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FERMILAB-CONF-09-358-EDESY 09-085Heavy 
avours: working group summaryAhmed Ali1, Leonid Gladilin2 and Diego Tonelli31- Deuts
hes Elektronen-Syn
hrotron DESYNotkestrasse 85, D-22607 Hamburg - Germany2- Mos
ow State University - S
obeltsyn Institute of Nu
lear Physi
s1(2), Leninskie gory, GSP-1, Mos
ow 119991 - Russia3- FermilabP.O. Box 500, Batavia, IL 60510-5011 - USAThe talks presented in the working group \Heavy 
avours" of the DIS 2009 workshopare summarised. New and re
ently updated results from theory, proton antiproton andheavy ion 
olliders, as well from HERA and e+e� 
olliders are dis
ussed [1℄.1 Introdu
tionProdu
tion and fragmentation of heavy quarks is one of the most dynami
al �elds of resear
hin QCD pre
ision tests. There is an a
tive interplay between experimental analysis andtheoreti
al developments in this area. The aim of the working group was to dis
uss therelevant experimental and theoreti
al results that be
ame available or updated sin
e theprevious DIS workshop in 2008. They are summarised here in three se
tions: news fromtheory (se
tion 2), news from proton and heavy ion 
olliders (se
tion 3), and news fromHERA and e+e� 
olliders (se
tion 4).2 News from theoryTheoreti
al a
tivity in heavy 
avours has been brisk during the last year, spurred by newexperimental measurements and some outstanding 
hallenges. Theory talks given in thissession were invited on the following topi
s:� Appli
ations of the General-Mass Variable-Flavour-Number S
heme (GM-VFNS).� Theoreti
al progress in stru
ture fun
tions (SFs), parton distribution fun
tions (PDFs),fragmentation fun
tions (FFs) and heavy 
avour produ
tion 
ross se
tions.� Studies of the (J= ;�) data on the produ
tion 
ross se
tions and polarisation.� Spe
tros
opy of the b-baryons and interpretations of the states X(3872), Y (4140), andZ+(4430).These topi
s were addressed in 13 theory talks. In this se
tion, salient features of thepresentations are summarised and brie
y 
ommented.DIS 2009 1
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2.1 Appli
ations of GM-VFNSIn heavy quark produ
tion pro
esses with two large s
ales, m, the heavy quark mass, andpT , the transverse momentum of the produ
ed heavy quarks, one would like to absorbthe logarithms ln(pT =m) present in the perturbative framework, whi
h are large in theregion pT � m, into the PDFs and FFs, where they are resummed using the DGLAPevolution as in the massless 
ase. However, one would also like to retain the �nite massterms proportional to m2=p2T in the hard-s
attering 
ross se
tions. The GM-VFNS enablesto a

omplish these goals in a two-step pro
edure: In the �rst step, massless and massivequark 
al
ulations are mat
hed. The key point is to isolate the 
ollinear singularities in themassive 
al
ulation d~�(m), whi
h are 
an
elled by subtra
ting the massless 
al
ulation (inthe MS s
heme), d�̂MS, but the residue d�sub, de�ned as d�sub = limm!0 d~�(m) � d�̂MS,
ontains �nite terms. The se
ond step is to subtra
t d�sub from d~�(m), the 
ross se
tionwith m 6= 0, in whi
h the ultraviolet and 
ollinear singularities due to massless partonshave also been removed using the MS fa
torisation s
heme. The resulting 
ross se
tiond�̂(m) = d~�(m) � d�sub is the desired quantity, in whi
h �nite quark mass terms are keptin the hard s
attering 
ross se
tion but the PDFs and FFs for the massless partons inthe MS s
heme are used. Details 
an be seen in [2℄. The GM-VFNS approa
h has beenapplied to a number of in
lusive one-parti
le produ
tion 
ross se
tions in the pro
esses
 + 
 ! D�� + X , 
� + p ! D�� + X , p + �p ! (D0; D��; D�; D�s ;��
 ) + X and p +�p ! (B0; B�) + X . Of these, the photoprodu
tion 
� + p ! D�� + X , open 
harmhadroprodu
tion p�p ! D + X , and heavy quark ele
troprodu
tion are being dis
ussed indetail in these pro
eedings by Spiesberger [3℄, Kniehl [4℄, and Alekhin [5℄, respe
tively. Inphotoprodu
tion, one has to treat 
onsistently the 
ontributions from the dire
t and resolvedpro
esses. At the next-to-leading order (NLO) theoreti
al pre
ision, the separation intodire
t and resolved 
ontributions be
omes s
heme-dependent, as the singular 
ontributionsto the dire
t photon part have to be fa
torised and absorbed into the parton distributionfun
tions of the photon. Data on photo- and ele
tro-produ
tion of D� meson from H1 andZEUS have been analysed in the GM-VFNS framework [3℄. There is good overall agreementbetween data and theory, but the theoreti
al un
ertainties are still large, dominated by theambiguity in the 
hoi
e of the renormalisation and fa
torisation s
ales. In the small-pTregion, theoreti
al predi
tion is un
ertain by typi
ally a fa
tor 2 whi
h then is propagatedto the entire rapidity distributions, as they were measured with a relatively small lower
uts, pT > 1:8 GeV for the photoprodu
tion data from H1 and pT > 1:5 GeV for low-Q2data from ZEUS. A NNLO 
al
ulation is required to redu
e these un
ertainties. A MonteCarlo programme for heavy quark produ
tion based on the NLO 
al
ulations has also beendeveloped and is now in use in the analysis of the HERA data [6℄.Transverse-momentum distributions for the 
harmed hadrons in p�p! (D0; D+; D�+)+Xare dis
ussed in [4℄. The essential improvement here is a better determination of the FFsusing the LEP1, KEKB and CESR data in the GM-VFNS s
heme, whi
h has resultedin better agreement of the pT -distributions of the 
harmed hadrons at the Tevatron. Inthe GM-VFNS s
heme, D-meson hadroprodu
tion re
eives 
ontributions from the partoni
pro
esses with in
oming 
 and �
, and hen
e this pro
ess is sensitive to their PDFs andpossible intrinsi
 
