ISTITUTO NAZIONALE DI FISICA NUCLEARE

Laboratori Nazionali di Frascati

LNE-85/6

G. Pancheri, Y. Srivastava, M. Pallotta: KNO SCALING VIOLATIONS
AND THE APPEARANCE OF THE THREE GLUON COUPLING AT
THE COLLIDER.

Estratto da:
Phys. Lett. 151B, p.453 (1985)

Servizio Documentszione
dei laboratori Nazionsli di Frascati
Ces. Postale 13 - Frascali (Roma)




Volume 151B, number 5,6

PHYSICS LETTERS

21 February 1985

KNO SCALING VIOLATIONS AND THE APPEARANCE
OF THE THREE GLIUUON COUPLING AT THE COLLIDER

G.PANCHERI!

Physics Department, Harvard University, Cambridge, MA 02138, USA
and INFN, Laboratori Nazionali di Frascati, POBox 13, Frascati, Italy

Y. SRIVASTAVA

Physics Department, Northeastern University, Boston, MA 02115, USA

and

M.PALLOTTA

INFN, Laboratori Nazionali di Frascati, POBox 13, Frascati, Italy

Received 30 November 1984

KNGO scaling violations are discussed in a soft gluon bremsstrahlung model for particle production with quarks as well
as gluons as their sources. Both ISR and recent collider data can be reasonably accounted for in this scheme.

The problem of understanding the shape of the
hadronic multiplicity distribution and of its approxi-
mate scaling in the variable z = n/{n) still represents
an outstanding question in strong interaction physics.
In 1972 Koba, Nielsen and Olesen [1] predicted, on
the basis of Feynman scaling and the approximate
logarithmic growth of the mean multiplicity, (n(s)
= Ins, that the function

Y(z,s) = (n>(rn(s)/§3 0,

should be just a function of z, hence that its shape
remain approximately constantiwith changes in ener-
gy. As is well known, this prediction has been found
to be approximately true from /s = 1.5 GeV up to
the ISR energy /s = 63 GeV [2]. Present measure-
ments of the multiplicity distribution at the CERN
proton—antiproton collider [3], have rekindled the
interest in this problem. Indeed, the shape of the
KNO function has been obtained in a variety of mod-

! Supported in part by NSF PHY-82-15249 and DOE
DEACO276ERO3064.

els with rather different theoretical inputs, for instance
the uncorrelated cluster model of de Groot [4], geo-
metric models [5], quark parton model [6], dual par-
ton mode! [7,8], the three fireball model [9],
stochastic-dynamical model -[10] and QCD models
[11,12]. Recently, the UAS5 collaboration has re-
ported violations of KNO scaling in the hadronic mul-
tiplicity distribution at /5 = 540 GeV [13].1t ap-
pears that at large multiplicity, n = 2—3(n), there is
an excess of events over the asymptotic KNO fit at
lower energies. Although the fraction of “abnormal”
events is relatively small, the effect is very conspicu-
ous when the higher moments of the KNO function
are compared at different energies. From+/s = 1.5
GeV up to ISR energies, the moments are approxi-
mately constant [13], thus indicating that the shape
of the curve does not change, i.e. that KNO scaling
holds. However after the ISR energies, the higher mo-
ments, which are more sensitive to the larger mul-
tiplicity region, drastically change. This might indi-
cate a-new production mechanism which becomes sig-
nificant at the collider energy and which is charac-
terized by a higher mean multiplicity. This hypothesis
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is consistent with the discrepancy between the value
of {n(s)) observed at +/s = 540 GeV and the value ex-
trapolated from lower energy data using the best

fit [14]

(n(sp=a+blns+c(ns)?, ¢))

witha = -0.25£0.11,6 =094 £ 0.05,¢=0.090
*0.004. As is well known, the extrapolated curve
lies lower than the collider value, (n(s))= 29.1 for the
UAS collaboration [13], although the data do not
completely rule out the behaviour given by eq. (1).

