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SUMMARY

We suggest a procedure, based on tnhe kinematics
of  gg-scaltering in oaign-p events, whereby .t is
pousziple to obtalin enricned samples of quark and gluon
Jets, AL SppS energlies tnis could be used 1o Indicate
wnether guark ana gluon jet [ragmentation agree aor
nat. At nigner enerygiss lne application would ratner
e to study the differences in the parton cascades,
i.e. Jet substructure,

It 13 well «now that hard interactions in p5 or
pp cullisions are aominatea by qq (or qg, in the
following we make no expliclt distinction between g
ana q) Scattering at hign x, and by gg scattering at
10w ¥%.. Tnis 1s a ceonseguence of tne quark structure
Funct?on peing harder than the gluon cne, Althougn
this allows a stralghtforward method Lo ootain
enricned  samples of quark and gluon jets separateiy,
there is not very mueh to be learned from comparing
these samples: the Jets are of aifferent energy, at
different nard scattering Q? scales {(with related
problems of different {nitial and final state parton
cascades) and witn aifferent efficiencises in i1solating
the high-p jets from the 1ow—pT "beam jet
packground" .

Instead we propose Lo study
wWhere gg-3cattering aominates.
tnen nave 4 q jet on one side and & g jet on the
other, both characterized by the same 3% and x,. scdle
In order to distinguish the q from the g we notg that,
for eavents wWwere the two interacting partons have
unequal energy fractions x, the one with larger x is
likely to be the quark, because of the aifference in
structure functicns noted above. Furtner, the hard
scaltering cross section 1s peaked for small ¢,
i, e. forward scattering, such that also in the final
state the q jet i3 most likely the one with largest x
value.

intermediate £,
For this process we

Ae now proceed to give some naumerical estimates
for these effects, using the Lund Monte Carlo! with
Gliuck-Hoft'mann-Reya®  stpucture functions, The
processes studied are pp at 540 GeV (Spp3) and pp at
40 Tev (35C).

For the subsequent kinematlcs we assume incoming
partons 1 and 2 with momenta (in units of ¥3/2) x; and
X, airected along the = 2z axis, with + z defined such
tnat x, > x,. The cubtgoing partons 3 and 4 then have
longitudinal momentum components x,; and x, , Wilh
lapelling such that x, > X, Both partons have
conpensalting transverse momenta X, Sucih tnat tae
parton energies are given Dy X,,2 = Xaf e R S
Conservation of energy and longitudinal momenkum ngen
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Tne <inematics of a typical gy scattering

Tne kKinematics is illustrated in Fig. 1, lavelled for
the desired case when partons 1 and 3 13 a g and 2 and
4 a g.

To enrich tne desired Kinematical configurations,
a number of cuts is required. A cul in x, i3 used
both to ensure tnat the scattering is a nard one and
that the hign-p.,. Jets come cut at angles not too close
to the oeam jets. At 540 GeV this makes x.>0.1 a4
realistic limit, at higher energies it woula GbGe
advantageous to use even amaller L

Further, we must make a cut in x,=-x, such that
the difference in x, and x, improves the probability
of 1 peing q and 2 being 5. Finally, a cut in x,L—x~L
1s necessary, since a situation wWith X, LI N
corresponas to the t for gq{x,)+q{x,;) and q(xl)+q(x.&
being comparable, such that we den't know whicn of the
final 3tdte partons is tne q cne. Tnere i3 a tradeoffl

hetween these latter two cuts, sc to Keep the nunber
of ¢cut parameters at a minimum, we below give results
obtained by cutting on the product
Crgoxgd gy mxy ) o= gy oy Mg =y )
(32
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Some results are quoted in Table 1. In addition to
the total croas section o expected for the given x

and x,%-x,? cuts, we give the relative composition o?
qq, 4g and gg final state partons, the probavility of
correctly ldentifying the q Jjet in gg scattering
{p(hard q}), and the probability of what we label as
tne "q" and the "g" jet really being a q one (it being
a g one in the resat of the cases), 1., e. where alsc
contamination from gqq ana gg final states are
included, It is the difference between the latter two
numpers which tells us how good a given set of cuts
really 13.



