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Abstract

In this paper we study the large N limit of the Standard Model Higgs sector with NA, Ng? and Ng™® constant and
N being the number of would-be Goldstone bosons. Despite the simplicity of this method at leading order, its results
satisfy simultaneously important requirements such as unitarity and the low-energy theorems in contrast with other more
conventional approaches. Moreover, it is fully compatible with the Equivalence Theorem and it yields a consistent description
of the Higgs boson mass and width. Finally we have also included a phenomenological discussion concerning the applications

of this method to the LHC.
PACS: 11.15.Pg; 14.80.Gt

1. Introduction

As is well known, the most popular theoretical de-
scription of the Symmetry Breaking Sector (SBS)
of the Standard Model (SM), is given by the Min-
imal Standard Model (MSM) which is nothing but
an SU(2). x U(1)y gauged linear sigma model. In-
deed, the hidden sector displays an SU(2); x SU(2)r
global symmetry which is spontaneously broken down
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to SU(2).+r. This mechanism is responsible for the
spontaneous breaking of the gauge symmetries of the
complete model. In this scheme we have three would-
be Goldstone bosons, which will give masses to the
W+, W~ and Z° through the Higgs mechanism. They
parametrize the space spanned by the three broken
generators, i.e. the coset

SU2)L x SUQ2)x _ O(4)
SU(2)L+r T o3’

There is however a particle which survives the Higgs
mechanism, which is known as the Higgs boson. This
particle is the only missing piece of the MSM and for
this reason it is very important to be able to predict
its behaviour in order to confirm or reject the MSM
experimentally.

At tree level the dynamics of the Higgs sector is
controlled by its self-coupling A. In fact, its mass is

(D

0370-2693 /96 /$12.00 Copyright © 1996 Published by Elsevier Science B.V. All rights reserved.

PII $0370-2693(96)01052-0



564 A. Dobado et al. / Physics Letters B 387 (1996) 563-572

related with this constant by the simple equation M? =
2402, where v ~ 250 GeV is the vacuum expectation
value. Notice that this equation suggests that a heavy
Higgs will give rise to a strongly interacting Higgs
sector (see [2] for review). However, it should be
kept in mind that for large A the above equation does
not hold any more, since perturbation theory is not
reliable. As a matter of fact, the tree level amplitudes
break unitarity for Higgs masses around 1 TeV [3].
Therefore, it seems clear that a more complex dy-
namics should emerge for large coupling. At the same
time, there are strong hints supporting the triviality
of the minimal Higgs sector (see [4] for a review),
which means that it should be considered as some kind
of effective theory which can be applied only for en-
ergies well below some cutoff A. In such case, the
Higgs mass becomes a decreasing function of this cut-
off in such a way that, at some point around 1 TeV,
one has M ~ A. This fact is usually interpreted as an
upper bound for the Higgs mass, since it should not
be larger than the cutoff A of the effective theory.
From the practical point of view the natural place to
probe this dynamics is gauge boson scattering. As it is
well known, the longitudinal components of the W,
W~ and Z° gauge bosons are related with the three
would-be Goldstone bosons. The precise relation is
given by the Equivalence Theorem (ET) [5,3], which
states that at high energies the S-matrix elements of
longitudinal gauge bosons are the same as those of
their corresponding GB. This theorem is very useful
since it is far easier to work with the would-be Gold-
stone bosons than with gauge bosons. The ET has been
widely used in many studies concerning the discovery
of the Higgs boson at the future Large Hadron Col-
lider (LHC) (see [6] and references therein). With
its help at lowest order in the gand g’ SU(2) . xU(1)y
gauge couplings, it is possible to reduce the study of
longitudinally polarized gauge boson dynamics to the
non-gauged O(4) /0(3) linear sigma model.
Nevertheless, the tree level, or even the one-loop
approximation [7], does not provide a complete de-
scription of the expected behaviour of the physical
Higgs [8]. This is due to the fact that, in the strong
interacting regime, i.e. for large A, the standard pertur-
bation theory does not work. In particular it is not able
to reproduce properly the position and the width of
a heavy Higgs. For this reason some non-perturbative
techniques have been studied in the literature like the

N/D method (see [3] and [9]) or the Padé approx-
imants [10].

