
Fragmentation at CLEO
D t t k 3 G V 11 G V ECM ff• Data taken over 3 GeV 11 GeV ECM offers 
opportunity to compare fragmentation effects 

f iover range of energies.
• Many results. Will herein focus on:

– Charm production @ ECM~10 GeV
• From Upsilon resonances
• From χJ resonances (P-states) 
• Correlated charm continuum prod.

Bar on prod ction (and dibar ons)• Baryon production (and dibaryons)
– Photons from cont, J/ψ, U(1S)

• Compare gg and qq recoil systems• Compare gg and qq recoil systems.



ECM=10 GeV Historical Themes
• Baryon production enhancement in ggg decays of• Baryon production enhancement in ggg decays of 

narrow resonances vs. qq fragmentation
• Fragmentation of gg~gggFragmentation of gg ggg
• U(1S) ggg hidden charm (psi), but not D’s
• Direct photon dN/dp in quarkonium ggγ softer than p p q ggγ

orthopositronium γγγ
– Recoil fragmenting gg system must be included in full 

calculation of photon momentum spectrumcalculation of photon momentum spectrum
• From the 80’s: “Decuplet” suppression in continuum 

fragmentation (Δ:p, e.g.).g ( p, g )
– spin (3/2)~0.1(1/2)

• Much recent work on the role of color octet/color 
i l l ib i i i l ifisinglet gluon contributions in particle-specific 

fragmentation (Braaten, ψ production @CDF)



Mass Levels, Schematically:
U il d id f d d !Upsilon and ψ provide sources of ggg and ggγ decays!



And transitions (Upsilon, e.g.)
Also: χb gg and qq(g); 

accessible via photon-tag



QUARKS          vs         GLUONS

THUMBNAIL of recent results



1) Open Charm from U(1S) gluons (Mike Watkins thesis, pre-
preliminary)
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Photon-tagging to access χb states



(2)





Bodwin, Braaten et al (NRQCD)
Update model used to explain psi production atUpdate model used to explain psi production at 

Tevatron: One non-perturbative parameter ρ8

=mb
2<Octet 4-quark operator>/<Singlet 4-quark op.>

~0.100.10

Original model from 1995 recently updated 2007Original model from 1995 recently updated 2007



2) Charm production from qq(g) decays
“NEW”=new CLEO result / “TEST”=consistency check with varied 

bkgnd parameters

Numbers in excellent agreement with NRQCD prediction with one free g p
parameter (ρ8)=0.086+/-0.011 (from fit)

Significant signal for J=1 state (decays to qqbar+gluon) for both states

Slightly weaker for n=2 state (more decay width for other transitions)



Hidden charm(onium) production in Y(1S)
• Phys Rev D70 (2004)• Phys.Rev. D70 (2004) 

072001
• Also probes color-octet vs. p

color-singlet contributions



Comparison vs. model

Although shape not quite right,

Color octet prediction: 6.2x10-4



3) Continuum/quarkonium direct 
h tphotons

• Quarkonium production of direct photons:
Via ggγ; photon spectrum calculable via SCET– Via ggγ; photon spectrum calculable via SCET

– Requires some model of recoil system
• Sum color octet and color singlet contributions of recoil• Sum color octet and color singlet contributions of recoil 

state.
• Also include ‘fragmentation’ photons off final-state quark g p q

lines (Catani&Hautmann)



Models
Fleming & Liebovich• Fleming & Liebovich 
(SCET, 2003), Garcia-
Soto (2005 2007)Soto (2005,2007)
ψ prediction on top, 
Upsilon bottomUpsilon bottom 
(pink=color singlet 
contributions only) with 
data overlaid



Direct photon production in quarkonia
U(1S): Measure ratio of ggγ:ggg rates

Taglines: a) psi ‘continuum’Taglines: a) psi continuum  
spectra very similar to Upsilon 
spectra b) rate for psi

BUT: one calculation at U(1S) ( )
unphysical for z>0.7

For psi: R=0.134+/-0.001 (stat) +/-0.015 (sys) +/-0.004 (extrapolation 0)

Scaling Upsilon msrmnt, accounting for running of αs expect ~0.095 (Voloshin)

