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Introduction

If a Higgs-like state is discovered, we’ll need to answer the ques-
tion, “Is it the (SM) Higgs?”

SM: coupling of Higgs to each

SM particle already fixed by

known particle masses.

BSM: couplings usually modi-

fied if Higgs sector is extended;

pattern helps identify model.

To test the Standard Model Higgs mechanism, need to measure
Higgs couplings.
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Model-independent Higgs coupling measurements are one of the
main selling points of ILC.

Coupling extraction more difficult at LHC due to absence of
direct measurement of Higgs production cross section(s).

Measure event rates: sensitive to production and decay couplings

Rateij = σi
Γj

Γtot

Allow an unobserved decay mode while simultaneously increasing
all couplings by a factor a:

Rateij = a2σSM
i

a2ΓSM
j

a2ΓSM
tot + Γnew

“Flat direction” in the fit!

Previous studies dealt with this by imposing model assumptions:
e.g., assume HWW,HZZ couplings no larger than in SM, or
assume no unobserved decays.
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Some history:

Get ratios of Higgs couplings-squared from taking ratios of rates.

Full coupling extraction: assume no unexpected decay channels,

assume b̄b/ττ = SM value. MH = 100–190 GeV

Zeppenfeld, Kinnunen, Nikitenko, Richter-Was, PRD62, 013009 (2000); Les Houches 1999

Add tt̄H, H → ττ channel to improve tt̄H constraint.

MH = 110–180 GeV Belyaev & Reina, JHEP0208, 041 (2002)

Fit assuming WWH,ZZH couplings bounded from above by SM

value. MH = 110–190 GeV

Dührssen, Heinemeyer, HEL, Rainwater, Weiglein, & Zeppenfeld, PRD70, 113009 (2004)

More careful analysis of probability density and correlations, using

updated expt studies. Assume no unexpected decay channels.

MH = 120 GeV Lafaye, Plehn, Rauch, Zerwas, & Dührssen, JHEP0908, 009 (2009)
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2 Experiments
-1 L dt=2*300 fb∫
-1WBF: 2*100 fb

Dührssen, Heinemeyer, HEL, Rainwater, Weiglein, & Zeppenfeld, PRD70, 113009 (2004)

- 10%–50%+ uncertainties on couplings-squared.
- Systematic uncertainties are important.
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This talk: can we make model-independent measurements?

Rateij = a2σSM
i

a2ΓSM
j

a2ΓSM
tot + Γnew

Consider extraction of Higgs couplings when Higgs total width
is a directly measurable observable.

284 Chapter 10. Standard Model Higgs Bosons
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Figure 10.11: Measured width of the Higgs boson mass peak, obtained from a Gaussian fit to the
peak, as a function of the true Higgs mass. The true width from theory is also shown.

where ∆stat, ∆syst, ∆L and ∆B are the statistical uncertainty, the systematic uncertainty
from the event selection, the uncertainty on the luminosity measurement and the back-
ground systematic uncertainty, respectively.

The statistical uncertainty ∆stat is shown in Table 10.6 for an integrated luminosity 30 fb−1,
as a function of mH .

The total systematic uncertainty arising from the offline reconstruction and event selection
can be summarised as:

∆syst2 = 2∆�2e + 2∆�2µ + ∆�2iso

where ∆�e is the uncertainty in the reconstruction efficiency for electrons, estimated to be
around 1% per electron [469], ∆�µ is the uncertainty in the muon reconstruction efficiency,
which has been shown to be measurable to be better than 1% per muon [467], and ∆�iso
is the uncertainty in the efficiency of the isolation cut, estimated in the H → ZZ(�) → 4µ
analysis [467] to be around 2% per event. This gives a total uncertainly ∆syst =3%.

The uncertainty on the measurement of the LHC luminosity ∆L is expected to be around 3%
at the 30 fb−1. The background uncertainty ∆B is discussed in Section 10.2.1.6.