harm (IC)-indu
ed enhan
ements. The IC 
ontribution has been studiedin a variety of di�erent models and analysed in [7℄ using the CTEQ6.5 global analysis [8℄.The pT -distributions in p�p! D0 +X at the Tevatron and in pp! D0 +X at RHIC (withps = 200 GeV and ps = 500 GeV) have been 
al
ulated in the GM-VFNS s
heme and the2 DIS 2009



former are 
ompared with the Tevatron data, using six di�erent parameterisations of theIC-
ontribution. Unfortunately, no �rm 
on
lusions 
an be drawn as the present Tevatrondata, whi
h is of the 2002 vintage, is based on rather modest luminosity (5.8 pb�1). This will
hange greatly if the full for
e of the 
urrent Tevatron integrated luminosity (
ir
a 5 fb�1)is brought to bear on this analysis. Data at RHIC are also potentially sensitive to the inputIC-
ontribution and will be able to dis
riminate among the various IC-models in the future.The 
harm stru
ture fun
tion F 
�
2 (x;Q2) measured in the DIS ele
troprodu
tion atHERA was dis
ussed by Alekhin [5℄ in the 
ontext of the two s
hemes FFNS (�xed 
avour-number s
heme) and the VFNS, using the Buza-Matiounine-Smith-van Neerven (BMSN)pres
ription [9℄. The main 
on
lusion from this analysis is that for the realisti
 HERAkinemati
s, the two s
hemes are rather similar. FFNS with partial O(�3s) 
orre
tions in
or-porated provides a good des
ription of the HERA data for small/moderate Q2 values, but itundershoots the data for high Q2, 
alling for in
luding the remaining O(�3s) pie
es. Finally,an intermediate mass s
heme was dis
ussed by Nadolsky [10℄ and a global PDF analysiswas 
arried out in this s
heme with the 
on
lusion that the intermediate-mass formulationimproves the NLO zero-mass s
heme and approximates the more fundamental General-masss
heme (GM-VFNS) in a simple way.2.2 Progress in stru
ture fun
tions involving heavy quarksState of the art QCD analysis requires the des
ription of the heavy quark 
ontribution to thestru
ture fun
tions at 3 loops to mat
h the a

ura
y rea
hed in the massless partoni
 
ase.Making use of the fa
torisation property of the heavy quark Wilson 
oeÆ
ients, denotedby H(2;L);j , into a produ
t of the massive operator matrix elements AS;NSkj , and the light
avour Wilson 
oeÆ
ients CS;NS(2;L);k, whi
h holds in the region Q2 � m2, one hasHS;NS(2;L);j �Q2�2 ; m2�2 � = AS;NSkj �m2�2 �
 CS;NS(2;L);k �Q2�2 � : (1)Analyti
 results are known for Q2 � m2 at NLO for F2(x;Q2) and at NNLO for FL(x;Q2).The light 
avour Wilson 
oeÆ
ients are also known at the NNLO, thanks to the formidable
al
ulation by Vermaseren, Vogt and Mo
h [11℄. At this 
onferen
e, massive operator matrixelements AS;NSkj (m2�2 ), 
ontributing to F2(x;Q2) were reported in the region Q2=m2 � 10 to3-loop a

ura
y for the �xed moments of the Mellin variable N [12℄. In a 
omputationalTour de for
e, the following �xed moments of the massive operator matrix elements werea

omplished [13℄: A(3);PSQq : (2; 4; :::; 12); A(3);PSqq;Q ; A(3)gq;Q : (2; 4; :::; 14) ;A(3);NS�qq;Q : (2; 3; :::; 14); A(3)Q(q)g ; A(3)gg;Q : (2; 4; :::; 10) : (2)The supers
ript PS(NS) stands for the pure singlet (non-singlet) 
ase, and the quarkoni
operator matrix element is represented as ASqq = ANSqq + APSqq . In the 
ase of the 
avournon-singlet 
ontributions, also the odd moments are 
al
ulated. This provides an indepen-dent 
he
k on the 3-loop anomalous dimensions 
(2)qg , 
(2);PSqq and on the respe
tive 
olourproje
tions of 
(2);NS�qq , 
(2)gg and 
(2)gq . Phenomenologi
al parameterisations are to followsoon.DIS 2009 3



