The Heavy Quark Parton Dichotomy
or
Heavy Quark - Parton Complementarity in QCD

» R —

Scales in Heavy Quark Production at Hi gh
Energies
Common Calculational Schemes
The dichotomy:
(Zero Mass) Quark Parton Formalism;
Heavy Quark (fixed-flavor-number) Scheme
The Resolution (the physics):

Generalized Factorization Theorem
— M # 0 Quark Parton Formalism

What Scheme to Use? Depends on:
Energy scale;

The Physical Question asked
-- Complementarity.

“Full Theory” vs. Practical Solution
What is still Missing?
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Relevant Energy Scales

Scales other then quark masses

Small energy scales: m:
(Mg, 1IN AQCD L..)

Large energy scale: s:
(s, E,W,...)

Typical hard scale:: Q

(Q Pr, My M,...)
Then, there is the Heavy quark H M
If H is "heavy": m << My
For H to be produced: My* < s

Relative magnitude of typical energy scale Q with
~ respective to My is crucial in determining the physics
of the production mechanism!!
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Heavy Quark Production in PCD
- the dichotomy -

Zero-mass parton approach

Zero-mass Factorization Theorem

All parton masses
m, =0

‘MSbar Subtr.

2

a=g u d s ¢ b (1)
(all active flavors)

active flavor : all quarks with m,, <0 : ng (Q)

Heavy Quark approach

Fixed-flavor-number (FEN) Scheme

heavy quark:
mypy "large”

No col. Subtr.

2

a=g.uds
(light fl. only)

number of quark flavor ng =3 (for c¢) fixed, indep. of Q




m= 0 Partonic Formalism of Heavy Quarks c, b, (t)

Zero-mass Factorization Theorem

All parton masses
my =0
MSbar Subtr.

2

a=g u d s, ¢ b (t)
(all active flavors)

active flavor : all quarks with my < Q : ne (Q)

Usual parton distributions are generated in this scheme:
EHLQ, ..., MRS, CTEQ

ie. Fo(x,q)=u+d+s+c+b+..+NLO

All popular applications are based on this scheme:
Pythia, Herwig, Isajet ; EKS, JetRad, ...

ooooooo

Advantage: Simple and intuitive

Limitations: mass effects neglected (except for thresholds)
Not appropriate for Q ~ my




Heavy Quark Formalism of c, b, (1)

Fixed-flavor-number (FEN) Scheme

2

a=g ud,s
(light fl. only)

heavy quark:
myy "large”

No col. Subtr.

number of quark flavor ng =3 (for c) fixed, i_ndgp. of O

Lepto-production hadro-production

"Heavy flavor creation”
(HC)

"Gluon-fusion process”

, ) NL Iculation:
Laenen, Smith, O calculatio Nason, Dawson, Ellis

van Neerven ...et.al Mangano, Ridolfi, Fixione .

Advantage: "Simple" one-scale calculation

Limitations: no active H parton at any energy; contains
powers of log(Q/mg;) ; Large theoretical uncertainty

Not appropriate for Q >> mg
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General Formalism of Heavy Quark Partons c, b, (1)

(Witten, Collins-Wilczek-Zee, Aivazis-Collins-OIness—Tung, )

‘Generalized (m # 0) Factorization Theorem

2

a=g ud s ¢ b (1)
(all active flavors)

quark mass
Mass Subtr.

active flavor : all quarks with m, < ¢ . fzﬂ (Q)

Key features:
* f(x,Q) obey the usual (MSbar) evolution egs.

* O(Q,my) is free from large log(Q/my;) after mass subrr.
H H

Proper limits:
* for O ~ my - reduces to the FFN heavy quark scheme;

X%

for Q >> my, : reduces to the zero-mass parton model

Advantage: intuitively "obvious": theoretically more complete

price to pay: more complicated to implement; mass subtr.
needs to be calculated.
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F2 (X, Q, LL)

Fa (x, Q, W)
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Complementarity between the Parton picture and
Heavy Quark scheme for Lepto-Production of H

O(ag) parton picture

O(a?) Full Theory

O(o.,) Parton Good Approx. Insufficient info.
OK, but
2\ oE Large Uncertainties, |
Olog™) FEN lengthy calculations Good Approx.




Lessons and Additional Remarks

* Heavy flavor creation (HC) and Heavy flavor

|excitation (HE, or heavy parton picture) are not

mutually exclusive production mechanisms.

* In a full theory, they must co-exist; otherwise the
theory will not be infra-red safe (free of large logs).

* "Dynamically generated” heavy quarks (by QCD
evolution) can be treated, at least approximately,
either as partons or as heavy particles, depending on
the physical observables.

* “Intrinsic heavy flavor” (non-perturbative) 18
completely incompatible with the FFN scheme.

* The full theory is required to study the possible
presence of intrinsic ¢ or b.




