
Pro
eedings of the DIS'2004, �Strbsk�e Pleso, SlovakiaTHEORY SUMMARY OF WORKING GROUP D:HEAVY FLAVOUR PHYSICSSTEFAN KRETZERPhysi
s Department and RIKEN-BNL Resear
h Center,Brookhaven National Laboratory, Upton, New York 11973, USATen theoreti
al talks presented in the working group D on \heavy 
avour physi
s"are summarized. Re
e
ting the workshop's fo
us on \deep inelasti
" physi
s, mostof the 
ontributions were 
entered around the phenomenology of heavy 
avourprodu
tion.1 Introdu
tionOpen heavy 
avour as well as quarkonium produ
tion rates and di�erential dis-tributions ea
h pose their individual 
hallenge to a theoreti
al des
ription of the
orresponding pro
esses in perturbative QCD. Revisions and improvements on bothends of the 
omparison between experiment and theory have reaÆrmed our 
on-�den
e that the basi
 theoreti
al ideas derived from the heaviness of 
harm andbottom quarks are 
orre
t, and that remaining puzzles 
an be resolved throughre�ning the detailed pres
riptions along whi
h these ideas are translated into 
on-
rete phenomenologi
al analyses of experimental observables. Su
h re�nements,as reported at DIS04, may still reveal the devil in the detail and turn out to bequite relevant phenomenologi
ally, without ne
essarily altering the big ontologi
alpi
ture by mu
h.2 Open heavy 
avour produ
tionThe theory of open heavy 
avour produ
tion has rea
hed a parti
ularly maturestage. At the 
onferen
e we heard about re�nements of the 
ollinearly fa
torizedtwist-2 formalism as well as about 
on
eptually di�erent developments along non-
ollinearly k?-fa
torized approa
hes. The latter will be summarized under theaspe
t of resummation below.Ingo S
hienebein, along with early results from a reassessment of the hadropro-du
tion pro
ess, presented a 
on
eptual review of the various implementations ofthe 
ollinear fa
torization approa
h to heavy 
avour produ
tion. His dis
ussionwas guided by the fa
torization theorem with heavy quark masses and fo
used onpower suppressed mass terms. A 
ommonly a

epted pres
ription to treat heavyquarks would be very valuable, not least for future LHC phenomenology, and itwill be interesting to see how the �nal results will 
ompare (phenomenologi
allyand 
on
eptually) with the results presented by S. Frixione whi
h I am about tosummarize next.
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Figure 1. Not a 
ommon view in re
ent years: NLO QCD 
al
ulation des
ribing bottom produ
-tion at the Tevatron; presented by S. Frixione.3 The puzzle in heavy quark produ
tion physi
s ?One of the biggest worries in heavy quark produ
tion over the re
ent years hasbeen the seeming ex
ess in bottom produ
tion rates, measured e.g. as a p? spe
-trum at the Tevatron. Stefano Frixione presented the state-of-the-art of the pQCD
al
ulations, where the NLO perturbative approximation is mat
hed to the all or-der 
ollinear resummation, thus de�ning a variant of a 5 
avour s
heme with massterms. (The 
al
ulation agrees well with �nal state parton showering as imple-mented into MC�NLO). The results indi
ate that an improved understanding ofthe Q! jQ�qiX fragmentation fun
tion leaves us with a mu
h more optimisti
 pi
-ture than was assumed over the previous years, during whi
h it seems in retrospe
tthat dis
repan
ies may a
tually have been overstressed or theoreti
al un
ertaintiesunderestimated. In parti
ular, the re
ent Run II Fermilab data appear to be inperfe
t agreement with NLO QCD (Fig. 1). Reassuringly, bottom produ
tion atHERA { though on average somewhat on top of the theory { 
ompares better withthe predi
tions now, too, within the phase spa
e region that is visible to the H1and ZEUS dete
tors. It should be remarked, though, that no 
orresponding reso-lution of the apparent bottom a

ess in photon 
ollisions has yet been proposed.Jiri Chyla suspe
ted that missing higher order terms may be relevant, whi
h 
ouldbe 
lari�ed only through an expli
it 
al
ulation. It seems in order to �rst have asimilar update between NLO theory and experiment as S. Frixione presented forthe Tevatron 
ase.4 ResummationsCollinear resummation populates the target remnant state and heavy quark jet witha higher multipli
ity of unresolved partons, by means of (DGLAP) evolving the par-



