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Higgs production at the LHC
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gg fusior

J roTooe The Higgs coupling is
th > _____ H proportional to the quark mas:

==y top#loop dominate

It Is a one#loop process already at Born le
===y Calculation of higher order corrections is very di$cul

NLO QCD corrections to the total rate computed
more than 15 years ago and found to be large
A. Djouadi, D. Graudenz

They increase the LO result by abol80% M. Spira, P. Zerwas 1199

They are well approximated by the large#sp limit
S.Dawson 1199

M.Kramer, E. Laenen, M.Spira!199:



The large#my, approximation

For a light Higgs it is possible to use an e%ective lagranc
approach obtained whenmyy — oo

J.Ellis, M.K.Galllard, D.V.Nanopoulos !197¢
M.\oloshin, V.Zakharov, M.Shifman 1197¢

1 l g H .
L =1 - 11 1+ Tr G, GW
eff A 3" V( )\ !
Known to O(! &)
K.G.Chetirkin, M.Steinhauser, B.A.Kniehl 11997
P
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M > M
Q H

Effective vertex: one loop less



gg! H at NNLO

NLO corrections are well approximated by the large#g limit

This 1s not accidental: the bulk of the e%ect comes from virtL

and real radiation at relatively low transverse momenta: wea

sensitive to the top 100 sy "S3SON: Steepness of the
gluon density at small x

NNLO corrections computed in the large#nmp limit

R. Harlander 12000
S. Catani, D. De Florian, MG 12001

Dominance of Soft#virtua| R.Harlander, W.B. Kilgore 12001,2002

: C. Anastasiou, K. Melnikov 12002
O y
€ /OeCtS perS|StS at NNLO V. Ravindran, J. Smith, W.L.Van Neerven 1200:

This Is good because the e%ects of very hard radia
==y are precisely those that are not accounted properly
the large#m, approximation



Soft#gluon resummatio

Soft#virtual e%ects are importa

All'order resummation of soft!gluon e"ects provides a

¥ way to improve our perturbative predictions

Soft#virtual e%ects are logarithmically enhancec z= M5/ 8! 1

The dominant behaviour can be organized in an all order resummed forn

Resummation works in Mellin space L=In |
1 C("s)exp{Lgi("sL) + g("sL)+ "sgs("sL) + ...}
We can perform the resummation up to NNLL+NNLO accuracy

This means that we include the full NNLO result plus all#order resummatic
of the logarithmically enhanced termssssgp No information is lost



Inclusive results at the LHC
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Inclusive results at the LHC

K | MRST2002 j Inclusion of soft#gluon e%ects at all orde
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Inclusive results at the Tevatro
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Inclusive results at the Tevatro
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An update

In the last 5 years quite an amount of work has been done: an update is desii

D. De Florian, MG 12009"

e New NNLO partons: MSTW2008
Important di%erences with respect to MRST200z

# more appropriate treatment of heavy quark threshol

# sizeable changes in the glu =g E.g.: at x~0.01 !relevant for pr12(
° ° GeV at the LHC" the gluon

#" dmz" from 0.1154 to 0.11 increases by 6& with respect to
MRST2002 !

e Two#loop electroweak corrections have been comput

U. Aglietti et al. 12004"
G. Degrassi, F. Maltoni 12004
G. Passarino et al. 1200

E%ect up to 5 & whose sign depends on the Higgs m



The recipe

Update to MSTW2008 NNLO partons

Consider top#quark contribution to the cross section and compute
at NNLL+NNLO

Normalize top#quark contribution with exact Born cross sectio

Add bottom contribution and top#bottom interference up to NLO

Include EW e%ects according to the calculation by Passarino et
assuming Ocomplete factorizationO |EW correction multiplies th
full QCD corrected cross section: supported by the calculation ¢
Anastasiou et al."