Heavy 
avour e�e
ts in the virtual photon stru
ture fun
tions in the NLO a

ura
y werereported at this meeting by Uematsu [14℄. Con
entrating on F 
2 (x;Q2; P 2), where Q2 isthe photon virtuality and P 2 the target (photon) mass, one has the fa
torisation result as a
onvolution in the virtual photon distribution fun
tion ~q
 and the 
oeÆ
ient fun
tion ~CF 
2 (x;Q2; P 2) = ~q
(y;Q2; P 2;m2)
 ~C �xy ; �m2Q2 ; �g(Q2)� ; (3)where the heavy quark mass dependen
e enters in both the terms. Taking the moments of~q
 , one 
an write the resulting expression as a produ
t of two termsZ 10 dxxn�1~q
(x;Q2; P 2;m2) = ~An�1; �m2(P 2)P 2 ; �g(P 2)� T exp"Z �g(P 2)�g(Q2) dg 
n(g; �)�(g) # ; (4)where the matrix elementh
(P 2)j ~On(�2)j
(P 2)i = ~An �P 2�2 ; �m2(�2)�2 ; �g(�2)� (5)is perturbatively 
al
ulable. Thus, as opposed to the nu
leon stru
ture fun
tions dis
ussedabove, the photon stru
ture fun
tion is 
ompletely 
al
ulable perturbatively, as �rst em-phasised by Witten [15℄. This framework has been applied in the massive quark limit�2QCD � P 2 � m2 � Q2 to the PLUTO data with Q2 = 5 GeV2 and P 2 = 0:35 GeV2,with the 
on
lusion that the data is in better agreement with the 
ase of 3 massless NLOQCD + 
 massive 
ompared to the 4 massless NLO QCD 
ase [16℄. A 
omparison ofthe massive b quark + 4 massless quarks 
ase with the L3 data for Q2 = 120 GeV2 andP 2 = 3:7GeV2 is not as 
on
lusive due to the smaller (�1=3) ele
tri
 
harge of the b-quarkas well as the impre
ise nature of the L3 data.2.3 Progress in the t�t produ
tion 
ross se
tion at the Tevatron and the LHCThere has been steady progress in 
al
ulating the t�t produ
tion 
ross se
tion at the Tevatronand the LHC. This was reported at this 
onferen
e by Langenfeld [17℄, and sin
e then in are
ently published paper [18℄, in whi
h the 
ross se
tion at the Tevatron is used to determinethe running top quark mass. The relevant formulae for the pro
ess �(pp(�p)! t�t+X) are:�(pp(�p)! t�t+X) = �2sm2t Xi;j=q;�q;g Z S4m2t dsLij(s; S; �2f )fij(�;M;R) ; (6)Lij(s; S; �2f ) = 1S Z Ss dŝ̂s �i=p � ŝS ; �2f��j=p(�p) � ŝs ; �2f� ; (7)Here, S is the 
entre-of-mass energy squared (of the pp or p�p 
olliding beams), s is thepartoni
 
entre-of-mass energy squared, mt is the top quark (pole) mass, and Lij is theparton luminosity fun
tion with the PDFs �i=p, evaluated at the fa
torisation s
ale �f . Thefun
tions fij(�;M;R) are the hard partoni
 
ross se
tion and depend on the dimensionlessvariables � = 4m2t=s, R = �2r=�2f and M = �2f=m2t , where �r is the renormalisation s
ale.They have been solved in perturbation theory up to two loops. For M = R = 1, i.e.,4 DIS 2009



mt = �r = �f , one has fij(�; 1; 1) = f (0)ij (�) + 4��sf (1)ij (�) + (4��s)2f (2)ij . The dependen
eof fij(�;M;R) on the s
ales �f and �r 
an be made expli
it and the expressions 
an beseen in [18℄. Up to one loop, the results are known sin
e long, and at the two-loop level,the 
orre
tions in
lude the Sudakov logarithms lnk �, where � is the t-quark velo
ity, � =p1� �, and terms with k = 1; :::; 4 are in
luded in f (2)q�q and f (2)gg (the leading term � ln3 � inf (2)qg ), as well as the Coulomb 
ontributions � 1=�2; 1=�. The subleading 
orre
tion in thefun
tion f (2)ij has yet to be 
al
ulated. Estimating it as O(30%) in the NNLO 
ontributionimplies an un
ertainty of ��(pp! t�t+X) = O(15) pb at the LHC and ��(p�p! t�t+X) =O(0:2) pb at the Tevatron. The rest of the un
ertainties 
ome from the PDFs, the s
ales�f and �r, �s and mt. For the pole mass mt = 173 GeV, the t�t 
ross se
tions at the LHC(pS = 14 TeV) and the Tevatron (pS = 1:96 TeV) are estimated (for the MSTW2008PDFs [19℄) as follows [18℄:�(pp! t�t+X)LHC = (887+9�33(s
ale)� 15(PDF)) pb ; (8)�(p�p! t�t+X)Tevatron = (7:04+0:24�0:36(s
ale)� 0:14(PDF)) pb : (9)For the CTEQ6.6 set of PDFs [20℄, the 
entral values of the 
ross se
tion be
ome 874 pb and7.34 pb, for the LHC and the Tevatron, respe
tively, with almost the same s
ale un
ertaintiesas for the MSTW2008 PDFs, but the PDF-related errors for this set are signi�
antly larger,�28 pb in �LHC and �0:41 pb in �Tevatron, respe
tively. Finally, using the well-knownrelation between the pole mass mt and the MS mass �mt(�r = �mt), and making the mt-dependen
e in the total 
ross se
tion manifest, a value �mt( �mt) = 160:0+3:3�3:2 GeV for the MStop quark mass is obtained from the Tevatron produ
tion 
ross se
tion.2.4 Theoreti
al status of J= produ
tion at HERAThe 
ross se
tion �(
p! J= +X) in the 
olour-singlet (CS) model at the NLO a

