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Abstract
This thesis contains a study of the reaction proton+proton
or proton-antiproton 1into a Higgs boson and a pair of heavy
guarks, in the region of high energy and high momentum
transfer. The Higgs boson mass is treated as a free parameter.
Numerical results are obtained through a Monte Carlo
integration. Several differential cross sections relevant to

experiment are given,
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I. INTRODUCTION-

Within the 1last decade the world has witnessed a total
revolution in the understanding of particle physics. Untii
then, the weak interactions (WI) were described by a
phenomenological, non-renormalizable fermi interaction of four
fields at a point. The WI are the weakest, after gravitation,
of the basic known forces of nature. They are responsible for
the beta decéy of the neutron, for example, and other
relatively slow processes in nuclear and particle physics.

On the other hand, the newly developed quark model of that
time could account for the previously mind boggling hundreds of
"elementary" particles produced in strong interactions
(hereafter SI), or their decay products. What was still badly
needed however, was a theory of SI itself. The four known'
forces acting on matter 1in the wuniverse, -gravitation,
electromagnetism (EM), WI and SI, -did not seem to have much in
common,

Then, at the end of the 60's, EM and WI were "unified"
within the framework of a gauge model, the
Glashow-Weinberg-Salam model (GWSM)' . A few years later, it
was the turn of SI to be described by a gauge theory -quantum
chromodynamics (oCcp) 2 . Now, most models of particle

interaction are based on the gauge idea. Among them, are the

' For historical accounts and references, see Nobel lectures of

(Glashow, 1980), (Weinberg S. 1980), (Salam 1980)
2 For a review of QCD, see (Reya, 1981)
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grand unified theories (GUTS)! whose goal is to wunify EM, WI
and SI into a single interaction with a non-abelian gauge
group. Its main prediction is the instability of the proton,
which 1is being intensively tested in many laboratories. Other
gauge models are: technicolor?® , supergravity? , and several
alternatives to the GWSM? . What makes the concept of gauge
invariance attractive 1is 1its inherent -elegance. Its main
feature 1is the following. You start with a symmetry you know
to be valid, (or hypothesize to be wvalid), 1in general 1in a
world where the matter fields are spin 0 bosons or spin 1/2
fermions. You regquire this symmetry to be conserved localiy,
i.e. at any point in space-time. To do so, you must introduce
a new boson field, whiéh will mediate some new interaétion
between the matter particles, in such a way that the symmetry
remains non-violated. Hence, you have "deduced" a force from
the symmetry requirement. It has been known for quite some
time that EM can be "deduced" this way from the phase
invariance in quantum mechanics (Fock, 1927), (Weyl, 1929). It
was seen as merely an elegant way of linking EM and QM. Yang
and Mills (1954) broadened the class of symmetries that can be
"localized" this way, to include non-abelian symmetries. A
non-abelian symmetry can be compared to a rotation in space
-the order in which you apply the transformations is important.

In this analogy, an abelian theory would be a rotation in some

For a review of GUTS and their phenomenology, see (Langacker,
1981)

see for example (Susskind, 1379)

For a review of supergravity, see (van Niewenhuizen, 1981)

For example (Georgi and Glashow, 1974), (Pati and Salam, 1973)
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The forces generated by a non-abelian symmetry are much
more complicated than those generated by an abelian one, mainly
because the particles or fields responsible for carrying the
interactions are "charged" themselves. But the Yang-Mills
theory did not attract much attention for a while, because the
boson particles you must introduce to carry the interactions
must be massless, giving rise to long-range forces we do not
observe. The forces generated by non-abe1ian symmetries did
not seem to correspond to any of the known forces. One had to
solve the problem of giving a mass to the vector bosons if one
wants the theory to describe WI which are short range.

The solution to this problem had to wait till 1964, when
Higgs (1964) invented the spontaneéus symmetry breaking (SSB)
scheme. At the price of introducing a elementary scalar field,
the vacuum would be made to be non-trivial. Real particles
propagating through such a vacuum would interact with it,
giving them effectively a mass, in much the same way as the
apparent mass the of electron may be greatly affected when it
travels through a lattice or a plasma.

A few years later, Weinberg, Salam and Glashow came up
independently with a model for the weak and electromagnetic
interactions, using a non-abelian symmetry based on isospin,
represented by an SU(2) group, and an abelian symmetry U(1).
The SU(2) group has three generators, which implies three
bosons mediating the interactions; the U(1) group has one. The

symmetry 1is broken by introducing an interacting doublet of



complex scalars, endowed with a negative mass-squared. Of the
four degrees of freedom brought in by the scalars, three are
used to give mass to three of the four bosons. The fourth
degree of freedom appears as a physical elementary field, with
a real mass. It is called the Higgs boson, symbolically H®.

The GWS model accounted well for what was known at the time of
the WI, but it predicted a new component to the weak force; a
neutral one. An example of it would be the reaction
2/q —> ¥ g in which a neutrino, a particle which interacts

only through WI, interacts with a quark and remains a neutrino.

To see this experimentally} one would send a neutrino beam on a
target, and wait to detect a deposition of energy and momentum,
with no 1lepton produced. (The charged WI would produce a
charged lepton in the final state). These neutral current
interactions have extensively been measured and studied from
their discovery in 1973 till now. Since then, the existence of
the neutral boson has been comfirmed by 1its spectacular
discovery 1in proton-antiproton collisions, at the collision
beam facilities at CERN (Conseil Eu;opéén de Recherche
Nucleaire), in the 1983 summer (Arnison et al. 1983). Its
discovery had to wait so long because no particle accelerator
in the world could reach the center of mass energy necessary to '
its production, since its mass was predicted to be 91 GeV/cz.

The next very important task facing the experimentalists is to
look for the Higgs boson. The discovery of the Higgs boson
would be a badly needed confirmation that the mechanism which

endows the gauge bosons with masses is the spontaneous symmetry



breaking mechanism. This is a corner stone of the GWS model,
and indeed, of nearly all unification theories based on the
gauge principle. The main obstacle to its discovery, if it

exists, is that unlike the intermediate wvector boson W*, W and
z°, its mass and decay products are free parameters of the
theory. These factors make its production, and especially its
identification, very difficult.

Several production mechanisms have already been suggested.
Those pertinent to hadron-hadron collisions generally lack a
clear signature. However, if the H° is too massive, its
production will not vyet be possible in  the cleaner
electron—pqsitron collider rings. For the é*e- colliders that
are planned now the highest energy of 200 GeV would be reached
by LEP II at CERN, On the other hand, a hadron collider of
c.m. energy 5 to 40 TeV (1 TeV = 1000 GeV) is being planned.

