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o Jetsasasubject of studies:
® jet fragmentation/structure isdriven by very soft QCD
* borderline between pQCD and nan-pQCD

e Jetsasatool in high P; physics:
® better understanding df jet fragmentation isimportant for many analyses
* tthar ® all jets(signal: g-jets, background: lots of g-jets)

o Jetsin Monte Carlo event generators:
® many analysesrely on ssimulation of jet fragmentation
* test of fragmentation models of Monte Carlo event generators

o Jetsin different collider environments:
® datafrom Tevatron complement ee and ep measurements:
* test of universality of jets




Parton shower development

« Modified Leading Log Approximation (MLL A
or NLL A) and its extensions:

® two jetsfrom color singlet

® k;-cutoff on gluonemisson: k; >Q_,#=Qus ~Loco
® small opening angle g, arourd jet diredion

® energy scale Q»E;,q,

® LLA & NLLA predsion: r=N/N =C,/C=9/4
® corredions beyond NLLA: r=N/N,=1.4-1.8 at

Q=10-100GeV

Hadronization stage

o Local Parton Hadron Duality hypothesis:
® believed to belocd, independent of jet origin:

Nhadrons =K LPHD Npart

k-=kssing
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Theory:
e r=N_Ci®/N Qi*=14-1.8, Q=10-100GeV

e*e colliders:
o Challenging measurement
o ~15 papersinlast 10years
 Resultsrangefrom1.0to 1.5
e Diversity of results:
® nontrivial 3-jet event topdogy:
® energy scale confusion
® model-dependent analyses
® 2 unhbiased/model-independent results

Tevatron:

« DO® ratio of sub-jet multiplicities
I':1.84+O'27_0.23

« CDF® two model-dependent studies
r=1.7+0.3

History of measurements of the ratio of charged
particle multiplicities in Gluon and Quark Jets
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di-jet and g+j et events:

o different fractions of
gluon jets

 trivial event topology

e Uuse cetral jetsand count
particlesin small cones
around jet axis

Fraction of gluon jets

Shaded area: range of M;; in CDF analysis
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Conejet finder (R=0.7), energy corrected to parton leve
® systematics ched using R=0.4 & R=1.0

Central di-jet & gt+jet eventswith M;; or M ; ~72-120 GeV

Fraction of gluon jets: di-jet events — ~60%, gtj et events — ~20%

di-jet or gtjet center of massframe: E,,=M/2 (&;4iF41 and 53 GeV)

Multiplicity in cones with opening angle §-=0.28, 0.36, and 0.47 rad

subtract contributions of underlying event & secndary interactions

Energy scale Q = 2E ,tan(g/2) » E;4q. (~10-25 GeV)
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o CDF and e*e data (Q>10 GeV) agree

o CDF and e*e data (Q>10 GeV) follow 3NLL A trends

o CDF data confirm Q»E;,q. scaling
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CDF results:

o ratiomeasured in range of
Q=11-25 GeV

o r=1.64+0.17 a Q=19 GeV
o Q»E;4q scaling observed

o CDF datafollow trends of the
recent NLL A extensions:
® Q=41GeV * 047 rad =19.2 GeV

® Q,=41GeV * 0.28rad =11.5 GeV
® Dr=r(Q,)-r(Q,)=0.12+0.02+0.05
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Herwig 5.6& Pythia6.115

e reproducegluon jetsfairly
well

e over-estimate multiplicity in
quark jets by ~30%
® ryc»1.3(rg,=1.610.2)

o Pythiagives~3-4% higher
multiplicity than Herwig




Gluon jets: Herwig and Pythia are in reasonable agreement with data
Quark jets: Herwig and Pythia disagree with data

L L

Xx=plEg=1 05 0.1 0.05



o ratio “saturates’ in soft part of spedrum at r(x_)»1.8
9 Same pattern wasobserved at LEP
s MC gqualitatively reproduces shape of r(x)

S | x/ndf 2(56 \
3 ?Ejet—4lGeV """" """ AQ S U 1'775'”f””: """""""" 0'1216’”

r(x) = (1/Ng jer dn/dx) / (1/Ng je dn/dx)

X = p/Ejet = 05 0.1 0.05 x=In(1/x)



o FIrst mode-independent analysis of quark and gluon jet
diff erencesusing charged particles at hadron colliders

o Multiplicitiesin gluon and quark jetsand their r atio are
measured for energy scalesQ=11-25 GeV

o r=N/N,=1.64+0.17 & Q=19 GeV

o Multiplicitiesand ratio follow predictions of recent extensions
to Next-to-L eading L og Approximation

s Good agreament with efe results

o Herwig 5.6 and Pythia 6.115reproducegluon jetsfairly well,
but systematically over-edimate multi plicity in quark jets by
~30%




