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Charged Higgs - reminder
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e In supersymmetric extensions to SM need 2 Higgs doublets

to give mass to both up and down type fields and for anomaly
cancellation

Higgs mechanism

e 8 scalar degrees of freedom > 5 Higgs particles:
h, H°, H*, H~, A (pseudoscalar)
e Two parameters in MSSM (7 or more in general 2HDM):

tan(G) = 2 Ratio of vev's for the doublets
V2

M 4 One of the masses, usually the pseudoscalar

e Finding a charged Higgs would be a clear signal of physics
beyond the Standard Model!
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Our goal
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Single charged Higgs accompanied by ¢t and b
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Importance of the H' production processes
Integrated xsec, tan(f)=30, E,,=14 TeV
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e For low my+ (< my — my): Large 2 — 3 cross-section (t — bH ™)
e For large my+ > my: gb — H*t leading order process

e Intermediate region, my+ ~ m;: Need to take both gb — HTt and
gg — H=*tb into account
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Importance of the H ™ production processes (cont.)
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tan(B)=30, m,*=250 GeV
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Matching the 2 — 2 and 2 — 3 processes
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For small p ,

023 X Py_pp @ 022

Double-counting when the b of the 2 — 3 process is collinear with the
beam

—> Must subtract collinear double counting term

doa_2
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(The first logarithm in the b quark density)
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Matching the integrated cross-section

UNIVERSITET _
For matched cross-section: ¢ = 09,9+ 09,3 — opC

Integrated xsec, tan(3)=30, E.,=14 TeV
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Interpolates between small and large m ;+ regions
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Matching the differential cross-section

B For the differential cross-section: View double-counting term as distribution
in kinematic variables and pick events

Subtract double-counting events in final analysis!
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Smooth interpolation between 2 — 2 and 2 — 3 processes

J. Alwall — Improved description of H + production 8



p.1 p distributions for lower H* masses

Diff. xsec, tan(f)=30, m,+=175, 170, 165 GeV
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For mpy+ < my the 2 — 3 process increasingly important even for low p; 3
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Improving the discovery contour

Work in progress using matched processes:

e Look at extra b quark:
Improved discovery region
for mpg+ > my?

e Find discovery contour

around my+ = my

e Most promising charged
Higgs decay: HT — 7Fv

e Main background: W+ —
rv from tt and tbW=
production

Together with ATLAS PhD
student Bjarte Mohn
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Bonus: Choice of factorization scale

m +my ..
g = p % - scale where the parton densities are evaluated
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Double-counting term should account for log-enhanced part of 2 — 3 term
already included in 2 — 2 term

For p 2 1 double counting term overshoots 2 — 3 term

—> too large up!
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a(pp—tH" (b)) (pb)
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More factorization

Integrated xsec as function of p-=p m_,
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Matched cross-section much less factorization scale dependent!
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Conclusions and outlook
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e Discovery of a charged scalar particle would be a clear signal
of new physics

e Problematic region: m g+ near my

e Need matching of gb — tH™ and gg — tbH™ for correct
description

e Matching can help determine correct factorization scale

e Work in progress on improving the discovery contour for
ATLAS

e Next: Do a similar matching for neutral Higgs bosons:
bb — H, bg — bH, gg — bbH
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da/dp;, (Pb/GeV)
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Factorization scale effects
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Comparison of factorization scales
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Differential distributions for H and ¢
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More differential distributions for ™ and ¢
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