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Abstract

Higgs hunting at different colliders is discussed with new possibilities related to
photon colliders are discussed. Brief review of discovery potential for new physics
is presented.

1. Photon colliders

It is clear now that future linear colliders should be eTe™/ ey/ 77y complexes. The ~ye
and 7y components are photon colliders with the following main features [1],[2]:

o Characteristic photon energy E., ~ 0.8E (E is the energy of electron in the basic
ete™ collider.

AE
e Mean energy spread <E 7 >~ 0.1.
¥

e Photons will be polarized with mean helicity < A, >~ 0.95.

e This circular polarization can be transformed into linear one almost entirely without
loss of quality of energy spectrum [3].

o The expected annual luminosity is £, = 10=30 fb—! at the first stage with 2E = 0.5
TeV [2].

e There are no special reasons against observations at small angles except technical
details of design.

e One can organize nonmonochromatic variant of energy spectrum with £, ~ 3L;.

One can prepare supermonochromatic variant with < AE.,/E, >~ 0.02, E, ~
0.95F, but with L4 ~ 0.1L,.
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2. Higgs boson at different colliders

Higgs boson is very important detail of Standard Model. It is responsible here for the
observed breaking of the basic SU(2) X U(1) symmetry and the generation of particle
masses. Until Higgs boson discovery we cannot believe that SM is really the theory of
our world.

The construction of SM is compatible with different variants of Higgs sector. Before
symmetry breaking Higgs fields can be a number of isotopic doublets, triplets etc. For
example, minimal Higgs sector in SUSY consists of 2 doublets. After symmetry breaking
Higgs sector in 2—doublet model consist of two neutral Higgs bosons, one neutral axial
boson and two charged Higgses. There is large field of opportunities here. Below we
discuss the minimal variant of SM — the standard Higgs of SM is an isotopic
doublet.

Main problems for HIGGS BOSON

1. To discover something and to measure its mass.
2. To test spin.
3. To test parity.

4. To test couplings with different particles — to verify Higgs mechanism of mass
origin.
5. To measure Higgs total width I'ys.

6. To measure Higgs two photon width I'yy — the counter for particles of SM that are
heavier than Higgs.

The simultaneous using of results obtained at different colliders will give most of these
properties [4]. Nevertheless, the results obtained at some single collider are preferable
since the influence of systematical inaccuracies here can be reduced much more strong.
In this respect, it is useful to compare

The potential of different colliders for above problems

problem Tevatron /LHC | etTe™ linear collider | Photon collider 1~ collider
Discovery | + + + (Mg <400 GeV) | + (Mg > 400 GeV)
Mass + + + The best

Tiot Poor Poor At My > 200 GeV The best

Spin Poor Poor + +

Parity — — The best™ +

Cyy Poor — The best —

* With Kotkin—Serbo mechanism [3] for variation of polarization.
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If the Higgs boson mass My is larger than 2M, it can be discovered at LHC, photon
colliders [1] or ete™ linear colliders [2] via the sizable decay mode H — ZZ. For all
types of collisions a background to this decay mode is rather small. If My < 145 GeV
the Higgs boson can be discovered at ete™ linear colliders or photon colliders via the
dominant decay mode H — bb and at LHC — via the decay mode H — 7.

The mass range My = 140 — 190 GeV is the most difficult one for the Higgs boson
discovery. In this mass range the decay mode H — WTW~ with real or virtual W’s
(W* — qq, ev,...) is dominant, branching ratios of other decay modes decrease rapidly
and their using for the Higgs boson discovery is very difficult. The use of the H — W+W —
decay at ete™ collider is also difficult due to a strong nonresonant W+ W~ background.
The Higgs boson with the mass My = 140 — 190 GeV can be discovered at the photon
collider via the H — WTW ™ decay mode [6].

3. Higgs boson with mass 140—190 GeV at photon collider

We considered both resonant vy — H — WTW ™ and nonresonant QED contributions
into this process:

do o IM|> = |IM°)? + 2Re(M™* M) + | MH 2. (1)

Here |MP°|? stands for the background QED process vy — WHW =, |IMH|? is the
contribution of vy — H — W+W~ and 2Re(M% M*H) describes the interference effect
of these two mechanism. We use considerations of ref. [7] related to visible interference
effect in this reaction as a starting point.