One more argument may be given in favor of the existence
of an elementary scalar, independently of the spontaneous
symmetry breaking scheme. It concerns the high-energy behavior
of the theory (Halzen and Martin, 1984). The predicted
cross-section for vany process must not diverge, i.e. the
probability of occurence of this process must remain less than
one. If one calculates the cross-section for the elastic

scattering of a pair of charged W , from the three diagrams of

Figure 1.
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3
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+ - + -
Figure 1 - Feynman diagram for W W —>W W , without

scalar contribution

one finds that their sum diverges as s/M; as s—>09, (where the
square of the total energy is denoted by s). A Simple solution

is to introduce a scalar particle to cancel this divergence,

through the diagram of Figure 2.
w' rW

+

- -~

\% _ W

+ - -+
Figure 2 - Scalar contribution to the process WW —>W W

The coupling of the h particle must be proportional to the
W mass to cancel the divergences of the other diagrams.
Therefore, if we had not introduced the Higgs boson to give

mass to the gauge bosons, a la SSB mechanism, we would have



been forced to invent it to cancel out divergences in 'other
processes!

This thesis 1is divided into two parts. The first one
covers the background material pertinent to Higgs mechanism and
phenomenology, and includes the first six chapters. Chapter II
gives a general treatment of gauge theories. The third chapter
introduces the phenomena of spontaneous symmetry breaking and
the important Higgs mechanism, The Glashow-Weinberg-Salam
model is develbped in chapter 1V. Chapter V brings in the
hadron contribution. There is presented the extremely useful,
yet simple parton model. Using it, one may use perturbative
QCD and derive useful predictions for experiments. We get to
the core of the subject 1in chapter VI with the known
phenomenology of the "standard" Higgs boson. This is where is
rooted any analysis of Higgs boson production. The whole work
relies heavily on it.

The second part of the thesis includes chapters seven
through nine. The starting point of the calculations is
described in chapter VII, and the results are to be found in
chapter VIII. The details of the calculations, in particular
the matrix element squared, and the Monte-Carlo integration
routine developed, have been confined to appendices. I
summarize the work and suggest possible routes of extensions in

chapter IX.



1I. LOCAL GAUGE TRANSFORMATIONS

. Because local gauge invariance is at the heart of today's
attémpts’to unify and/or explain fundamental interactions in
physics, we will start with a brief account of this important
subject.

GENERAL CASE; FERMIONS: We start with the Lagrangian for free

fermions.

of = -\P—[ YHBY—/}?’)?\V : (I1.1)

Free M

We demand thatlzm:be locally invariant under transformations of
a simple Lie group G, and Y transforms as a certain
representation of G. The generators of G have representation

matrices T, which satisfy

[T Tl = iCae Te

where the Cq,4, are the totally antisymmetric structure
constants. If the fermion fields, under infinitesimal

transformations, transform as
AY ° a
- : (11.3)
Y =Y =V-(T. b Y

it 1is easy to check that the free Lagrangianvlzmt is not



invariant under this transformation. The derivative introduces

a term -, \?Ta XN[bp Qa('X)] Y

which spoils the invariance ofcf . The local property of the

jree
symmetry is expressed by the x-dependence in 6.

To make of

jree iNvariant, one introduces the covariant

derivative D.;

DH\}/ = (Br«- (?Ai Ta> \f/ (I1.4)

where a set of new 4-vector "gauge" fields. A: have been
introduced. Now, if one demands that the covariant derivative

has the same transformation property as V/itself, i.e.
D.Y = (DY) = (I-/ T8l (DY) 052

then one must introduce vector gauge fields which transform

under infinitesimal transformations as;
“ R - c -1y p (11.6)
AM—)A(«A - Apl+ CGBCQE,A'A jgpg(X) H

In this expression, the second term is the transformation law
for the adjoint multiplet under G. This implies that the gauge

fields A; carry the non-abelian quantum numbers, i.e. they are
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"charged”.
We need now to introduce in the lagrangian a kinetic term
for the vector gauge fields. 1In analogy with the abelian case

(QED), a possible antisymmetric second rank tensor for the

fermion field is;
(DD~ DDWY = -9l [Buhs DA e gCac AL ATY 87

which leads us to define

F}: QHA: - QyA; +jCalscA:, As (1.8)

Ces s . . a
Under infinitesimal transformation, FHU transforms as a

multiplet under G;
a _ a b ¢ (11.9)
;w = F;w *+ Cabe O Fyu

The combination qﬁ Fuva is then invariant under G. Notice that;
1: A mass term for the gauge field would not be invariant
(unless the gauge field was invariant under G).

2: The kinetic energy term for the gauge field implies triple

and quadruple vertices, since
Foy F = (uAs- 3An + 9 CabeArAL)
*(5“/4” - 9"/\“" +g Cabe AbFACV)

(11.10)
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The G-invariant Lagragian is finally;
_ _i a apl — . |
I" L/F/“DF + \{J(LINDH—”")Y (et

ABELIAN CASE; U(1) SYMMETRY: The U(1) case is simply QED.

There is only one generator; therefore the structure constant

is 0 and the gauge field tensor is;

Fw = (éMAu - 91/A,4> (11.12)

The complete Lagrangian is then just the usual QED Lagrangian,
with the field A, being readily related to the vector potential
of electromagnetism.

SU(2) CASE: This is the Yang Mills case where SU(2) is wusually

taken to be an isospin symmetry, relating to "internal" isospin
qguantum numbers. Equations (II.2) to (II.11) hold with the

identification
- .. (11.13)
Cabc - 6abc

and the two-dimensional representation matrices can be chosen
to be the usual Pauli matrices ., i=1,2,3.

SU(3) CASE: The 1local SU(3) symmetry has found an application
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in the attempt to develop a fundamental theory of strong
interactions (Reya, 1981). The fermions are quarks, the eight
gauge particles are called éluoﬁs, and the internal quantum
number on which the symmetry is based is called color.

QCD 1is an exactly locally invariant theory, i.e. the
Lagrangian (II.11) applies without any modification. There are
eight generators of the SU(3) group, wusually labelled ),,
i=t,...,8. The most important properties of QCD are asymptotic
freedom and confinement: Its effective coupling constant, at a

given momentum transfer sqguared Q , is given by:

d

1 4 ‘33-3’”9‘[7 Q | (11.14)
A(Q) “s(jj) 127 ;03
in.the leading approximation, and where m, is the number of
quark flavors. As long as n g 16, C&(d) grows smaller at large
Q2 . This 1is called asymptotic freedom, and is a most useful
feature of QCD, as it permits perturbative treatment of many
"hard" ‘scattering processes. In fact, QCD 1is the only
candidate theory which explains this behavior of the SI
coupling constant, corresponding to the phenomenon of "scaling"
in experiments (see chapter V).