Theory summary of working group D 3ton densities and fragmentation fun
tions. These extra-partons are integrated overand approximated to be 
ollinear, though, so they do not 
ure the perturbative arte-fa
t of a low number of resolved (non
ollinear) parti
les in the �nal state. Adding aMonte Carlo parton shower phase 
an generate a 
on�guration that resembles morethe physi
al reality of the dete
ted hadroni
 �nal states. Still, there are unphysi
alfeatures of the pre-showering stage from soft gluons. They 
an be improved throughanalyti
 Sudakov resummations. Tom Mehen and Ni
k Kidonakis showed that forendpoint e�e
ts in Quarkonium produ
tion in e+e� annihilations and for thresholde�e
ts in bottom produ
tion rates at HERA-B, resummations are ne
essary to de-s
ribe the data. In parti
ular the kinemati
 endpoint region re
eives resummation\
orre
tions" that 
hange the theory predi
tions even qualitatively, explaining theabsen
e of a large 
olor o
tet 
ontribution. (For other problems in quarkoniumprodu
tion that remain unresolved, I refer the reader dire
tly to T. Mehen's talk.)Resummations of a di�erent kind, presented at this meeting by Sergey Baranov,Hannes Jung, Anatoly Kotikov and Antoni Sz
zurek, are at work in k?-fa
torizedapproa
hes to heavy quark produ
tion. Introdu
ed as a resummation of small-xlogarithms in the high energy limit, k? fa
torization breaks the k? ordering of theladder diagrams that 
onstitute the DGLAP evolution (in a physi
al gauge). Whileit seems that at present energies this kind of resummation is not a phenomenologi
alne
essity, radiation patterns (su
h as BFKL or angular ordering) di�erent fromDGLAP are predi
tions of QCD and as su
h are of ontologi
al interest. As dis
ussedby Antoni Sz
zurek, 
orrelations resolve the kinemati
s in greater detail and arelikely to 
ontain more information than in
lusive produ
tion rates. The individualresults presented here, depending on the assumed unintegrated gluon densities,
ertainly demonstrated a good des
ription of e.g. the Tevatron data, even thoughA. Kotikov reminded us of the importan
e to know NLO 
orre
tions. It is theopinion of the author of this summary that also a global pi
ture of k? fa
torization,mat
hing all relevant data sets with one universal unintegrated gluon distribution,would add 
onvin
ing eviden
e that the formalism is \real".5 Heavy quarks and pre
ision ele
troweak physi
sConsidering that the theory of heavy 
avour produ
tion had to stand 
laims of un-dershooting the data by large fa
tors, it seems almost ironi
 that it should be of anyrelevan
e to pre
ision ele
troweak measurements. However, the link is through dif-feren
es in neutrino- and anti-neutrino produ
tion of 
harm in the NuTeV anomaly(see 
ontributions and summary of WG E). I have myself presented at this 
onfer-en
e an analysis in terms of the strangeness asymmetry s(x)� �s(x) that should be
ontrasted with experimental results presented by Panagiotis Spentzouris.6 Final 
ommentsTo 
on
lude my report I steal from one of the experimental talks and remark onwhat Matthias Grosse-Perdekamp told us about heavy 
avour produ
tion in AuAu
ollisions at RHIC. The theory of heavy quark produ
tion is based on the fa
tthat the heavy quark mass 
uts o� the 
ollinear singularity in in
lusive produ
tion



4 Stefan Kretzerrates. As an angular distribution, this 
orresponds to the dead 
one e�e
t (Fig 2)whi
h is expe
ted to modify heavy 
avour produ
tion di�erently from light partonsin heavy ion 
ollisions. I 
onsider it a beautiful prospe
t to have su
h seeminglyvery di�erent phenomena mutually (and hopefully) 
on�rm the same underlyingtheoreti
al pi
ture.Finally, this workshop has also seen the announ
ement that the 
al
ulation ofthe NNLO light quark and gluon anomalous dimensions has been �nalized. Thissets a new level of a

ura
y of pQCD 
al
ulations whi
h to mat
h in the heavyquark 
ontributions has thus be
ome a pressing 
hallenge.
Figure 2. The dead 
one 
uts o� radiation in the would-be nonperturbative region.A
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