Use m{ =170.9GeV  amip = 4.75GeV pole m



The results: LHC@14 Te

With respect to our 2003 results the e%ect is hug
+30 & at my=115 GeV +9 & at my=300 GeV

mH (GeV) | best(pb) Scale (%)
|00 74.58 +9.6 -10. 1
|10 63.29 +9.3 -9.8
120 54.48 +9.0 -9.5
130 47.44 +8.7 -9.2
140 41.70 +8.3 -9.0
150 36.95 +8.2 -8.8
| 60 32.59 +8.0 -8.6
|70 28.46 +7.8 -8.4
|80 25.32 +7.6 -8.2
190 22.63 +7.4 -8.1
200 20.52 +7.3 -7.9
220 17.38 +7.0 -7.7
240 15.10 +6.8 -7.4
260 13.41 +6.6 -7.3
280 12.17 +6.4 -7.1
300 | 1.34 +6.3 -6.9

Scale uncertainties computed
with independent variations of
renormalization and factorization
scales !with 0.5m <#r, #r< 24
and 0.5 #e/#r< 2"

The uncertainty ranges from
10 to 7& 'note that at NNLO it
ranges froml2 to 9&"



The results: Tevatror

With respect to our 2003 results the e%ect ranges from9& to #9&

mH (GeV) | best(pb) Scale (%)
|10 1413 +10.0-90
|15 |.240 +9.9 -89
120 1.093 +9.8 -8.7
125 0.967 +9.7 -8.6
130 0.858 +9.6 -84
|35 0.764 +9.5 -8.3
140 0.682 +9.5 -8.2
145 0.611 +9.4 -8.1
150 0.548 +93-80 |
|55 0.492 +9.2 -7.9
|60 0.439 +9.2 -7.8
|65 0.389 +9.2 -7.7
| 70 0.349 +9.1 -7.6
| 75 0.314 +9.1 -7.5
|80 0.283 +9.1 -7.4
|85 0.255 +9.0 -74
190 0.231 +9.0-7.3
195 0.210 +9.0-7.3
200 0.192 +9.0 -7.2

Uncertainty from scale
variations is about9#10 &
Inote sizeable reduction with
respect to the 14& that we ge
at NNLO "

Used In the recent Tevatron analys

Consistent with result from
Anastasiou et al. 'obtained with
di%erent approach”

di%erences are of about 1&



The relevance of higher ordel

The recent Tevatron exclusion is based on this updated res
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The relevance of higher ordel

The recent Tevatron exclusion is based on this updated res



The relevance of higher ordel

The recent Tevatron exclusion is based on this updated res
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The relevance of higher ordel

The recent Tevatron exclusion is based on this updated res

Tevatron Run Il Preliminary, L=2.0-5.4 fb™
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This would be the situation if the NLO result had been used !



What else

Further improvements are possible

® Correct small#x behavior evaluated and includ
_ S.Forte et al. 1200€
through a matching procedure

mumgy  E%ect smaller than 1& for a light Higg

e Additional soft terms In soft#gluon resummation !the gfunction"

S.Moch, A. Vogt 12005
E. Laenen, L.Magnea 1200
V. Ravindran 2006

Together with full N 3LO would lead to a reduction of scal
uncertainty to about 5& S.Moch, A. Vogt 12005



What are the uncertainties

Implementation of EW corrections:
changing to the OpartialO factorization scheme would lead to an e%

going from#3 &!'mp=115 GeV" t&-2 & Imy=200 GeV" at the Tevatror
and similarly at the LHC



What are the uncertainties

e Implementation of EW corrections:
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What are the uncertainties

Implementation of EW corrections:
changing to the OpartialO factorization scheme would lead to an e%
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Large#ngp approximation:
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What are the uncertainties

Implementation of EW corrections:
changing to the OpartialO factorization scheme would lead to an e%
going from#3 &!'mp=115 GeV" t&-2 & Imy=200 GeV" at the Tevatror

and similarly at the LHC

Large#ngp approximation:
a recent paper by Harlander and Ozeren shows that it works
better than 0.5 & for my'300 GeV