An alternative approach to those listed above is the
so called large N limit [11]. The main idea is to ex-
tend the O(4) /O(3) symmetry breaking pattern of the
linear sigma model to O(N + 1) /O(N). Once this is
done, the amplitudes are obtained to lowest order in
the 1/N parameter [12]. The relevant point is that in
this simple manner it is possible to study some proper-
ties of the Higgs dynamics, which are expected theo-
retically, but that cannot be reproduced with more con-
ventional techniques. In particular, the would-be Gold-
stone boson elastic scattering amplitudes are unitary
(upto O(1/ N?) corrections) and satisfy the Weinberg
low-energy theorems coming from the O(N) symme-
try [13]. Moreover, the Higgs propagator has a pole
in the second Riemann sheet that has to be understood
as the physical Higgs. The position of this pole is a
function of the renormalized Higgs mass M but its real
part is never bigger than some value around 1.5 TeV,
even in the M — oo limit. The fact that there is a sat-
uration value for the Higgs mass is consistent with the
assumed triviality of the O(4)/0(3) model and has
also been found in other non-perturbative approaches
like the above mentioned N/D method or the Padé
approximants.

In this work we have applied the large N techniques
to an O(N + 1) /O(N) linear sigma model which has
been gauged with the SU(2), x U(1)y symmetry of
the SM. The aim of this generalization is twofold. First
it will be possible to compute the elastic gauge boson
scattering amplitudes without using the ET. This is
very important since then we can apply our results
at low energies too. Nevertheless we show how the
ET works remarkably well in the large N approach,
which is also a nice check of our computations at
high energies. Second, by gauging the linear sigma
model, we are able to include systematically the g
and g’ corrections keeping at the same time the very
good properties of the standard large N limit. We will
show that this approach is very easy to implement and
for this reason it is appropriate to describe the Higgs
phenomenology at the LHC.

The plan of the paper goes as follows. In Section
2 we introduce the SU(2), x U(1)y gauged O(N +
1)/O(N) linear sigma model. In Section 3 we study
the main properties of the physical Higgs boson in
this approximation. In Section 4 we check our method
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with the equivalence theorem and how it is satisfied in
the large N limit. In Section 5 we show our numerical
results, which are relevant for the LHC phenomenol-
ogy. Finally in Section 6 we give the main conclusions
of our work.

2. The large N limit of the Higgs sector

We start from the SU(2)p x U(l)y gauged
version of the linear sigma model SU(2); X
SU(2)r/SU(2)L+r ~ O(4)/O(3) generalized to
the coset O(N + 1) /O(N). The classical lagrangian
is then given by

L=Lyw+ 3D, @) D*D - V(P?), (2)
with 7 = (7!, 7%,...,7",0) and ®? = 7P, As
usual, Lyu is the standard SU(2), x U(1)y Yang-
Mills term and the covariant derivatives are defined as
D,® =3,0 — igT-Wad +ig'T'B,®, (3)

where the SU(2), and the U(1)y generators are T‘f‘ =
—(i/2)ME and TY = —(i/2) M* with

0 00 ...—
0 0 —...0
M=l 0 +0 ...0]1,
+ 00 ...0
0 0+ ...0
0 00 ...—
Mi=| — 00 ... 01,
0 +0 ...0
0 +0 ...0
- 00 ...0
Mi=f 0O 00 ... +],
0 0 —...0
0 +0...0
- 00 ...0
M= 0 00 .. -
0 0 +...0

where all the non-written entries vanish. The potential
is given by

V(®?) = —p?d? + %@2)2, 4

whose tree level minimum is reached whenever @2 =
v? = NF? = 2%/ X. As a consequence once we choose
a vacuum to quantize the theory, the original O(N+-1)
symmetry will be broken down to O(N). With the
standard choice ®T = (0,0,...,0,0) and defining
the Higgs field as H = ¢ — v, we can write

