
THE FRONTIER OF THEORY



THE NNLO FRONTIER

(G. Heinrich, LHCP, May 2017)

• NNLO CORRECTIONS NOW KNOWN AT INCREASINGLY EXCLUSIVE LEVEL (INCLUDING DECAYS)

• TYPICALLY LARGER THAN NAIVE SCALE VARIATION ⇒ NEEDED FOR PRECISION PHENO

• NNLO PDF STANDARD SINCE ∼ 2010 INCLUDE DIS, DRELL-YAN

• NEW GENERATION PDFS ALSO TOP, JETS, Z pt

• FUTURE GENERATIONS: PROMPT PHOTON, DIBOSON...



THEORY CHALLENGES
THE UNCERTAINTY IN THEORY CALCULATIONS

AN EXAMPLE: ATLAS 7 TEV pT DISTRIBUTION
THE NNLO/NLO K-FACTOR

(Boughezal, Liu, Petriello, 2016-2017)

• UNCORRELATED STATISTICAL UNCERTAINTIES AT PERMILLE LEVEL

• LARGE NNLO CORRECTIONS ∼ 10%

• NOMINAL K-FACTOR UNCERTAINTIES VERY SMALL: UNDERESTIMATED?
• FIT ONLY POSSIBLE WITH RELIABLE ESTIMATE OF UNCERTAINTY ON THEORY

PREDICTION

• NNPDF3.1: EXTRA 1% THEORY UNCERTAINTY ESTIMATED BASED ON FLUCTUATIONS W.R. TO
INTERPOLATION (SHADED IN PLOT)



RESUMMED PDFS
• RESUMMATION NOT INCLUDED IN DEFAULT PDF SETS

• RESUMMED CALCULATIONS MUST USE RESUMMED PDFS! (M. Spira)

• KEPT UNDER CONTROL IN FITS BY CHOICE OF CUTS

PDFS WITH THRESHOLD (LARGE x) RESUMMATION
GLUON: NLO VS NLL
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• RESUMMATION INCLUDED IN FIT (DIS, DY, TOP DATA),
EFFECTS NOT NEGLIGIGLE AT NLLO, LARGE x,
MORE MODERATE AT NNLO

• EFFECT ON PDFS COMPARABLE TO EFFECT ON MATRIX ELE-
MENT, ANTICORRELATED TO IT

• RELEVANT FOR NEW PHYSICS SEARCHES

(Bonvini et al., 2015)

GLUON: NNLO VS NNLL
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SLEPTON PAIR PRODUCTION
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HIGGS IN GLUON FUSION VS mH
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PDFS WITH HIGH ENERGY (SMALL x) RESUMMATION
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• FIRST SET: NNPDF3.0sx

• HIGH ENERGY RESUMMATION INCLUDED IN GLAP EVOLU-
TION& FOR DIS, EFFECTS

• STABILIZES PERTURBATIVE EXPANSION

• LARGE EFFECTS FOR FUTURE COLLIDERS, OR LIGHT FINAL
STATES (b PRODUCTION AT LHC)

(Ball et al., 2017)

KINEMATIC CUTS
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THE PHOTON PDF
CORRELATION BETWEEN DATA AND γ PDF

• PHOTON-INDUCED CONTRIBUTIONS CAN BE SIZABLE

• PHOTON PDF MODELED (MRST2004) OR DETERMINED FROM DRELL-YAN
WITH SIZABLE UNCERTAINTY (NNPDF2.3-NNPDF3.0QED)

• SIGNIFICANT UNCERTAINTY EG ON SEARCHES

NNPDF2.3QED PHOTON



THE PHOTON PDF BREAKTHROUGH
(Manohar, Nason, Salam, Zanderighi, 2016)

• QED IS PERTURBATIVE DOWN TO LOW SCALES ⇒ THE PHOTON PDF MUST BE
COMPUTABLE IF THE INPUT QUARK SUBSTRUCTURE IS KNOWN

• WRITE THE CROSS-SECTION FOR A CHOSEN PROCESS:
SUSY PRODUCTION IN EP COLLISION (Drees, Zeppenfeld, 1989)

