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Theoretical talks

I. General-Mass Variable-Flavor-Number Scheme (GM-VFNS)

• Inclusive photoproduction of D∗ mesons at NLO (Hubert Spiesberger)

• Charm hadroproduction and the charm content of the proton (Bernd Kniehl)

• Analysis of heavy-quark electroproduction data in VFNS (Sergey Alekhin)

II. SFs, PDFs and HF Cross-sections

• 3-loop corrections to the moments of F
(c,b)
2 (x,Q2) for Q2 ≫ m2

Q
(Sebastian

Klein)

• Global PDF analysis in an intermediate-mass scheme (Pavel Nadolsky)

• MC @ NLO for heavy quarks at HERA (Tobias Toll)

• Higher-order soft corrections to tt̄ production (Ulrich Langenfeld)

• Heavy flavour effects in the virtual photon SF to NLO in QCD (Tsuneo Uematsu)

III. Studies of (J/ψ,Υ) Data

• Theoretical status of J/ψ production at HERA (Pierre Artoisenet)

• J/ψ polarization from fixed-target to collider energies (Pietro Faccioli)

• Production and polarization of Υ in the KT -factorization approach (Nikolai Zotov)

IV. Spectroscopy of the states X,Y,Z and the b baryons (Antonio Polosa; Marek Karliner)

DIS, 26 - 30 April, 2009, Madrid
Heavy Flavours Working Group: News from Theory (page 2) Ahmed Ali

DESY, Hamburg



ep → D∗±X at low Q2 in GM-VFNS

General-Mass Variable-Flavor-Number Scheme H. Spiesberger
for 1-particle inclusive heavy meson production

• The problem:
Conventionally, PDFs and FFs are defined in the MS scheme
MS scheme is based on a massless calculation
Can not use MS PDFs and FFs in a massive calculation?

• The solution:
Match massless and massive calculations:

dσsub = lim
m→0

d σ̃(m) − d σ̂MS

The subtracted cross section (in a massive calculation)

d σ̂(m) = d σ̃(m) − dσsub

can be used with MS parton distribution and fragmentation functions

➜ The GM-VFNS (general-mass variable flavor number scheme)
combines: resummation of large logarithms log(µ/m) in PDFs and FFs
with finite mass terms in the hard cross section

Work in collaboration with B. A. Kniehl, G. Kramer, I. Schienbein
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ep → D∗±X at low Q2 in GM-VFNS

e±p → D∗ + X at low Q2: 0.05 < Q2 < 0.7 GeV2

ep → D∗±X

dσ
dpT
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scale variations by factor 2 around µR,F =
q

p2
T + m2, data: ZEUS PLB649

More applications available for: γ + γ → D∗± + X : EPJC22, EPJC28;
γ∗ + p → D∗± + X : EPJC38, arXiv:0902.3166; p + p̄ → (D0, D∗±, D±, D±

s , Λ±
c ) + X :

PRD71, PRL96, arXiv:0901.4130; p + p̄ → B + X : PRD77
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Open charm hadroproduction (Kniehl)
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HF contr. in F2(x,Q
2) for Q2 ≫ m2

Q (Klein)
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3-loop corrections to HF contr. in F2(x,Q
2) for Q2 ≫ m2

Q
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Heavy flavour effects in the virtual photon SF to NLO (Uematsu)The heavy quark mass e�ets in parton piture and OPEF 2 (x;Q2; P 2) = ~q(y;Q2; P 2;m2)
 ~C �xy ; m2Q2 ; g(Q2)�Photon struture funtion PDF CoeÆient funtion-mass dependeneParton interpretation of twist-2 operators ~On no mass dependeneZ 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) dgn(g; �)�(g) #where h(P 2)j~On(�2)j(P 2)i = ~An �P 2�2 ; m2(�2)�2 ; g(�2)�Perturbatively alulable! -mass dependene
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Heavy flavour effects in the virtual photon SF to NLO (Uematsu)
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tt̄ production cross sections (Langenfeld)

Scale dependence of the t t̄ production cross section

Contour lines of the total hadronic cross section for top pair production in the
µf - µr - plane in pb (log10 - scale)
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tt̄ production cross sections (Langenfeld)

Cross section Predictions

Total cross section prediction for mt = 173GeV and PDF set Cteq6.6:

σ(pp̄ → t t̄) = 7.34+0.23
−0.38 pb @ Tevatron

σ(pp → t t̄) = 874+14
−33 pb @ LHC 14TeV

Fit functions to the hadronic cross section for different scales
(µ= 1/2mt ,mt ,2mt ) for the two colliders Tevatron and LHC (10/14TeV)
and for two different PDF sets (Cteq6.6, MSTW 2008 NNLO), w/o PDF
errors.
Ansatz: σ(mt) = a+ bx + cx2 + dx3 + ex4 + fx5 + gx6,
x = (mt/GeV−173).

