To be submitted to ISTITUTO NAZIONALE DI FISICA NUCLEARE

Physics Letters B Laboratori Nazionali di Frascati

LNF-82/62(P)
31 Luglio 1982

G, Pancheri and Y, N, Srivastava; SOFT GLUON COMPONENT
OF DIPHOTON AND DILEPTON TRANSVERSE MOMENTUM,

Servizio Documentazione
dei laboratori Nazionali di Frasceti
Cas. Postale 13 - Frascati (Roms)




INF'N - Laboratori Nazionali di Frasgcati
Servizio Documentazione

LNF -82/62(P)
31 Luglio 1982

G. Pancheri and Y. N, Srivastava SOFT GLUON COMPONENT OF DIPHOTON AND
DILEPTON TRANSVERSE MOMENTUM,

The rise with energy in the mean transverse momentum of diphotons and dileptons
produced in hadronic scatiering is discussed through an expression obtained by sum-
ming soft gluons, Some nuinerical tests and predictions are presented,

In this paper we study the contribution of soft gluon emission(l) to the mean square
transverse rmmomentum in dilepton and diphoton production in ntp, pp and pp scattering,
The standard parton model has been very successful in analyzing current-hadron proc-
esses, However, by construction, it has no transverse momentum spread, i. e, the
gpectrum in ¢; should be é(qi). iven allowing for an intrinsic transverse momentum,
the parton model does not account for the rise with energy of the mean square trans-
verse momentum(z’ 3]‘. Numerical estimates based on first order QCD calculations(4’ 5)
fall short of describing the actual data, It has been suggested by a number of authors(6’7)
that emission of soft gluons from the quark legs can account for the observed transverse
momentum distribution in the small to medium energy region for a variety of processes.
Likewise, it also accounts for most of the observed scaling violations in deep inelastic
scatt eri‘.ngg( 8).

In this paper we shall discuss the soft gluon component of the mean square trans-
verse momentum of lepton or photon pairs produced in hadron-hadron scattering, We

propose the following formula:
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where n=1,2 for M+,u' and yy production respectively, In eq. (1), a. is the running

s
coupling constant,

2 . ;
4 [ 9 2 18 1n(Q%/ 4%
T3w ) ) T g e e

k]_ .ln(Qo/A ) .

and the Qz-dependent parton densities I, are related to the integrated u-pair cross-

section through
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The interest in examining ,u+,u" and yy ]_oroduction(g) side by side is that the domi
nant contribution should come.from quark-antiquark annihilation graphs and from high
er order QCD corrections to these graphs, Concerning the latter, one can separate the
"hard" corrections from the soft ones, which factorize and which do not distinguish

between qq —» ,u+u,' + gluons and qd -» Yy + gluons, For

hl(pl) + hz(p2) . :a(kl) + b(kz) +X

let the basic cross-section be(lo)
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where 9i(y1,y2) is related to the bare parton densities and emission of soft gluons of total mo

mentum K is described by the function d49’(K), while the short distance aspects of the process

qq —» ab+thard

are included in do To zeroeth order in a_, orne has
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with Q2 =q = (k1 + kz) and z Is the scattering angle in the ¢, m, of the final pair. The
Bloch Nordsieck approach for summing the massless quanta to all orders, gives
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where the average number of gluons d3;5:k‘ can be calculated in the one loop approxima-

tion using a fixed quark source, i.e,
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The distribution in eq. (3) is normalized to 1. When integrated in the energy and longi-

tudinal momentum variables it gives an eikonal type formila for the transverse momen
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tum distribution'”’, i. e,
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Likewise, it can be integrated in the transverse momentum variable, Defining
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one can then write for the differential crogs-section (u-pairs)
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Taking the limit of zero quark mass, the function IP(K) separates in a product of two

independent probabilities in the light cone variables K = K ¥ K.,. We then have
+ o 3
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The parameter & represents the energy scale which we shall take:to be 8Y1Y, and
K, = \/"s"(y1 - xl), K_=s (y2 - x5). The power law expression thus obtained for P(K)

allows to write
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Comparing with the usual parametrization for the cross-section one sees that we have

defined Qz-dependent parton densities :
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where fi(y) are the bare parton densities, Similarly, for yy production one has
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Having thus defined tha basic differential cross-section in our formalism, we can

now proceed to calculate the mean square transverse momentum from

.
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In our approximation the only q; -dependence is through the function d49"(K) for

which the following formula can be easily derived:
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having used the factorized form of eq, (4) and the property that ®(K) =0 for K, £0

Inserting the above expression in eq. (4), for fixed values of z, 4, and qq,will give
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Finally, using eqgs. (4) and (6) into (7), one obtains the equation we presented at the be-

ginning,



A number of interesting predictions can be obtained from eq. (1). One notices that,
ag far as the soff gluon component is concerned, p-pair and diphoton production differ

only in the charge factor eizn.

For processes like pp and. & p where a single quark
term is dominant (for most x values), we have the rather general result that <q2_‘_(x1,x2;s)>
should be the same-for ,u‘+u' or 7Y, provided X| o are large enough that Compton(ll)
and other processes can be ignored,

For the numerical work which follows, and because of our ignorance of the behav-

iour of as(kj:) in the infrared region, we shall use a constant @, averaged over the

5>
Xq o Tange under consideration. As for the intrinsic transverse momentum <q12>int
we are ag yet unable to calculate it, Thus our prediction concerns the quantity

20 2
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For the parton densities occurring in eq. (1), we have employed the parametrization
given in ref. (3). It should be noticed that at the present level of accuracy, there is no
Qz-‘dependemce in these densities.