ura
y was
al
ulated some time ago by Kr�amer [21℄ and has been re
on�rmed re
ently in [22℄, in whi
hpolarisation observables in photoprodu
tion were also 
al
ulated at the NLO a

ura
y. These
al
ulations have been 
ompared with the published [23℄ and preliminary ZEUS data [24℄and the results are summarised at this 
onferen
e by Artoisenet [25℄. The hadroni
 matrixelement hOJ= (3S1)[1℄i was �xed from the analysis of the J= -hadroprodu
tion data andthe CTEQ6M PDF set [26℄ was used. The three main phenomenologi
al parametersm
, the
harm quark mass, and �r; �f , the renormalisation and fa
torisation s
ales, were varied inthe range 1:4 GeV < m
 < 1:6 GeV, �0 = 4m
, 0:5�0 < �r; �f < 2�0, and 0:5 < �r=�f < 2.It was found that the CS yield at NLO a

ura
y underestimates the ZEUS data in both thepT and z-distributions, where z = p :pp=p
 :pp { a 
on
lusion whi
h is at varian
e with theobservations made earlier [23℄. The polarisation of J= is studied by analysing the angulardistributions of the leptons originating from the de
ay J= ! `+`�. In terms of the polarand azimuthal angles � and � in the J= rest frame, one hasd�d
dy / 1 + �(y) 
os2 � + �(y) sin 2� 
os�+ �(y)2 sin2 � 
os 2� ; (10)where y stands for either pT or z. If the polar axis 
oin
ides with the spin quantisation axis,the quantities �(y), �(y) and �(y) 
an be related to the spin density matrix elements. TheO(�s) 
orre
tions in the CS model have a strong impa
t on the polarisation parameters �DIS 2009 5



and �, whi
h were analysed as fun
tions of pT and z. In parti
ular, the �-distribution inNLO de
reases rapidly with in
reasing pT and has a large negative value above pT = 4 GeV,in 
ontrast to the LO predi
tion, whi
h is in reasonably good agreement with the data. Themeasurements of the parameter � are, on the other hand, in better agreement with the NLOpredi
tions (
ompared to the LO CS model predi
tion), though the model un
ertainties aretoo large for low z values to draw a quantitative 
on
lusion.On a related issue, Fa

ioli [27℄ summarised the experimental situation of J= polarisa-tion from the �xed target (E866, HERA-B) to the 
ollider energies (CDF), observing thatthe magnitude and the \sign" of the measured J= polarisation 
ru
ially depends on thereferen
e frame [28℄. In parti
ular, he showed that the seemingly 
ontradi
tory data on theparameter � from the experiments E866, HERA-B and CDF overlap as a fun
tion of theJ= 
ms total momentum and the data 
an be 
onsistently des
ribed, assuming that themost suitable axis for the measurement is along the dire
tion of the relative motion of the
olliding partons. In this (Collins-Soper) frame, polarisation 
hanges from the longitudinalat small momentum to transverse at high momentum. This resolves the apparent J= po-larisation puzzle among the experiments. However, the puzzle involving the theory (basedon NRQCD) vs. experiment still persists. In 
on
lusion, a quantitative understanding of theJ= -photoprodu
tion data at HERA is still la
king, 
alling for improved 
al
ulations withinthe NRQCD (su
h as invoking 
olour-o
tet transitions and O(�2s) 
orre
tions to the CSmodel) or perhaps the J= data are inviting a better theoreti
al framework. Soft CollinearE�e
tive Theory is a 
ase in point. A theoreti
al analysis of the produ
tion 
ross se
tionand the spin alignment parameter �(�) in p�p ! �+X data from the D0 
ollaboration atthe Tevatron was presented by Zotov [29℄, with very similar 
on
lusion, namely that theexisting QCD framework is not in agreement with the data, in parti
ular the distributionof �(�) as a fun
tion of pT is not understood. This will 
ome under sharp s
rutiny at theTevatron and 
ertainly at the LHC.2.5 New developments in the spe
tros
opy of 
harm and beauty hadronsThe saga of the su

essful predi
tions of the 
onstituent quark model (CQM) 
ontinues!Salient features of the b-baryon spe
tros
opy in this model were dis
ussed and 
ontrastedwith the existing data by Karliner [30℄, with the 
on
lusion that CQM (with 
olour hyper�neintera
tion) gives a highly a