I1f the coupling constant grows smaller at large Qz and
correspondingly short distances, the opposite 1is also true.
Lower energy transfer interactions correspond to larger

distances and large couplings, which leads to the notion of

quark confinement. Quark confinement means that quarks are
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forever confined within hadrons and cannot appear isolated.
Confinement has not been derived from QCD yet, but the behavior
of the QCD coupling constant makes it qualitatively plausible.
Asymptotic freedom and confinement are the most important
reason QCD is now considered the complete theory of strong

interactions.
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ITI. HIGGS MECHANISM

The Higgs mechanism can cause the spontaneous symmetry
breaking of some locally invariant Lagrangians (Higgs, 1964).
But before to studying this case, one has to see'the effect of
the spontaneous breaking of a globally invariant lagrangian.

SPONTANEOQUSLY BROKEN SYMMETRY: Let us consider the case of two

real scalar fields and :

P AR AL PR AN RS B

\ » cos 6 5[‘{76
b6 sUn |

-sin@ cosB

The effective potential is chosen for illustration to be;

a a : 3 2 {)l 3 P III.
V(g ¢l) = L0 92) + 7 (074 63)° (111.3)

and one can distinguish two cases:

2 .
-case 1: K > 0, The minimum of V occurs at @ = $, = 0 and
this will give simply a degenerate doublet of mass .

2 . 13
-case 2: V < 0. The minimum occurs at

a
a 3 -

' [A

—
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and there is a continuum of degenerate states at the minimum.

The potential for this case is represented in Fig. 3 below.

s

o = 3

%

o ' 2
Figure 3 - Potential III.3 for the case M < 0.

One can always define coordinates so that the physical vacuum

¢l=fu* %:o

is at

in the classical field theory, that is, in the quantum field
theory;

o] ¢ o) = {o] pgl0) =0

(111.5)

To do perturbation theory around the classical minimum,
)
one has to expand in powers of q>1= ¢1 - V instead of ¢1 . ¢ '

of course, is still expanded around the value zero.

£ 3L(0.07)(9"01)+ (3uta) (O ®5)]

2 (111.6)
+Maq>)1 £ 0-07 + ...
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The important feature here resides in the mass terms. The
field (R has acquired a (mass)z = -2 F2> 0, while the @,
particle is massless.

This 1is an example of the Goldstone theorem, which states
that if a theory has an exact continuous symmetry of the
Lagrangian which 1is not shared by the vacuum, a massless

particle must occur.

HIGGS MECHANISM: In the case of a 1locally invariant gauge

theory, there is no massless Goldstone boson when the symmetry
is spontaneously broken. The would-be Goldstone boson combines
with the massless gauge boson to give a massive vector bosnn.
This is the Higgs mechanism.

To 1illustrate that point, let us consider the simple case

of the Abelian gauge theory with Lagrangian

X (DM¢)(D¢)+[.&Q)¢ )\((P(P) F/w HU (111.7)

where

FM» : B}AAU - 5»/-\,»
(8M-£3Ap)¢

(111.8)

The Lagrangian (III.7) describes a charged scalar interacting

with 1itself, and with a gauge field AM' If y2< 0, it
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describes scalar QED.

The Lagrangian is invariant under the local

transformations
- B

P > by e b

(111.9)

Auw—= An) = Aux)- §3M9m

2
When PA > 0, ¢ develops again a vacuum expectation value. It

is

ooy ZF vos - (111.10)

Let us use polar variables to parametrize @ , and expand
about a specific vacuum point. This is done to show more

clearly the physical content of the theory. The new set of

coordinates is

¢ F0O far

P(x) = 1,‘—%—‘[1/"* ’7(7()]@ (II1.11)

>

Consider now the gauge transformation (111.9) with

e(x) = f(x)/v. The transformed fields are:
- (lﬂ!)

-0 = ¢ " P = EV,;—X—) (111.12)

and

AM'_" A‘M - Au" ;;Bmg(x)
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Fo = Fl aAL - LA

This is refered to as the U-gauge in the literature (Abers and
Lee, 1973).
If one substitutes these new expressions for the fields

into the Lagrangian (III.7), and expands, one gets:

_, '_ Kinelic
;C: ?:,?(9#7)(3#7) - F,F i /_/“” J terms (I11.14)
T mdss
P AAT - L7 B p) T

. %7ed1'

¢ actioh
CEAA (A7) I
2 T ose/S- {/;fel‘)(l:bﬂ

v 7 - 27" [ o =

+ eondl

2 2 2 '
The scalar meson has acquired a mass 3AV -/u = 2/14 and

self-interactions represented by the vertices of Fig. 4.

Figure 4 - Vertices of the self-interacting scalar meson
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The interactions between the vector gauge boson and the

scalar meson will give rise to the vertices of figure 5.

Ax A 7

Figqure 5 - Vector-scalar vertices

The gauge boson has also acquired a maés, which is the aim of
this mechanism. We can henceforth build gauge theories giving
rise to short-range interactions. Moreover, the theory,
altough having its symmetry explicitely broken, 1is still
renormalizable. This was demonstrated by t'Hofft (1971). The
Higgs mechanism finds its best applications in the GWS model,

which will be described in the next éhapter.



IV, THE GLASHOW-WEINBERG-SALAM MODEL

The GWS model is usually introduced first with one doublet and
one singlet of fermions only. The other known fermions can
easily be introduced thereafter. This 1is the path I will
follow.

BASIC LAGRANGIAN: One wants to 1identify the massive vector

bosons arising in the Higgs mechanism with the intermediate
vector bosons (IVB) carrying the WI. 1In the phenomenologically
successful IVB theory, the lagrangian for weak interactions is

given by:

iweax i j(J)\/\/A-* AC) o (1v.1)

where J, = ié)g(l-a Je is the leptonic charged current in its
so-called V-A form, and h.c. stands for "hermitian conjugate”.
On the other hand, the 1lagrangian for the electromagnetic

interactions is given by

2
Ie/ec - - jeleﬁ A')\ (1v.2)

)
P _ .
where Jelfer = efe is the electromagnetic current.

Then, to unify EM with WI, one needs at 1least 3 gauge
- ° t A

bosons, W+, W, 2, to couple with the currents Jy, Jy and J,,._.
The simplest group with three such generators is SU(2).