V(?T,H) = —-;—MHHZ_ %(772_}_1_12)2
— AwH(m* + H?) | (5)

where the tree level Higgs mass is given by M% =
2002

In order to obtain a well defined perturbation the-
ory, one has to add a gauge fixing and a Faddeev-
Popov term to the lagrangian in Eq. (2). As far as
we are dealing with a gauge theory which is sponta-
neously broken, it is specially useful to choose an R,
gauge, where now 7', 772 and 7> can be directly iden-
tified with the would-be Goldstone bosons. With the
complete lagrangian at hand it is possible to derive
the Feynman rules following the usual procedures. For
convenience, we will be working all the time in the
Landau gauge, which simplifies the calculations since
the ghosts do not couple directly to the 7 fields and
their propagator does not have a mass term.

3. The Higgs mass and width

In order to study the main properties of the Higgs
resonance in the large N limit of the model defined
above, we will start by setting g = g’ =0, i.e. we will
turn off the gauge interactions. Thus the only fields we
have to consider are the N Goldstone bosons 7 and
the Higgs H. Thanks to the remaining O(N) symme-
try as well as to crossing symmetry, the scattering am-
plitude for the process 77w* — 77 can be written
as

Tubcd(sy z, u) = A(s,t,u)5ab5a1 + A(t»s9 u)6a06bd
+ A(u,t,5)6.a00c . (6)

The tree level contributions to the A function (Ag)
are obtained from the diagrams in Fig. 1a
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Fig. 1. Diagrams contributing to: a) The tree level Goldstone boson scattering amplitude. b) The leading order in the 1 /N expansion for
the same process. ¢) The Higgs propagator at leading order in the 1/N expansion.
M3 s i 1
Ao(s) =—2A(1 + 4 ): A(s) = = (12)
2 2 2 s S 5
s—M%) NF21—s/M% NF V=g + s@mme log 2F
Ve AN
(/)

In this approach the Higgs mass is the only parame-
a'ndh therefore they 'only depend on 5. In thf: la.rge N ter that needs renormalization and in particular there
limit, the relevant diagrams are those shown in Fig. 1b, is no wave function renormalization. Thus the above
which are .l.(nown as b.ubble dlzilgrams. I‘Ea'ch of th"; amplitude is an observable and u independent quan-
ioops contributes with the same factor and ihe sum of tity. This fact can be used to find the dependence of
all those diagrams can be seen as a geometric series the renormalized Higgs mass Mg on the renormaliza-
which amounts to tion scaie x4 which turns out fo be

s 1
Als) = e ——— —. (8) ) M2 (410
NF2 1 — s/M% + sI(s)/2F 2(w) = oy (13)

—#—mﬁ?

where the divergent one-loop integral /(s) can be cal-

lated using dimensional regularization. The result is . . .
culated using dimens & The renormalized coupling Ag can be defined in order

-1 7/ -5\ to keep the tree level relation M% = 2AxNF? and
I(s) = (41)2 kN et2-log 7 ) ’ (9) then its running can be easily obtained from the above
) . evolution equation. In practice it is useful to introduce
where as usual the mass parameter M* defined by the equation
2
N, = :%—10g477’—"’5, (10) M2=M%(1'Vl'2) , (14)
and w is an arbitrary renormalization scale. Thus, in and then
the large N limit the A function only depends on s. The
1/€ divergencies appearing in /(s) can be absorbed in M2 () = M? (15)
- 4 s wwe f'ysl PR 1 L 1 R\ - M2 22
;l;e renormalized Higgs mass M which can be defined 1 — srifn log 47
M2~ MY, 2(4w)2F? MM
v M Ae(i) = — (16)

so that we find — Gm? log 4
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M=0.5 TeV
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Fig. 2. Evolution of the position of the |to| pole in the E = /5 complex plane. We display the lower half of the second Riemann sheet
as a function of the M parameter. Notice how the distance to the real axis grows with M, whereas the real part of the position remains

bounded. The scale is the same for the three figures.