Aside: Lowest-order QCD: dN/dz~z



4) Direct Photon-tagged events to 
probe ggγ vs qqγprobe ggγ vs. qqγ

• I.e. compare inclusive particle production in 
recoil two-gluon system with qq fragmenation 
i ISR + b + h t tivia ISR: e+e- qqbar+photon on continuum
– Direct quark vs. gluon probe – no jet-identification 

neededneeded
– Statistically unfold continuum contamination to 

resonance (~20% effect)eso a ce ( 0% e ect)
• Start by repeating previous studies 

(CLEO,ARGUS) of baryon production from ( , ) y p
quarkonium ggg vs. nearby continuum (qqbar)



OPAL result (shown yesterday) –
Lambda enhancement 1 1 5 for all jetLambda enhancement 1-1.5 for all jet-

finders



CLEO:  Momentum-dependent ggg/qq 
h t ( h t t i )enhancements (no photon tagging)

E h t d i t tEnhancement dominant at 
Low momenta (cf. DELPHI)

Note: avg multiplicity in ggNote: avg. multiplicity in gg 
decays
Same as qqbar to within 5%



Several particles ggg vs. qqbar (10 
GeV)GeV)

Enhanced 
proton/antiprotonproton/antiproton 
rate~1.5

Enhanced lambda 
t 2 7rate~2.7

(not in JETSET)



Proton rate in χb gg/qq(g) decays

JETSET gets 
this ratio rightthis ratio right.



Momentum-integrated ggγ vs. qqγ
Enhancements approximately 3/4 
of ggg enhancements (~Nparton)



Summary of results on previous slides
data vs JETSETdata vs. JETSET



5) Correlated baryon-antibaryon 
production (BaBar re analysis)production (BaBar re-analysis)

Charmed baryons 3x more likely to appear opposite an anti-charmed baryon 
than an anti-charmed meson (per tag)



Also, Λ−Λ correlations
DATA                         MC               DATA-MC

JETSET 7.4 reproduces same hemisphere /\/\(c) 
correlations but deficit of opposite hemisphere correlationscorrelations, but deficit of opposite hemisphere correlations

http://xxx.lanl.gov/PS_cache/hep-ex/pdf/0205/0205085v1.pdf



Recent CLEO results:η’ production

Expect: 
enhancedenhanced 
coupling of eta’ in 
gluon-rich 

i t?environment?

Find: Total η’ rate 
in ggg eventsin ggg events 
comparable to 
qqbar



Phys.Rev. 
D75 
(2007) 
012009012009 

N.B. Raw deuteron:antideuteron 
rate ~10 (beam-gas/beam-wall 

interactions



Phys.Rev. 
D75 (2007) 
012009



Implications for coalescence model
U l• Unclear.

• If anti-deuterons always compensated by 
deuterons, coalescence disfavored.
– This result not inconsistent with coalescence…



Conclusions (part 1)
• Open charm produced in gluon hadronization• Open charm produced in gluon hadronization 

@10 GeV, but at rate ~15% wrt qqbar
• Hidden charm enhanced• Hidden charm enhanced
• Dibaryon production (anti-deuterons) enhanced 

by factor ~ square of single baryonby factor ~ square of single baryon 
enhancement from gluons 

• Two gluons baryons~2/3 3/4 3gluons• Two gluons baryons~2/3-3/4 3gluons-
baryons, based on ggγ decays
– Although shape of photon spectrum doesn’t match– Although shape of photon spectrum doesn t match 

with theory (yet)
• Color octet+singlet models still need someColor octet singlet models still need some 

tuning (but an improvement over old school)



Intermezzo (sans music)

CLEO run plan for next few 
months.

Orange=good.

Everything else=badEverything else bad.



Conclusions (2)
• “Rumors of my death are exaggerated” (M Twain)• Rumors of my death are exaggerated  (M. Twain)

– Unfortunately, not in this case: After 30-year physics 
program, CLEO data-taking ending in 97 hours.

• Still some fragmentation physics to be done:
– More detailed studies of gg vs. ggg fragmentation

BE l ti t ECM 10 G V ECM 3 G V– BE correlations at ECM=10 GeV vs. ECM=3 GeV
ΛΛ correlations again at 10 GeV and also at 3 GeV, with 
polarization correlations.p

• Systematics-limited analyses (e.g., D/D*/Ds/Λc
fractions on continuum) likely competitive for awhile

• and nice spectroscopy at threshold (e.g., first 
observation of Ds p+antineutron)

• Expect active physics for another 12 18 mos then the• Expect active physics for another 12-18 mos., then the 
deluge…


