
Higgs production at the Tevatron
Detailed uncertainties

Conclusion

Higgs production at the Tevatron: theoretical
predictions and uncertainties

Julien Baglio

Laboratoire de Physique Théorique, Orsay
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Main production channels

gg → H qq̄ → VH V = W,Z

VBF pp̄ → tt̄H

gluon–gluon fusion and Higgs–strahlung known at NNLO in QCD

tt̄H known at NLO only

VBF pushed partly to NNLO in 2010

(Bolzoni, Maltoni, Moch, Zaro; arXiv:1003.4451)

but considered in this talk at NLO only (∼ 0.3% difference)
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Higgs production at Tevatron

MH & 150 GeV, gg → H channel
Exact at NLO QCDa, KNLO ∼ 2
Infinite top mass at NNLO QCDb,
KNNLO ∼ 3
Exact NLO EW correctionsc ,
Effective NNLO mixed QCD-EWd :
' ± a few %

MH . 150 GeV, pp̄ → HV channel
Exact at NNLO QCDe , KNNLO ∼ 1.5
Exact NLO EW correctionsf ' −5%

CKM effects included (∼ −5%)

pp̄→tt̄H

qq̄→Z H

qq̄→WH

qq→qqH

gg→H mt = 173.1 GeV
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Figure 1: The total cross sections for Higgs production at the Tevatron as a function of the Higgs
mass. The MSTW set of PDFs has been used and the higher order corrections are included as
discussed in the text.

In the case of the gg → H process, our results for the total cross sections are appro-

ximately 15% lower than those given in Refs. [5, 18]. For instance, for MH = 160 GeV, we

obtain with our procedure a total pp̄ → H + X cross section of σtot = 374 fb, compared to

the value σtot = 439 fb quoted in Ref. [5, 18]. The difference is mainly due to the fact that we

are working in the NNLO approximation in QCD rather than in the NNLL approximation.

As already, mentioned and in accord with Ref. [19], we believe that only the NNLO result

should be considered as the production cross sections that are used experimentally include

only NNLO effects (not to mention the fact that the K–factors for the cross sections

with cuts are significantly smaller than the K–factors affecting the total inclusive cross

section, as will be discussed in the next section). A small difference comes also from the

different treatment of the electroweak radiative corrections (partial factorisation plus mixed

QCD–electroweak contributions in our case versus complete factorisation in Ref. [18]) and

another one percent discrepancy can be attributed to the numerical uncertainties in the

various integrations of the partonic sections5.

We should also note that for the Higgs mass value MH = 160 GeV, we obtain K # 2.15

5We have explicitly verified, using the program HRESUM [47] which led to the results of Ref. [18], that

our NNLO cross section is in excellent agreement with those available in the literature. In particular,

for MH = 160 GeV and scales µR = µF = MH , one obtains σNNLO = 380 fb with HRESUM compared to

σNNLO = 374 fb in our case; the 1.5% discrepancy being due to the different treatment of the electroweak

corrections and the integration errors. Furthermore, setting the renormalisation and factorisation scales to

µR = µF = 1
2
MH , we find σNNLO = 427 fb which is in excellent agreement with the value σNNLO = 434 fb

– 8 –

aDawson (EFT, 1991), Djouadi, Spira & Zerwas (EFT, 1991); Spira, Djouadi, Graudenz, Zerwas (1995)
b Harlander & Kilgore (2002), Anastasiou & Melnikov(2002), Ravindran, Smith & V. d. Neerven (2003)

c Djouadi & Gambino (1994), Aglietti et al. (2004), Degrassi & Maltoni (2004), Actis et al. (2008)
d Anastasiou, Boughezal, Pietriello (2009)

e Hamberg, V. d. Neerven & Matsuura (1991), Brein, Djouadi & Harlander (2004)

f Ciccolini, Dittmaier, Krämer (2003)
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Resummation in the gluon–gluon fusion channel?

Gluon–gluon fusion channel known up to Next-to-Next-to-Leading-Logarithm
(NNLL)
(Catani, de Florian, Grazzini & Nason (2003)). But here not included because:

Experimental analysis still at the NNLO

⇒ theoretical input should be (for now) at NNLO

Cross section with cuts (and no resummation) have reduced K–factors

⇒ should be seen in the NNLO scale uncertainty

No PDF at the NNLL level until now

⇒ calculation slightly inconsistant (Corcella & Magnea (2005))
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Higher orders and scale variation
PDF+αs
EFT at NNLO
Combinaison of errors

Scale uncertainty

Higher orders (HO) guessed with µR , µF

variation around central µ0 = mH

mH

κ
≤ µR , µF ≤ κmH

Small HO ⇒ κ = 2 enough (ex. qq̄ → HV )

Large HO in gg → H (KHO ' 3)
guess scale domain from σNLO:
NLO band catches σNNLO

⇒ κ = 3 needed (at least) according to our
criterium
NNLO gg → H: ' 20% scale variation

(6= 10% assumed by CDF/D0)
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Higher orders and scale variation
PDF+αs
EFT at NNLO
Combinaison of errors

PDF and αexp+th
s errors

Different sets of PDFs on the market
⇒ differents errors on individual PDF

+ different central values

All have ∼ 5− 7% error, but central ABKM is
25% smaller than MSTW/CTEQ !