From this formula we can obtain the position A of the
Landau pole in this approximation which is given by
A? = MW (17)

Therefore, for g = g’ = 0 the mass parameter is the
only free parameter of the model and all the observ-
ables can be obtained in terms of it. However, this mass
should not be confused with the physical Higgs mass.
The physical mass is the mass of the resonance ap-
pearing in the scattering channel with the same quan-
tum numbers as the Higgs particle.

In the real world, where N = 3, the coset space
is 0(4)/0(3) = SU(2) x SUQ2)r/SU(2)+r and
thus the interactions are SU(2) .z symmetric (weak
isospin group). Hence there are three Goldstone
bosons and the scattering channels can be labelled by
the third component of the isospin which can take the
values 7 = 0, 1, 2. For an arbitrary N it is still possible
to define the appropriate generalization of the above
mentioned channels which are then given by [14]

To(s,t,uy = NA(s,t,u) + A(t,s,u) + A(u, t,5),
Ti(s,t,u) = A(t,s,u) — Alu,t,s),
Th(s,t,u) = A(t,s,u) + Au,t,s) . (18)

Let us now recali that in Eq. (8) we had found that
A(s,t,u) ~ A(s) ~ O(1/N) and therefore

Tp = NA(s) = O(1/N) (19)

is the only non-zero isospin channel in the large N
limit. Fortunately, that is precisely the channel where

the Higgs would appear. Customarily the amplitudes
are also projected in definite total angular momentum
states, leading to partial waves #;;. It is also obvious
that in this case only the foo survives since Tp only
depends on s. Indeed

fo(8) = —— (1= > 4 jog > B
083 = B F? M2 2(amiF OB

1
+0 (;\7) . 20)
This partial wave has some properties which make
the large N limit a sensible approximation to Higgs
physics. First, at low energies we.find

top(s) =~ (21)

s
327F?’
in agreement with the Weinberg low-energy theorems.
Second, this partial wave has the correct unitarity cut
along the positive real axis of the s variable. Indeed, it
can be easily checked that for physical s values, which
are located right on the unitary cut where log(—s) =
log s — i7r, we have

Imtog = |teol? + O(1/N), (22)

which is the elastic unitarity condition.

Finally, we want to remark that it is possible to find
numerically that the partial wave in Eq. (20) has a
pole in the second Riemann sheet. This pole can be
understood as the physical Higgs resonance. In Fig. 2
the position of this pole is shown in the complex plane
for different M values.
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Fig. 3. |1g0|? versus /5 for different values of the Higgs mass
parameter M as defined in Eq (14). Even for values as large as
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For low M values the physical Higgs resonance is
narrow and the standard Breit-Wigner description of
the resonance can be safely applied. Then the physical
mass is just given by M whereas the width is

3
r=2_, (23)

which is the tree level result. However, when M in-
creases, the Higgs resonance becomes broader and
broader. The pole migrates down in the complex plane
and the Breit-Wigner description cannot be used any
more. However, the real part of the pole position re-

malns OOUHUCG cven lUr very ldrgc lVl das call [)C secn
in Fig. 3. This feature is usually called “saturation”

and it hae alen heen ohserved in other qnn-rysprtnrhahvp

approaches to the Higgs dynamics. In particular this
behaviour was obtained using the N/D method in [3]
and [9], using the Padé approximants in [ 10] and us-
ing the large N limit in [12].

4. Gauge boson scattering and the equivalence
theorem

We have already stated that our aim in this work is

to study the large N limit of the Hi ggs sector includine
tu\.l] LW 5 AREARLL Wi Vil RAALEM T JWWILWL LIIWileusAaA 33

the electroweak gauge bosons. More precisely we are
considering the N — oo limit but keeping Ng? and
Ng'? constant. We will see that such an approach to
the gauged Higgs sector turns out to be very useful

since it provides a sensible description of gauge boson
Interactions that still allows easy calculations.