However, if J/ and € are to form a doublet under SU(2), as
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suggested by the form of the current 4:;, QQECcannot be a
generator of the group, because the electric charges of the
doublet do not add up to =zero, whereas all 2 X 2 SU(2)
representations matrices are traceless.

One is then led to introduce a fourth gauge‘boson z°. The

smallest group is now SU(2) ® U(1). Assuming that only V-A
-+

interactions occur for W , one takes the generators of the
a

SU(2) groups to be the 1isospin operators T , whose 2-D

representation may be taken to be the Pauli matrices divided by

two.

T = ?/;L (1v.3)

L = (E?Lis then é doublet under SU(2) and R = e, is a singlet,
as wanted. The subscript R or L means that only the right-handed
or left-handed component of the 1lepton wave function 1is
selected. One does it by multiplying the spinor by the
projection operator (1 - XS) to obtain the left-handed

component, or (1 + YS) for the right-handed component, i.e.
_ |3 s >’7/
= _— (1v.4)
YL,K ( a

The generator of U(1) is chosen such that the electric charge
is a linear combination of the U(1) generator and the generator

T; of SU(2). One can choose



Y = 2(Q-Ts) .(IV'

<

as generator of the U(1) group. The basic Lagrangian L

the GWS model may be split into 4 parts as follow;

S S (1v.
iGWS IGAUGE N iﬁ:mu‘oo;‘f i&alar * CIYWAWA

The gauge part of the Lagrangian is;

iGAUGE - —zli :U Fq)AU h z/l- BMIJ B,‘U (1v.

with

a
o

SU) GAUGE

a a abc b C .
BM Ay - apAu *}6 A,u AU }F{Eto TENSOR

va)
au By - BU B'M }GAUCE Fi€lo  TEwSoR

B w

The leptonic part of the Lagrangian is;

i = L V(0759843 T°AUL

t Riv"(du+cg Bu)R (1v.

(1v.

22

5)

of

6)

7)

8)

9)
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where

g = coupling constant associated with SU(2)
g'

= coupling constant associated with U(1)

Notice one cannot have a bare mass term of the form e.e,,

which is forbidden by SU(2) invariance. Also, the terms EReR

and e e vanish, because they contain the products of

L
orthogonal operators (1 - Yc) and (1 + ;).

a
To give a mass to the gauge bosons A, and the electron,

let us introduce a doublet of complex Higgs scalars

CP = . | (1v.10)

They have Y = 1 to satisfy (IV.5), and transform as a doublet

under SU(2). The scalar part of the lagrangian is then
Lo (2u+ Bt ZATA) P
(-9 B - FALTADG — WP
-2 (@)

(Iv.11)

The most general renormalizable Higgs potential V(®) is (Flores

and Sher, 1982);

V@) = Ko® + A (PP) tv12)
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Also, one is free to add a coupling between the scalar doublet

and the leptons, of the form;

Eﬁ‘/UKAWA -~ Ge [F—{cpfl_ * E(PR] (Iv.13)

The coupling of the form @@Y’is known as the Yukawa coupling.

It has been introduced by Yukawa (1935) to explain the nuclear
binding force between nucleons, through the exchange of bosons.
There cannot be terms of the form L¢L because, being the
product of three SU(2) doublets, they cannot form an su(2)
invafiant. One needs to include both a singlet and a " doublet,
hence the form of (IV713). One now must spontaneously break
the SU(2) ® U(1) symmetry.

SPONTANEOUS SYMMETRY BREAKING (SSB): Assume once more that

rf < 0. " The two minima are at ﬁﬂ; &7 2 with v2 = —FZ/IAI.

One now requires the neutral scalar field to develop a vacuum
expectation value (VEV). One must let the VEV of the charged
scalar vanish, in order not to have a charged vacuum. This

"leads to

<O‘ CP } O> - <'§')/ﬁ (1v.14)

and again one expresses the scalar fields in polar coordinates
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to bring out the physical meaning of the theory. Usifig the

unitary transformation;

- ;afa [

Z/{(g) = @ (IV.15)

the scalar fields read in the new coordinates;

O

¢ = 1(5) (u o e

v

The four real components of ¢ are now distributed in 3
components for f“ and one for the scalar %.
The symmetry breaking scheme that Weinberg and Salam

adopted breaks both SU(2) and U(l)y, but preserves U(1) One

elec ©

can check this using the condition for a generator } to 1leave
the vacuum invariant; where () is the 2 X 2 matrix

representation of the operator &.

(119, = 0 (1v.17)

For the generators of SU(2) X U(1), we find

RCELCEE: c (), =) #0

(1v.18)

1]

(2)ro Y(@),= (2)70

T54P),
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But

Q.<¢>o - é(Z3+ 7) <¢>o =0 (1v.19)

The photon, and only the photon will then remain massless.

Transforming now to the U-gauge (IV.15):

$-d = U > (m)/z

L= L= ul; ev: G Bpr Bu (1v.20)
TOAL= T°AY = ud[TAL- 5@ un v (5)

a
and A, still transforms according to (II.6). 'In terms of the

new fields, the Lagrangians become;

SO A ol z
iGAUGE : -11 ,:Hy F atw— 7‘7 pr BHU (1v.21)

Liw = Ll O 29 S04
+RY* (e 9B )R  ava)

The mass of the electron arises from the Yukawa term;
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fvum\m = = Ge (éq;!_) + L—? (P)R)

ar l (1v.23)

G E (B e reie) kEe 8 el

and is seen to be m, = vGe/JE.
The coupling of the remaining Higgs boson 7 to the

electron is

A U (1v.24)

which will be of primary importance to produce and detect it.
The scalar field will give rise to gauge boson masses via the

term

Lawne = (D8 (0'6) -89~ 269 (1v.25
with
DMCP):(BM— %_Cq/\’: _ _%2,5“>q7’ | (1v.26)

Let us isolate the vector mass terms, which are those terms

quadratic in vector fields, into a Lagrangian J; , Subset of
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& |
J ) 3 ?

g, - LA W2 F0Bugh) | v

I1f we define T - é(A;f - ZAI:?

