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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?”
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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 — 0y m
@)

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

aQFJSM

a? F%\{I + IMnew

Rateij = CLQO',L-SM

“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 bb/7T = SM value. My = 100-190 GeV

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

Add ttH, H — 7 channel to improve ttH constraint.
MH = 110—-180 GeV Belyaev & Reina, JHEPO0208, 041 (2002)

Fit assuming WWH, ZZH couplings bounded from above by SM
value. My = 110-190 GeV

Diihrssen, 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.
My = 120 GeV Lafaye, Plehn, Rauch, Zerwas, & Diihrssen, JHEP0908, 009 (2009)
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Diihrssen, 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?
a2|—jSM

aQI‘EO'\{' + [Mew
Consider extraction of Higgs couplings when Higgs total width
IS a directly measurable observable.

Rateij = CLQO'iSM
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CMS TDR (2006), Vol. 2 (Physics), chap. 10
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My = 190 GeV:
- Decays: only expect to be able to observe WW, ZZ

- Production: gluon fusion (GF), vector boson fusion (VBF)

Heather Logan (Carleton U.)

Heavy Higgs couplings at the LHC

CMS TDR (2006)

Pheno 2011
7



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_l, 9.6% for 100 fb—1 cus ToR (2006), Vol. 2 (Physics)

Rates:
Production Decay 30 fb~! 100 fb~! *“contamination”

GF 4170 — 4¢ 14% 7.9% VBF ~ 14% @
VBF L7 — 4¢ 24% 13% GF ~21% “
GF WW — ephiss 9.6% 5.3% VBF ~ 2.8% a
VBF WW — eup}'ss 14% 7.6% GF ~ 7.8% a
VBF WW — (ee, pu)p'ss 15% 8.1% GF ~7.2% “
VBF WW — vjj 16% 8.9% (none) b

@ Dijhrssen, ATL-PHYS-2003-030 b pj 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:

[iot=Tw +T 74+ new
Tw = G5 T rz =933 OGF = J503F

over = [0.7353, + (1 — 0.73)52]o 0N

How we do our fits:

- Vary parameters, compute X2 from 7 observables assuming SM
for central value, compute probability density P = Ne—XQ/Q.

- 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: §‘2/ = 51%[/ — E%, §§, I_neW/'_tSol\{l
4-parameter: R = 5%/55[/' ?J%V, §§, I_neW/'_tSokél-
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Results: 3-parameter fit, 30 fb—1 32 =32, =32, 32, Tnew/TEY
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65 ~ 8%, 075 ~ 11%, Mnew/MEN' < 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) 92 =93 =32, 32, Tnew/I 50!
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Results: 3-parameter fit, 100 fb—1 32 =32, =32, 32, Tnew/TEY
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g% ~ 4.5%, g2 ~ 5.8%, Mnew/Itot S 12% at 95% CL
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Results: 4-parameter fit, 30 fb—1 R=32/3%. 3%, 32, Thew/T 5N
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OR ~ 13%:
Compare 14% from ratios of rates to ZZ and WW final states.
ga, measurement not significantly degraded compared to 3-parameter gz fit.
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Results: 4-parameter fit, 100 fb—1 R=32/33, 3%, 32, Tnew/ 2N

04’ S WO 7 04—
i P(R)
SR~ 6.5%:

Compare 7.8% from ratios of rates to ZZ and WW final states.
g2, measurement not significantly degraded compared to 3-parameter g2 fit.
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Conclusions

3-param fit 30 fb—1 100 fb—1
57% 8% 4.5% (1o)
95 11% 5.8% (10)
Mhew/TEY  <24% < 12%  (95% CL)
4-param fit 30 fb—!1 100 fb—!
R=g57/95  13% 6.5% (1o0)
gt 8% 4.5% (lo)

Inclusion of MNigt Mmeasurement (Mg = 190 GeV) allows model-
independent Higgs coupling extraction at LHC.

No systematics included—will be important at this precision.

Compare ILC (Mg = 190 GeV):

ga,, g3 comparable, but real value-added is fermion couplings:
ttH: 5§152 ~ 20% hep-ph/0604034, 1000 fb~! at /s = 800 GeV
H — bb: 5§g ~ 14% nhep-ph/0211461, 500-1000 fb~! at /s = 500-800 GeV
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