In the following we will concentrate in the elastic
scattering process W — W where V = W+, Z° In
order to obtain the leading contribution in the approx-
imation defined above, the first observation is that the
diagrams at tree level are O(g?) (or O(g’?)). Due
to the particular way in which the large N limit has
been defined, those graphs are O(1/N) too. To find
the complete set of diagrams contributing to the large
N leading order, we have to include into the tree di-
agrams any possible internal loop without increasing

1 /a7

their g' g?orl /N power dimensions. It is fairly sim-
ple to see that that cannot be accomplished with gauge

boson loons. Concerning the scalars. the relevant oh-
DOsOn 100PS. Loncerning ne scaiars, ne reievant oo

servation is that gauge bosons are only coupled to the
three first 7%, whereas the Higgs interacts with all
them. Thus, the only 7 loops appearing in the large N
limit are those coupled to the Higgs field.

The main effect of those 7 loops is to contribute to
the Higgs propagator as it is shown in Fig. 1c. Note
that, as far as we are working in the Landau gauge,
where all the 7 fields are massless many other possi—

hla 4+ 1n ch ara nran nl
OiC 7T lUUy ulaél alms vaulou, since Luv‘y airy PIUPUI uuncu

to f d*=<q/q* which is zero when using dimensional
regularization.

It is not very difficult to calculate the diagrams in
Fig. lc. Using the renormalization prescription of the
previous section for the renormalized Higgs mass, we
find the Higgs propagator

1 1

D(42)=0—T’7-—;\‘+0(:\’ (24)
q° — Mp{—q~) \V )/

where MR(—q2) is defined in Eq. (15). 1t is obvioLs

that this D(g?) has exactly the same pole in the sec-

ond Riemann sheet than the ty partial wave amplltude
in Eq. (20), which corresponds to the physical Higgs
resonance. At the same time, for small M, we find
My (—¢*) — M and thus we recover the standard per-
turbative (tree level) behavior of the Higgs resonance
whose width would then be given by Eq. (23). There-
fore the above propagator describes properly the Higgs
resonances both in the perturbative (light Higgs) and
the non-perturbative regime (heavy Higgs).

The most relevant consequence of the previous dis-
cussion is that the W — W leading diagrams are just
those at tree level, but using the above Higgs propa-
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Fig. 4. a) Diagrams contributing to the WtW~ —
to the wt7~ — %%

gator instead of that calculated at tree level. For ex-
ample, the contributions to WW~ — Z°Z0 can be
found in Fig. 4a. Thus in this limit the calculations
are not much more difficult than at tree level. How-
ever, the unitarity properties of the large N amplitudes
are greatly improved and the Higgs mass and width is
properly described in a way which is compatible with
other non-perturbative approaches.

An important test for the consistency of the approxi-
mation is provided by the Equivalence Theorem (ET).
This theorem states that the S-matrix elements of lon-
gitudinal electroweak gauge boson are the same as
those of their associated would-be Goldstone bosons,
up to O(m/E) corrections, where m = my, mz and
E is the typical C.M. energy of the process. Thus, on
the one hand, at high energies the scattering of longi-
tudinal gauge bosons provides information about the
Higgs sector of the SM. On the other hand, the ET
can be used to calculate the longitudinal gauge boson
scattering at high energies in terms of scalars, which
are much easier to handie. In fact most of the caicuia-
tions performed for the LHC until now have used this
theorem.

In the approach followed here we are including ex-
plicitly the gauge degrees of freedom and therefore we
do not need to use the ET at all. As a consequence, our
approach will be more reliable at lower energies than
if we had used the ET, which is negiecting O(m/E)
terms. Nevertheless, the theorem can be useful as a

i N\

Z9Z° process at leading order in the 1/N expansion. b) Tree level diagrams contributing
0 amplitude containing an integral gauge boson line.

tool to check our results. For example, it relates at high
energies the WHW~ — Z%Z% and the m* 7~ — #07°
S-matrix elements. At this moment a few comments
are in order. First the S-matrix elements in both sides
of the theorem can be expanded in terms of 1/N and
thus it should apply order by order in l/N In this
WUlk ‘VVU d.lC bUllDldCllllé lllU IAV bl W Wllh /llV, 52‘l‘7
and g’>N constant. In particular that means that for the
mtm~ — 7070 process one has to include, at lead-
ing order, the diagrams in Fig. 4b in addition to those
in Fig. 1. This is because in the previous section our
model had not been gauged yet, but once it is gauged
the new diagrams which are O(g?) are also O(1 /N)
and they should not be forgotien. These new diagrams
are O( gz) whereas those considered in the previous
sections are simply O(1/N).