With the above approximations, B in eq, (8) depends on Xy and X, explicitly and
on s implicitly through ?ls. In Fig. 1, we have plotted B vs, T =M2/s, for zero ra-
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FIG, 1 - The shaded region 1s our prediction for = vE T

(rapidity y = 0) with as =0,17%0,01 for &~ P> u w-+X, The data are from
ref, (12) averaged over rapidity.
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pidity, y = %1n(x1/x2) = 0 for w-pair production in s"p scattering. The shaded re-
gion represents our prediction for this quantity for Es = (0,17 1 0,01). For compar-
ison, a plot made by Michelini(lz) using the NA3 data(3) i also presented, It should
be mentioned that the first order QCD resu].t(m is off by a factor (2:3) and also its de-
pendence on v is wrong, A second order ca].culation(13) ameliorates this discrepancy.
We also predict a significant variation of B(Xl" Xq38) with rapidity. In Fig, 2, we have
'illustrated this point for u-pair production in -pp scattering by plotting B vs. v for
two different values of xp = x, - Xy At collider energies, <qi> must be sizable since
it is roughly linear with s, Thus the intrinsic momentum canibe neglected there and
sB(xl,xz;s) measures directly the rnean square transverse momentum, Taking into

account the logarithmic variation of o, with energy, one obtaing

s
2407~ 2 g - \ =
<ql_>y+_”_ > 190 GeV at /s = 540 GeV, xp =0,
B/;_
x:0
0007 /\\\\\
1X,1-04 ™~
—.——\\\
0.005 e —
\\\
\\\\
pp 2w X
0003 FIG. 2 - (B/@g) vs. © at xp =0 and
Xp = 0.4 for pp-» p'p~+ X,
0.05 01 015 v

For diphoton production, to be measured some time in the future at the Tevatron,
one can estimate the quantity B(xl,xz;s) for fixed 7 as a function of X The same
numerical estimates also apply, to a very good approximation, for w-pair production,
In F'ig. 3, we show our prediction,

Our last point concerns the QCD coupling constant in eq, (1), Although we have used
an average constant value, this is by no means mandated by our formalism, On the
contrary, it could be very interesting to use our equation to test various models of «

s
in the infrared region probed by the integrals at the numerator, Such tests
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may even throw some light on the nature of the intrinsic momentum and its relation to
the k,—» 0 limit of ag(k?),

In conclusion, specific predictions have been presented for the transverse mom ent
um spectrum of ,u+,u' and yy given by summing soft gluons using the Bloch Nordsieck
method, The variation of the slope parameter B with ¢ = les was compared with
7”p data (for w-pair production). For a reasonable average value of ag (= 0.1770.01)
good agreement was found. Collider data will be crucial in testing these predictions
more accurately since for such high energies the contribution from the intrinsic
<qi>:int would he negligible. In our model, B.varies significantly with rapidity. Again
it should be relatively clean to make an experimental check of the above predictions at

collider energies.



REFERENCES,

(1) -~ For a discussion of soft gluon effects, see recent reviews by M, Greco and G,

Pancheri in "Moriond Workshop on Lepton Pair Production", Edited by J..Tran
Thanh Van (Frontieres, France, 1981), ’

(2) - J.K.Yoh et al,, Phys. Rev. Letters 41, 684 (1978); A, S, Ito et al., Phys. Rev.
D23, 604 (1981),

(3) - J.Badier et al,, Phys, Letters 83, 145 (1979); G, Matthiae, Rivista del
Nuovo Cimento 4, 1 (1981),

(4) - F. Halzen and D, Scott, Phys. Rev, D18, 3378 (1978); K, Kajantie and R, Raito,
Nuclear Phys, B139, 72 (1978).

(5) - G. Altarelli, G, Parisi and R. Petronzio, Phys, Letters 76B, 351 and 356 (1978),

(6) - G. Pancheri and Y, Srivastava, Phys, Rev, Letters 43, 11 (1979); G. Parisi
and R, Petronzio, Nuclear Phys, B154, 427 (1979); J. C. Collins and I\ E, Soper,
in Proceedings of the XX Intern, High Energy Physics Conference, Madison,
Wisconsin, 1980,

(7) - P. Chiappetta and M. Greco, Phys. Letters B106, 219 (1981); Marseille Pre-
print CPT-81/P, 1335 (1981),

(8) - D, Amati, A, Bassetto, M, Ciafaloni, G, Marchesini and G. Veneziano, Nuclear
Phys. B173, 429 (1980); G. Pancheri, Y. Srivastava and M. Ramon-~Medrano,
Phys. Rev, D23, 2533 (1981),

(9) - For a review on direct photon production see I, Mannelli, in Proceedings of the
Bonn Conference, 1981,

{10) - G, Pancheri, M, H, Friedman and Y, N, Srivastava, Northeastern University Pre
print NUB 2486 (1981).

(1980),

(12) - A, Michelini, Rapporteur talk at the EPS Intern, Conference on High Energy
Physics, Lisbon, 1981,

(13) - R, K, Ellis, G, Martinelli and R, Petronzio, Phys. Letters 104B, 45 (1981),
and Preprint CERN-TH/3079 (1981),




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


