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Higgs boson couplings

We consider light scalar Higgs boson A
In the CP-conserving Two Higgs Doublet Model.

Basic couplings, relative to SM:
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For charged Higgs boson couplings
(loop contribution to I+~ ) we set
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Boson couplings are related by
“patter relation”

v —xd) O —xv) +x5 = 1

or

(Xu + xd)xv = 1+ xuXd

Instead of angles « and 3 we use
couplings xy, and x,, to parametrize
cross sections and BRs.
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2HDM (11)

As the overall sign of Higgs couplings
does not matter we choose 2HDM(I) X,

O < xyv =1

Third basic relative coupling

1—X2
Xd = Xv -+ v
XV — Xu

If we neglect H decays to h and A
cross sections and BRs calculated for
h are also valid for H
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2HDM (I1)

We consider Higgs boson SM branching ratios
production at LHC, LC and PLC,

for Higgs boson mass between
200 and 350 GeV.

BR(h - X) [%]

For SM-like scenarios (x ~ 1)

Higgs boson decays to WW and
Z 7 dominate.
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In the considered mass range
Higgs boson production at LHC
IS dominated by the gluon fusion
process.

hgg 1S dominated by the top
loop contribution =

o(gg = h) ~ X7

WW fusion process contributes
to about 15% of cross section

o(qq — qqh) ~ X
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SM Higgs boson production at LHC



LHC

Measurement of the production cross Cross section relative to SM
section times branching ratio o(pp ~hX)*BR(h -~ ZZ - 41) / 05, "BRg,

o(pp - hX) -BR(h — ZZ — 4l)

IS possible with precision ~ 15%
(SM-like scenario, 30 fb—1)
CMS TN/95-018, CMS CR/2002-020

This will constrain the |x;| value,
provided i/ is not too small.
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Allowed coupling values from
Cross section measurements
at LHC

Assumed parameter values:

M, = 250 GeV
XV — 0.5
xt = 1.1

resulting in the cross section
value consistent with SM
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M, =250. GeV x=1.1 x,~=0.5
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For Higgs boson production at TESLA
(v/s = 500 GeV, 500 fb~1)
two processes are considered
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Production is sensitive only to xy

LC
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LC

Measurement of the production cross Cross section relative to SM
section times branching ratio o(e’e’ ~hX)*BR(h - ZZIWW) / 0g*BRg,,

oc(ete™ = hX) - BR(h > WW/ZZ)

IS possible with precision ~ 4 — 7%
(SM-like scenario, 500 fb—1)

This will constrain the y, value
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Allowed coupling values from
Cross section measurements
at LHC and LC

Combining measurements at
LHC and LC we can
constrain both | x| and xy,

However, sign of y;
(relative to ) can not be
determined.

LC

M, =250. GeV x=1.1 x,~=0.5




Cross section for the Higgs boson
production at the Photon Collider is
proportional to the two-photon width

GFOA2M}:§

Mh=) = 55753

A2

where:
A= Aw(Mw) + 2 NQFA;(Mp) + ..

two-photon amplitude

PLC

In SM, dominant contributions to two-photon
amplitude A are due to W= and top loops.

M, =250. GeV ' |m(A)

Phases of W= and top contributions differ !

= the phase of the amplitude ¢~
depends on xy and ¢
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PLC

Measurement of the production cross Cross section relative to SM
section times branching ratio _ Olw=hy"BR(h ~ZZ/WW) / 95"BRs

o(yy —h) - BR(h > WW/ZZ)

IS possible with precision ~ 4 — 9%

TAURNY /I'W

0.1

0.05

A T T S T T A TS S S NS T ST M
200 250 300 350 400
M, [GeV]

JHEP 0211 (2002) 034 [hep-ph/0207294]
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Allowed coupling values from
Cross section measurements at
LHC, LC and PLC

Sign of y; can be uniguely
determined.

PLC
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PLC

For resonant vy — h — WT W~ signal Large interference effects are expected
’ In the considered mass range

W@

S J=0

100

170 GeV

W@

NZK

o [pb]

80 |-

there is a large non-resonant bg.
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Interference is sensitive to the phase of the two-gamma amplitude
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PLC

From the simultaneous fit to the observed W+ W~ and ZZ mass spectra
both the two-photon width Iy, and phase ¢-~ can be determined.
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PLC

Allowed coupling values from
cross section measurements at M, =250.GeV x=1.1 x,=0.5
LHC, LC and PLC, and the ><
phase measurement at PLC.

Consistency of these
measurements verifies 0
coupling structure of the model
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PLC

Allowed coupling values from
cross section measurements at M, =250.GeV x=1.1 x,=0.5
LHC, LC and PLC, and the ><
phase measurement at PLC.

Inconsistency would indicate
existence of new heavy parti- 0
cles, contributing to Iy, and
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with mass of 10 TeV =
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Summary I

Measurement of the scalar Higgs boson production at LHC, LC and PLC
was studied for CP-conserving 2HDM (Il) and Higgs boson mass between
200 and 350 GeV

Cross section measurements at LHC, LC and PLC give complementary

constraints on the Higgs boson couplings

By combining all measurements coupling structure and particle contents

of the model can be tested.
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