H E P 9 9

D. Muller SLA C J uly 15, 1999

Hadr onization Pr oper ties of Quark and Antiquark Jets

David Muller SLAC

Inclusive IdentiÞed Hadron Production ¥ p^±, K^±, p/p ¥ r^0, f^0, f^2

1_186 1_397

Flavor Dependent Hadron Production ¥ Inclusive charged tr acks ¥ p^±, K^±, p/p

1_220 1_186

Leading P article Production

¥ p^±, K^±, p/p 1_186

H E P 9 9

D. Muller SLA C J uly 15, 1999

The hadronization process remains one of the last frontiers in elementar y par ticle physics

Very few theoretical predictions

¥ left-hand side understood f or > 10 y ears (MLLA, parton sho wers) Much recent e xperimental prog ress:

¥ more/hea vier par ticles found in jets

® pushing in on the r ight side ¥ separ ation of jets of diff erent ßavors ¥ separ ation of (light) q/ q from gluon jets ® see talk b y W. Gar y ¥ direct studies of leading par ticle production ® separ ation of (light) q from q jets (this talk) ® see also talk b y C. Grandi

H E P 9 9

D. Muller SLA C J uly 15, 1999

Inclusive IdentiÞed Hadrons

1) Charged p^±, K^±, p/p

Updated result from SLD (1_186) using Cherenk ov Ring Imaging to select clean samples of these hadrons

H E P 9 9

D. Muller SLA C J uly 15, 1999

® Precise measurements o ver wide p-r ange

® increased le ver ar m for frag. model tests ® may models reproduce data qualitativ ely ® no model reproduces all details

H E P 9 9

D. Muller SLA C J uly 15, 1999

2) r^0, f_0(980), f_2(1270)

New measurement from ALEPH (1_397) ¥ p^+p^- pairs with loose dE/dx K^±,p rejection ¥ Invariant mass spectr um inconsistent w/ MC

p^+p^- mass (GeV/c^2)

® no Bose-Einstein correlations in MC ® problems in h/hÕ/w region

H E P 9 9

D. Muller SLA C J uly 15, 1999

¥ Þt the data in each x_p-bin using a function that includes resonances , reßections , BE effects

p^+p^- mass (GeV/c^2)

H E P 9 9

D. Muller SLA C J uly 15, 1999

¥ from Þtted signals , compute production cross sections per hadronic e vent

x_p ® result for r^0 supersedes , changes prev. result ® JETSET prediction consistnent with data

H E P 9 9

D. Muller SLA C J uly 15, 1999

x_p ® JETSET OK f or f_2 but very low for f_0 ® f_2:f_0 ratio inconsistent with spin counting

H E P 9 9

D. Muller SLA C J uly 15, 1999

Examples of par ticles obser ved in Z^0 deca ys

slight update of V ancouv er talk b y P. Abreu

Hadronization is no w known to produce pseudoscalar , vector, tensor , scalar mesons , octet, decuplet, e xcited bar yons

What else? Does a jet typically compr ise only a few primary resonances?

Hadron

p^± p^0 h r^0 w hÕ f_0(980) a_0(980) f(1020)

<n> 16.96 ±0.27 9.76±0.26 0.95±0.07 1.44±0.06 1.08±0.09 0.17±0.05 1.54±0.07 0.27±0.11 0.098 ±0.006

Expts . DOS ADLO LO ADO ALO LO ADO O ADOS

Hadron f_2(1270) f_2(1525) K^± K^0 K*^0 K_2(1430) p L^0 L(1520)

<n> 0.185 ±0.015 0.012 ±0.006 2.25±0.06 2.02±0.02 0.74±0.02 0.073 ±0.025 1.05±0.04 0.374 ±0.007 0.023 ±0.004

Expts . ADO D DOS ADLOS DOS D DOS ADLOS DO

H E P 9 9

D. Muller SLA C J uly 15, 1999

Flavor Dependent Hadron Production

1) Average charged m ultiplicity, 29-189 GeV ¥ There are v ery few precise , testab le theoretical predictions f or hadronization ¥ MLLA calcs for suppression of soft, collinear gluons from a massiv e quar k are one ¥ With LPHD: the <n_{ch}> difference between events of tw o ßavors is independent of E_{CM}:

<n_{ch}>_b- <n_{ch}>_{uds} =3.5, <n_{ch}>_c- <n_{ch}>_{uds} =1.0 ¥ Many measurements at the E_{CM} up to m_Z

H E P 9 9

D. Muller SLA C J uly 15, 1999

® Results consistent with theor y predictions ® ...and with a n umber of other models , e.g.

