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ABSTRACT

The reaction ete™—> Y W"W™ has been studied at TeV energies as a possible background
to Higgs production. Our results differ significantly from previous estimates and show that the
ratio signal/background can be kept reasonably large.

ete™ linear colliders in the TeV region are an extremely powerful tool for studying the
mechanism of the electroweak symmetry breaking. A facility of this kind, CLIC, with a center
of mass energy Vs ~ 2 TeV, is now under study at CERN(), The production of very massive
standard model Higgs can be investigated there with good accuracy because of the lack of
background QCD radiation, which is overwhelming in the case of pp colliders. Furthermore the
production cross sections for the Higgs particle can be precisely predicted, the dominant
process being WW fusion, for Epeam ~ 1 TeV. A systematic study of the various production
mechanisms and the possible backgrounds has been recently undertaken().



In the present note we study in detail the reaction ete~ —» ¥ W+*W— which provides, in
principle, an important background to the production process of heavy Higgs bosons e*e™ —»
HvV (Hete), with H — W*W~—, proceeding through WHW—(ZZ) fusion. The initial state
bremsstrahlung has been previously considered in the literature-5). Previous estimates,
however, are not complete and sometimes incorrect. Therefore a more accurate determination of
this background is mandatory for future investigations with high energy e*e~ colliders.

The basic one-loop radiative corrections to the process ete™— ¥ W+W— have been
calculated in ref. (3). The soft photon corrections, which are the least interesting from a
physical point of view, are found to be numerically very relevant.

Indeed one obtains®)

do,= do(1+B)+dc™” M
where B is the usual bremsstrahlung term
‘ 9 .
o (dk (P P, 94 q,
B= : — — +
4752f k (kp1 kp, ~ kq; * kq, 2

and do®¥ cotresponds to the genuine <o(g2) electroweak corrections. Numerically, for c.m.

energies Vs ~ 0.5 - 1 TeV, and an energy resolution of ~5%, one finds an average correction
dcll d60~ 0.25-0.50. Because of the relevance of the effect, it is important to evaluate the

invariant mass distribution of the WW system in the reaction ete™ — yW+W ~, to be comparex
with the analogous one for the process ete™ —» vV WHYW™. It is clear that the missing mass
peaks at zero for the undetected phioton ad at large masses for the v systcm(5).

The photon spectrum to first order in o is easily obtained for %—‘:‘ %%- <02+03as

0
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where do(ete™ — WHW)/dcosO is evaluated at the reduced c.m. energy (Vs—k) when
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Higher order effects can be simply taken into account’®), in the soft photon

approximation, by including the exponentiated factor (—E—)B in the r.h.s. of eq. (3), with

B=B, + By + 2B, - We refer to %k?" as the resulting soft spectrum.

Notice the incorrect exponentiated procedure adopted in ref. (4), where the factor (k/E)B
is replaced by (v s/MWW)Be and modifies considerably the resulting estimate for the
bremsstrahlung background (M{vf}w =5 -2 Vs k).

In Figs. (1-2) the invariant mass distribution

P
- dki is shown for Vs = 1-2 TeV and
\dLMww

cos @ =-cos 6, = 0.9. The corresponding distributions of ref. (4) are different in shape

and bigger in magnitude by about a factor of three. The effective background cross section
clearly depends on the measuring resolution and the experimental cuts. However an indicative

X do .
background estimate can be obtained as Opack ™ (EMW—;) (AMWW ~I‘H). Alternatively, the

. . s do . . .
invariant mass dllstrlbutl.on(dM —-—) can be directly compared with the corresponding
WW

spectrum® for the process e*e~ — W H - vv W'W™,
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FIG. 1 - Invariant mass distribution (——“ 9—[ ) forete™— yW+W atVs=1TeV.
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FIG. 2 -:Invariart mass distribution (—-—-—-—-)for e+e"~+_yW+W atVs= 2 TeV.

This is shown in Fig. 3, for various values of the Higgs mass. Notice that longitudinal
W's only are considered for ete™— vv H. From inspection of Fig. 3 it follows that for Mys1

TeV the signal can be safely separated from the background at lower WW invariant masses.

To summarize, we have studied the

radiative WTW~ production as a possible
sizeable background to the Higgs production in

ete” colliders in the TeV region. The
signal/background can be kept reasonably large
posing no problems to the possible identification

of a Higgs particle of mass up to 1 TeV.

FIG. 3 - Invariant mass distributions(S) do(ete
VY W+W)/dM at Vs =2 TeV for various values
of M, (full lines). Only logitudinal W's are

considered. Invariant mass distribution do(ete™ -y

ww™ YdMyq at Vs =2 TeV (dashed line).

da/dMiww (pb/GeV)

10

3
o

10-5

1078

- ! | ¥ 1 4
- Ve 2.0 TeV 1
: MHII 500 GeV
fae MH" 800 GeV ]
o s
- ) S
I / Mye1000Gey /"
. N —7
L Myyo

100GeV

{ l
200 1000! 1400 1800

Mww GeaV



REFERENCES

M

(2)
3
4)
)
(6)

Proc. of the Workshop on Physics at Future Acceletors, La Thuile-CERN, Jan. 1987,
CERN §87-07.

G. Altarelli et al., The Standard Theory Group: General overview, contribution to (1).

M. Lemoine and M. Veltman, Nucl. Phys. B164, 445 (1980).

S. Dawson and J.L. Rosner, Phys. Letters 148B, 497 (1984).

G.L. Kane and J.J.G. Scanio, CERN preprint CERN-TH 4532/86 (1986).

See for example M. Greco, Radiative Corrections to e*e— Reactions at LEP/SLC
Energies, LNF-86/55 (1986), to be published on Rivista del Nuovo Cimento.




<<
  /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


