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e Higgs coupling measurement and VBF
e Effective Lagrangians and anomalous couplings

e VVVYV vertices and VBS



o(pp —~ H+X) [pb]

10!

Total cross sections at the LHC )

\'s= 14 TeV

I II|
LHC HIGGS XS WG 2010

| IIIIII|
o)
y Y
L<\wf<f
y ! \
1
1
1
T

I
O
\

\

l IIIIII|
\

200

300 400 500



C Advantages of Higgs production via VBF )

e Theoretical uncertainties for VBF are particularly small

e Measurments of couplings in VBF will be limited by statistics and
background systematics

e VBF is best single channel for 1— 1T measurements

e Signal strengths for h—7yy and h— V'V in VBF measure K%/ /Ttor
— important ingredient for disentangling Higgs couplings

e VBF production and H—ZZ— 111l will be important to measure the
tensor structure of the HV'V vertex
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( Tensor structure of the HV'V coupling )

Most general HV'V vertex T (q1,q2)

Physical interpretation of terms:
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The a; = a;(g1,9>) are scalar form factors
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( Connection to effective Lagrangian )

We need model of the underlying UV physics to determine the form factors a;(q1, 42)

Approximate its low-energy effects by an effective Lagrangian

Lo = fWquTWHVWHV¢+ fcb <¢T¢__) (D“qb)]L Dud)_|_..._|_z

Gives leading terms for form factors, e.g. for hWW coupling
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Describe same physics (for a particular vertex) by taking some minimal set of effective
Lagrangian coefficients f; as form factors



( Implementation in VBFNLO )

Start from effective Lagrangians (set PARAMETR1=.true. in anom_HVV.dat )

HZZ HZZ HWW HWW

8 8 5 8 8 j
L = 25;5 HZuwWZH + 25;)\5 HZuwWZH + 5/6\5 HW,,, WE + 5/0\5 HW,[, WEY +

gé{ZY g?ZY 3 g?ﬂ/ g?m/ 3
¢ HZ,, A" ° HZ,, A" ¢ HA LAY +222 _HA, , A"
As wv + A= wv + 2/ wv + 2/ wv

or , alternatively, (set PARAMETR3=.true. in anom_HVV.dat )

Lot = fﬁ\v—gvchWwW*ch + %cpTBWBH% + CP-odd part + - - -
6 6

see VBFENLO manual for details on how to set the anomalous coupling choices

Remember to choose form factors in anom_HVV.dat

M? M?
F = or F=-2M*"Cy(q3,45, (91 +q2)%, M?
qi — M2 q5 — M? ( )
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( Jet transverse momentum )

Form factors affect momentum transfer and thus jet transverse momenta (Here: a; only)

Figy, DZ hep-ph/0403297
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e Change in tagging jet pr distributions is sensitive indicator of anomalous couplings

e Can choose form-factor such as to approximate SM p distributions of the two tagging jets



( Azimuthal angle correlations )

Tell-tale signal for non-SM coupling is azimuthal angle between tagging jets
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Dip structure at 90° (CP even) or 0/180° (CP odd) only depends on tensor structure of hVV
vertex. Very little dependence on form factor, LO vs. NLO, Higgs mass etc.

Same physics in decay plane correlations for h—ZZ* —4 leptons



( Vector boson scattering )

The mj;, = 126 GeV Higgs will unitarize VV — V'V scattering provided it has SM hV'V couplings
—=Check this by either

e precise measurements of the 1VV couplings at the light Higgs resonance

e measurement of VV—VV differential cross sections at high pr and invariant

mass
Full gg—qqV'V with VV leptonic and semileptonic decay is implemented in VBFNLO with
NLO QCD corrections and large set of dimension 6 and 8 terms in the effective Lagrangian



C Going beyond dimension 6 )

Reason for dimension 8 operators like

Lsoy = [(DucD)TDVcD} X [(DH@)TD%D}
Ly1 = Tr [w,www] x [(D,ch)TD“cD]
Lra = Tr|Wa WHE| x T [Wyg W]

e Dimension 6 operators only do not allow to parameterize VVVV vertex with arbitrary
helicities of the four gauge bosons

For example: Lg o is needed to describe V V; — V[ V] scattering

e New physics may appear at 1-loop level for dimension 6 operators but at tree level for some
dimension 8 operators
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( VV—WTW~ with dimension 8 operators )

Effect of £eff fMlTI‘ [W W“lg] X Tr [W ﬁW‘”]
with Ty = fMl constant on pp—WTW™ jj—eTvou v,jj
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e Small increase in cross section at high WW invariant mass??



¢

VV—WTW~ with dimension 8 operators

Effect of constant T; = fMl on pp—WTW™ jj—eTveu v,jj
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e Huge increase in cross section at high myyy is completely unphysical

e Need form factor for analysis or some other unitarization procedure



C Conclusions )

VBF production of a light Higgs provides for important input to the
coupling measurements

VBS at high V'V invariant mass and high pr of the weak bosons
complements these measurements

Model independent parameterizations of deviations from the SM
are provided by a variety of programs

Form factors or some other unitarization procedure cannot be
avoided when using effective Lagrangians for VV scattering at the
LHC (for quite some time)
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