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Exclusion plots from the LHC: heavy Higgs almost excluded

SM Higgs already excluded in the range 200 < my <400 GeV
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Very soon we can have stronger statements for heavy Higgs
(Discovery / exclusion on the full mj > 200 GeV range)

AMAZING EXPERIMENTAL RESULTS
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The theory beyond exclusion plots: m;/m;, — oo

Main theoretical ingredient: NNLO QCD

o Full result: very hard to compute
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@ Actual computations: “heavy top approximation”, i.e.
mg/mp — 00

Only the leading term in a my,/m; expansion is retained

How can this possibly work for a heavy Higgs?
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m;/my, — oo: almost never true

Effective parameter: 7 = 4m?/m3,. (Heavy top limit: 1/7 — 0)
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{ @ Non convergent expansion beyond

X the top threshold

@ Always miss t — b interference
effects (~ 5% in the SM)
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Why are the exclusion plots valid? J

Should we go ahead and compute the full NNLO?



NLO: finite mass effects don't show up

A posteriori lessons from NLO:
THE HEAVY TOP THEORY WORKS (ALMOST TOO) WELL

HARLANDER, RADCOR 09

o(pp—H+X)[pb]

NLO, LHC

UNLO)
gLo m¢ / mp—00

o =oro(m)x (

~ 5% accuracy at mp =1 TeV
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CAN WE UNDERSTAND THIS?
Accidental cancellation or physical origin? (— NNLO)



Taylor expansion in m,/m; does not converge

Taylor expand in 1/7: is this well-behaved? (Dawson, Kaurrman, 93)
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Taylor expansion in m,/m; does not converge

Taylor expand in 1/7: is this well-behaved? (Dawson, Kaurrman, 93)
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Taylor expansion in m,/m; does not converge

Taylor expand in 1/7: is this well-behaved? (Dawson, Kaurrman, 93)
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Taylor expansion in m,/m; does not converge

Taylor expand in 1/7: is this well-behaved? (Dawson, Kaurrman, 93)
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Taylor expansion in m,/m; does not converge

Taylor expand in 1/7: is this well-behaved? (Dawson, Kaurrman, 93)
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Taylor expansion in m,/m; does not converge

Taylor expand in 1/7: is this well-behaved? (Dawson, Kaurrman, 93)
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Taylor expansion in m,/m; does not converge

Taylor expand in 1/T: is this well-behaved? (DAWSON, KAUFFMAN, 93)
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Completely wrong small-x behavior!
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At small-x the top quark is never a heavy d.o.f.

m .
x = -, i.e. small-x «— large §
---- vs.  e-----

High-energy (i.e. small-x) gluon can resolve the top loop —

Hard QCD gluons, and not the top quark, are the heavy d.o.f.! J

At small-x the m;y — oo approximation is bound to fail —
We can probe leading finite mass effects with high energy gluonsJ

Small-x <— handle on the m; — co approximation
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QCD at small-x: fully under control and much easier

Separation between d.o.f. (gluons are heavy): — factorization

High-energy gluon emission is universal and can be described
within the framework of k; factorization:

o FuIIy inclusive: Catani, Ciafaloni, Hautmann (1991)

e Differential (rapidity) distributions: FC, Forte, Marzani (2010)

Within this framework computations are much easier
@ Singularity structure is universal and known at all orders

@ Computations can be done numerically

For the Higgs:

Computing the full NNLO at small-x is possible

Leading small-x terms can be computed to all orders




The recipe for a reliable NNLO: matching

Two extreme situations:
o large-x: top is effectively heavy and we can safely integrate it
out — available (rescaled) NNLO computations are fine
@ small-x : gluons are the heavy d.o.f. — we know the right
answer from the high-energy effective theory

To obtain a fully reliable NNLO prediction:
Match these two limits
@ Simple match, vary matching point to study uncertainties

e Scalar Higgs, fully inclusive: Marzani et al (08)
o Scalar/pseudoscalar, distributions: FC, Marzani (11)

e Match small-x with a my/m; expansion

o Scalar, fully inclusive: Harlander et al, (09-10)
e Pseudoscalar, fully inclusive: Pak et al, (11)




Inclusive results: finite m; effects are always negligible
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Fully inclusive production (no cuts):

e for low mass, finite mass effects are < 1%

@ up to 1 TeV: never above few percent

@ For pseudoscalar Higgs: larger corrections, but still < 5%
b — t interference effects:

e At LO: O(10%) — large!

@ Still under control if full NLO is used!



Shapes analysis: a K—factor description is fine
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QUANTITATIVE RESULTS:

@ NLO: up to 5%
(v Anastasiou et al, 09)

e NNLO: at most 2%

o Perturbatively stable result
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Recap: theoretical framework

Finite fermion mass effects are under control
@ The origin of (large) finite mass effects is now fully
understood: high-energy gluons resolve the fermion loop
@ Small-x QCD is a easy and effective way to assess them

e Fully inclusive since a long time
e Now also differential distributions

Leading finite mass effects:

@ match exact small-x results with available NNLO

sensistivity to matching procedure / point very small
e Simple matching ~ matching to a my/m; expansion

@ Results are perturbatively stable (i.e. beyond NNLO)

@ Can be computed for any Higgs-like theory via small-x EFT
@ Up to now: results exist for SM Higgs and pseudoscalar Higgs
°

Interference effects easily taken into account




Conclusions: LHC phenomenology

Higgs boson searches at the LHC

@ Although parametrically large, finite m; effects can be
systematically neglected

@ Rescaling with full NLO is a good enough approximation
@ Shapes are only slightly affected

@ Beyond NLO, t — b interference plays no significant role

@ Similar results also hold for pseudoscalar Higgs

The theoretical input for SM Higgs searches is perfectly fine
Rescaled NNLO is fully reliable up to very large Higgs masses J