urate predi
tions for the heavy baryon masses. Four examplesfrom the b-baryon spe
tros
opy illustrate this: The measured mass di�eren
e by the CDF
ollaboration m(�b) � m(�b) = 192 MeV was predi
ted to be 194 MeV; the hyper�nesplitting m(��b ) �m(�b) = 21 MeV [CDF℄ is in agreement with the predi
ted value of 22MeV. Likewise, the predi
tions for the masses, m(�b) = 5795� 5 MeV vs. 5793� 2:4� 1:7MeV (expt.), and m(
b) = 6052:9� 3:7 MeV, vs. m(
b) = 6054:4� 6:8 (stat) � 0:9 (syst:)MeV [CDF℄, are in ex
ellent agreement with data. It should, however, be noted that themeasurement of the 
b mass by CDF [31℄ di�ers from the �rst reported measurement of the
�b mass by D0, m(
�b ) = 6165� 10(stat)� 13(syst) MeV [32℄. On the theoreti
al side, theaspe
t that the 
onstituent quark masses in this model, in parti
ular the mass di�eren
emb �m
 used as input, depend on the spe
tator quarks, deserves further study. Thus, therelation of the CQM with QCD, in whi
h quark masses are universal, is far from obvious.The observation of the narrow state X(3872) by BELLE, in the de
ay mode B� !K��+��J= , with the �+��J= -mass spe
trum peaking at 3872 MeV, dominated by thestate X(3872)! J= �, as well as the radiative de
ay mode X(3872)! J= 
, measured by6 DIS 2009



BABAR, has established X(3872) as an exoti
 JPC = 1++ state. CDF and D0 
on�rmedthe X(3872) in p�p 
ollisions (produ
ed predominantly in prompt pro
esses rather than inB de
ays). In addition, the de
ay mode X(3872) ! J= !, whi
h seems to have a similarbran
hing ratio as the mode X(3872) ! J= �, implies large isospin violation, not typi
alof the usual strong intera
tions. The two leading hypotheses are that X(3872) is a looselybound \hadroni
 mole
ule" of the D0 �D0�, sin
e the mass of X(3872) is so 
lose to the D0 �D0�threshold [33℄, or that it is a point-like hadron, a tightly bound state of a diquark and anantidiquark, a tetraquark [34℄. The drawba
k of the tetraquark pi
ture is that it predi
tsa very ri
h spe
tros
opy. However, one has little understanding why a large number ofthese states have not been found. One of these predi
tions, namely the existen
e of related
harged parti
les de
aying into 
harmonium and pions, is still being debated. The mole
ularpi
ture seems to be at odds with the large prompt produ
tion in hadroni
 
ollisions. At this
onferen
e, Polosa [35℄ presented a 
al
ulation for the produ
tion 
ross se
tion of X(3872) atthe Tevatron, assuming that X(3872) is a loosely bound D0 �D0� mole
ule. Sin
e then, thiswork has been published [36℄ and the main points are summarised here. Using the CDF dataon prompt X(3872) produ
tion in the J= �+�� mode and the yield of  (2S)! J= �+��,as well as the fra
tion of the prompt  (2S) 
andidates, and assuming that the X(3872)and  (2S) have the same rapidity distribution in the range jyj < 1, a lower bound on theprompt produ
tion 
ross se
tion �(p�p ! X(3872) +X) of 3:1� 0:7 nb is obtained. This is
ontrasted with the estimates of an upper bound on the theoreti
al 
ross se
tion, based onthe assumption that X(3872) is an S-wave bound state, X(3872) = 1=p2(D0 �D�0+ �D0D�0):�(p�p! X(3872) +X) / j Z d3khX jD �D�(k)ihD �D�(k)jp�pij2 � ZR d3kjhD �D�(k)jp�pij2 ;(11)where k is the relative 3-momentum between the D(p1) and D�(p2) mesons.  (k) =hX jD �D�(k)i is a normalised wave fun
tion for the state X(3872), and R is the regionwhere  (k) is non-zero. The matrix element hD �D�(k)jp�pi is 
al
ulated with the help ofQCD (2 ! 2) matrix elements embedded in the fragmentation programme, Pythia andHerwig. With the binding energy E0 � MX � MD � MD� = �0:25 � 0:40 MeV, the
hara
teristi
 size r0 of the mole
ule is estimated as r0 � (8:6 � 1:1) fm, yielding for k anumber k 'p�(�0:25� 0:40) ' 17 MeV, where � = mDmD�=(mD +mD�) is the redu
edmass. Applying the un
ertainty prin
iple yields a Gaussian momentum spread �p � 12MeV. Alternatively, k is of the order of the 
entre of mass momentum, k ' 27 MeV. Withthis, the integration region is restri
ted to a ball R of radius ' [0; 35℄ MeV. Herwig thenyields an upper limit of 0:013 nb on �(p�p ! X(3872) +X) and the 
orresponding numberfor Pythia is 0:036 nb. This is typi
ally two orders of magnitude smaller than the measured
ross se
tion by CDF, disfavouring the mole
ular interpretation of X(3872).3 News from proton and heavy ion 
olliders3.1 New results from p�p and pp 
ollidersThe Tevatron is today the only environment where all spe
ies of heavy 
avours (HF) arestudied. The CDF and D0 experiments pursue a ri
h and diverse HF program that isrea
hing maturity, owing to samples of p�p 
ollisions in ex
ess of 5 fb�1 per experiment,expe
ted to double by 2011. This suggests a few years of intense and fruitful 
ompetitionwith next generation experiments that will soon start their operations at the LHC.DIS 2009 7
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Figure 1: Di�eren
e between the J= � andthe J= mass as observed by CDF in 2:7 fb�1of Tevatron p�p data with �t proje
tion inthe ba
kground-only (dashed line) and signal+ba
kground hypothesis (full line) overlaid.

