DIS 2005, Madison Wisconsin, 1 May 2005

Summary of Heavy Flavour WG

Andy Mehta (U. Liverpool) Gennaro Corcella (CERN) Massimo Corradi (INFN Bologna)

R. Thorne: VFNS at NNLO

3 G. Corcella, M. Corradi Summary of Heavy Flavour WG

4 G. Corcella, M. Corradi Summary of Heavy Flavour WG

F. Olness: CTEQ HQ pdf

6 G. Corcella, M. Corradi Summary of Heavy Flavour WG

7 G. Corcella, M. Corradi Summary of Heavy Flavour WG

8 G. Corcella, M. Corradi Summary of Heavy Flavour WG

9 G. Corcella, M. Corradi Summary of Heavy Flavour WG

10 G. Corcella, M. Corradi Summary of Heavy Flavour WG

A. Mitov: Soft Resummation for HQ in DIS

12 G. Corcella, M. Corradi Summary of Heavy Flavour WG

A. Mitov: NNLO HQ Fragmentation Function

14 G. Corcella, M. Corradi Summary of Heavy Flavour WG

J. Lansberg: Heavy Quarkonium, Extending CSM and COM

16 G. Corcella, M. Corradi Summary of Heavy Flavour WG

17 G. Corcella, M. Corradi Summary of Heavy Flavour WG

B. Kniehl: NLO Charmonium production in γγ

γγ → J/ψ + j + X γγ → J/ψ + γ + X

I. Schienbein: Hadroproduction of D and B in Massive VFNS

22 G. Corcella, M. Corradi Summary of Heavy Flavour WG

23 G. Corcella, M. Corradi Summary of Heavy Flavour WG

Experimental part

Charm production

Inclusive D^∗ photoproduction in general agreement with NLO

New measurements try to be more exclusive: • D^∗-jets: small fragmentation uncertainty

• D^∗+”other jet”, D^∗+dijets: further handle on parton dynamics wide acceptance for ”other jet” • study the c/g nature of the “other-jet” from jet shape • Fragmentation fractions and fragmentation function:

test of fragmentation universality parameters needed for precise measurements of c production

T. Kohno: ZEUS D∗ jets photoproduction

Events with a D^∗ and ≥ 1 jet (E_T > 6GeV) D^∗-jet and “other”-jet distribution Consistent with NLO massive (FMNR) and Massless calculations

T. Kohno: ZEUS D∗ dijets

Dijet correlations, directly sensitive to NLO corrections

FMNR too low at large p^{jj}_T and low Δϕ Need higher orders or matching with PS

G. Fluke: H1 Charm+jet photoproduction

D^∗ and “other”-jet P_T > 3GeV (tagged PhP)

Δ_ϕ not well reproduce by massive and massless NLO

R. Lefevre: b-jets from CDF

M. Martisikova: H1 Charm jet shape in photoproduction

Dijet photoproduction One jet tagged as charm from muon Look at the shape of the other jet, is it charm or gluon ?

A. Perieanu: H1 Charm jet shapes in DIS

Shape of D^∗-jet and “other”-jet studied in DIS First attempt to measure the dead cone Measure angle between D^∗-jet and first (non D^∗) subjet Shape consisten with dead cone effect but ... similar shape also seen in light flavours

R.Walsh: ZEUS charm fragmentation fractions in DIS

DIS fragmentation fractions from ZEUS and H1 in agreement with γp and e^+e^−

Z. Rurikova: H1 Charm fragmentation function in DIS

D^∗ DIS data Z_{hem}: fraction of hemisphere E + P carried by the D^∗ Fit with Jetset with Peterson Fragmentation ϵ = 0.018^{+0.004}_{−0.004} lower than ZEUS photoproduction result

c and b production in DIS and HQ pdfs

c (and b) are a sizeable fraction of F_2

direct access to gluon pdf

b-pdf important for e.g. (MSSM) Higgs searches (bb̄ → H)

Traditionally D^∗ production in DIS used by ZEUS/H1, then extrapolated to full kinematics to get F^c_2 New measurements:

• H1 F^c_2 /F^b_2 measurement using inclusive track impact parameter • NuTeV Charm production in CC • ZEUS D^∗ at 0.05 < Q^2 < 0.7GeV^2 • D0: b-pdf from Z + b • ZEUS Charmonium production in DIS • First ZEUS results from HERA-II data