T2 <2neexk tne  sensitlvity To tne  noics ol
structJare functions, Lne exerclsie was repeatad «itn
tne  ~sicnten-Hinenliffe-Lane-Quiggz? (set 1) structure
functionsa. Agreement was generally very good, bub  at
40 TeV tne zRLy structure functions preadicts about 103
lower c¢cro3s sections and a slightly higher fraction of
14 (ical states at tne expense of gg ones, such tnat
tne separation between q and g jets is somewnat better
than in Taple 1.

As we sSee, a smaller x., cut favors gg scattering,
but the aaditional cut 1In x,2-x.? Brings up the gg
rate again. Also, for fixed x,*-x.% cut, events with
lower x corrasponds to a larger difference in t
values between forward and backward gg scattering,
such thalt the possibility of correctly ildentifying the
q jet i3 larger. It is is therefore advantageous to
crnouse X, small and x,%-x,? corresponaingly large,
provided Ene detector is aple to do a good Job for
Jets aown to polar angels u-2xT.

At present energies we have applied tnis methed
2o the study of quark and gluon jet fragmentaticn
ailfferences. Here tne UAl collaboratlon nas published
a comparison® Detween iEs_(gluon—dominabed) hign-p
Jet sample and the TASS0 e e events,concluding tha
guark and glucn Jjebks seem Lo nave very similar
longitudinal fragmentation functions. There are,
however, many uncertainties in such a comparisen. The
amount of quark Jeus in the UAl data 13 nobt negligible
(almost 30% quark jets for x.>0.3, see Table 1)}, tnere
are significant statistical errors at large z and,
most  importantly, wereas tne total CM energy is known
in the TASSO case, UA! is forced to determine the jet
energy avent by event. Since the fragmentation
function is steeply falling, one i3 very sensitive (o
errors in the jet energy and hence the z scale. Even
if the parton eénergies are correctly reconstructed iIin
tne mean, fluctuations tend to raise the fragmentation
function at large =z. Further, corrections are
model-dependent, both Lo whether independent or string
fragmentation is used and to whether it was assumed
tnat glucn equals quark in the first place.

With the methoa proposed above, and explicitly
JSLINK tne constraint that the total transverse
momentum has Lo vanlsh, any errors In jet  energy
geterminations cancel event by event, The ratio of
Fragmentation functions for the "qQ" to the "g" jet
sample thus provides a sensitive test whether gluon
really equals quark, In Fig, 2 we illustrate the
results obtained for tnis ratio for the two cases of
independent fragmentation with gluon=quark and of Luna
string fragnentation®, in whieh case thne gluon jet 1s
much softer (the gluon energy being shared by two
string pileces compared to only one for a quark).
Indeed the ratio comes out close to 1 1n the former
case, and falls with z in the latter one.
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FIG 2. Ratio of "g" to mqt fragmentation

functions for strings {orosses) and g=q {circles),
with dashed lines drawn both to guice tne eye and to
reflect theoretical prejudice,

At S3C energies, the same method could be used to

explicitly compare jet substructure, i. e, the
expected differences in quark and gluon initiated
parton cascades, The main virtue above many other
methods proposed to "flavour tag" jets i3 tnat it
makes no assumption as to what way a given jet
fragmented, such that no blas 18 introauced 1n the
study of jet properties.
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PROCESS

PO S

o{nb)

p{+qql){3)

p(+ag) (%)

p(+gg} (%)}

plhard q)(%)

p{"q"=q) (%)

p{"g"=q) (%)

540 Gev pp

0. 0.

0 0.05 0.1
827 187 79
11 17 20
35 45 51
54 38 29
63 78 84
34 52 62
24 27 28

TABLE !

0. 0.05
0.15 &
38 0.86
22 8
57 32
21 60
89 65
72 29
28 19

40 TeV pp
0.05 0.05
.05 0.1
.10 0.040
15 t8

51 57
34 25
84 30
57 £9
23 24

0.15

0.019
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20

93

76

24

RESULTS FOR GL&CK-HOFFMANN-REYA STRUCTURE FUNCTIGCN
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