==y |mportant conbrmation of the accuracy of this approximatiot

Scale uncertaintyranges from7 to 10 &

PDF uncertainty: computed by using the 40 grids provided by MSTW
# at the LHC it Is about3& at 90& CL 'm 4'300 GeV"
# at the Tevatron it ranges frontd to 10& at 90& CL Im y'200 GeV"



What are the uncertainties

There is a remaining uncertanty that should be considered:
e the one from the QCD coupling " s
Higgs production through gluon fusion starts at second order Ihs

=gy \\e expect this uncertainty to be particularly important

Recently MSTW have studied the combined e%ect of PDF+s uncertainties

A.Martin,J.Stirling,R.Thorne,G.Watt 12009"
We bnd that:

# at the LHC PDF+" suncertainty is about/7& at 90& CL 'm 1'300 GeV"
# at the Tevatron PDF+' s uncertainty ranges from/ to 18&! Imy'200 GeV"
For mp=165 GeV

Obest = 0.389 fb ﬁ?:?;‘i(scale) ﬂg:%;’i(as + PDFs @90% CL)



What are the uncertainties

Note also that at present, besides MSTW, we have only two oth

NNLO global parton analysesA09 andJRO09 S Alekhin et al. 12009

P.Jimenez#Delgado, E.Reya 20(

A quick comparison of the central results shows that:

# at the LHC A09 IJR09" result is smaller than MSTW2008 by & 111&"
fo my=115 GeV and b¥1& 18&" for my=300 GeV

# at the Tevatron for niy=165 GeV the e%ect #26 & 1#2&"

lreason: smallel' s, Tevatron jet data not included........ !
BOTTOM LINE:

The uncertainty on the inclusive gg —H cross section Is
still relatively large and, at least at the Tevatron, it is
dominated by the PDFs #and ! s$



New:  Online calculators

Higgs cross sections
- ‘ P + | €3 http:/ /theory.fi.infn.it/cgi-bin/higgs.pl ¢ | (Q~ Google
Q0 i  Massimilian... HOME page MeteoSwiss - Weather Apple Yahoo! Google Maps YouTube Wikipedia News (381)v Popularv

Higgs cross section

Compute SM Higgs production cross section at LO, NLO and NNLO in the large-mtop limit

Collider type (pp=1,ppbar=-1) ? [ -1 ]

CM energy (GeV) ? 1960

Higgs boson mass (GeV) ? 165

Renormalization scale factor (mur/mh) ? 1

Factorization scale factor (muf/mh) ? 1

Normalization ?

(O=large mtop approximation,l=exact mtop-dependent Born cross section) | 1__: ;‘
LO pdfs ?

(MSTW2008LO 4|

NLO pdfs ?

| MSTW2008 NLO & |

NNLO pdfs ?

| MSTW2008 NNLO & |

/ compute \ ( clear \




New:  Online calculators

Higgs cross sections
- ‘ + 3 http://theory.fi.infn.it/cgi-bin/higgs.pl ¢ Q
(0 i  Massimilian... HOME page MeteoSwiss - Weather Apple Yahoo! Google Maps YouTube Wikipedia News (381)v Popularv

Higgs cross section

Please be patient. The calculation takes about 30s...
LO cross section is 0.126 pb
NLO cross section is (.265 pb

NNLO cross section is 0.342 pb




New:  Online calculators

Higgs cross sections
- ’ + €3 http://theory.fi.infn.it/cgi-bin/hresum.pl ¢ (Qr
(1] i Massimilian... HOME page MeteoSwiss - Weather Apple Yahoo! Google Maps YouTube Wikipedia News (381)v Popularv

Higgs cross section

Compute reference SM Higgs production cross sections according to

D. de Florian, M. Grazzini, arXiv:0901.2427, Phys. Lett. B674 (2009) 291

Collider type (pp=1,ppbar=-1)? [ 1 3|
CM energy (GeV) ? 14000

Higgs boson mass (GeV) ? 130
Renormalization scale factor (mur/mh) ? 1

Factorization scale factor (muf/mh) ? 1
NNLO pdfs ?