• COMPUTE IT DIRECTLY, OR USING THE PHOTON PDF

• ⇒ PDF EXPRESSED IN TERMS OF THE STRUCTURE FUNCTION INTEGRATED OVER
ALL SCALES

• Fs AT HIGH Q2 FROM PDFS, IN RESONANCE REGION FROM DATA, IN ELASTIC LIMIT
FROM FORM FACTORS
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THE LUXQED PHOTON PDF
(Carrazza et al., 2017)

• LUX16/LUX17 SETS CONSTRUCTED FROM PDF4LHC15 ⇒ AGREE WELL WITH
NNPDF3.0 QED, MUCH SMALLER UNCERTAINTY

• FIRST PDF SET BASED ON CONSISTENT FIT WITH LUX CONSTRAINT:
NNPDF3.0LUXQED

• NNPDF3.1LUXQED VS LUX17: GOOD AGREEMENT BUT SMALLER UNCERTAINTIES

• SIZABLE IMPACT ON PRECISION PHYSICS: EG ASSOCIATE HIGGS PROD. WITH W

γγ LUMI: NNPDF3.0QED, LUX17,
NNPDF3.1LUXQED
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HEAVY QUARKS
DECOUPLING SCHEMES

• ALL GLOBAL PDF SETS USE MATCHED VARIABLE-FLAVOR HQ SCHEMES
ACOT, FONLL, THORNE-ROBERTS EXTENSIVELY BENCHMARKED 2010-2014

• ABM USE MASSIVE FFN SCHEME
⇒ SERIOUS DISCREPANCY, BEST FIT αs = 0.113

• ABMP16 n3f = 3 FOR DIS, nf = 5 FOR LHC ⇒ EFFECTIVELY, ZM-VFN
⇒ DISCREPANCY REDUCED, BEST FIT αs = 0.115

W+ TOTAL XSECT
GLUON: ABM12 VS

NNPDF3.0 (αs = 0.114)
GLUON: ABMP16 VS.

NNPDF3.1
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HEAVY QUARKS
DETERMINING CHARM FROM THE DATA

WHY SHOULD THE CHARM PDF BE DETERMINED FROM THE DATA?
• BECAUSE ITS SIZE SHOULD NOT DEPEND STRONGLY ON THE CHARM MASS

• BECAUSE IT MIGHT HAVE A NONPERTURBATIVE COMPONENT

FITTED CHARM VS mc
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PERTURBATIVE CHARM VS mc
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FITTED VS. PERTURBATIVE CHARM
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• BECAUSE ITS SHAPE SHOULD NOT BE DETERMINED BY FIRST-ORDER MATCHING
(NO HIGHER NONTRIVIAL ORDERS KNOWN)

• ⇒ SUPPRESSED AT MEDIUM-SMALL x, ENGANCED AT VERY SMALL, VERY LARGE x



HEAVY QUARKS
IMPACT ON LIGHT QUARK PDFS

FITTED VS. PERTURBATIVE CHARM
QQBAR LUMI
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THE CHARM PDF FROM DATA...
• QUARK (ESPECIALLY QUARK-ANTIQUARK) LUMI AFFECTED BECAUSE OF CHARM

SUPPRESSION AT MEDIUM-x
• FLAVOR DECOMPOSITION ALTERED

• UNCERTAINTIES ON LIGHT QUARKS NOT SIGNIFICANTLY INCREASED



HEAVY QUARKS
THE CHARM PDF & PRECISION LHC PHYSICS

DRELL-YAN XSECTS
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• W , Z CROSS-SECTIONS AT 13 TEV IN PERFECT AGREEMENT WITH DATA
DIFFICULT TO FIT WITH PERTURBATIVE CHARM

• ELECTROWEAK CORRECTIONS IMPORTANT

• NOTE ALSO SMALL-x RESUMMATION OF F c2 REQUIRES FITTED CHARM



THEORY: SUMMARY

• WITH SUB-PERCENT DATA UNCERTAINTIES,

THEORY UNCERTAINTIES DOMINANT

• RESUMMATION ADVANTAGEOUS

• ELECTROWEAK CORRECTIONS MANDATORY
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