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Motivation

The Standard Model 1s~35 years old and its essential goal

To describe e ectroweak Interactions with a
spontaneoudly broken SU(2)®U(1) gauge symmetry

has been spectacularly confirmed

*Renormalizability

*Discovery of Neutral Currents
*Discovery of W and Z bosons
*Precision test of W/Z properties




The Standard Model Higgs boson is the benchmark
for studies of the symmetry breaking sector

Where should the Higgs be’?
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Higgs Production at Hadron Colliders

Gluon Fusion dominates Higgs production at
Hadron Colliders

i
[68Z0T86/ud-0oyelds  N]

10 2 E ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! !
- o(pp—H+X) [pb]
Vs =2 TeV
10« M, = 175 GeV 3
gg—H CTEQ4M
[:
At the Tevatron: LB
10
2
10k
-3 i
10
4T
10

80 100 120 140 160 180 200



102 L

10

10

10

10

10

And at the LHC

o(pp—H+X) [pb]
Vs =14 TeV

M, = 175 GeV
CTEQ4M
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At the Tevatron, H—bb decay is overwhelmed by
QCD background and the rate istoo low to observe
rare decayslikeH — vyy.
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At LHC gg—H isthe primary discovery mode
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Why NNLO?

The NLO Corrections are very large

K(pp — H + X)

(xF 14 TeV)
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And NNLO was estimated (KL S) to be much larger
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Methods

The Higgs boson couples to mass:
* The gluons have no direct coupling
* The quarks in the proton (u,d,s) have tiny
couplings

Hadronic Higgs production is dominated by gluons
Interacting through virtual top quark loops.



Effective L agrangian

In the limit that the top quark is very heavy and all other
guarks are massless, we can integrate out the top and
formulate an effective Lagrangian coupling the Higgs to

Gluons.
L= ClH G G [Vainshtein et al ]

TRY

C, has been computed to order o * ! [Chetyrkin et al ]

Using the effective Lagrangian greatly ssimplifies the
calculation of radiative corrections.




NL O Corrections

NL O Corrections have been computed in both the
effective Lagrangian (Dawson; D jouadi et al.)

and in the full theory (Djouadi et a.)
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They agree extremely well
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NNL O Corrections

~or NNL O corrections, we assume that the Effective
_agrangian provides a good description of Higgs
Production (especially in the most interesting mass
range (< 200 GeV)).

NNL O Corrections combine three components
* Virtual correctionsto two loops

* Single Real Emission corrections to one loop
* Double Real Emission corrections



Virtual Corrections:
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Power Series Expansion in (1-x)

The cross section can be written as a power series
In (1-x), In(1-x):

In the Soft limit, one keeps only the o™ and »\™
terms.

In the Soft + Collinear limit (SVC), one also keeps ¢



Real emission generates terms like:

(1— x)—l—me :_5(1 — ) +Z (—me)™ [ln

me n!
n=0

so the b\"™ terms come for free.



The Soft LI

mit 1s not enough!

At NLO, 1t was founo

that the soft approximation
(n)

Isinadequate. Theleading ¢;;. " term dominates!

NLO K-factor (14 TeV) [CTEQS3]
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Power Series Expansion in (1-x)

The cross section can be written as a power series
In (1-x), In(1-x):
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Summing the Series.

With enough terms in the expansion, one can invert
the series and obtain the result in closed form If one
knows the basis functions:

Prefactors Functions

1, In(z)

In®(z), In®(z)

14z
i L12 (1 —_ .?‘L‘) ; L12 (1 —_ .?‘L‘) 11’1(.’13) .
So, with 7x14=98 terms,
1 Li (1 — &%), Liz (1 - %) In(x) the series can be inverted.
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Results; LHC
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How good is the expansion?
Excellent
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Results; Tevatron

op > H+2) (s =2TeV)

3
~
»

1 Es :
. .
—‘ -
- - -

~

2
0 100 120 140 160 180 200 220 240 260 280 300
M, [GeV]




Compare to the predictions of
collinear resummation:
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Scale Dependence at the LHC
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Scale Dependence at the Tevatron
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Conclusions

1.We have computed the complete NNL O correction
to Inclusive Higgs Boson Production at Hadron
Collider in the large M, limit.

2.The corrections are substantial, but perturbatively
well-behaved.
3.Scale Dependence is improved.

Thisisthefirst RELIABLE calculation of hadronic
Higgs boson production!