' MSTW2008 NNLO |

( compute ) ( clear )




new:  Online calculators

000 Higgs cross sections
< | » |+ @ hup//theory.fiinfn.it/cgi-bin/hresum.pl |




Total cross section Is thus OK but....more exclusive observables are need

At LO we donOt bPnd problems: compute the corresponding matrix element .
Integrate it numerically over the multiparton phase#space

Beyond LO the computation is a%ected bmfrared singularities

Although these singularities cancel between real and virtual contributions, tr
prevent a straightforward implementation of numerical techniques

In particular, at NNLO, only few fully exclusive computations exist, due to thel
substantial technical complications

For Higgs boson production through gluon fusion two independent
computations are available and are implemented in two numerical co«

e FEHIP
Based on sector decompositic C.Anastasiou, K.Melnikov, F.Petrello 1200¢
e HNNLO

: : S.Catani, MG 12007
Based on an extension of the subtraction meth MGI12008"



HNNLO

http://theory.p.infn.it/grazzini/codes.html

HNNLO is a parton level MC program to compute Higgs boson productic
through gluon fusion in PP orP@ collisions at LO, NLO, NNLO

e H! ~v (higgsdec =1)
e H! WW! Il (higgsdec =2)

o H! ZZ ! A4

- H! e e u' pu~ (higgsdec = 31)
-H! e'e e e (higgsdec =32)

==p Includes appropriate interference contributior

The user can choose the cuts and plot the required distributions by
modifying the CUTS .T  andplotter .t subroutines


http://theory.fi.infn.it/grazzini/codes.html
http://theory.fi.infn.it/grazzini/codes.html

LHC



Results gg! H ! !

S. Catani, MG 12007

Use cuts as in CMS TDF Photons should be
Isolated: total transvers

pn > 35 GeV energy in a cone of
ly| < 2.5 radiusR = 0.3 shoulc

TaX > 40 GeV
PT be smaller thant GeV

15.0
corresponding MRST2004 1| My=125 GeV |
: : ) 4 12.5 T - _
distributions [ I
_ 10.0 [ [~ + ]
note perturbative S
i il 2t R=0.3
instability when — 75k ' 1 h
o I
pr! My/2 a r) 1 —— NNLO -
o 5.0 | Eq<6 GeV | ---- NLO 7
B I | LO ]
2.5F I - ]
We Pnd good :
agreement N I == SR 5 AT R £
with FEHIP ' o0 100 150 o0 100 150 200
Anastasiou et al. 1200! Prmin (GeV) Prmax (GeV)



Results gg— H — WW — [l

MG 12007"

see also C.Anastasiou,
prTnin > 25 GeV m; < 35 GeV | 1 < 45° Dissertori, F. Stockli 12007
35 GeV < p_rl_nax < 50 GeV |y| ‘ < 2 p_rl[]iSS > 20 GeV cuts as It

Davatz et al. 1200¢

Results fol I (fb) LO NLO NNLO

o U- = Ur = My /2 | 17.36+ 0.02 | 1811+ 0.08 | 15.70% 0.32
pr =30 GeV U = Ur = My | 14.39% 0.02 | 1707+ 0.06 | 1599+ 0.23
U = Ur =2My | 1200+ 0.02 | 1594+ 0.05 | 15.68= 0.20

Impact of higher order corrections 30
~ 7 strongly reduced by selection cuts

| ppoH+X->WW+X-llv+X MRSTR004

[ My/2 £ up=pg < 2My My=165 GeV
| selection cuts

25

The NNLO band overlaps with the
NLO one for p¥* £ 30 GeV

The bands do not overla
pr° © 30 GeV

NNLO e$ciencies found in good
agreement with MC@NLO

. O- T B R B R BT Y T
Anastasiou et al. 1200¢ 20 30 .80 70 100
Pr (GeV)




