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The various search modes for the Higgs bosons of the Standaiodel
(SM) and its Minimal Supersymmetric Extension (MSSM) at the Inter-
national Linear Collider (ILC) will be summarized briey. | n particular,
as a unique discovery mode the production of heavy neutral MSM Higgs
bosons for medium values otan in photon collisions will be presented.
Furthermore, * fusion into MSSM Higgs bosons in the photon mode
will be shown to give access to the mixing parametetan with a precision
of better than 10% for large values of this parameter.

PACS numbers: 12.15.y, 12.60. i

1. Introduction

One of the major endeavors of high energy physics at future dmlers
is the experimental test of the Higgs mechanism which allow$o introduce
standard particle masses without violating gauge symmetas. Four steps
have to be taken [1]. First of all the Higgs boson(s) must be dicovered.
Next, the spin zero nature of the Higgs eld can be veried through the
determination of the Higgs boson quantum numbers. In the thid step, by
measuring its couplings to gauge bosons and fermions the grortionality to
the masses of the respective particles as predicted by the ¢tis mechanism
can be checked. Finally, the triple and quartic Higgs self-auplings have to
be determined in order to reconstruct the Higgs potential iself, responsible
for the non-zero vacuum expectation value due to its speci dorm. In the
following, the rst step in this program will be summarized briey. The
discovery modes at the ILC and the Photon Linear Collider (PLC) will be
discussed, complemented by a brief note on the extraction ¢gn in
fusion at the PLC.
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2. Higgs boson search at the ILC
2.1. The SM Higgs boson

The main SM Higgs boson production mechanisms are Higgs-siinlung,
e'e | ZH [2] at lower energies andWW fusion, efe ! H [3] at
higher energies,cf. Fig. 1. The full electroweak (EW) corrections at one
loop have been calculated for both the Higgs-strahlung [4,]5and the fu-
sion process [5,6]. They are 00(10%). Since the recoilingZ boson in
Higgs-strahlung is monoenergetic at leading order the Higgmass can be
reconstructed independent of the Higgs boson decay. Combirg recoil mass
techniques and reconstruction of the Higgs decay productsthe expected
accuracy onMy is 40 80 MeV for intermediate mass Higgs bosons [7].
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Fig.1. SM Higgs boson productisn processes as a function dfi¢ Higgs boson mass
for two typical collider energies,” s = 500; 800GeV [8].

2.2. The MSSM Higgs bosons

Supersymmetry and the requirement of an anomaly free theoryequire
the introduction of two complex Higgs doublets in the MSSM, kading after
EW symmetry breaking to 5 physical Higgs particles, 2 neutrh CP-even
h;H, one CP-oddA and two charged bosondd . The neutral Higgs boson
production mechanisms [9] are Higgs-strahlunge*e ! Z + h=H, gauge
boson fusion,e"e ! =e e + h=H, and associated production,e" e !

A + h=H. Charged Higgs bosons are produced in pais"e ! H*H or,
if kinematically allowed, in top decays,t! H™*b. The production processes
for h;H as well as the Higgs-strahlung and associated production pcess
are mutually complementary to each othercf. Fig. 2, coming either with
sin?( ) or cos( ) so that the lightest Higgs boson can always be dis-
covered, its productign cross section being large enough.lliAdiggs particles
can be discovered at s =500 GeV for masses below about 230 GeV. If the
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Higgs decay modes are complicated or invisible, missing magechniques al-
low their detection. Experimental studies have shown, thatthe H; A masses
can be measured with several hundred MeV accuracy in Higgs pgproduc-
tion far above the kinematical threshold [10]. The expectedaccuracy of
My is of order 1% forMy =300 GeV [11].
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Fig. 2. MSSM Higgs boson production as a function oMy for tan =3:30[8].

An interesting MSSM parameter scenario is the intense-couing regime,
introduced in Ref. [12]. All Higgs bosons are rather light ad similar in mass,
Mh My Ma < 130GeV, My < 150GeV. For largetan values, one
of the CP-even neutral Higgs bosons behaves as with large couplings to
down-type fermions. The other behaves SM-like and couplestrengly to
W; Z and top. Since the bosons are light, they are in principle alaccessible.
The masses being rather close, several search channels havée considered
at the same time, further complicated by sizable widths compred with the
mass dierences. In addition, the couplings can be signi catly di erent
from the SM or the MSSM decoupling limit. Experimental studies [13]
have shown that in a multichannel analysis the neutral Higganasses can be
extracted with an accuracy of 100 300 MeV.