)

i 3 \
Va'- 37" (1v.28)
, 3
A, = jBM+5AM
I 3 A
Vg’ 9
The Lagrangian(fM becomes

(1v.29)

Lo Mowiw" ~im 7.7

with

2 { 2 . | |
M ij} | (1v.30)
Mz (9+37)g

massless vector gauge boson A, can then be identified with

The

the photon.
one usually introduces an angle ew

For convenience,
(Weinberg angle), which relates the coupling g of the su(2), to

the coupling g' of the U(1)y group. Explicitly
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7'= j Tan @W (1v.31)

So that

3

)]

"

j/COS GW (1v.32)

The interaction between the leptons and the gauge fields can

now be read off from the lepton lagrangian in (1V.22).
+

Re-expressing JLF&h in function of the new fields w;, Z: and

A., one gets, using (IV.32);

1 I J 2 —_ M
coS Bw . ~ _ é)
ffeptwv : j&zee * Z’A_j_s_—(% (1-2 6.) C. }/62 J L @WGR 4 R)

Cosna —  h 6 = ’
A nyy -gmAAede (1v.33)

2
+%[DI.)/€L WM + el_)/ % WM]

Equating the coupling between the photon A, and the electron to
-the electromagnetic coupling e gives the relation:
jsl‘n 8, = &

(IvV.34)

The IVB coupling is consistent with 1low energy phenomenology

provided we identify
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)

Ge .4 . L
TEN 7 M

(1v.35)

The only missing piece is the mass of the Higgs boson which can

be worked out from d.,, . This is equal to:

m, = 1/5 /«A | (1V.36)

that is, completely undetermined in this model. However, upper
and 1lower 1limits have been derived, which we will consider in
chapter VI.

ADDITION OF QUARKS: Let us introduce the first two families of

quarks. The incorporation of the third family follows the same
line of argument.

According to Cabbibo's picture of W1 (Cabibbo, 1963), the
hadronic charged currents are represented by the weak-isospin

doublets

L,: (&",)L ; | = (SC)L ; (/R.c//;' Q,S,: 5’”7/‘°ZS (1v.37)

éj‘: c[ oS 6( + S S(.nec
5'z==d sin B + S cos B

where

and @, is refered to as the (Cabbibo) mixing angle. The

Lagrangian terms corresponding to (IV.22) and (IV.23) are
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iQUARKS - Z [3_1: Z_ y"(ay+(-?’ ﬁu>i:* Z-‘_Lq(.)/ﬁ(af‘?ig,ﬁn _%)QCQ :)jz‘]

(1v.38)
%= u, d, s, c
a"dmﬁ G L Suarhe] + G L8 thel
. C3[Zl¢ S, +he] + Gyl IsPcevhc] (1v.39)

t Gellada*he] + Gelli9Si+hel

respectively. The Lagrangian piece (IV.38) gives rise to
exactly the same kind of results as for the lepton case. If we
now perform SSB by replacing by its expectation value (IV.14)

we obtain a serie of mass terms equivalent to (IV.23).

QUARK

IYO&’AWA - -Z (VA%?)GO{ <i? ZL +/TL ZR) (1v.39)

of

We must now chose the Yukawa couplings GJ,...,GG so that

u,d,s and ¢ are mass eigenstates;

G: g /)77,“1/;?—/4/"

Ga® /my Cos Be Va2 S

Gs: Ins sinbe 2 S (1v.40)
Ge= me Va /v

65’ =T 63 fﬁﬂ 9c
Ge = + Gz citan 6.
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The generalization to three generations introduces two more
quark mixing angles, but the rest of the procedure stays

essentially the same.
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V. PARTON MODEL AND HADRON-HADRON COLLISION

In order to calculate the production rates in hadron-hadron and
lepton-hadron collisions, some simplifying hypotheses are
needed about the structure of hadrons. Such a set of
hypotheses, well supported by experience, forms the parton
model' . Let us describe 1its sources, links with QCD and
applications to hadron-hadron collision.

When high energy electrons or neutrinos are scattered from
nucleons their angular distributions 1look as 1if they wére
scattering from hard, pointlike constituents inside the
nucleons. It is a repetition, at higher energies, of
Rutherford's experiment. These pointlike constituents of
nucleons have been given the name "partons", and the partons
interacting electromagnetically or weakly with the leptons have
been identified (theoretically) as qguarks. Another class of
nucleon constituents, mediating the QCD force between the
guarks, are "gluons". The gluons do not interact through WI,
and are electrically neutral. They are spin-1 bosons, and
carry the "color" charge which gives rise to strong
interactions. Therefore, gluons interact with gluons, making
quantitative predictions of QCD very difficult. Still, the
method of lattice gauge theory? managed to produce an
acceptable hadron spectrum. The 1lattice gauge theory is a
non-perturbative way of getting prédictions from a theory with

a large coupling constant, like QCD at low momeritum transfer.

! see for example (Close, 1979)
2 for a review see (Drouffe and Itzykson, 1978)
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Also, when experiments reach very high energy, the phenomenon
of scaling occurs, and one may use perturbative QCD to
calculate production rates.
SCALING: The parton model picture stems from a property of
lepton-pro£on scattering, called scaling. Here are the
foundations of it.

When one calculates the amplitude for 1lepton-lepton
scattering, say e'[«f -> e-[[, one gets from the amplitude

corresponding to the diagram of Fig.‘ 6

e- €

M M-

Figure 6 - Feynman diagram for electron-muon scattering

the cross-section:

glad - ‘10(21(E')1 o

dF'd0e Q"

%29’02? 5@- %\Z) (V.1)

Ny,
2 |
_+.

where

E : energy of the incoming electron in the lab frame
"E': energy of the scattered electron in the lab frame
) : energy transfer to the muon in the lab frame

2 . .
Q : minus one times the momentum transfer squared
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6 : scattering angle of the electron in the lab frame
M : rest mass of the muon

On the other hand, if one wants to calculate 1inclusive
electron-proton scattefing, one is forced to introduce

v
structure functions in the hadronic rate tensors WF . The

hadronic tensor W!  is the piece which must be introduced in
the spin-summed amplitude squared at the 1location of the
photon-proton vertex in evaluating the rate corresponding to

the Feynman diagram of Fig. 7

R —e

fi

Figure 7 - Feynman diagram for electron-proton
scattering.

(See appendix B for introduction to Feynman diagrams). It
serves to parametrize our ignorance of the form of the current
at the proton end of the photon propagator. The most general

form for the proton structure function is

WWI W} W?LPP + _‘.33 + Ws(f)”jv Z > (v.2)
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S Y ;
p being the proton 4-momentum. The W are in general

. 2 . . I .
functions of 2 and Q . Gauge invariance qu = 0 gives us
some relations between the coefficients, and one is left with

only two independent structure functions;

W = W, W, q ) ; e :V)+ /;UAQJ)[( (FMZ) (v.3)

assuming parity-conserving interactions. Contracting with the
4

leptonic rate tensor " and expressing the cross-section in

the laboratory frame where the 1initial proton 1is at rest

yields;

_.:LG__J = Jo(E) 1) gCoS ~ (?/Q) QW(V Q)S’” (v.4)
dedn, o 2

One can now compare expressions (V.1) and (V.4) and deduce that
if the virtual photon scatters off a pointlike Dirac particle,

the structﬁre functions reduce to:
t 2
P 2 _ Q
pWa (.07 = I3
(v.5)

AM W/rr(ﬂ)03> - J/nz/ 5(2/#1» >

the equations being written this way to form dimensionless

2
ratio w= 2M¥Y/Q only.
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For scattering from the proton, in general one expects a
2
dependence of these functions on 2 and Q separately. But, at
high momentum transfer the phenomena of scaling occurs, i.e.