In this paper we suggest that the new mechanism
is related to the appearance of gluon initiated pro-
cesses, which were quite negligible in the ISR range
but which start showing up at the collider, most no-
ticeably in jet production. Indeed, there are three ob-
servations, concerning jet production, which are rele-
vant to this discussion: (i) at the CERN collider the
energy is high enough to allow for hard scattering be-
tween many low-x partons, leading to the production
of mini4jets, i.e. jets around and below the lowest
detectable threshold, (ii) at ow x the dominant QCD
subprocess in jet production is gluon—gluon scatter-
ing, (iif) measurements by the UA1 collaboration
show that the multiplicity of the background accom-
panying the jets, what has been called the ““jet floor”
in a multiplicity versus rapidity plot, is more than
twice the minimum bias multiplicity and is indepen-
dent of the transverse energy of the trigger jet, re-
maining high (2 2{n(s)}) down to rather low values
of the trigger [15].

We shall now study the hypothesis of a two com-
ponent model of multiparticle production, one re-
lated to quark initiated processes and characterized
by a mean multiplicity (nq(s)> and one related to gluon
processes, with mean multiplicity {n,(s)). In brems-
strahlung models, the ratio of the two values is given
by

(nq(s))/(ng(s)) ~eple, =3,

where ¢ and ¢, are the colour factors associated
with gluon emission from a quark or from a gluon.
In a previous paper [12], we described the ha-
dronic multiplicity distribution in the central region
as arising from a mechanism of soft gluon brems-
strahlung from the interacting partons. By summing
over the soft gluon distributions and averaging over
the hadronic matter coordinates, we had obtained
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the following expression for the KNO function:

U(z,s) = n(s)o(n,s)/o;,.,(5)

e 1
¢ o dk ikt
= ﬁf—%—r exp(lﬁzt ~ 8 d T (- e’kt)) , 2)

with z = n/{n) and where 8 is a measure — on the aver-
age — of the QCD soft radiation spectrum. The shape
of the KNO function is completely determined by
the spectrum 8. Thus, if we treat § as a parameter, we
can obtain the shape at lower energies and, changing
f, at higher energies. Let the moments of the KNO
function be defined as

C. = (zk)=fzk\lf(z,s) dz.

Then, the folloging expressions can be easily obtained
through successive partial integrations, from eq. (2):

(z%y=1+1/28, (3a)
3 =1+3/28+1/362, (3b)
(zYy=1+3/g+25/126% + 1/463, (3¢)

(z%)=1+5/8+95/128%+35/1283 + 1/58*.  (3d)

Fixing the value of § from C,, we obtain the val-
ues shown in table 1 for the moments at lower ener-
gy,i.e.upto+/s = 63 GeV, and in table 2 for the mo-
ments at higher energies, i.e. at the CERN proton—
antiproton collider.

The agreement between the experimental and the
theoretical values for C3, C4 and C points to the
validity of the description of the multiplicity distribu-
tion in terms of a Fourier transform of an exponen-
tiated bremsstrahlung spectrum of the type (8/k) dk.
At the samé time, we notice that the rise in the higher

Table 1
Theoretical values are obtained from eq. (3) fixing Cy=12
(8= 2.5)./5 =63 GeV.

Cy Model predictions ISK data [14]
Cy 1.2 (fixed) 1.20 = 0.01
Cy 1.653 1.67 + 0.03
Cy 2.55 2.60 = 0.08
Cs 4.46 443020




Volume 1518, number 5,6

Table 2

Theoretical values are obtained from eq. (3) fixing C, = 1.31
(8 =1.61). Data are from the UAS collaboration. N5 =540
GeV one-component model.