The WW production cross section at 140 < Mww < 190 GeV.

We consider initial photon state with total helicity zero (helicities of colliding photons
A1 = A2 = £1). Only such photon states can produce the Higgs boson. Helicity ampli-
tudes for the nonresonant process (in the Born approximation) for such initial state are
presented in ref. [9]. The amplitude M is written in the standard form via the well
known amplitude of Higgs boson two photon decay [8].

In practice, we deal with the production of four fermions in the final state produced
via intermediate W boson state. The distribution in invariant masses for such final state
has a maximum at My with the width I'yy and long tails away from the maximum. It
describes by the well known Breit—Wigner spectral density for the W boson. One can

view this as the production of W* — a virtual W boson with the mass not equal to
My . Because of this, the cross section does not vanish below the nominal threshold
M%”“ = 2Myw,. The most important effect comes from the corresponding modification

in the final phase space [5]. It can be described via replacement of the relative velocity
of W bosons in the center of mass frame entering final phase space

1
8= —\/(s — 51 — 82)% — 45189

S
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by its convolution with above spectral density for the W boson o(M?):

B— 3= /d51d52 o(s1) o(s2) B(s, s1,82) 0(s1) O(s2) O(V/5 — /51 — \/52).

Close to the threshold the vy — W+W ~ cross section can be approximated as:
2 2 3
o X |M|s=4M€V ﬁ = |M|s=4M€V ﬁ

The first of these equations relates to the stable W’s, the second one takes into account
effect of finite width. The accuracy of this approximation is about 30 % in whole mass
interval considered. Note, that the Higgs boson width itself decreases by a factor of 20
for My = 140 GeV in comparison with its value at My = 160 GeV, so one can conclude
that our approximation works well.

In our numerical estimates we integrated over production angle in the center of mass
frame within the range 20° < 6 < 160°. In Fig. 1 we show vy — WTW ~ cross section for
various My as a function of the invariant mass My w of the W W~ pair for the initial
state with total helicity zero. For My > 180 GeV the two—peak behavior observed in [7]
is seen clearly. The interference term in eq. (1) is large for such Higgs boson masses. The
height of the peak grows with decrease in My but its width (= I'gy) becomes smaller and
smaller.

o pb
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Figure 1. The vy — WW cross section for different Mg

With subsequent decrease in My, the background QED process is suppressed by the
phase space and the interference also becomes small in comparison with the Higgs boson
contribution.
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The ”experimental” cross sections.

After averaging over initial energy distribution of the photons, the Higgs boson signal
decreases and seems to be hardly observable. To circumvent this problem, the observation
of W bosons in the final state is mandatory (perhaps, via quark jets). In order to account
for a finite resolution in My, we consider a “smeared” cross section, similar to [7]:

do dMWW (Mg}%s — MWW)2 do
meas eXp | — 2 (2)
dMWW Vord 2d dMWW

The results for d = 5 GeV are shown' in Fig. 2 (above the nominal threshold), in Fig. 3
(below the nominal threshold) and in the Table.

In view of a very high degree of photon polarization expected at photon colliders, we
present the Figures for completely polarized photon beams: < A\; >=< Ay >= £1. Higgs
boson signal deteriorates when < A1 >< Ay > decreases. Some result for < \; ># 1 are
presented in the Table for “realistic mean helicities of the photons.

Higgs boson mass | Characteristic
My, GeV Myw, GeV | <X > | o9 pb | ot pb %
140 140 1.0 0.11 0.98 8.0
0.9 0.17 0.96 4.6
150 150 1.0 0.42 2.10 4.0
0.9 0.60 2.13 2.6
160 159.7 1.0 3.65 6.81 87%
0.9 4.86 7.74 59%
170 169.3 1.0 12.6 15.5 23%
0.9 16.0 18.5 16%
180 178.5 1.0 21.8 23.7 8.7%
0.9 25.3 27.0 6.7%
190 185 1.0 26.0 27.0 3.8%
0.9 29.9 30.8 3.0%
200 1.0 37.3 36.5 -2.1%
0.9 40.2 39.4 -2.0%