Thus the leading order for this amplitude reads

T(rtm™ — 7%

s 1
S = MR(=) 4(1 - x2) — 4% 4 ™
xr ﬂ:—)- l—x)+/. 3
I. 2 g( +X)
M9 3V(5+x2)+12ﬁ'1’ﬁ
112 02 E’2
M2( s)mm'l -
YT B (25)
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where s = 4E2, E is the 7 energy, 6 is the scattering
angle and Mg(—s) can be obtained from Eq. (15).
Note that, as far as —s is negative, Mg(—s) produces
the imaginary part and the cut for the above amplitude
required for unitarity.

After a lengthy but straightforward calculation us-
ing the Feynman rules coming from the lagrangian in
Eq. (2) (plus the standard gauge fixing and Faddeev—
Popov terms) and projecting out the longitudinal
components, we arrive to the following result for the
WfW, — Z,Z; scattering amplitude:

-5
s~ M%(-s)
1
41— x2) — 4™ (1 - 2:2) + (1 - 4x2)
20 _
[t
v

T(WZ'WL— — ZLZL) =

X

(1 —x%) +28°(3+x%)

My (—s) m}, 2
+2 1.22 F(l —Tx )
2 2
my My 2 R( —S$) mw 2
2
My My 2 R(“S) & 2
+8_UT 4(3+ ) — 2 E.?(l-f-zx)
mW mw

- 4x2)} (26)

As expected, it can be easily checked that these two
amplitudes satisfy the ET. One potential problem that
could appear when using the ET comes from the dif-
ferent renormalization of the gauge boson and 7 wave
functions [ 15]. Fortunately, at leading order our 1/N
expansion does not need wave function renormaliza-
tion and the ET can be safely applied.

In order to illustrate the above discussion and to
check our computational methods we have displayed
in Fig. 5 the scattering cross section of W W
ZPZ? versus that of 7*a~ — 7%7°. The former is
represented by a continuous line whereas the latter has
been drawn discontinuously. Notice that to all means
and purposes they overlap at high energies (E >
1.2 TeV).

From Fig. 5 we can observe that either with or with-
out the ET, the large N approximation is able to re-
produce a well shaped Higgs resonant behaviour and
very good high energy properties. The small numeri-

o(nb)
(3]

%o 05 1.0 15 2.0
(TeV)

Fig. 5. Comparison of the total WTW~ — Z0Z" cross-section

at different /5, for |cosf| < 0.8, calcolated with our large N

approach, either with (dashed line) or without the ET (continuous
line).

cal differences up to almost 1.2 TeV are simply due
to the fact that the ET is neglecting the O(m/E) con-
tributions. Thus we can summarize these two last sec-
tions by saying that the large N meets in a very simple
way all the known theoretical constraints to the SM
Higgs sector, like the low-energy theorems, unitarity,
the saturation property and the ET.

5. Numerical results for the LHC

The main practical application of the approach de-
scribed above is of course the description of the LHC
phenomenology. For this reason it will be used in this
section to obtain predictions in terms of the renormal-
ized Higgs mass under the hypothesis that the MSM
provides the right model for the electroweak symmetry
breaking. In particular we will concentrate on Z9Z°
pair production, since this final state is the most sensi-
ble to the Higgs resonance properties and at the same
time gives rise to a very clear experimental signature.