Resultsgg! H! ZzZ! e'¢e e'e

MG 12007"
Inclusive cross section

| (fb) LO NLO NNLO

UF = Ur = My /2 | 2457+ 0.001 | 4.387% 0.006 | 4.82+ 0.03
UF = Ur = My | 2.000% 0.001 | 3.738+ 0.004 | 452+ 0.02
UF = Ur =2My | 1.642% 0.001 | 3.227+ 0.003 | 4.17+ 0.01

KNLQ =1.87 KNNLo = 2.2€

Consider theselection cuds in the CMS TDR ly| < 2.5
Pr1 > 30 GeV prr > 25 GeV pr3> 15 GeV prg > 7 GeV

Isolation: total transverse energy in a cone of radius R=0.2 around each leg
should fulkll E1 < 0.05 pr

For each e" € pair, bnd the close§1)  and nextto clofemb) 1117
= 81 GeV<mi< 101 Ge\ and 40 GeV<m, < 110 Ge\



The corresponding cross sections a

o/bin (fb)

o/bin (fb)

KNLO = 1.8/

KNNLO =2 .2¢

In this case the cuts are mild
and do not change signibcant
-7 the impact of higher order

I (fb) LO NLO NNLO
U = pr = My /2 | 1.541+ 0.002 | 2.764+ 0.005 | 2.966+ 0.023
U = ur = My 1.264+ 0.001 | 2.360+ 0.003 | 2.805+ 0.015
U = ur =2 My 1.047+ 0.001 | 2.044+ 0.003 | 2.609+ 0.010
L ppoH4XoZZ+Xoete ete+X I MRST2004 My=200 GeV ]
0'8:_ 1 with cuts Mp=Up=My ]

corrections

Note that at LO
P11, P12 < My /2

pra<My/3 Pra<Mnul/4

Behaviour at the kinematicsa
boundary is smooth

No instabilities
beyond LO

4



TEVATRON



A Study of gg— H — WW — [l
at the TevatrO C. Anastasiou, G.Dissertori

F. Stoeckli, B.\Webber, MG 12009"

The Iinclusive K#factors ar

We consider my=160 Ge\ — Knio =2.42 Knnlo = 3.31

Consider dimuon pnal stat WW — p™ ' |
We use the following cuts !CDF note 9500 !2008"

Triler: at least one lepton withpr > 20Gev  ar|l| < 0.8

Preselectic

e Other lepton must havepr > 10GeVv a || < 1.1

® [nvariant mass of the charged leptor my > 16 GeV

Leptons should be isolated: total transverse energy in a c
of radiusR = 0.4 should be smaller thdQ% of leptPT



Selection cuts fory=160 Ge\

DePne jets according to the kt algorithm withD =0 .4
a jet must havepy > 15Gev  afhg < 3

MET , ¢ > /2

Debne *
MET {MEszinqS, b < m/2

where! is the angle in the transverse plane between M
and the nearest charged lepton or jet

We require:

® At most one jet le%ective only beyond NLC

e MET™> 25GeV

This debnes the neural net input sta

Being a NN based analysis it is important to check that the
==mygy-  distributions used are stable against radiative corrections &
that they are correctly described by the MC generators



Accepted cross sections at bxed oro

Inclusive cross section:

| (fb) LO NLO NNLO
L= my/2 1.998 + 0.003 | 4.288+0.004 | 52520016
B= Iy 1.398 £ 0.001 | 3.366 +0.003 | 4.630 +0.010
B =2my 1.004 £ 0.001 | 2.661 £0.002 | 4.012 + 0.007
Cross sections after cut
l (fb) LO NLO NNLO
L=my/2 | 07500001 | 1.410+0.003 | 1.454+0.006
B= Iy 0.525+0.001 | 1.129£0.003 | 1.383 +0.003
P =2my 0.379 £0.001 | 0.903 £0.002 | 1.243 +0.003
o = 38% InLo = 34% ENNLO

= 30%

'

KNLO = 2.4z

KNnNnLo = 3.3]
Knio = 2.15
KNNLO = 2.6c¢

E%ect of radiative corrections signiPcantly reduced when cuts are app
E$ciency of the cuts decreases when going from LO to NLO and NNLC(