ßavor-independent fr agmentation:

New analysis b y DELPHI (1_220) LEPII ¥ tag samples of b b and light-ßa vor events using an optimiz ed combination of lif etime , event shape inf ormation

H E P 9 9

D. Muller SLA C J uly 15, 1999

¥ measure <n_{ch}> in each tagged sample , and the inclusiv e hadronic sample ¥ unfold for sample pur ities, correct f or efÞciency

® consistent with QCD prediction ® clear ly inconsistent with the h ypothesis of ßavor-independent fr agmentation

H E P 9 9

D. Muller SLA C J uly 15, 1999

2) p^±, K^±, p/p production at 91 GeV

Updated analysis b y SLD (1_186) ¥ tag pure samples of uds , c, b e vents using vertex information ¥ unfold measured p,K,p fractions f or sample purities, bias uds ® Ôpure Õ frag. tests:

® same prob lems as in all-ßa vor events

H E P 9 9

D. Muller SLA C J uly 15, 1999

¥ B D hadrons ha ve a large effect on the inclusive production proper ties:

® qualitative features expected from hard frag., high deca y multiplicity of B,D hadrons ® precise model tests f or B,D prod. & deca y problems with HER WIG p, K all models suspect f or high-x p/ p

H E P 9 9

D. Muller SLA C J uly 15, 1999

¥ There are no w several results on ßa vordependent hadronization from ALEPH, DELPHI, OPAL, SLD ¥ A number of known problems with fragmentation models f or light ßa vors still e xist, including the difference between K^± and K^0/K^0 production ¥ Some distr ibutions of z=- lnx_p are measured with sufÞcient precision in hea vy ßavor events to see that the y are not Gaussian

H E P 9 9

D. Muller SLA C J uly 15, 1999

Leading P article Production

Updated analysis from SLD (1_186)

¥ Use uds -tagged e vents

¥ Select quar k jets: |cos q_{thrust}| > 0.2 tag forward (bac kward) hemi. for LH (RH) beam

SM: 73% q, 27% q round and correct f or quar k sample pur ity

¥ Compare q® p_+ with q® p_- , etc.

¥ Measure prod. of p_+ K_+ p L_0 separ ately p_- K_- p L_0

H E P 9 9

D. Muller SLA C J uly 15, 1999

Hadron and Antihadron production in uds jets

® no differences at low momentum ® large e xcess at high x of p over p, K^- over K^+ ® signiÞcant e xcess at high x of p^- over p^+

H E P 9 9

D. Muller SLA C J uly 15, 1999

A nice variable: the difference o ver the sum

H E P 9 9

D. Muller SLA C J uly 15, 1999

® Large signals f or leading baryons , kaons ® Direct obser vation of leading pions ® New, precise tests of fr agmentation models:

JETSET , UCLA, HERWIG reproduce the data f or mesons w ell JETSET reproduces the bar yon data UCLA, HERWIG overestimate the proton data at high x_p

Along with other recent measurements (see talk b y C. Grandi), w e are beginning to understand leading par ticle production in detail

H E P 9 9

D. Muller SLA C J uly 15, 1999

Summar y

¥ Hadronization is still an e xciting Þeld of study

¥ Much recent e xperimental prog ress:

® Obser vation of tensor , scalar mesons excited bar yons ® effects of large quar k masses ® energy dependence ® quar ks vs . gluons ® leading par ticles

¥ Still much more of this Þeld to e xplore at the Z0 at LEPII as a future e^+e^- collider