With thousands of top-quark de
ays 
ol-le
ted, Tevatron top physi
s entered therealm of pre
ision [37℄. Using 2.8 fb�1CDF reported the single most pre
ise t�t pro-du
tion 
ross se
tion measurement, �t�t =6:9 � 0:4(stat) � 0:4(syst) � 0:1(theo) pb;the 8% relative un
ertainty 
hallenges thepre
ision of most re
ent theory predi
tions,and is a
hieved by normalising the t�t to theZ 
ross se
tion thus 
an
elling the leadingsystemati
 un
ertainty from the luminosityof the sample. D0 reports a result, 
om-bined through 14 independent 
hannels, of�t�t = 8:18+0:98�0:87 pb using 0.9 fb�1. Whilemeasurements of t�t strong produ
tion are animportant test of perturbative QCD, ele
-troweak (single) top-quark produ
tion de-termines dire
tly the magnitude of the Vtbquark-mixing matrix element, probes the b{quark PDF of the proton, is sensitive to fourth generation models, and is ultimately a keytesting ground for Higgs sear
hes in the WH asso
iated produ
tion 
hannel. Both experi-ments reported 5� observation of this pro
ess using 2.3 (D0) and 3.2 (CDF) fb�1. Be
auseof the tiny signal-to-ba
kground ratio, use of advan
ed ma
hine-learning te
hniques is re-quired, whose performan
e is 
arefully validated in multiple 
ontrol samples. The measured
ross se
tions, �t = 2:3+0:6�0:5 pb (CDF) and �t = 3:94 � 0:88 pb (D0), yield the valuesjVtbj = 0:91� 0:13 (CDF) and jVtbj = 1:07� 0:12 (D0).
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Figure 2: Mass distribution of 
+b 
andidatesre
onstru
ted by D0 in 1.3 fb�1 of Tevatronp�p data with �t proje
tion overlaid.

Interest in HF spe
tros
opy was renewedre
ently, after a few unexpe
ted \exoti
"states, observed at the B fa
tories, 
hal-lenged our understanding of hadrons' 
om-position [38℄. The latest addition to thispi
ture 
omes from CDF, whi
h reports ev-iden
e of a new resonant J= � state, re-
onstru
ted from the world's largest sample(� 75 events) of B+ ! J= �K+ de
ays,in 2:7 fb�1 of data. The ex
ess amounts to14 � 5 events, for a signi�
an
e in ex
essof 3:8� (Fig. 1). The parti
le is dubbedY (4140) after its observed mass of 4143 �2:9(stat) � 1:2 (syst) MeV, whi
h is abovethe 
harm-pair threshold and disfavours in-terpretations as a 
onventional 
harmoniumstate. D0 reports the �rst observation ofthe 
+b baryon (quark 
ontent ssb) in itsJ= (! ��)
+[! �(! p�)K+℄ de
ay with18� 5 events in 1.3 fb�1 and a signi�
an
egreater than 5� (Fig. 2). The observed mass value, m(
+b ) = 6165� 10(stat) � 13 (syst)8 DIS 2009



MeV, is higher than most theoreti
al predi
tions. Shortly after this workshop, CDF hasreported observation of this baryon with mass 6054:4� 6:8(stat) � 0:9 (syst) [31℄, in goodagreement with theoreti
al expe
tations [30℄.Hadroprodu
tion of HF is a 
ru
ial test of our understanding of QCD [39℄. CDF presenteda measurement of B+
 produ
tion 
ross se
tion in the semileptoni
 J= (! �+��)�+X �nalstate using B+ ! J= K+ as a referen
e. The ratio of produ
tion rates times bran
hingratios in the pT > 4GeV regime is R = 0:295� 0:063, using 1 fb�1. CDF also re
onstru
teda few hundred events in the ex
lusive 
hannel B+
 ! J= �+ using the full 4.7 fb�1 sample.A signal with similar yield and purity is expe
ted from LHCb with just 1 fb�1 of data.However, the general 
ommon strategy for initial measurements at LHC is to fo
us on eitherin
lusive �nal states or well-known ex
lusive ones, likeB+ ! J= K+. The LHC experimentsplan to provide a deeper insight into some theory/data dis
repan
ies observed in promptonia produ
tion (spe
tra and polarisations) at the Tevatron. Even with a small fra
tion oftheir initial data, signi�
ant samples are expe
ted, by exploiting larger and 
omplementarydete
tor a

