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e We investigate various single production processes
of the charged Higgs boson (H¥)

e Their cross sections are evaiuated in the MSSM
e We discuss the phenomenology

e Summary



1 Introduction

e Charged Higgs bosons (H*):
New physics predicted not in the SM
but in the extended Higgs sectors (MSSM, THDM, ....).

Detection of H* - Gauge
confirms such non-minimum Symmetry Breaking Sectors
and gives information of the New Physics.




e Discovery potential for H* at future colliders

Hadron colliders (LHC)

Light H* (mg+ < m, — m,)
produced in top-quark decays
t—>Ht+b

Heavy H* (my+ 2 m,)
The discovery prospects are less by the falling structure

functions and large QCD backgrounds
gb— tH™

gg — tbH~
gb — ¢'bH~
i
qf - HYH-
gg— HYH-
qf - WTH~
gg— WtH~

By taking the decay mode H~ — 77
a heavy H~ may be probed for large tan 3
K.Odagiri €'93)



Linear colliders (LC's)

The dominant production process is
ete” — H*H~ (the pair production)

if kinematically allowed (m . < 4)

( For heavier H* (m . > % ) the situation was less under-
stood.

Kinematically allowed single H~ production processes
should be examined.

e The W associated production process. e (129)
+ _ :t: :F Znu ‘ :
ete” - W*H (mHi<\/§—mW) S K. ('94)
but only induced at one-loop order. Arhrib et al. ('99)

e The heavy fermion associated production processes.

ete” - TvH* A Gutierrez- Rodriguez  Sampany,

+ i— (99)
ete” — bOBW*H S.Hareﬂithoduglr.”?)

In this talk -
we discuss these processes in greater detail j
together with other single H* production channels
in order to complement the pair production process
both above and below the threshold.
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2 Production Processes

Heavy fermion associated processes o
(1) ete™ = 7tvH-

(2) ete~ -—+th“ H >‘M’,' :
Sl <

W associated process (one—loop)

(3) ete > WHH™ T - K
M f{ b
w

W Z fusion process (one—loop)
(4) ete s etvH- 7 —<
-

. L -
W Z association

e
(5) ete~ — ZOW+H- QM“
W
7
e Z

Neutral Higgs boson association
(6)-(8) ete™ — ¢®WH+H~(¢? = h°, H?, A?)

, HY
e >w(‘"""‘“’“
i \ t oo
| e “BP |
Gauge boson fusion with ¢? mediation
(9) ete™ > ete " WHH™
(10) ete™ - vUWtH™ %Ez LH
(11) ete” = etvZOH- + -~
%&f £5 ",y




3 Production cross sections

We evaluate production cross sections for these 11 processes
in the Minimal Supersymmetric Standard Model (MSSM).

e The MSSM Higgs sector: (O CHL, AT,
2 free parameters m, ., tan 3.

The cross sections will be given as a function of myg+
~ for tanf3 = 1.5,7, 30,40

e We evaluated only leading contributions.

e The collider energies (1/8) assumed to be 500 GeV
(1000 GeV).

Assuming integrated Luminosity: 500 fb—! /year.
= 10~5 pb production cross section : 5 events/year

In this talk, we do not discuss the back ground reduction
procedure in detail, and just naively take 10~° pb as
the threshold of signal detectability.
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(2) ete” = btH*
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(3)ete > W-HT ( One-loop induced )
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(4) ete™ = e VHT
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(6)-(8) ete™ = S{W—HY (¢ = h°, H®, A”)

* {pb)

e ()

v [ph}

enhanced if
H*swhh s large

' lew 'tcmp
with small Myt
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Summary of the production cross sections

8
For smaller m ., (my. < JZC),

ete - 7 vHT

W\-’"—-‘

ete” > thHt final state
bbW+tH—

ete™ = QOW—H* (esp. ¢9 = h°)
Large (10~1-10~3 pb) due to the H* H~ production
For large my+ beyond the H*H~ threshold

ete” = r~UHT (at large tan )

gt et

ete” — W~ H* (at small tan f3)
can be 107°-10~° pb at /s = 500GeV

Note: The other channels are smaller, because of

e kinematical suppression (phase space)

e coupling suppression ~ sin(a — ) cos(a — )

e cancellation between diagrams of the h® and H®
mediation.



| i
4 Phenomenology (Outline of tagging)

bW —H* |
(1) If H* — Tv is the main decay mode,
oW —H+ — bb(jj)(Tv)
= determine the v 4-momentum
=> reconstruct m,. .

(2) If HE — tb opens, 5
bbW —H+ — bbbbW W~ — bbbb(Iv)(55)
Background

bbtt = O(a%yya%): small after cutting soft b's

e+t 1
5
W-H+ W

(1) If H: - 7v is dominant, ¥

W-H* = (jj)(rv)
Eliminate WW background by cutting events
where small m . is given.

(2) If H — tb is dominant,

W-Ht - W(tb) - bbW+W -

Background process tt, which can be reduced
by agw by cutting events with two top quarks.

4 Sn‘jhw{ events
# redmeced BG

'FC‘-’,"' o-(e'%¢ =~ H*w )= 5.5 %b

#5.'8““1 ~ 80 even-rs/yew_
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5 Summary

We discussed various processes of the single H* production
at LC.

Their cross sections can be large enough for us
to use these modes to study properties of H*

Above the H+ H~ threshold, their cross sections are rather
small, but the signal remains visible in some channels.

We found that the W—H*, +—TH* and bbW —H* modes
are all useful.

W-H (esp. at low tan f3)
T~ UH™ (esp. at high tan )
=> promising channels for m; > %E |

WW-H*: (tbH*, W —H*, Z°W—H™)
kinematically suppressed for large m ;. .
For small m ., this mode is interesting.
Many channels contribute to this final state.
Useful for the probe of underlying theory.

In future, our analysis needs to be complemented by a study
of the decay modes and the back grounds, and ultimately
detector level simulations.