Cy Model predictions UAS data [13]

C, 1.31 (fixed): 1:31+ 0.01 £ 0.03
Cy 2.06 2.12£0.0320.11
Cy 3.72 4.05 £ 0.10 = 0.30
Cs 7.87 8.8 £04 =09

moments from ISR to collider energies is quantita-
tively accounted for with a decrease in the effective

B from Bigr = 2.5 to Beopiger = 1.61. The soft gluon
model exposed in ref. [12], does not explain a de-
crease in the effective gluon spectrum. If there were
no new production mechanisms between lower ener-
gies and the collider, 8 should grow, albeit slowly,
~Inlns. Thus a decrease in the effective § must signal
some new production mechanism (jets, minijets, mul-
tipartons [16], etc.) with a threshold around the ISR
energy and with a smaller cross section and higher mul-
tiplicity. A simple two-component model which iliu-
strates this idea and utilizes the soft gluon brems-
strahlung mechanism, gives the following KNO func-
tion:

B OGS 2 o g 1

Y(z,8) =

1 +7(s) J 2w T+r
{ngXBoiny - \
dk -
X |iexp(——ﬁ0 [ T (1-e lkt))
0 (n1)/Byind

where

(5)= 0, )log(9),

with 6 and o, the cross sections for the two differ-
ent production processes, 0; =0 up to ISR energies.
The two distributions Py(z,s) and Py (z,s) are the ap-
propriate QCD radiation functions which “dress” the
interacting partons with a cloud of soft gluons and
whose respective § factors and fraction of total mul-
tiplicity (g ;)/(n), are characteristic of the specific
production process. § is proportional to o and to the
colour factor cp or ¢4 according as to whether the
(exponentiated) soft gluons have been emitted by a
quark or by a gluon leg.
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From eq. (4), we obtain

(n(s)) = [y (s +r(s)n (MY [1 +7(5)], 5)
where, according to the previous discussion,
(nl(s))/(\no(s)) ch/cF :!ﬁl/ﬁO' 6)

Making use of eq. (6), we can rewrite eq. (4), as fol-
lows:

o~ |
‘I’(Z,S):ﬂf %elﬁz‘rm

X [oxo (- Of1 Ta-ein)
1

+rexp -y [ Fa —emi)] ™

with
By = By fng) = B, [n ).

We now turn to compute Cy, for the two-compo-
nent model. The results are shown in table 3. To ob-
tain the values shown in table 3, we have scaled g,
according to the asymptotic freedom formula

B, (/5 = 540 GeV)
2
Inln(540/A)° 278

= B,(+/5 = 63 GeV) .
InIn(63/A)

and have used the approximate relation given by eq.
(6), and set A = 100 MeV. The table shows that this
two component model can quantitatively account for
the observed scaling violations in the collider region.
Moreover, the slight excess in the observed mean mul-
tiplicity above the asymptotic IRS fit, eq. (1), is also
explained in this picture in the following way. The
non-diffractive data below the collider energy have

Table 3
Two-component model » = 0.12,

G Model predictions UAS data [13]

C, 1.275 1.31 £0.01 £ 0.03
Cy 2.014 2.12+0.03 £ 0.11
Cy 3.822 4.05 £ 0.10 = 0.30
Cs 8.524 8.8 04 0.9
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Fig. 1. Corrected multiplicity data from 1981 and 1982 run
at the CERN SppS$ collider. Data are from the UAS Collabora-
tion [13]. The continuous curve is obtained from the two-
component soft QCD bremsstrahlung model described in the
text.

been parametrized as in eq. (1). At the collider ener-
gy (v/s = 540 GeV) this fit gives (n)=25.83. For r
=0.12, which is the value used in computing table 3,
we find from eq. (5)

(n»=29.3,

to be compared with the experimental value 29.1
+ 0.3 £ 0.9 obtained by the UUAS5 collaboration [13].