Table 10.6: Statistical uncertainty on the measurement of the mass, width and production cross-
section of the Higgs boson.

mH (GeV/c2) 115 120 130 140 150 160 170 180 190
∆Stat(mH)(%) 0.722 0.512 0.335 0.206 0.193 0.256 0.388 0.27 0.134
∆Stat(ΓH)(%) - - - - - - - 54.8 17.6
∆Stat(σH)(%) 75 55.6 28.6 18.2 16.5 23.1 39.2 23.7 11.5
mH (GeV/c2) 200 250 300 350 400 450 500 550 600
∆Stat(mH)(%) 0.145 0.207 0.328 0.408 0.588 0.896 1.25 1.62 2.43
∆Stat(ΓH)(%) 14.4 7.38 8.2 5.43 5.8 5.91 6.52 6.61 8.36
∆Stat(σH)(%) 11.5 13 14.4 13.8 14.9 18 21.2 25.9 32.3

We study

MH = 190 GeV.

Method applicable

also at higher

Higgs masses.

CMS TDR (2006), Vol. 2 (Physics), chap. 10
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Figure: Calculated using HDECAY.

10.2. Higgs boson channels 275
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Figure 10.3: Higgs production cross sections at the LHC for the various production mech-
anisms as a function of the Higgs mass. The full QCD-corrected results for the gluon fu-
sion gg → H , vector-boson fusion qq → V V qq → Hqq, vector-boson bremsstrahlung
qq̄ → V ∗ → HV and associated production gg, qq̄ → Htt̄ are shown.

10.2 Higgs boson channels
10.2.1 Inclusive Higgs boson production with H → ZZ(∗) → e+e−µ+µ−

10.2.1.1 Introduction

The H → ZZ(�) → 4� channel has a very clean signature with relatively small backgrounds
and is therefore an important discovery channel for the Higgs boson for a large range of
masses. This channel is also important for the measurement of the mass and width of the
Higgs boson.

A detailed description of the analysis can be found in [466].

10.2.1.2 Event generation

All Monte Carlo event samples used in the analysis were generated using the PYTHIA [68]
event generator, except for the Zbb̄ (e+e−bb and µ+µ−bb) background samples which were
generated with COMPHEP [354].

Higgs-boson production was simulated through leading order gluon-gluon scattering and
vector-boson fusion. Monte Carlo samples were produced for 18 values of the Higgs boson
mass mH ranging from 115 GeV/c2 to 200 GeV/c2 in 10 GeV/c2 steps, and from 200 GeV/c2 to
600 GeV/c2 in 50 GeV/c2 steps.

Three background processes which yield the same signature of two electrons and two muons
in the final state, with significant cross-section times branching ratio, are considered:

1. qq/gg → tt → W+W−bb → e+e−µ+µ−

2. qq/gg → Zbb̄ → e+e−µ+µ−

3. qq → ZZ�/γ� → e+e−µ+µ−

SM Higgs BRs from HDECAY CMS TDR (2006)

MH = 190 GeV:

- Decays: only expect to be able to observe WW , ZZ

- Production: gluon fusion (GF), vector boson fusion (VBF)
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Total width and rate measurement studies taken from literature
(mix of CMS and ATLAS).
- All uncertainties statistical only.
- All studies were for 30 fb−1 at 1 detector at 14 TeV.
- We scale by

√
3/10 for 100 fb−1 estimate.