Add PDF+αexp
s correlated error

(MSTW dedicated set)
⇒ αs(MZ ) = 0.1171± 0.0034 (90%CL) error

Add ∆thαs = 0.002 error with central fixed–αs

MSTW PDF sets
⇒ ABKM is now consistent with MSTW/CTEQ

∼ 20% final error � 5% PDF alone
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Higher orders and scale variation
PDF+αs
EFT at NNLO
Combinaison of errors

Effective theory at NNLO

NNLO: easier with Mloop � MH

Good for t–loop (Marzani et al. 2008, Harlander et al. 2009)
Not for b–loop: ∼ 10% error at NLO

∆b
NNLO = KNLO

KNNLO
× σNLO

exact−σNLO
EFT

σNLO
exact

Then add Mb uncertainty (on-shell versus MS)

b–loop uncertainty: ±2− 3%

Exact EW corrections at NLO (Actis et al. 2008)
Effective theory for NNLO mixed QCD–EW,
MH � MW ,Z (Anastasiou et al. 2009)

∆EW
NNLO = σmixed−σNLO EW

σmixed

Add at most ∼ ±3.5% error

NNLO
NLO
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Higher orders and scale variation
PDF+αs
EFT at NNLO
Combinaison of errors

Putting together all the errors

Combining the errors: quadature or linear?
CDF: 10% scale ⊕ 5% PDF = 11% total error

D0: 10% total error

Reasonable way: add in quadature
PDF+∆exp+thαs on min

maxσ(µ)
and eventually linearly the small EW and b–loop
errors
gg → H: ∼ ±40% �∼ 10% CDF/D0
pp̄ → HV : ∼ ±10% >∼ 5% CDF/D0

pp̄ → HV much more under control
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Higher orders and scale variation
PDF+αs
EFT at NNLO
Combinaison of errors

CDF+D0 exclusion bands?

CDF& D0: excluded MH ∈ [162− 166] GeV (Phys. Rev. Lett. 104, 061803

(2010))
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Higher orders and scale variation
PDF+αs
EFT at NNLO
Combinaison of errors

CDF+D0 exclusion bands?

CDF& D0: excluded MH ∈ [162− 166] GeV (Phys. Rev. Lett. 104, 061803

(2010))
But with our errors:
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6. Conclusion

• Performed “state of the art” update of Higgs cross sections at Tevatron.
• Investigated all sources of theoretical errors for the two main channels.
•MH<∼150 GeV : qq̄→HV:

only a ≈ 10% error but a factor

of two larger than what is used.

• MH>∼150 GeV : gg→H:

a large,≈ ±40%, uncertainty,

mainly from scale and PDF+αs

• σNNLO
gg→H could be a factor

of two lower than what is as-

sumed by CDF/D0 analysis for

pp̄→H→W(∗)W(∗)→##νν
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• Need to reconsider 95% CL CDF/D0 exclusion limit 162≤MH≤166 GeV.

Rencontres de Moriond, 06–13/03/2010 Higgs at Tevatron – Baglio+Djouadi – p.8/8This 95% CL exclusion should therefore be reconsidered
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Summary and conclusion

Higgs production at Tevatron

The two most important channels have been revisited
at Tevatron (minor update for the two others)

gluon–gluon fusion has been thoroughtly studied with all
uncertainties: scale, PDF, αexp+th

s , EFT

Higgs–strahlung has been revisited with all major
uncertainties: scale, PDF, αexp+th

s

The overall ' 40% error on gg → H cross section implies
that the Tevatron exclusion bands on Higgs mass should
be revisited

Same has also been done at `HC = LHC@7 TeV and 1
fb−1 for gluon–gluon fusion, MSSM study under way
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Backup: gg → H at the LHC@7 TeV

Combination: same exercice as at Tevatron
Final error in gg→ H: ∼ −25%, ∼ +30%

much more under control than at Tevatron (∼ −40%,+50% error).

500250115

1.30
1.15
1.00
0.85
0.70

∆total (NNLO+EW)

MSTW

√
s = 7 TeV

σ(gg → H) [pb]

MH [GeV]
500450400350300250200150

20

10

5

1

Julien Baglio SM Higgs at TeVatron


	Higgs production at the Tevatron
	Detailed uncertainties
	Higher orders and scale variation
	PDF+s
	EFT at NNLO
	Combinaison of errors

	Conclusion

