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HIGGS PRODUCTION CHANNELS

VECTOR BOSON FUSION
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THE HIGGS PRODUCTION CROSS-SECTION
AT p-p COLLIDERS, VS. COLLIDER ENERGY

E102 = M(H)= 125 GeV =¢
o EW) 1
: B H (N3LO QCD+NLO 12
X [_me— 1
+ |
T 10 =
(R ]
o F .
g | i
@)

H
|
o \O
o \O
\ .
I%%
T
Z/“
Z \z
g \2
OO
Acle 18
<l +Z+U
Z |+
o\ =
_?no\z
—iZ2lm \O
olzlz \m
Z
B>

107t

1072

6 7 8 9 10 11 12 13 14 15
(s [TeV]

e GLUON FUSION DOMINANT CHANNEL
e ttH, bbG DIRECTLY PROBE HQ COUPLINGS
e MOST CHANNELS ACCURATELY KNOWN



COUPLINGS AND ACCURACY

e NO SIGNALS OF NEW PHYSICS
e NEW PHYSICS IN HIGGS COUPLINGS?
e ONLY GAUGE COUPLINGS ACCURATELY TESTED

ATLAS & CMS, 1606.02266
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e DOMINANT UNCERTAINTIES COME FROM QCD
e PDFS & MISSING HIGHER-ORDER CORRECTIONS



GLUON FUSION

Higgs production: gluon fusion

PDF UNCERTAINTIES
VECTOR BOSON FUSION

Higgs production: Vector Boson Fusion
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MISSING HIGHER ORDER CORRECTIONS

MHOU UNCERTAINTIES
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MISSING HIGHER ORDER CORRECTIONS

SCALE VARIATION
BASIC IDEA:
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MISSING HIGHER ORDER CORRECTIONS
SCALE VARIATION

e NO UNNATURAL SCALE RATIOS =
“SEVEN-POINT” SCALE VARIATION

o 1
e APPROPRIATE RANGE FOR SCALE VARIATION? £
TRADITIONALLY, A FACTOR 2:
HOW WELL DOES IT WORK?? ool

e LOOK FOR NEW METHODS: BAYESIAN ESTIMATES?
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GLUON FUSION
THE TOTAL CROSS-SECTION
LEADING ORDER
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BEHAVES AS {M} & n2 N
_|_
EXACT & EFT COINCIDE IN THIS LIMIT

THE TOTAL CROSS-SECTION
SOFT DOMINANCE

e AT LARGE 7 — 1 (LARGE N — oo) THE NLO CROSS-SECTION

1—7

e AT SMALL 7 — 0 (LARGE N — 1) THE NLO CROSS—SECTION

BEHAVES AS const. (

e WHERE SHOULD WE LOOK? RECALL SADDLE!
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THE TOTAL CROSS-SECTION
HIGGS vs. Z (DRELL-YAN)
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WHY IS HIGGS SPECIAL?
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THE TOTAL CROSS-SECTION
MASS DEPENDENCE FROM RESUMMATION
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THE TOTAL CROSS-SECTION

PERTURBATIVE CONVERGENCE
o VS. PERT. ORDER

— Higgs cross section: gluon fusion
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e UNUSUALLY SLOW PERTURBATIVE CONVERGENCE = LARGE SCALE DEPENDENCE
e SCALE DEPENDENCE DOES NOT PREDICT WELL UNCERTAINTIES
e RESUMMATION IMPROVES <~ SOFT DOMINANCE



THE TOTAL CROSS-SECTION

PERTURBATIVE CONVERGENCE

SCALE UNCERTAINTIES

Higgs cross section: gluon fusion
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THE TRANSVERSE MOMENTUM DISTRIBUTION

e NEW STATES MOST LIKELY REVEALED THROUGH HIGGS-TOP COUPLINGS
e DEGENERACY IN HIGGS COUPLINGS TO DIMENSION 6 OPERATORS:
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HIGGS AT LARGE pr
“BOOSTED” HIGGS

e HIGGS+ JET CROSS SECTION: EFFECTIVE ¢4, INDUCED BY CONTACT TERM

® CROSS-SECTION ;7= = a(pr)ci + 2v(pt)cicy + B(pr)cg

e CAN DISENTAGLE CONTACT TERM BY SLOWER DROP WITH pr
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ea

TOTAL CROSS-SECTION VS

TRANSVERSE MOMENTUM DISTRIBUTION
QUALITATIVE BEHAVIOUR

TOTAL CROSS-SECTION TRANSVERSE MOMENTUM DISTRIBUTION
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e INCLUSIVE XSECT: DOUBLE ENERGY LOGS (POINTLIKE) VS SINGLE LOGS (RESOLVED)

e TRANSVERSE MOMENTUM DISTRIBUTION:
— SINGLE ENERGY LOGS (ALWAYS) WHOSE COEFFICIENTS ARE

— POINTLIKE:
SERIES IN In p; WITH CONSTANT COEFFICIENTS ( HARD PART p+-INDEP.)

— RESOLVED:
COEFFICIENTS ARE dj, (§p) FUNCTIONS = VANISH AS pit AT LARGE p¢;

SMALL p¢. POINTLIKE LIMIT RECOVERED

e CAN DETERMINE EXACTLY LEADING LOG BEHAVIOR TO ALL ORDERS FROM
HIGH-ENERGY RESUMMATION



THE H+NJ TRANSVERSE-MOMENTUM SPECTRUM
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e AT SMALL pr: TRASVERSE MOM. RESUMMATION: SUDAKOV PEAK
e AT LARGE pr EFT FAILS
e BUT EXACT MASS DEPENDENT RESULT ONLY KNOWN AT LO!



HE IMPROVED SPECTRUM
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e THE HIGGS IS NARROW: I' =& 4 MeV (COMPARE Iy =~ 2 GeV)

HIGGS AS A RESONANCE
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e BUT STRONG INTERFERENCE BETWEEN g9 — H — ZZ & g9 — ZZ < UNITARIZATION

e SIZABLE NLO CORRECTIONS
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Ao /dmy, [fb/10 GeV]

HIGGS AS A RESONANCE

THE ROLE OF MASS CORRECTIONS
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SUMMARY

DRAMATIC PROGRESS IN ACCURACY:
PDF'S, FIXED ORDER CALCULATION, RESUMMATION

SLOWLY CONVERGING EXPANSION: HOW DO WE ESTIMATE MHOU?

GRADUAL INCLUSION OF MULTISCALE: HQ MASSES, VIRTUALITY, pr

FULL COMBINED TREATMENT OF PRODUCTION & DECAY NEEDED FOR PERCENT ACCURACY