2
for fixed w and Q > 1 GeV;

futoh

mwt (w, Q) — F(w)

';uu n

Wy (w, @) — RK(w) (V.6)

is observed to hold empirically (Bjorken, 1969). The energy
and momentum-transfer dependence of the process behaves exactly
as if the electrons were scattering off hard, pointlike
constituents inside the'protons, i.e. 1like (V.5). This is why
it was said earlier that it 1is a repetition, at higher
energies, of the Rutherford scattering experiment.

Impulse approximation: The parton model contains implicitly the

equivalent of the impulse approkimation in nuclear physics.
The basic assumptions are the following:

1. During the time of interaction one can neglect
interactions between the partons.

2. Final state interactions can be ignored.
That is to say the parton is qQquasi-free in the proton, and can
be considered free at very high énergy. The effect of
confinement acts much later, when the scattered parton has
moved a distance of the same order as the size of the proton.

In terms of Feynman diagrams, this means that we consider
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subprocesses with different initial or final states as being
non-interfering. One does not have to worry about the other
"spectator" partons to the lowest order. These assumptions are
extremely useful for calculations of processes in hadron-hadron
scattering. Another element that one needs is the parton
momentum distribution, which will be discussed below.

Electromagnetic spin 1/2 structure function: Now we will

express (V.1) and (V.4) using the Mandelstam invariants s, t

and u: S = (P1-Z)a
t=cp-p) |
U= <P~Z')a ’ (v.7)

This set of variables makes explicit the Lorentz invariance of

any quantity expressed in terms of it. The relation (V.1)

becomes
2 4]
do o M LSl ) b(s et u) (v.8)
JtJQ B ta A\ $?

It will be useful later to know that

!
~
O

1)

' (v.9)
Sru AN w '

If one wants to compare (V.8) to inelastic electron-proton

scattering cross-section (V.4),- one uses the parton model,
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where it 1is hypothesised that 1inelastic, electron-proton
scattering comes from the sum of incoherent elastic scattering
of electrons on the partons in the target. I1f these partons
have spin 1/2 and couple to the photon the same way the p’
couples to the photon, then one can easily obtain an expression
for the cross-section.

Going into a reference frame where the proton has infinite
momentum, one effectively "freezes" the slow interactions.
One defines

ﬁnrton 5 X Pf”ton (V. 1 0)

The relation (V.8) can be written in terms of the momentum of a
parton with the substitutions

S=——>XS u—>xu t—>t

)

(L‘:j fra |1 (g_’_+_u__‘)x 5(t+ x(s+w)) (V.11)
dt du e : )

The proton being supposedly made of several partons, denoted by
the index i, one has to sum over these, and integrate over the
probability function f£(x) for a parton i to have a momentum
fraction between x and x+dx, to get the cross-section for

!

electron-proton scattering:

(J%) yra’ 1§’ sclee;’ x fio 1 S0-a)
eroex Sz

At du t* 2 S+U

(Vv.12)



40

where the relation (V.9) has been used in rewriting the delta

function. We are now ready to compare with the general

expression for e-p scattering, eq. (V.4) which we recast into

the form ]

4 7

Jtdu N
e

[2X(5+“>f: QMSF]

J
A °’<5+u (v.13)

Comparing the coefficients in (V.12) and (Vv.13), one gets
2
AxFi) = F200= Leix 5o _

This is the Callan-Gross formula (Callan and Gross, 1969) for
spin 1/2 parton model. Identifying the spin 1/2 partons with
the quarks, and denoting ff by the symbol q., one puts for the

proton and the neutron

Loef ~ _ .
Faa = (W @)+ 3(dp+de* S+ S5 )t

Cen (v.15)

LFLo0 s a(dordy )+ 7 (Ut

—_—

U+ S+ S, )7

Sum rules and momentum parton distributions: The fundamental

relations the quarks distributions u(x) and d(x) must obey come



41

from the isospin properties and zero net strangeness of the

proton and neutron:

0 < f.lcix [ Scxy - Serdy
L= §d [2u-a) - 2d-D)]

(v.16a)
0= gal de[3d-1) - 3 (u-t )] o
or q= Llclx[um G ool
I §odx [ do - e V. 165)

A similar relation for electrically neutral partons

(gluons) comes from momentum conservation

|

( b x(ue@adslss+53: 1-¢ w.17)

wvhere € is the fraction of momentum carried by the gluons.

Then the gluon momentum distribution G(x) must obey

l |
(o Ix x Gy = & (V.18)

The value of & turned out in experiments to be about
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€ 0.5 (Smith, 1974). That means that half of the proton
momentum is carried by the gluons.
The quark momentum distributions can also be deduced from

experiments after inverting eqguations (V.15)
) 8['7 en
woo = + 2 9F e - Faool

(v.19)

. en’ eF
cl(x) = '—E ['7’Fa (X)* F 2 (K)]

1
A

A few particular parametrizations are given in appendix F. The
most useful clues come from the - hadron and e-hadron deep
inelastic scattering.

Hadron-hadron scattering: The calculation of a process in QCD

for hadron-hadron scattering proceeds according to the
following scheme.

a) Calculate the subprocess in a perturbative way, using QCD
rules, and other models, such as the Weinberg-Salam model.
This gives a sub-cross-section Cﬂg(x(,ﬁ,g,z) where x. is the
fraction of the momenta G, g and t carried by the incoming
parton i.

b) cConvolute O;,;, with the parton distributions £, (x) of the

incoming hadrons, which reads;

O/Imoﬂom . = fc‘)( -j.,q (x) j‘ej; fb (g) mue (xy, l;,;,;) (v.20)
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Let us now come back to the subject of Higgs boson, to examine
its properties in more detail. This will enable us to
calculate the sub-cross-sections related to Higgs production in

hadron collisions.
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VI. HIGGS BOSON PHENOMENOLOGY

Here, we are coming to the heart of the subject -the Higgs
boson properties. The knowledge of these is essential to the
development of a strategy in the Higgs boson "hunt". Its mass
and couplings to matter are neeaed to predict the production
mechanisms aﬁd detection modes.

