
Michelangelo L. Mangano

TH Unit, Physics Department, CERN

michelangelo.mangano@cern.ch

Higgs studies at the LHC: 
what’s the ultimate precision?

GGI Institute on

“Understanding the TeV scale through LHC data, 

DM and other experiments”

November 2 2012

mailto:michelangelo.mangano@cern.ch
mailto:michelangelo.mangano@cern.ch


2

H→γγ/H→ZZ

H→WW/H→ZZ

ttH→γγ/ttH→bb

qqH→WW/ttH→ττ

WH→WWW/H→WWWH→γγ/H→γγ

H γ
γ

H
W+

W-
W

γ
γ+

f
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(a) Indirect. Extracts HWW from H→γγ:

No estimate of precision for direct H→WW/H→ZZ 

(b) Need to reassess tt+H→bb

(b) (c)

(c) Assumed to be TH-systematics limited (in particular, no improvement at SLHC). Review 
systTH, also in view of forthcoming LHC data 

From the 2002 SLHC study (Gianotti, Mangano, Virdee et al, EPJC, hep-ph/0204087)

mH=125 mH=125
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More recent assessments M.Peskin, http://arxiv.org/abs/1207.2516v1

Using Duhrssen, ATLAS report ATL-PHYS-2003-030

with d(A) defined by
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More recent assessments ATLAS submission to Strategy Group,
https://indico.cern.ch/contributionDisplay.py?contribId=174&confId=175067

Relative uncertainties, 300 fb–1

Relative uncertainties, 3000 fb–1

Uncertainties on the signal strength, 300 fb–1 Uncertainties on the signal strength, 3000 fb–1

Also HH→bbγγ: 260 events/3000fb–1 , 3σ evidence/expt
Expect 30% uncertainty on λHHH , adding also other decay 
channels, and combining ATLAS+CMS

In ( ): 
with TH syst
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More recent assessments

CMS submission to Strategy Group,
https://indico.cern.ch/contributionDisplay.py?contribId=177&confId=175067 

Scenario 1: same systematics as 2012 (TH and EXP)
Scenario 2: half the TH syst, and scale with 1/sqrt(L) the EXP syst

Note: assume no invisible Higgs decay contributing to the 
Higgs width

TGC’s precision: any significant 
probe of Higgs anomalous couplings?

Plus Hμμ coupling to better than 5% 
at 3000fb–1

Note: results of scenario 1 @ 300/fb are ~ consistent with 
Peskin’s estimates

Note: results of scenario 2 @ 3000/fb are almost as powerful as ILC@500GeV !!
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Theoretical uncertainties on production rates

14 TeV δ(pert. theory) δ(PDF, αS)
gg→H ± 10 % ± 7%

VBF (WW→H) ± 1 % ± 2%
qq→WH ± 0.5 % ± 4%

(qq,gg)→ZH ± 2 % ± 4%
(qq,gg)→ttH ± 8 % ± 9%

Theoretical uncertainties on modeling of selection cuts.

Ex. jet veto efficiency, 
required to reduce 
bg’s to H→WW*

H coupling ~ N(events) / [ Lum x σTH(coupling=1) x efficiency (selection cuts) ]

Banfi, Monni, Salam, 
Zanderighi, arXiv:1206.4998
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UA2, Z.Phys. C30 (1986) 1 

To put it in perspective, W/Z physics started like this ....., from a score of events:

Why is it reasonable to expect progress?

Looking forward to the first measurement of pT(gg→H→ZZ*) 
with the 15-20 events that you will have by the end of 2012!

Much will be learned to improve our QCD modeling of Higgs 
production, form the thousands of (gg→H→ZZ*) events that 
will become available in the future
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pT(peak)~10 GeVpT(peak)~60 GeV

pT(H) in gg → HpT(H) in qq → qq H

TH systematics for pT(H) in gg → H 

DeFlorian et al
arXiv:1203.6321

Higgs XS WG, vol 2

DeFlorian et al
arXiv:1109.2109

http://arXiv.org/abs/arXiv:1203.6321
http://arXiv.org/abs/arXiv:1203.6321
http://arXiv.org/abs/arXiv:1203.6321
http://arXiv.org/abs/arXiv:1203.6321
http://arXiv.org/abs/arXiv:1203.6321
http://arXiv.org/abs/arXiv:1203.6321
http://arXiv.org/abs/arXiv:1203.6321
http://arXiv.org/abs/arXiv:1203.6321
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ATLAS, JHEP 1109 (2011) 053 

Studies of jet activity in final states 
with dijets at large Δy

indirect validation of jet-veto 
suppression efficiency for bgs
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Use LHC data to improve knowledge of PDFs



8TeV/7TeV and 14TeV/8TeV 
cross section ratios: the ultimate precision
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MLM and J.Rojo, arXiv:1206.3557

• TH: reduce “scale uncertainties”
• TH: reduce parameters’ systematics: PDF, mtop, 
αS, .... at E1 and E2 are fully correlated

• TH: reduce MC modeling uncertainties
• EXP: reduce syst’s from acceptance, efficiency, 

JES, .... 