Total cross section with combined theoretical and PDF error:

σ(pp̄ → t t̄) = 7.34+0.66
−0.76 pb @ Tevatron

σ(pp → t t̄) = 874+26
−50 pb @ LHC 14TeV
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Theoretical status ofJ/ψ production at HERA (Artoisenet)
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Theory vs. Expt: J/ψ polarization at HERA (Bertolin)
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Theoretical status ofJ/ψ production at HERA (Artoisenet)
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Quark Model and spectroscopy of the b-baryons (Karliner)

DIS, 26 - 30 April, 2009, Madrid
Heavy Flavours Working Group: News from Theory (page 19) Ahmed Ali

DESY, Hamburg



Quark Model and spectroscopy of the b-baryons (Karliner)

DIS, 26 - 30 April, 2009, Madrid
Heavy Flavours Working Group: News from Theory (page 20) Ahmed Ali

DESY, Hamburg



X,Y, Z, ... spectroscopy (Polosa)
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X,Y, Z, ... spectroscopy (Polosa)
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Backups

• VFNS and heavy quark electroproduction data
Sergey Alekhin

• MC @ NLO for heavy quarks at HERA
Tobias Toll

• Global PDF analysis in an intermediate-mass scheme
Pavel Nadolsky

• J/ψ polarization from fixed-target to collider energies
Pietro Faccioli

• Production and polarization of Upsilon mesons in the KT -factorization

approach
Nikolai Zotov
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VFNS and heavy quark electroproduction data (Alekhin)

(S. Alekhin, J. Blümlein, S. Klein, S. Moch)
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• The Buza-Matiounine-

Smith-van Neerven (BMSN)

prescription for the variable-

flavour-number scheme

(VFNS), is not too far from

the fixed-flavour-number

scheme (FFNS) for the

realistic HERA kinematics;

it seems to be the case for

any smooth matching.

• The remaining discrepancies

with the data cannot be

cured by the smooth VFNS.
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VFNS and heavy quark electroproduction data (Alekhin)

ZEUS (RunI)

10
-2

10
-1

1

10

10 2

10 3

10 4

10 5

1 10 10
2

10
3

O(α3
s)

O(α2
s)

x=3e-5
7e-5

1.8e-4
3.5e-4

6e-4
0.001

0.0015
0.003

0.006
0.012

0.03

Q2 (GeV2)

F
2c  

4
i

• The FFNS with account of

the partial O(α3
s ) correc-

tions provides a good de-

scription of the HERA data

at small/moderate Q2.

• At large Q2 it undershoots

the data due to negative

contribution from c
(2,1)
2,g

, the

missing contribution from

c
(2,0)
2,g

at large η must be pos-

itive in order to improve the

agreement.

(c.f. S.Klein’s talk)
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MC @ NLO for heavy quarks at HERA (Toll)
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MC @ NLO for heavy quarks at HERA (Toll)
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Global PDF analysis in an intermediate-mass scheme (Nadolsky)

Rescaling variables in heavy-flavor DIS
P. Nadolsky, W.-K. Tung, arXiv:0903:2667

� General-mass scheme: leading heavy-quark mass effects

are captured by a rescaling variable χ in HQ PDF’s:

x = χ
/(

1 + M2
f /Q

2
)

, with M2
f = 4m2

c (m2
c) in NC (CC) DIS

Barnett, Haber, Soper; Tung, Kretzer, Schmidt

� Zero-mass scheme at NLO: realistic threshold behavior is

reproduced by a generalized rescaling variable ζ(λ):

x = ζ
/(

1 + ζλM2
f /Q

2
)

, with 0 ≤ λ . 1

◮ λ = 0 : ζ = χ (the ACOT-χ variable)

◮ λ & 1: ζ ≈ x (no rescaling)

◮ ζ ≈ x for Q2 ≫ M2
f
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Global PDF analysis in an intermediate-mass scheme (Nadolsky)

Intermediate-mass scheme

PDF fits with ZM Wilson

coefficients evaluated at

ζ(x ,Mf/Q, λ) closely reproduce

GM fits for some λ values

This intermediate-mass

formulation improves the NLO

ZM scheme and approximates

(more fundamental) GM

predictions by simple means
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J/ψ polarization (Faccioli)
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The “J/ψ polarization puzzle “
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Υ polarization in KT factorization

• Goal: Theoretical predictions on the polarization of the Υ at the Tevatron & LHC

• pp̄ and pp X-sections calculated as a convolution of u.g.d. Fg(x, k
2
T
, µ2) and

partonic X-section σ̂

σpp =

∫
Fg(x1, k

2
1T , µ

2) · Fg(x2, k
2
2T , µ

2)σ̂gg(x1, x2, k
2
1T , k

2
2T )dx1dx2dk

2
1Tdk

2
2T

• BFKL prescription for the off-shell gluon spin density matrix:

ǫµgǫ∗ν
g = pµ

pp
ν
px

2
g/|kT |2 = kµ

Tk
ν
T/|kT |2

• Choice of u.g.d.:

• dGRV, derived from the collinear gluon density G(x, µ2), differentiating it w.r.t.
µ2 and setting µ2 = k2

T

• JB parametrization [J. Blümlein; J. Phys. G 19 (1993) 1623], solution of leading
order BFKL equation in the double logarithmic approximation

• Production Mechanisms:
• Direct gluon-gluon fusion: g + g → Υ + g
• Production of the P-wave states g + g → χb → Υ + γ

• Polarization state characterized by the spin alighnment parameter α:

α(P) = (dσ/dP − 3dσL/dP)/(dσ/dP + dσL/dP)
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Υ X-section at the Tevatron & Theory (Zotov)

• Dashed-dotted (upper) histograms: JB Parametrization
• Dashed (lower) dGRV parametrization
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Spin alignment parameter α(Υ) vs. pT (Zotov)

• Upper data points (D0 Run I: Direct Υ and χb → Υ + γ) & Theoretical curves
(upper: JB, lower: dGRV)
• Lower data points (D0 Run II: Direct Υ) & Theoretical curves (upper: dGRV, lower:
JB)
• Conclusion: Need more theoretical studies
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