Total width:
17.6% for 30 fb−1, 9.6% for 100 fb−1 CMS TDR (2006), Vol. 2 (Physics)

Rates:
Production Decay 30 fb−1 100 fb−1 “contamination”

GF ZZ → 4` 14% 7.9% VBF ∼ 14% a

VBF ZZ → 4` 24% 13% GF ∼ 21% a

GF WW → ``pmiss
T 9.6% 5.3% VBF ∼ 2.8% a

VBF WW → eµpmiss
T 14% 7.6% GF ∼ 7.8% a

VBF WW → (ee, µµ)pmiss
T 15% 8.1% GF ∼ 7.2% a

VBF WW → `νjj 16% 8.9% (none) b

a Dührssen, ATL-PHYS-2003-030 b Pi et al, CMS-NOTE-2006-092

We use statistical uncertainties only, no systematics!
Extracted parameters are at a level of precision that we do expect
systematic uncertainties to be important.
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Parametrization of new physics:

Γtot = ΓW + ΓZ + Γnew

ΓW = ḡ2
WΓSM

W ΓZ = ḡ2
ZΓSM

Z σGF = ḡ2
gσ

SM
GF

σVBF = [0.73ḡ2
W + (1− 0.73)ḡ2

Z]σSM
VBF

How we do our fits:

- Vary parameters, compute χ2 from 7 observables assuming SM

for central value, compute probability density P = Ne−χ2/2.

- Project onto 2 or 1 dimensions by numerically integrating P .

- Find P values that enclose 68, 95, 99% of probability.

Two sets of fits:

3-parameter: ḡ2
V ≡ ḡ2

W = ḡ2
Z, ḡ2

g , Γnew/ΓSM
tot

4-parameter: R ≡ ḡ2
Z/ḡ

2
W , ḡ2

W , ḡ2
g , Γnew/ΓSM

tot .
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Results: 3-parameter fit, 30 fb−1 ḡ2
V ≡ ḡ2

W = ḡ2
Z, ḡ2

g , Γnew/ΓSM
tot

δḡ2
V ' 8%, δḡ2

g ' 11%, Γnew/ΓSM
tot . 24% at 95% CL
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Change 17.6%→ 100% uncertainty on total width measurement:

reopen the “flat direction”

(3-parameter fit, 30 fb−1) ḡ2
V ≡ ḡ2

W = ḡ2
Z, ḡ2

g , Γnew/ΓSM
tot
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Results: 3-parameter fit, 100 fb−1 ḡ2
V ≡ ḡ2

W = ḡ2
Z, ḡ2

g , Γnew/ΓSM
tot

δḡ2
V ' 4.5%, δḡ2

g ' 5.8%, Γnew/Γtot . 12% at 95% CL
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Results: 4-parameter fit, 30 fb−1 R ≡ ḡ2
Z/ḡ

2
W , ḡ2

W , ḡ2
g , Γnew/ΓSM

tot

δR ' 13%:
Compare 14% from ratios of rates to ZZ and WW final states.
ḡ2
W measurement not significantly degraded compared to 3-parameter ḡ2

V fit.
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Results: 4-parameter fit, 100 fb−1 R ≡ ḡ2
Z/ḡ

2
W , ḡ2

W , ḡ2
g , Γnew/ΓSM

tot

δR ' 6.5%:
Compare 7.8% from ratios of rates to ZZ and WW final states.
ḡ2
W measurement not significantly degraded compared to 3-parameter ḡ2

V fit.
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Conclusions

3-param fit 30 fb−1 100 fb−1

ḡ2
V 8% 4.5% (1σ)
ḡ2
g 11% 5.8% (1σ)

Γnew/ΓSM
tot < 24% < 12% (95% CL)

4-param fit 30 fb−1 100 fb−1

R ≡ ḡ2
Z/ḡ

2
W 13% 6.5% (1σ)

ḡ2
W 8% 4.5% (1σ)

Inclusion of Γtot measurement (MH & 190 GeV) allows model-
independent Higgs coupling extraction at LHC.

No systematics included—will be important at this precision.

Compare ILC (MH = 190 GeV):
ḡ2
W , ḡ2

Z comparable, but real value-added is fermion couplings:
tt̄H: δḡ2

t ∼ 20% hep-ph/0604034, 1000 fb−1 at
√
s = 800 GeV

H → b̄b: δḡ2
b ∼ 14% hep-ph/0211461, 500–1000 fb−1 at

√
s = 500–800 GeV
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