER, K. STANFIELD, P. KIRk, A. LESNIK, D. RusT,
C. WARD and D. YovanovitcH: Phys. Rev. Leti., 27, 219 (1971).




<<
  /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