eptan
es with respe
t to CDF and D0: e.g. CMS expe
ts � 75; 000 J= de
aysin only 3 pb�1 of data.CDF also reported the �rst observation of ex
lusive 
entral 
harmonium (photo)pro-du
tion [40℄ in hadron 
ollisions. Clear J= and  (2S) signals over a negligible 
ontinuumba
kground are re
onstru
ted, in agreement with theory predi
tions. Observation of ex-
lusive �
0 produ
tion as well provides useful 
onstraints on the rea
h in ex
lusive Higgsprodu
tion at the LHC.3.2 New results from heavy ion 
ollidersThe era of \beauty" is opening at RHIC [41℄. Heavy 
avours are key tools to probe andunderstand independently of other methods the properties of the hot and dense nu
learmedium through their energy loss. Both the STAR and PHENIX experiments re
onstru
t�! e+e� signals in ps = 200 GeV pp (Fig. 3, left) and d+Au 
ollisions, and observe binarys
aling of the produ
tion. Produ
tion of quarkonia is not modi�ed in d+Au 
ollisions (e.g.STAR measures RdAu = 0:98� 0:32(stat) � 0:28(syst)) but appears suppressed in Au+Au
ollisions, whi
h is not fully understood. In addition, both experiments �nd large b{quark
ontribution to the single-e spe
trum at pT > 4 GeV, in agreement with FONLL pQCDtheory [42℄ (Fig. 3, right). Next generation heavy ions experiments plan to improve theseresults and obtain a 
learer pi
ture: in just one month of running ALICE plans to 
olle
tlarge samples of onia with signi�
an
es S=pS +B � 10 � 100. Similarly, CMS plansto eÆ
iently re
onstru
t 
harmonia and bottomonia in Pb+Pb 
ollisions and be able todetermine the produ
tion 
ross se
tion [43℄.4 News from HERA and e+e� 
olliders4.1 New results from e+e� 
ollidersAn observation of an anomalous line-shape of the e+e� ! hadrons 
ross se
tions near3:770GeV has been reported by BES [44℄. It is in
onsistent with only one  (3770) state,suggesting either a new stru
ture in addition to the  (3770) resonan
e or some physi
s ef-fe
ts distorting the pure D-wave Breit-Wigner shape of the 
ross se
tions. The observationsuggests that a surprisingly large non-D �D bran
hing fra
tion of the  (3770) de
ays mea-DIS 2009 9
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Figure 3: Left { 
ross se
tion for � produ
tion times bran
hing ratio as a fun
tion of 
entre-of-mass energy. PHENIX and STAR data points are shown as well as theory predi
tions.Right { bottom fra
tion as a fun
tion of ele
tron pT measured in PHENIX data (points),
ompared to the FONLL predi
tion (solid line) and its un
ertainty (dashed lines).sured previously by BES [44℄ may partially be due to the assumption of only one simpleresonan
e near 3:770GeV.Re
ent measurements of the leptoni
 and semileptoni
 D0, D+ and D+s bran
hing fra
-tions have been reported by CLEO [44℄. Using latti
e QCD 
al
ulations, the jV
sj and jV
djelements of the CKM matrix were determined and found to be in agreement with previousmeasurements.New BELLE measurement of the X(3872)! D0 �D�0 de
ay [45℄ has revealed the X massvalue of 3872:6+0:5�0:4�0:4MeV in fair agreement with the mass measurement in the dominantX(3872)! J= �� de
ay mode. A �rst eviden
e for the X(3872)!  (2S)
 de
ay reportedby BABAR [45℄ has allowed to determine the ratio of the bran
hing fra
tionsBX! (2S)
=BX!J 
 = 3:4� 1:4 ;whi
h is above the mole
ule model expe
tation [46℄.The situation with the 
harged state Z+(4430) remains un
lear [45℄. BELLE has 
on-�rmed its observation by the Dalitz plot analysis of the Z+(4430) !  (2S)�+ de
ay [45℄.However, BABAR has found no eviden
e for the 
harged state in the above de
ay andin the J= �+ �nal state. Meanwhile, BELLE has reported two further 
harged statesZ(4050=4250)+! �
1�+.BABAR has 
on�rmed its observation of the �b(1S) bottomonium ground state in thede
ay Y (3S)! 
�b(1S) by a new �b(1S) measurement in the Y (2S)! 
�b(1S) de
ay [47℄.Sear
hes for the light Higgs-like parti
le in the Y (2S) and Y (3S) radiative de
ays haverevealed no signal.4.2 New HERA resultsNew measurement of J= produ
tion in proton-nu
leus 
ollisions performed by HERA-B [48℄has 
on�rmed that the dN=dpT distribution be
omes broader with in
reasing atomi
 massnumber, A. The dN=dxF distribution also tends to be
ome broader and its 
entre movestowards negative xF values with in
reasingA. The fra
tion of J= mesons produ
ed through10 DIS 2009



the �
 de
ay has been measured to be R�
 = 18:8� 1:3+2:4�2:2% with a ratio of �
1 and �
2
ontributions R�
1=R�
2 = 1:02� 0:20 [48℄. The measured J= de
ay angular distributionsindi
ate the polar anisotropy with a preferred spin 
omponent 0 along the referen
e axis.The polar anisotropy in
reases with de
reasing pT (J= ) [48℄. The J= heli
ity distributionsmeasured by ZEUS in the inelasti
 photoprodu
tion regime [49℄ have been 
ompared to LOQCD predi
tions in the 
olour-singlet, 
olour-singlet plus 
olour-o
tet and kT fa
torisationapproa
hes; none of the predi
tions 
an des
ribe all aspe
ts of the data.
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Figure 4: Charm fragmentation fun
tion intransition to D�+ for the ZEUS data 
om-pared to measurements of BELLE, CLEO andALEPH.