Mass of the Higgs boson: There exist several arguments giving

rise to upper and lower mass bounds on the Higgs boson, Only
one, a lower bound, is derived from solid experimental facts.
All other ones depend on theoretical éxpectations.

One upper bound on the mass of the Higgs boson comes from
the wunitary restriction in the elatic scattering WW —>W W
(Lee et al., 1977). The subscript L denotes a 1longitudinally
polarized particle. As we have seen in chapter I, the process
violates unitarity, and this 1is removed by the scalar
contribution. The scattering amplitude for this process is,

after cancellation of the divergences

T = -\/% Ge mi s /ma (VI.1)

The amplitude T has the usual partial-wave expansion

T= 16w L@yl) £ (@so) (V1.2
}

Partial wave unitarity requires )%l < 1, Here, j=0; and
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2 oy L 15 TeV/CE (V1.3)
mi < T .5 e

A more refined calculation yields m, <1 TeV/cz (Lee,
Quigg and Thacker, 1977). If m, lies above this 1limit,
perturbation expansion breaks down and higher order terms are
as important as the 1lowest order one. It can be shown
(Veltman, 1977) that as m, increases, the parameter of the
scalar potential (1v.11) increases, and when A >>1,
perturbative theory 1is meaningless. This happens at around
m,= 1 TeV/cz.

There is nothing wrong in itself for the perturbative
expansion technique to break down. A perturbative theory is
merely a desirable condition. It has been shown that a
nonperturbative Higgs sector would show very little effect in
current phenomenology (Appelquist and Bernard, 1980). The
Higgs sector 1itself could give rise to some new physics, for
example with bound states of elementary Higgs bosons.

Another upper bound on the Higgs comes from a study of the
triviality of the scalar A¢q interaction (Callaway, 1983).
There is evidence that the )@q theory is a trivial theory, i.e.
the interaction screens itself and 1is equivalent to a free
field theory. The )¢V interaction coupled with fermions and/or
vector bosons might not be trivial however. This could happen

only within certain limits, one of which being a bound on the

Ho mass. For the standard model:



Mu \( 12.§ m. S 90 G/ (VI.4)
M :

Lower bounds on the Higgs mass have been proposed from several
sources, The decay Kf——>U!1fl~ gives a lower bound of about
325 MeVzfor the mass of the Higgs boson (Willey and Yu, 1982).
If the Higgs boson was any lighter, it would appear as a
resonance peak in the invariance mass of the lepton pair.
Other 1lower bounds come from studies of the radiatively
corrected Higgs potential. However, all conclusions derived
from the studies of the Higgs potential are suspect' . The
technique of the scalar potential is developed in the following
way. We introduced in (IV.11) the classical scalar potential
vV(P)= MﬁquAN#qwhich is the most general renormalizable scalar
field expression. The "effective" potential for the quantum
field can be written in terms of the classical field. QL
(Jona-Lasinio, 1964), (Coleman and Weinberg ,1973). According
to quantum field theory, one can calculate effective potentials
at the éﬁ order level, corresponding to n-loopb graphs. For
example, the effective potential corresponding to the zeroth
order correction (tree graph) 1is the classical potential
(1v.10). The first order guantum correction includes the sum
over all one-loop graphs of the theory, etc.

At the first order, including scalar + vector 1loops, the

effective potential is (Jackiw, 1974)

' Ng, private communication
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V(o) t(1+2B)0 bl 508 T b s

q 2 2 &
where B = 3[29g + (g + g' )]/10247 and - is the minimum of
the potential.

With this potential, one finds

K = JJ‘{ - (A +2B) 0" | vi-6)

The effective potential for different values of the parameters

is plotted in figure B, extracted from (Flores and Sher, 1982).

. 2
Notice that one can have r« negative, (non-tachyonic scalar

mass) and still achieve spontaneous symmetry breaking. The
d
elegant hypothesis M= 0, due to Coleman and Weinberg (1973),
2
gives a calculable value m., = 10.4 GeV/c . In this

hypothesis, no mass scale 1is introduced at the level of the
2

. . q
bare Lagrangian. Also if M < 4B0 , the spontaneously broken
vacuum 1is not stable. It could "tunnel through" a lower lying
vacuum at = 0. The probability of tunnelling increases as my

decreases, and this brings various limits on m depending on

H [ 4

what one assumes about the conditions prevailing at the

beginnning of the universe.



a
Figure B8 - V($) for different values of M .

48



49

If one assumes that the universe has somehow been brought in
the asymmetric-state vacuum after its birth, one requires the
lifetime of £his state to be more than the age of the universe.
This leads to a lower bound of m, > 260 Mev/cz.

If one instead takes the position that the universe was in
the symmetric state just after its birth, and underwent a phase
transition to the spontaneously symmetry-broken vacuum, then
this later must lie below the ¢ = 0 point. The lower limit on
m, becomes 7 GeV/cz (Weinberg, 1976). It was also pointed out
by Linde (1976) that the lifetime of this transition must be
substantially smaller than the age of the universe, and he got

a limit mH> 0.99 m,, -

The inclusion of fermion loops makes m, drop by
6 MeV(m£/15 Gev/ct) . Therefore, for m}<.30 GeV/cz, the

fermion contribution is negligible. If the top quark mass (or
any other heavy quark mass) is larger than 30 GeV/cl, m, will
drop significantly. If m > 100 GeV/cz, m., becomes negative,
and more care in the Coleman-Weinberg mechanism is needed to

derive meaningful results.

Couplings of the Higgs boson: The coupling (IV.24) was derived

in the model with one fermion doublet and singlet. We saw in
(Iv.39) that many Yukawa coupling terms , each with its
constant G; must be introduced. Adjusting the G; to reproduce
the fermion mass spectrum, one gets for the coupling of the

Higgs boson to fermions:

' | l/a
‘LWW;((;FV5) (VI.7)
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which means that the probability of a reaction producing a
Higgs boson will be proportional to the square of the mass of
the fermion it 1is coupled to. It also means that the Higgs
will decay almost exclusively into the heaviest particle
kinematically allowed. The coupling of the Higgs to photons
and gluons is made only through loop diagrams. The coupling to

+ o .
W~ and 2  bosons, however, 1is:

‘2 |
2 ME(GevZ) (v1.8)

and will be dominant when the available energy allows it.

