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Fragmentation/hadronization remains a (last?)
frontier in elementary particle physics

e calculable (XLLA, parton showers)
e observable (particle/energy flow, multiplicities)

e intrinsically non-perturbative
* may look like XLLA (LPHD)
* many phenomenological models
e study using
- precise
> right
- flavor
— correlations
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Precise Inclusive Measurements

* New study of charged track multiplicity and
scaled momentum distributions from L3
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 Now measure the qth cumulant and factorial

moments of the mult. distn. and the ratio Hyq
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Rapidity Gaps in 3-jet Events

~1% ep, pp
singlet
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 New L3 study using e.g. asymmetry in angles
between tracks in ea. jet to their bisector
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Fraction

|dentified Particles
» TBEK*p data now quite precise, wide coverage
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* Improved results from ALEPH on wn
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- challenging
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Have observed

Are still more type of particles produced?
How many (few!) primaries are in a typical event?

D. Muller SLAC

July 13,2001 =




s HEPO1

Heavy and Light Flavors

« Hard Gluon radiation (see talk by P.Bambade)
« Soft Gluon radiation (dead cone)

 Inclusive distributions from L3
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e |dentified particles from SLD, in light-flavors
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e ...and b-, c-flavors
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Leading Particles

e Spectrum ~calculable in pQCD!
 Partial reconstruction of large samples done

g B
% 3.5
e SLD Preliminary
< | s ALEPH |
3.0j II%
I i 1
25 % 1
1
P
1.5] E }
1.0 E
i }
i ®
®
e ®
% 0.1 0.2 03 04 05 06 07 08 09 1.0
| Xg=2B/Eqy
— coverage, precision
m  D. Muller SLAC July 13,2001 =




s HEPO1 ]

e updated u+d+s result from SLD
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« Can extract using very high statistics and
double tagging of jets with high-p particles

e Published result from OPAL
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Individual Light Flavors

 New result from OPAL

% LIIIIlIIIIlIIIIIIL 7I>IIII|IIII|IIII|II7
'%0_12 - K2 selection - [ high x; selection

g B 4 B ¢

Z ] [

5 0. ¢ Data |
g JL Monte Carlo | s JLMonteCarlo |

7IIII|IIII|I Ill[lllllllllll
0O 10 20 3 0 10 20 30 0 10 20 30

nted ntad ntes
n,=17.77+0.51 (stat) *o-50 (SYSt)
_ +1.46
ny=21.44+0.63 117
_ +0.39
ns=20.02+0.13 -0.37

m  D. Muller SLAC July 13,2001 =




s HEPO1 ]

relative fractions
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What have we Learned?

* Fragmentation is ~understood; LL calculations
work too well

— new

« Hadronization is still exciting experimentally

- tensor, scalar
> guark masses
- gluons

- leading

* Models are quite useful; need more!

—

Increasing

— standard

N few
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What's Next?

 Many more studies could be done with Z° data

— but already pushing experimental limits from
statistics of double-tags
detector calibration with data

* Higher energy lepton colliders:

— hot clear how useful without a huge increase
In statistics....

- Jet flavor tagging has many potential
applications at higher E

_, run these machines at the Z° to calibrate
detector and physics!

» B Factories
- plenty of statistics

- low energy is good!
clean observation of resonances

handful of primary particles?!?
clean charm below bb threshold

— asymmetric machines have no gaps in
tracking, PID in the c.m. frame
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