Table 1. vy — WTW ™ cross sections for various Mg and < A >

Above the nominal threshold the curves in Fig. 2 exhibit a characteristic shape. A
deviation from the QED background is very sensitive to the presence of the Higgs boson.
Therefore, such behavior of the experimental curve can be considered as an evidence for

1Let us stress that we do not perform any convolution with initial photon spectra. It is because of
the fact that the real form of these effective spectra strongly depends on the details of the conversion
design. Note also, that it can not be obtained by a simple convolution of individual spectra [1]. Real
energy distribution of colliding photons should be measured for every energy of collider.
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Figure 2. Smeared cross sections below the threshold. Dashed lines - nonresonant background.

the existence of the Higgs boson in this mass region. Here the background QED cross
section varies from 3.6 pb for Myw = 160 GeV to 30 pb for My w = 190 GeV. The
Higgs boson production cross section adds another 3 pb for My = 160 GeV (87%). For
My = 190 GeV an interference term in eq. (1) delivers 1.8 pb (6%) to the total cross
section.

Below the threshold Higgs boson is observed even more clearly (Fig. 3). The averaged
total cross section is about 1 pb in the whole region. It is larger than the cross section
for the background process by almost a factor of 2 for My = 160 GeV and by a factor of
9 for My = 140 GeV.

This behavior is not surprising. The total Higgs boson production cross section aver-
aged over the range of My w larger than the total width of the Higgs boson is equal to
O = 4m*L., /M3 The Higgs boson width drops out in this result. Roughly speak-
ing, the cross section is almost independent of My in the considered mass range. At the
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Figure 3. Smeared cross sections above the threshold. Dashed lines - nonresonant background.

same time, down to My = 145 GeV the WTW ™ decay mode still remains dominant.
On the other hand, the QED background decreases fast with decrease in My w in the
considered mass range. For this reason the two peak behavior, observed for My > 180
GeV, changes to a single resonance peak near and below the threshold and the Higgs
boson signal becomes dominant in this region.

3.1. Conclusion

e Higgs boson with the mass My = 140 — 190 GeV can be observed and studied
in the process vy — WTW ™ at future vy colliders by measuring the invariant
mass of produced W W~ system with reasonable resolution. A luminosity integral
required for this observation is ~ 1 fb~!.
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e For My < 160 GeV the effect of the Higgs boson is still seen after being smeared
over 15 GeV. This means that the signal of the Higgs boson lighter than 160 GeV
can be observed even in the total vy — WTW ™ cross section without restrictions
on the W W~ invariant mass.

e Similar calculation can be easily repeated for vy — H — ZZ process below its nom-
inal threshold (the nonresonant background is negligible here). The corresponding
cross sections are ~ 50 fb. Therefore, provided the luminosity integral ~ 10 fb=1,
one can also observe a Higgs boson in ZZ decay mode in the whole region of My
considered here. The comparison of Higgs boson couplings with different gauge
bosons will be essential test of SM concerning Higgs mechanism of the mass origin.

o If the Higgs boson mass is near 140 GeV, one can hope to observe Higgs boson

decays into bb and W+ W . It provides an opportunity to compare the Higgs boson
coupling to quarks and to gauge bosons and in this way to test the Higgs boson
origin of particle masses.

The discovery potential of photon colliders for new physics

In the table below we present the discovery potential for photon colliders based on
ete” colliders with 2F = 0.5 TeV and for integrated luminosity L dt = 20 fb=1. The
sign * denotes reaction 7y — PP for considered particle P.
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Particles of SUSY and leptoquarks

particle w W |0, HE G| g Z (Lq) (4t)
e — e — 0
reaction | Wo * * * Zé * | R (0)
Mass
(TeV) | 045 | 0.4 0.2 013 02 | 02| 02
FEzxcited leptons and quarks, new Z and W,
Dirac—Schwinger monopole M,
particle e* o q* A w’ M
ye = | vy — [ efe” = | ye — |y —
reaction e* o A vW’ vy
Mass
(TeV) 0.45 0.35 0.5 0.3 5+10
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