Distributions

We study a few kinematical distributions: Bmin, Ptmax, Mi, $1, MET

pPp —>H+X—>WW+X—>,UJ+1/,UJ_V+X
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Bands obtained by varyingg=#r=#r between 1/2 m and 2ny

The distributions do not show signibcant instabilities whe

going from LO to NLO to NNLO
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Distributions

We study a few kinematical distributions: Bmin, Ptmax, Mi, $i1, MET

pp > H+ X > WW+ X u'vuv+X pp > H+ X > WW+ X u'vuv+X
0.25 T T T | T T T T | T T T T | T T T T | T T T T 0.20 T T T | T T | | ]
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0.20 — my = 160 GeV — - T my = 160 GeV
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015 s —
Q [ T 1o
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5 - & 5
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- (X - 0.05 _ |
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: = : o
0.00 | ] | ] ] ] ] | ] ] ] ] % 0.00 ] ] ] ] | ] ] | ] R
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m, (GeV)
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bn

Bands obtained by varyingg=#r=#r between 1/2 m and 2ny

The distributions do not show signibcant instabilities whe
going from LO to NLO to NNLO




Distributions
We study a few kinematical distributions: Bmin, Ptmax, Mi, $1, MET

pp > H+X > WW+X->uvuv+X

pp > H+X>WW+X->uvuv+X
T | T T T | T T T T | T T T | T | T T T T T T T T | T T T T | T T T T | T T T T | T T T T | T T T T
1.000 F — 1.000 |- —
- MRST2001 LO, MRSTZ2004 (N)NLOE - MRST2001 LO, MRSTZ2004 (N)NLOE
0.500 myg/2 £ Ug = Up < 2 My . 0.500 - myg/2 £ ug = Up £ 2 My —]
@e@ my = 160 GeV 4 L sy my = 160 GeV
AL AN ANANAN 7] B ngi K XX
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b 2 7 b
0.010 | 0.010 NN
0.005 F = - 0.005 F == -
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10 20 30 40 50 60 70 20 30 40 50 60 70 80
soft hard
Pr [GeV] Pr [GeV]

MC results are rescaled so as to match the inclusive NNLO cross sect

They appear to be in reasonably good agreement with NNL



Distributions

We study a few kinematical distributions: Bmin, Ptmax, Mi, $1, MET

pp >~ H+X->WW+X->uvuv+X
0.25_ T T T T | T T T T | T T T T | T T T T | T T T T
MRST2001 LO, MRST2004 (N)NLO
- my/R £ ug = My = 2 my
0.20 — my = 160 GeV
- T NNLO
015 4 I
o) B T
N
ool B &
0.10 —
I R R(MC@NLO) Rz
R oz2%
0.05 — ==
I < 1
0.00_ | ||||||||||§Fg|\=i|q'?w‘;
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my (GeV)

MC results are rescaled so as to match the inclusive NNLO cross sect
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20

pp > H+X>WW+X->uvuv+X
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They appear to be in reasonably good agreement with NNL
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0.001

Distributions

We study a few kinematical distributions: Pmin, Ptmax, M, $1, MET

pp >~ H+X->WW+X->uvuv+X

70
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pp > H+X>WW+X->uvuv+X
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MC results are rescaled so as to match the inclusive NNLO cross sect

They appear to be in reasonably good agreement with NNL



Distributions

We study a few kinematical distributions: Bmin, Ptmax, Mi, $1, MET

pp > H+ X > WW+X->uvuv+X pp > H+ X > WW+X->uvuv+X
0.25 T T T | T T T T | T T T T | T T T T | T T T T 0.20 T T T | T | |
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MC results are rescaled so as to match the inclusive NNLO cross sect
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Is there a way to quantify the agreemen!t
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Neural Network