Charm fragmentation fun
tion in thetransition from a 
harm quark to a D�+ me-son measured by ZEUS using the variablez = (E + pjj)D�+=2Ejet [50℄ is 
omparedin Fig. 4 with previous measurements fromBELLE, CLEO and ALEPH. The 
orre-sponding s
ale of the ZEUS data is given bytwi
e the average transverse energy of thejet, 23:6GeV, and is between the two e+e�
entre-of-mass energies. The ZEUS data inFig. 4 are shifted somewhat to lower valuesof z 
ompared to the CLEO and BELLEdata with the ALEPH data even lower,whi
h is 
onsistent with the expe
tationsfrom the s
aling violations in QCD. Thevalue of the free parameter in the Petersonet al. fragmentation fun
tion [51℄ extra
tedfrom the ZEUS data within the frameworkof the next-to-leading order (NLO) QCD,� = 0:079 � 0:008+0:010�0:005, ex
eeds the value0:035 obtained from an NLO �t [52℄ to theARGUS data.Sizable produ
tion of the ex
ited 
harmand 
harm-strange mesons has been ob-served in ep intera
tions by ZEUS [50℄. The fra
tions of 
 quarks hadronising into D01,D�02 or D+s1 mesons are 
onsistent with those obtained in e+e� annihilations. The mea-sured D01 width, �(D01) = 53:2 � 7:2+3:3�4:9MeV, is above the world average value. This ispossibly due to a larger admixture from the broad S-wave de
ay at ZEUS 
ompared to themeasurements with restri
ted phase spa
e [50℄.New measurements of beauty dijet photoprodu
tion have been performed by H1 [53℄,using events with a muon in the �nal state, and ZEUS [54℄. The produ
tion 
ross se
tionswere found to be 
ompatible with the previous HERA measurements and with NLO QCDpredi
tions. The measured 
ross se
tions translated into a di�erential 
ross se
tion d�dpbT inthe pseudorapidity range j�bj < 2 are 
ompared to the previous HERA measurements andthe FMNR NLO QCD predi
tions [55℄ in Fig. 5.In
lusive produ
tion of D�� mesons in deep inelasti
 s
attering (DIS) has been mea-sured by H1 in two ranges of the ex
hanged photon virtuality, 5 < Q2 < 100GeV2 [56℄ and100 < Q2 < 1000GeV2 [57℄, using 2004-2007 data 
orresponding to an integrated luminosityof 350 pb�1. The data are des
ribed reasonably well by the NLO 
al
ulation HVQDIS [58℄.DIS 2009 11



The data des
ription by the leading-order Monte-Carlo simulations RAPGAP and CAS-CADE [59℄ is satisfa
tory only in the low-Q2 range. The measured D�� 
ross se
tions wereused to extra
t the 
harm 
ontribution to the proton stru
ture, F 
�
2 (x;Q2), where x is theBjorken s
aling variable. The F 
�
2 (x;Q2) values in the frameworks of DGLAP and CCFMevolutions were obtained using for extrapolation HVQDIS and CASCADE, respe
tively.
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Figure 5: Summary of HERA di�erential 
rossse
tions for b-quark produ
tion in ep intera
-tions in photoprodu
tion regime as fun
tion ofpbT as measured by H1 and ZEUS.

H1 has also measured the in
lusive
harm 
ross se
tions simultaneously withthe in
lusive beauty 
ross se
tions in therange 5 < Q2 < 650GeV2 using the im-pa
t parameters and the se
ondary vertexposition re
onstru
ted with the H1 vertexdete
tor [60℄. To obtain fra
tions of 
harm,beauty and light quarks in the in
lusivesample a neural network was used. Themeasured 
ross se
tions are des
ribed rea-sonably well by the predi
tions based onthe DGLAP and CCFM evolutions. The
harm and beauty 
ontributions to the pro-ton stru
ture, F 
�
2 (x;Q2) and F b�b2 (x;Q2),were extra
ted in the framework of DGLAPevolution. To gain in pre
ision, the ex-tra
ted F 
�
2 (x;Q2) values were 
ombinedwith those obtained using the 
ross se
tionsof D�� meson produ
tion [60℄. The mea-surements were interpolated to the 
ommon x, Q2 grid and averaged using the pro
eduredeveloped for the in
lusive F2 taking into a

ount 
orrelations.The produ
tion of D� and D0 mesons in DIS has been measured by ZEUS in therange 5 < Q2 < 1000GeV2 using the ZEUS mi
rovertex dete
tor to re
onstru
t displa
edse
ondary vertexes [61℄. The measured 
ross se
tions were found to be in agreement with thepredi
tions of NLO QCD with the proton parton density fun
tions extra
ted from in
lusiveDIS data. The measured D� and D0 
ross se
tions were used to extra
t F 
�
2 (x;Q2) withinthe framework of DGLAP NLO QCD. The extra
ted F 
�
2 (x;Q2) values agree well with theprevious measurements obtained using 
ross se
tions of D�� meson produ
tion.ZEUS has also measured the produ
tion of 
harm and beauty quarks in DIS for Q2 >20GeV2 using the heavy-quark de
ays into muons [61, 62℄. The fra
tions of muons originat-ing from 
harm and beauty de
ays were determined using the muon momentum 
omponenttransverse to the axis of the asso
iated jet, the distan
e of 
losest approa
h of the muontra
k to the 
entre of the intera
tion region in the transverse plane and the missing trans-verse momentum parallel to the muon dire
tion. The latter requirement was important fordistinguishing 
ontributions from 
harm and light 
avours. The measured muon di�eren-tial 
ross se
tions were 
ompared to the NLO QCD 
al
ulations; the agreement was foundto be good for 
harm and reasonable for beauty. The F 
�
2 (x;Q2) and F b�b2 (x;Q2) valueswere also measured and found to agree well with other measurements based on independentte
hniques. The HERA measurements of F 
�
2 and F b�b2 are summarised in Fig. 6.12 DIS 2009
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