Using the above parameters, §; = 2.78, 8, = %BO
and 7 =0.12, we show in fig. 1 a plot of 2¥(2) versus
z and its comparison with the recent UAS data. Clear-
ly, the fit could be improved by freely varying the
parameters, but then the one-component model would
be just as acceptable as the present one. On the other
hand, the approximate agreement between the data
and the theoretical curve may lead the way to correct-
ly incorporate scaling violations in QCD models. It
should also be noted that very similar results have
been obtained in the dual parton model [17].

The conclusion we can draw from this simple pic-
ture is that indeed a new production mechanism is
operative, with an average multiplicity which is (at
least) a factor 2 higher and with an overall cross sec-
tion which is ~-0f the basic cross section. The phe-
nomenological analysis presented here suggests this
new component to be gluon initiated with the ob-
served scaling violations due to the presence of the
three gluon vertex.

456

21 February 1985

References

[1] Z.XKoba, H.B. Nielsen and P. Olesen, Nucl. Phys. B40
(1972) 317.
[2] W. Thome’ et al., Nucl. Phys. B129 (1977) 365;
J. Firestone et al., Phys, Rev. D14 (1976) 2902;
D. Fong et al., Nucl. Phys. B102 (1976) 386.
[3] UAS Collab,, K. Alpgard et al., Phys. Lett. 121B (1983)
209;
UAI1 Collab., G. Arnison et al., Phys. Lett. 123B (1983)
108.
[4] E.H. de Groot, Phys. Lett. 57B (1975) 159.
[5] T.T. Chou and C.N. Yang, Phys. Lett. 116B (1982) 301;
C.S. Lam and P.S. Yeung, Phys. Lett. 119B (1982) 445;
S. Barshay, Phys. Lett. 116B (1982) 193.
[6] F. Takagi, Z. Phys. C13 (1982) 301.
[7] A.B. Kaidalov and K.A. Ter-Martirosyan, Phys. Lett.
1178 (1982) 247.
[8] A. Capella and J. Tran Thanh Van, Phys. Lett. 114B
(1982) 450;
J. Ranft, P. Aurenche and F.W. Bopp, CERN preprint
TH-3775 (November 1983);
P. Aurenche, F.W. Bopp and J. Ranft, LAPP-TH-109
(1984).
[9] Liu Lian-sou and Meng Ta-chung, Phys. Rev. D27 (1983)
2640;
Chou Kuang-chao, Liu-Lian-sou and Meng Ta-chung,
Phys. Rev. D28 (1983) 1080;
Cai Xu, Liu-Lian-sou and Meng Ta-chung, Phys. Rev.
D29 (1984) 869.
[10] P. Carruthers and C.C. Shih, Phys. Lett. 127B (1983)
242.
[11] A. Bassetto, M. Ciafaloni and G. Marchesini, Nucl. Phys.
B163 (1980) 477;
K. Konishi, Rutherford preprint RL 79-035 (1979);
Yu.L. Dokshitzer, V.S. Fadin and V.A. Khoze, Z. Phys.
C15 (1982) 325;
W. Furmanski, R. Petronzio and S. Pokorski, Nucl. Phys.
B155 (1979) 253;
D. Levy, Nucl. Phys. B59 (1973) 583;
C. Hayot and G. Sterman, Phys. Lett. 121B (1983) 419.
[12] G. Pancheri and Y.N. Srivastava, Phys. Lett. 128B
(1983) 433.
[13] UAS Collab., G.J. Alner et al., Phys. Lett. 138B (1984)
304.
[14] ABCDHW Collab., A. Breakstone et al., CERN preprint
EP 83-165.
[15] G. Pancheri and C. Rubbia, Nucl. Phys. A418 (1984)
157¢.
[16] M. Jacob, Proc. SLAC Topical Conf. (2729 July 1983).
[17] A. Capella and J. Tran Thanh Van, Orsay preprint
LPTHE-Orsay 83/39;
A. Capella, A. Staar and J. Tran Thanh Van, Proc. Ren-
‘contre de Moriond (1984).




<<
  /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