To check it we train a Neural Network
We use the TMVA root package and trair o
the network with samples for Higgs, _ ouf
WW and ttbar processes generated with < |
PYTHIA 8 |
All the predictions are peaked at ANN4 :
pp > H+X>WW+X->puvuv+X
b A I L L R 20T
MRST2001 LO, MRST2004 (N)NLO
020~ Mu/2 = pg = pp S 2 my — 0.20
5 my = 160 GeV % ] -
o i_% i o
3 015 NNLO Zﬁ — B 0.15
~ Té ] ~
EO.IO_ Z — g
° : R(MC@NLO) | | ©
0.05_ é 0.05
0.0 L _

ANN output

pp > H+X->WW+X->uvuv+X
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my/2 £ pp = My £ 2 my
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NNLO

NI

LO
| | | | |

0.0
ANN output

pp > H+X->WW+X->u'vuv+X

0.5 1.0

-1.0

MRST2001 LO, MRST2004 (N)NLO

my/2 £ pg = pp £ 2 my
my = 160 GeV

% )
i\

“05 00
ANN output



Acceptance

Despite this agreement the Pnal acceptances do show some discrepa

® MC@NLO result smaller than NNLO by 4#14 & depending on the scale choi

® HERWIG results agrees with the NNLO calculation within uncertainties

® PYTHIA result is smaller than NNLO by 12#21 &

Tace/ Tinel Trigger + Jet-Veto + Isolation All Cuts

NNLO (g = mp/2) 44.7% | 39.4% (88.1%) | 36.8% (93.4%) | 27.8% (75.5%)
NNLO (g =2 my) 44.9% | 41.8% (93.1%) | 40.7% (97.4%) | 31.0% (76.2%)
MC@NLO (p =my/2) || 44.4% | 38.1% (85.8%) | 35.3% (92.5%) | 26.5% (75.2%)
MC@NLO (g =2 my) 44.8% | 38.8% (86.7%) | 35.9% (92.5%) | 27.0% (75.2%)
HERWIG 46.7% | 40.8% (87.4%) | 37.8% (92.7%) | 28.6% (75.7%
PYTHIA 46.6% | 37.9% (81.3%) | 32.2% (85.0% 4.4 ‘

Di%erences in Pnal acceptance are mainly due to jet veto and isole

The results do not change signibcantly if hadronization or UE are taken ir
account



Summary !l

. Gluon#gluon fusion is the dominant production channel for tt
SM Higgs boson at hadron colliders for a wide range of Hn

QCD corrections are important and are known up to NNLC

Resummation provides a way to improve the bxed order NNLO
predictions by adding the all#order resummation of soft#gluon contributic

| have presented updated predictions at the Tevatron and the LH:
compared to our 2003 results cross sections change signibcantly

The uncertainties are still relatively large, especially at the Tevatr

Online calculators are now availab



Summary I

Total cross sections are ideal guantities: real experiments h
Dnite acceptances !

HNNLO is a fully exclusive NNLO MC program for gg—H that
Includes all the relevant decay modes of the SM Higgs boson

| have presented results of a study of ggH —-WW —[! [l at the Tevatron

As expected, the impact of QCD corrections is reduced when il
selection cuts are applied

The distributions used in the experimental analysis do not shc
signibcant instabllities: this is conbrmed by using our own NN

The acceptance obtained with PYTHIA turns out to be smaller that
that found at NNLO and with MC@NLO
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Uncertainties

CDF and DO divide event sample in 0,1 and 2 or more |

The uncertainty increases when going from 0to 1 to 2

A Nipc(scale)

- o RO7 —|—5% o7 . —|—24%- yO7 . —|—78% . —|—1-—10%.
oo (135) +2so - (1385) + 49 (1) - (")

N nc

If di%erent selection cuts are applied in the three jet bins the Pnal uncertai
does not coincide with the uncertainty of the inclusive cross section

A Ngignal (scale)

N .
I\ signal

— 07 . +5% 07 . +24% 07 . +78% [ +18.5%
= 60% (—94) +29% <—22%> +11% (—41%> = (—16.3%)

In particular, if the events with one or more jets are preferred after the selecti
cuts the uncertainty will be larger