T. Klimkovich: F c2 and F b2 using the H1 vertex detector

H1 measurement of F^c_2 and F^b_2 based on track impact parameter

Extended to Q^2 < 100GeV^2

Large track acceptance: small extrapolation to F_2

S = δ/σ δ = signed track impact parameter sign given by jet or HFS direction

36 G. Corcella, M. Corradi Summary of Heavy Flavour WG

37 G. Corcella, M. Corradi Summary of Heavy Flavour WG

G. Aghuzumtsyan: Charm production at 0.05 < Q2 < 0.7GeV2

ZEUS beampipe calorimeter (BPC) tags events in the transition region DIS-Photoproduction 0.05 < Q^2 < 0.7GeV^2 0.02 < y < 0.085 (< 0.085 in the plot) 98-00 data: 239 ± 23D^∗ with p_T > 1.5GeV, |η| < 1.5

D. Mason: NuTeV s/s̄ sea

νN → μ^−c(→ μ^+)X Signed selected beam, look at s(x) and s̄(x) independently Complete data sample (20 times previous results) LO analysis, extract S^− = ∫ dx x(s(x) − s̄(x))

Strange asymmetry compatible with zero S^− = 0.0068 required to explain sin^2 θ_W anomaly

N. Parua: Z + (b − jet) from D0

pp̄ → Z + b production sensitive to b-pdf 180 pb^{−1} of Run-II data ∼ 5000 Z(→ l^+l^−)+jet events require a secondary vertex significance > 7

σ(Z+bjets) σ(Z+jets) = 0.021 ± 0.004(stat.)

+0.002 −0.003(syst.)

Theory: 0.018 ± 0.004 (NLO+CTEQ6)

A. Antonov: ZEUS J/ψ in DIS

Measurement of J/ψ production in DIS, Q^2 > 2GeV^2

Agreement with H1

LO NRQCD COM too large mostly excess at large z resummation needed

LO CSM slightly low

H.D. Wahal: Υ and μ-jets from D0

New measurement of Υ at D0 Agreement with CDF

R. Hall-Wilton: ZEUS D∗ production in DIS in 03-05 data

98-00: Hints for an excess in D^∗ rate at Q^2 > 40GeV^2 in e^−p collisions wrt e^+p 1998-2000:17/65pb^{−1} of e^−/e^+ data 2003-2005: 33/40 pb^{−1} of e^−/e^+ data First charm result from HERA-II data!

ZEUS muon impact parameter

ZEUS has now a silicon microvertex detector (MVD) at HERA-II First results:

muon impact parameter (δ) from 03-04 data (31pb^{−1}) μ+dijets events negative-positive subtracted δ distribution consistent with b and c from p^{rel}_T

b production

Though m_b is larger than m_c, b production has been more problematic

The beauty “puzzle” seems to be over:

Recent μ+dijet analyses from ZEUS and H1 don’t confirm the large excess of early measurements

Is b production at HERA completely understood ?

New measurements:

• μ+jets H1 published final data • H1 dijet photoproduction with inclusive impact par. tag • analyses from μ correlations (ZEUS) and D^∗μ correlations (H1) give access at low p_T • HERA-b new results for hadroproduction

O. Behnke: H1 b from μ+dijets Photoproduction

H1 recently published analysis of beauty production in dijet events with muons. Muon impact parameter and p^{rel}_T to extract the b fraction

H1 b from μ+jet DIS

L. Finke: H1 b, c dijet photoproduction

H1 results with inclusive IP tagging, general agreement with muon results

A. Longin: ZEUS b from dimuon

ZEUS b from dimuon

Double muon tag, lower background, looser muon cuts: −2.2 < η^μ < 2.5 p^{μ1}_t > 1.5GeV p^{μ1}_t > 0.75 − 1.5GeV (depending on η) small extrapolation to full cross section

N. Malden, H1 c and b from D∗μ correlations

Recently published analysis from H1 Similar principle as dimuon analysis charm normalization compatible with NLO, b factor 4 larger, large errors

Latest version of the Summary plot

U. Husemann: HERA b ψ, Υ and b production

K. Read: PHENIX charm and charmonium

HQ as probe of dense matter Open c tagged with leptons

Charm Phisics at Belle (B. Yabsley) and BaBar (C. Chen)

Incredible amount of data on old and new charmed hadrons Belle BaBar

Conclusions • Great data on c,b in DIS and γp still coming from HERA-I data • Is there a problem in the description of beauty at low pT ? • Results on s(x) from NuTeV • waiting for HERA-II analyses