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Motivation

e Simple ansatz for hadronization
“Local Parton Hadron Duality (LPHD)"

Azimov, Dokshitzer
Khoze, Troyan

inclusive spectra in £ = In(1/x)

D(&)|hadron = K * D(€)lparton

e Analytical results for jet structure
and soft particle production

Deep principle or accident?

+

— check more complex observables

— correlations between hadrons
= jEt resolution {yﬂut} dEpE!‘IdEﬂCE

— increase accuracy of QCD calculations



Theoretical approach

Hadronization model
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parameter A kt > Qp > A (few 100 Mev)

QCD cascade evolves towards lower scale
results directly compared to hadron final state



Perturbative QCD predictions
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e non perturbative cut-off &y = Qg

e running coupling o, ky) 1l-loop



asymptotic solutions
o DLA: P#9(z) ~ 1 for gluon emission

e MLLA: include next to leading log terms

full solution of evolution equation

e numerical solution of evolution egn.
(Complete up to next to leading log)

* Monte Carlo generation of parton cascade
ARIADNE-D
A =400 MeV A =In%t =0.01
only light quarks
full matrix element one-loop



Multiplicity moments
hadrons jets
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Kumulant multiplicity moments

o Asymptotic LL. expansion in /o

o numerical solution of ev.eqn.
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H, Moments at ) = 91 GeV
Hadrons SLD 1996, SLAC
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but: normalization of H, far off from asymptotic predictions

Jets at resolution .y, L3 2001, CERN
(Durham algorithm ye,, = k3./Q?)
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strong variation of oscillation length and amplitude with 3.,



Double Logarithmic approximation (DLA)

mean multiplicity N of partons in jet

kr 2 Qo (~ A)

partons ~ hadrons

; 2 2
kr 2 Qc > Qo partons ~ jets (Yeqe = QH’Q )
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exact solution of DLA ev. eqn.
N(Y.) = 28V Q. + A [flmmn; T MKa(28V) + Kl

o= ._"[]"Ilr, N

N ~ exp(28+/In E/Q.)

high energies E}ﬂ
N(0)=1

(Q-= 1‘-'MI:.‘.“.I:I = const. )

limit Q. — Qn (jet = hadron) N ~ Inl/A,
E; o =const. PR | Landau pole
ﬁxeé coupling cx,. N=(E/Q.)
Multiplicity moments
o threshold: F.=0 for ¢>1.K,=(-1)""g—1)!

e high energies: F, — const(q). Hy, ~ 1/¢°



DLA results for ratios H, = K,/ F,

Hadrons vs, Ej i
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Modified leading log Approx. (MLLA)

mean multiplicity N factorial moments

numerical solutions of MLLA Ev. Eq.

e Threshold: F; =0 for E = q- Qg
e Poissonian transition point (F; =1) at Y = 4.3

hadrons: Q. = Qo

e oscillation length increases with Ejet
e far away from asymptotic limit



(MLLA cont.'d)
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e more minima/maxima than in DLA

¢ slow approach towards asymptotics (if any)

(Y. = 30 —~ 103 GeV)




Multiplicities of hadrons and jets in eTe”

See also
Lupia/W.0., "98
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e splitting of curves due to a,(kr)
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H, moments
Ariadne - D
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e qualitatively similar to MLLA ev. eq. results



H, moments
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H, moments
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H, moments
Ariadne - D
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H, moments
Ariadne - D
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Conclusions

+ Transition jet — hadron for yeye — 0

e qualitatively in DLA, MLLA

e quantitatively in parton MC with low cut-off
kT > Q[; > A ~ 400 MeV
=>strong variation of multiplicity N and Hy
near Yeur — 0 from as(kr) 2> 1

* Explanation / prediction

e Poissonian transition point Yp
for particular energy or yeu:
e rapid oscillations below Yp with length Ag = 2
e oscillation length increases with energy
e secondary extrema of Hg with energy

in MLLA, MC

* Perturbative approach also applicable to correlations,
but needs high accuracy
Hs > 0:
resonance/cluster decay ++ gluon Bremsstrahlung

* Possible improvements:
include b-quark, 2-loop results

* Normalization K =~1

= A hadron looks like a parton at scale  ~ A