We consider both final gauge bosons decaying into
the cleanest leptonic channels: Z% — ete™, utu~.
Indeed, we have obtained the number of these events
as the total number of Z°Z° pairs times the branch-
ing ratio 0.0044. We have computed the total Z°Z°
number of events at the LHC with the help of the
Monte Carlo VEGAS code [16]. In order to relate the
subprocesses cross sections to the pp initial state, we
have used the effective W approximation [17] (which
is based on the Weizsacker-Williams approximation
[18]) and the MRSD [ 19] proton structure functions,
which are in good agreement with recent experimental
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Table 1

Total number of Z9Z0 events at LHC decaying to the cleanest leptonic decays (e, u), in the large N limit of the SM. We have set the
following kinematical cuts on the final Z® bosons: V3 =5 TeV, PR = 300 GeV, y3** = 2. To illustrate the effect of changing the
renormalized Higgs mass M in Eq. (15), we have chosen three typical values. The contributions from different initial subprocesses are
shown explicitly, although those events coming from other gauge boson pairs are listed together. The top quark mass has been fixed to

m, = 180 GeV.

M =100 GeV M = 500 GeV M=1TeV
z%z% — z0z° 0.09 2.58 8.95
wtw— — z0z° 21.23 23.39 46.32
qg — 2°2° 53.83
gg — 220 13.42
zZ%20 4 wrw— — 2020 21.33 2597 55.27
alt — z9z°¢ 88.57 93.21 12252

r vy

resuits at HERA.
The different subprocesses contributing to Z°Z°
production that we have evaluated are

VAVARES/ AV AR
wrw- - z°2°,
4G — VAVAS

P AVAR (27)

All these channels have been calculated using the
MSM Feynman rules within the large N limit, which
modifies the Higgs boson mass and width according to
our previous discussion. Consequently we have used
the Higgs propagator given in Eq. (24), so that M
remains as a free parameter. We have evaluated most
of the cross sections shown in Eq. (27) at tree level,
although gluon-gluon fusion is calculated to one-loop
[201], since it occurs via quark loops. As a conse-
quence this cross section is quite sensitive to the top
quark mass, that has been set to m, = 180 GeV.

In order to compute the total number of events of
the subprocesses in Eq. (27) we have set the follow-
ing expected values for the LHC parameters: the pp
center of mass energy, /s = 14 TeV and an integrated
luminosity L = 3 x 10° pb~'. In addition, we choose
the following kinematical cuts on the maximum Z°Z°
invariant mass (\/§malx =5 TeV), the minimum trans-
verse momentum (pf" = 300 GeV) and the maxi-
mum rapidity y7** = 2. Finally, in order to test the
dependence on the renormalized mass parameter, we
have chosen different input values for M: 100, 500 and
1000 GeV as defined in Eq. (14), which cover a wide

variety of regimes, from weak to strongly interacting.
The results are displayed in Table 1.

6. Conclusions

We have studied the main properties of the Stan-
dard Model Higgs sector in the large N limit, i.e. for a
large number of would-be Goldstone bosons, includ-
ing the SU(2) ;, x Uy (1) interactions, keeping NA, Ng?
and Ng'? constant. By using this approximation we
have confirmed the expected behaviour from other
non-perturbative approaches, both in the weak and the
strong interaction regime. In particular the Higgs mass
saturation property. In addition we have been able to
give a proper description of the Higgs resonance as a
pole in the second Riemann sheet of the I = J = 0
channel, thus having a well defined width. The corre-
sponding partial wave has very good unitarity prop-
erties and it is compatible with the low-energy theo-
rems. Furthermore, the explicit introduction of gauge
fields as well as the simplicity to implement this ap-
proach allow us, in contrast to most of the previous
approaches, to obtain the W*, W~ and Z scattering
amplitudes by means of very simple calculations, even
without the help of the Equivalence Theorem, which
nevertheless has been used to check our results. As an
illustration we have applied the large N approxima-
tion to estimate the number of Z°Z° events with the
cleanest signature at the LHC, including all relevant
backgrounds. The results can be found in the table. As
it can be seen there, the sensibility of the number of
events to the Higgs mass parameter is not very large.
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However, it could by considerably increased with jet
tagging, which could help to separate the more inter-
esting pure fusion events from the background.

We have therefore shown how the large ¥, despite
its simplicity (only the propagator has to be changed),
yields a consistent description of the Higgs sector non-
perturbative problems, thus improving previous ap-
proaches used to obtain predictions for the LHC.
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