E1,2: different beam energies

X,Y: different hard processes

• TH: possible further reduction in scale and PDF syst’s
• EXP: no luminosity uncertainty
• EXP: possible further reduction in acc, eff, JES syst’s (e.g. X,Y=W+,W–)

Following results obtained using best available TH predictions: NLO, NNLO, NNLL 
resummation when available

http://arXiv.org/abs/arXiv:1206.3557
http://arXiv.org/abs/arXiv:1206.3557
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8 TeV / 7 TeV: NNPDF results
• δ<10–3 in W± ratios: absolute 

calibration of 7 vs 8 TeV lumi
• δ<10–2 in σ(tt) ratios 
• δscale < δPDF at large pTjet and Mtt: 

constraints on PDFs

• Several examples of 2-2.5σ discrepancies between predictions of different PDF sets

8 TeV / 7 TeV: NNPDF vs MSTW vs ABKM
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ATLAS 2011 final
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Xsection ratios as probes of BSM contributions

Assume the final state X receives both SM and BSM contributions:

�exp(pp! X) = �SM (pp! X) + �BSM (pp! X)

Define the ratio:

We easily get:

where:
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Therefore:

theory systematics in 
7→8 TeV extrapolation
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relative BSM 
contamination

Energy dependence of the 
relative BSM contamination

E.g., assuming σSM(pp→X)=σ(gg→X) and σBSM(pp→X)=σ(qq→X) (*) 
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(*) e.g. SM: gg→tt and BSM: qqbar→Z’→tt
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Examples of E-dependence of luminosity ratios

Given the sub-% precision of the SM 
ratio predictions, there is sensitivity 
to BSM rate contributions at the 
level of few% (to be improved with better 
PDF constraints, especially for 8/14 ratios)
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14 TeV / 8 TeV: NNPDF results
• δ<10–2 in W± ratios: absolute 

calibration of 14 vs 8 TeV lumi
• δ~10–2 in σ(tt) ratios 
• δscale < δPDF at large pTjet and Mtt: 

constraints on PDFs

• Several examples of 3-4σ discrepancies between predictions of different PDF sets, even 
in the case of W and Z rates

14 TeV / 8 TeV: NNPDF vs MSTW vs ABKM
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Worth exploring in more detail the possible implications of precise 
measurements of energy (double-)ratios

σVBF(H) grows with E differently than σgg(gg→H) or σqq(VH): 
is there something to be learned from

RH(8)/RH(14)

for RH = σ(gg→H)/σqq(VH) or σ(gg→H)/σVBF(H) ? 

Study ratios of asymmetries at different energies (lepton charge asym, t vs 
tbar asymm in single-top production, etc)

E.g.

(1)

(2)

Study ratios in different rapidity ranges, or with different kinematical cuts, 
to increase sensitivity to particular x-ranges of PDF, or to particular 
dynamical regimes

(3)
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Things to think through

• Estimates of precision on Higgs couplings are based on fully independent tree-
level and loop-induced couplings. 

• What constraints among these, emerging from well motivated BSM 
scenarios, are worth considering? How does the precision of the 
measurements improve? (e.g. impact of no-invisible H decays)

• Explore in more detail the correlations between deviations from SM Higgs 
couplings and direct manifestations of the models causing them.

• what is “typically” more effective at the LHC: looking for deviations of Higgs 
couplings or for more direct signatures (VBF scattering, resonances, TGC?)?

• Define few benchmark scenarios for either situation, to explore in more 
detail

• Extrapolations to 3000fb–1 typically assume tighter, less efficient, cuts, to 
reduce bg’s due to pile-up. 

• How aggressive can one be, assuming important upgrades of detector/
trigger technologies? Review in particular prospects for VBF and high mass 
WW scattering studies

• Optimize luminosity vs detector performance? 
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Higgs rates at high energy

R(E) = σ(E TeV)/σ(14 TeV)


