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TURIN UNIVERSITY, EARLY ’80S
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QCD AT A HADRON COLLIDER CIRCA 1984
THE DISCOVERY OF THE W

THEORETICAL PREDICTION

ALTARELLI, ELLIS, GRECO, MARTINELLI, 1984

EXPERIMENTAL DISCOVERY

AGREEMENT AND UNCERTAINTIES AT 20% CONSIDERED TO BE SATISFACTORY



QCD AT A HADRON COLLIDER CIRCA 1984
GIAMPIERO’S TAKE



QCD AT A HADRON COLLIDER CIRCA 1984
GIAMPIERO’S TAKE

• Zγ & Zj

• CALCULATION INCLUDING Z DECAY

• FIDUCIAL PREDICTIONS



TURIN, 1992

PRECISION EW

• CORRELATED EXPT. UNCERTAINTIES

• RADIATIVE CORRECTIONS

QUALITATIVE QCD

• INSTANTON-INDUCED χSB
• EXPERIMENTAL SIGNATURE

(SINGLE-SPIN POLARIZATION)



QCD IN THE MID 90’S
1995: THE RISE OF STRUCTURE FUNCTIONS AT HERA

FIRST HERA DATA VS OLDER DATA

A. de Roeck, Cracow epiphany conf. 1996

HISTORICAL COMPILATION OF GLUON PDFS

W.K.Tung, DIS 2004

• RISE OF F2 AT HERA ⇒ SURPRIZE

• THEORETICAL BIAS ⇔ QUALITATIVE UNDERSTANDING



1995: THE “DISCOVERY” OF QUARK COMPOSITENESS

• DISCREPANCY BETWEEN QCD CALCULATION
AND CDF JET DATA (1995)

• EVIDENCE FOR QUARK COMPOSITENESS?
• RESULT STRONGLY DEPENDS

ON GLUON AT x ∼> 0.1

• PDF MUST VANISH AT x = 0,
BUT (THEN) NO DATA FOR x ∼> 0.05!

CDF 1995

DISCREPANCY REMOVED IF JET DATA USED FOR GLUON DETERMINATION

NEW CTEQ GLUON (1998)



1995: TOWARDS PRECISION QCD
THE DETERMINATION OF αs

THEORY UNCERTAINTIES:
CAREFUL ANALYSIS

• mt, mH

• QCD MHOU
• HADRONIC CONTRIBUTION TO α

• mb

• DEEP-INELASTIC HERA DATA
⇒ UNIVERSAL BEHAVIOR

• QCD CORRECTIONS ⇒ αs



HERA VS. LEP
EPS 1999



THE HIGGS!
2007-2008: TOWARDS DISCOVERY

• LHC: QCD AS PRECISION PHYSICS

• THE DRIVE TO HIGHER PERTURBATIVE ORDERS

• FULL TWO LOOPS QCD+EW
• CAREFUL TREATMENT

OF RENORMALIZATION
• ALL-ORDER SMALL-x RESUMMATION

• BEYOND POINTLIKE LIMIT AT NNLO



THE PROBLEM OF MHOU

CAN WE DO BETTER THAN SCALE VARIATION?

• PERFORM
SEQUENCE TRANSFORMATION

• BOREL SUM THE ACCELERATED SERIES

• DEPENDENCE ON PDF PERTURBATIVE
ORDER

• COMPARISON OF DIFFERENT MHOU
ESTIMATES



THEORY UNCERTAINTIES:
2011: THE HXSWG

HXSWG, YR1



THE INFN “WHAT’S NEXT” WORKSHOP:



WHAT’S NEXT?:
ANOMALOUS THRESHOLDS?



ASK GIAMPIERO!