3. Higgs bosons at the PLC

3.1. Heavy MSSM Higgs boson production in  collisions

Heavy H; A bosons may escape discovery at the Large Hadron Collider
(LHC) for intermediate values of tag and are not accessible in thee" e
mode of the ILC for masses above s=2 [14]. The heavyH;A appear as
resonances in  collisions [15]. Therefore, ! H;A o ers a unique possi-
bility to search for heavy Higgs bosons not accessible elsbare. The photons
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are generated by Compton back-scattering of laser light sohat almost the
entire energy of the electrons/positrons at a Linear Colliger can be trans-
ferred to the photons [16], with luminosities of about one thrd of the €" e
luminosity in the high-energy regime [17].

In Ref. [15] the search forH; A in collisions with subsequent decay
into bb was analyzed taking into account the NLO corrections to the gnal
[18], background [19] and interference process. To enhantlee signal to
background ratio slim two-jet con gurations have been seleted in the nal
state, the incoming e e beams have been chosen polarized and a cut on
the scattering angle of theb-quark, , has been applied. The maximum of
the luminosity has been tuned toMa. The bb nal states have been
collected with a resolution in the invariant mass Ma , = 3 GeV.
(For more details see also [20].) In fusion the mass reach can thus be
extended to 80% of the total €" e energy,i.e. inthe rst phase of the ILC
H; A bosons can be discovered up to masses of about 400 GeV, and up t
800 GeV in the second phase, for medium values tdn , as can be inferred
from Fig. 3. A detailed study taking into account all relevant theoretical
and experimental issues has shown that the cross section cae determined
with a statistical precision of 10% and better [21].
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Fig.3. H; A production cross sections in  collisions as a function ofM with
nal decays into bb and the corresponding background cross section. The MSSM
parameters have been chosen amn = 7;M, = = 200 GeV; the limit of
vanishing SUSY-particle contributions is shown for comparson [15].

The analogous analysis [22] for the SM Higgs boson productioin
fusion [23] concludes that the partial width (H ! ) can be extracted
with 2% accuracy for My = 120 GeV. This provides a sensitivity to new
charged particles running in the loop-inducedH  coupling.
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3.2. Determination of tan in fusion

Since the measurement of the important mixing parametetan is a dif-
cult task and expected accuracies at the LHC and the ILC are & the order
of 10%, any additional method for its determination is valueble. The
fusion to h;H; A at a PLC [24], provides a promising channel and is based
on the two-step processcf. Fig. 4(a),
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Fig. 4. (a) The signal process fusion into h;H; A. (b) The annihilation and (c)
the di ractive background process.

@

For the large tan case studied in [24], 80 to 90% of the Higgs bosons
decay into a b quark pair so that the nal state consists of a pair of 's
and resonant b quark jets. The couplings ofh;H; A to pairs being of
the order oftan (if M is su ciently light in the h case) [25], the signal
process is enhanced for largean values. The main background channels
are * annihilation into a b-quark pair mediated by virtual =Z exchanges
(Fig. 4(b)) and thus suppressed by the electroweak couplingand di ractive

I (* )(bb) events (Fig. 4(c)), which is suppressed by choosing proper
cuts. The results of the numerical analysis taking into accont the full set
of signal and background diagrams are shown in Fig. 5. Assumg standard
design parameters of a PLC an errortan 1, uniformly for tan > 10,
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Fig.5. The fusion into H=A (left) and h (righB for tan = 30 compared to
the background process. Cuts as speci ed in [24]. s denotes the  collider c.m.
energy,i.e. 80% of thee e LC energy.
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may be expected, improving on complementary measurements ¢he LHC
and ILC.

4. Summary

At a future ILC the SM and MSSM Higgs bosons are accessible umtthe
kinematical limit independent of their decay properties. The precision on
the masses i90(1%) and better. The PLC provides the unique possibility
to discover heavy MSSMH; A bosons in a wedge centered around medium
tan values, not accessible elsewhere, and complements the Highgoson
search at the ILC. Furthermore, the important mixing parameter tan can
be extracted in photon collisions with a statistical accuray of 10% and
better for large values of this parameter. The PLC can thus beconsidered
a valuable complement to thee e mode of a future ILC.
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