
II: FUTURE PROSPECTS:

THEORY AND EXPERIMENT



FROM HIGHER ORDERS TO RESUMMATION



PERTURBATIVE SUCCESS!



A. KOTIKOV

FITS INCLUDING HIGHER TWISTS...



C. PISANO

...CAN REPRODUCE PECULIAR SCALING OF THE DATA...



A. GUFFANTI

...NNLO MOMENTS OF PDFS COMPARED TO LATTICE...



A. COOPERSARKAR

DOES IT WORK ALSO AT SMALL X?



A PROBLEM: NNLO CORRECTIONS

PERTURBATIVE INSTABILITY AT SMALL x

THEORY

• Perturbation theory unstable

• leading log approx no good

the coefficient function CL

Moch, Vermaseren, Vogt 2005

PHENOMENOLOGY
FL FIT

MRST 2004



SOLUTION: RESUMMATION:

nf = 0 QUALITATIVE FEATURES

HERALHC 2005

SINGULARITY IN ANOM. DIM. AT N = α ⇒ ASYMPT. SMALLx POWER G ∼ x−α

SMALLx POWER VS. αs SPLITTING FUNCTION

• RESUMMED EXPANSION CONVERGES RAPIDLY

• SMALL x INTERCEPT & CURVATURE DETERMINE RESUMMED BEHAVIOUR

• RESSUMMED RESULTS OBTAINED BY DIFFERENT GROUPS AGREE WELL



D. COLFERAI

PROGRESS: EXTENSION TO QUARKS (CCSS)



D. COLFERAI



EXTENSION TO QUARKS (ABF)

USE Q0MS SCHEME: (Ball, Forte, 2005)

COINCIDES WITH MS AT LARGE x (NLO) BUT SMALL x R.C. SINGULARITIES IN GLUON

SECTOR

• γqg SAME AS IN MS

• γ+ SAME AS IN Q0

• CAN DETERMINE

RESUMMED γqg

(Catani & Hautmann)

Pqg, nf = 3, 4, 5 (top to bottom)

NLO, NNLO, RESUMMED



THE SPLITTING FUNCTION MATRIX (ABF)

NLO, NNLO, RESUMMED



QUARK AND GLUON EVOLUTION (ABF)

evolve toy G = (x, Q0) = x−0.18(1 − x)5, Q(x, Q0) = 1

3
G(x, Q0), Q0 = 2 GeV

GLUON

Q = 2, 10, 100, 1000 GeV (bottom to top)

QUARK

NLO, NNLO, RESUMMED

• LO VS NLO DIFFERENCE LARGER THAN FIXED VS RESUMMED

• RESUMMED GLUON BELOW UNRESUMMED, QUARK JUST BELOW



C. WHITE

A FIRST RESUMMED FIT (THORNEWHITE)



C. WHITE

NNLO INSTABILITY REMOVED FROM FL



C. WHITE

HIGHER INITIAL GLUON (LESS EVOLUTION)



RESUMMATION: SUMMARY

• FULL RESUMMED EVOLUTION SOON AVAILABLE IN VARIOUS

APROACHES

• DIFFERENT APPROACHES MUST BE BENCHMARKED

• NNLO INSTABILITY REMOVED

• SOME CRITICAL ASPECTS OF FITS MIGHT IMPROVE (NEGATIVE

GLUON?)



TOWARDS LHC



A. COOPERSARKAR

EXPERIMENTAL SUCCESS!



A. GLAZOV

...STILL NOT OVER!

AVERAGING OF HERA DATA



J. HUSTON

CAN WE USE HERA/TEVATRON WISDOM @ LHC?



J. HUSTON



A. SBRIZZI

EXAMPLE OF APPLICATION

LUMINOSITY MEASUREMENT



A. SBRIZZI



J. HUSTON

A WORD OF CAUTION



A. COOPERSARKAR

PARTON UNCERTAINTIES PROPAGATE THROUGH EVOLUTION

MRSTCTEQ QUARK AGREEMENT AT LOW SCALE

⇒ DISAGREEMENT AT HIGH SCALE



A. COOPERSARKAR

LHC LIMITED BY PDFS (J. HUSTON)



A. COOPERSARKAR

TURNING THE QUESTION AROUND...

EXAMPLE I: SMALL x GLUON



E. PEREZ

EXAMPLE II: ū − d̄ AT SMALL x

POSSIBLE NONREGGE BEHAVIOUR



E. PEREZ



A. COOPERSARKAR

EXAMPLE III: GLUONS AND SEA AT SMALL x



OUTLOOK



FITPDF?

NEED A JOINT EFFORT OF THEORISTS AND LHC EXPERIMENTALISTS:

• WHICH PRECISION MEASUREMENTS ARE LIMITED BY PDFS?

• WHEN DOES LACK OF PDF KNOWLEDGE HIDE/SIMULATE NEW PHYSICS?

• HOW CAN LHC MEASUREMENTS IMPROVE PDF DETERMINATION?



EXPERIMENTAL INPUT

SOME EXPECTATIONS

• HERA: FL & COMBINED F2

• NEUTRINO DATA: INCOMPATIBILITIES?

• JETS: WHAT IS THE IDEAL DATASET?

OPEN ISSUES

SOME EXAMPLES

• W/Z CROSSSECTION AS STANDARD CANDLE:

ARE UNCERTAINTIES UNDER CONTROL? (EG HEAVY QUARKS)

• ū − d̄ FROM W± ASYMMETRY:

REGGE BEHAVIOUR AT SMALL X?

• OBSERVABLES SENSITIVE SMALL x PARTONS

RESUMMATION REQUIRED AT NNLO?



THE PDF CONTROL ROOM AT LHC