Decay of the Higgs: The decay rates for the Higgs boson into

leptons are given by (Sudaresan and Watson, 1972);

[((H= 1) = Ge /mim. (I-M?f/z (V1.9)

I¥2 ﬂnu

For quarks, simply multiply by three, because of the color
aegree of freedom. A plot of the branching ratios of the H® is
given in fig. 9 extracted from (Ellis, Gaillard and

Nanopoulos, 1976).
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Figure 9 - Branching ratio’of the H® in function of m,.
from (Ellis, Gaillard and Nanopoulos, 1976)
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The decay rate of the Higgs boson into vector bosons is

TV )= Ge MY oy 0 (3X-Yx+4)  wraio)
grva x

2
where x = 4 mv/m:. This rate becomes rapidly very large as m,
increases. The consequence is that, because of their width,
Higgs of mass greater than 700-800 GeV/c may never be observed

(Ali, 1981).

Higgs signature: Once one has produced the Higgs boson, how

does one know about it? One characteristic of the Higgs boson
is its strong. tendency to decay into the heaviest particle
kinematicélly allowed. So, even before analysing in detail the
spin and angular distributions of its reaction products, one
might suspeét Higgs bosons had been produced if the final state
contained an anomalously large fraction of heavy particles. 1If
the Higgs mass lies above the b-quark threshold, but below the
top quark one, then it would decay predominantly into b-quark
pairs. If its mass 1is below twice the W mass, but above
t-quark threshold, it would decay mostly into t-quark pairs,
which would then decay into b-quarks.

Thus, the observation of events with one or two jets of
invariant mass m,, containing at least two bottom guarks would
be the signature for a Higgs of mass 2mb< m, < 2m,. Moreover,
each production mechanism will produce something different
along with the Higgs,-and can be used to discriminate it from

the background.
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Production of the Higgs boson: Here will be presented the

principal mechanisms that have been proposed up to now, in the
search for the Higgs boson. The strategy is to produce
particles that have very large couplings to the Ho, and look
for the signal of a Ho which could be produced with it,
radiated from it, or decay from it, dependent on the process.
The first three processes are more pertinent to e e machines,
and the last two are appropriate for hadron-hadron collisions.
1) Decay of the 2°:

a) The z° can decay into a Higgs and photon, through‘a fermion
loop or a w? loop (Cahn et al., 1978) represented by the

diagram of figure 10.
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o]
Figure 10 - Feynman diagram for Z --> Y+ H° decay.

with a ratio

!

M(Z2°- H'Y) . / <1+0?/m” w1
Mz —puw) m |

Z

However, the background for this process, 7" -> i_i+Y is so
large that the process 1a) would be buried in it (Barbiellini
et al., 1979) ‘

b) 2° decay along the channel 2= —> H+ 171 (Bjorken, 1976)

represented by the diagram of figure 11,

] . ] : .
Figure 11 - 2 —>H +J | decay diagram.
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o
where 2 denotes a virtual z°. The branching ratio for this

decay channel is:
o - -5
Br (27— H 4+ w'W” )= [0

which is observable for a high-luminosity Zo factory. A 2°
~factory is an e'e collider where the center-of-mass collision
energy can be tuned to the z° mass, allowing a very large z°
production rate. The process peaks at large dimuon mass. The
angular distribution and dilepton mass distribution may be used
to distinguish Higgs bosons and other scalar particles,
elementary or not (Kalyniak et al., 1984).

The main drawback to the process 1b) is that it works only
if fhe mass of the Higgs is less than about 60 Gev/c. To
circumvent the problem one needs to produce a Higgs together
with a Zo, from a virtual z°.

2) Bremsstrahlung from a virtual 2°: ee” -->H° + z°illustrated

by the diagram of figure 12.

+
€ H®

. - ‘ o °
Figure 12 - Feynman diagram for ee -->H + 2.
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The production rate peaks atJ§-=mz + 2m, (Glashow et al., 1978)
and the total rate is encouraging for e+g' machines, predicting
a cross-section of 4 X 1635 cm2 for a Higgs of 10 GeV/cz for a
center-of-mass energy of 104 GeV., The problem is that one has
to wait for the LEP II project to be completed. For the pp

colliders, the production rates corresponding to this process

are below the minimum acceptable (Ellis et al., 1976).

3) Decay of quarkonia: The form of the Higgs coupling to
fermions makes it worthwhile to investigate heavy quarkonia

decay. For the upsilon particle radiative decay

T(q.% CeV) - H'+/ ‘ (VI.13)

an upper limit branching ratio

Y

BR(Y i HO*Y) = 2.5x10 (VI.14)

has been calculated using a non-relativistic quark model
(Wilczek, 1977). However, if the Coleman-Weinberg estimate is
correct, this decay is not accessible. One of the best ways to
produce a relatively light Higgs is through the decay of the

JT"’ H°+ Y

(still unobserved) toponium state:

which has a huge branching ratio for m; < m,:
T
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[(Jo=H+Y) |
O.13 (VI.15)
reJr— o N(\) :>

In the case m > m,, the J will decay mostly through weak
T

r
decay, thus depleting the branching ratio for J, —> H + 7,
Also, all of the above processes share the same
characteristic that their rates are insignificant 1in a
hadron-hédron collider, beéause of the impossibility of
"sitting on" a resonance, as with e'e” colliders. The

following processes may lead to more sizeable cross-section at

hadron-hadron colliders.

4) Gluon-gluon fusion: The fusion of two gluons into a single
Higgs boson through a quark loop as in the Feynman diagram of
figure 13 allows the use of the important gluon component of

.the hadrons (Georgi et al., 1978).

.jw

Figure 13 - Feynman diagram for gg —> HC.

It also exibits the interesting feature of counting all

possible quark loops, even for quarks that are so heavy they
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would not be produced in the laboratory. This comes from the
particular form of the Higgs coupling to fermions, which being
proportional to the fermion mass, cancel out a fermion mass
term in the denominator of the phase space integration to yield
a cross-section which is not sensitive to the gquark mass, but
proportional to the sguare of the number of heavy quarks. This
process has been described as a "heavy quark counter" because
of this feature.

For Higgs bosons of masses less than 2M,,, the background
is several orders of magnitude larger than the signal (Keung,
1981), and there is no hope to discriminate them. The
background process is the creation of a fermion pair through
qguark-antiqguark annihilation. The cross—-section for
pp—> H® + X through gg--> H° and the estimated Drell-Yan

background are given in Fig. 14, from (Keung, 1981)
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Figure 14 - Cross sections for pp--> H + X

through the process

(dotted curves) for m

H

gg--> H° (solid curve) and background

2
= 10 GeV/c from (Keung, 1981)
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However, if the mass of the Higgs is such that it can decay
into a pair of vector bosons, the signal may become more
important than the background (Cahn and Dawson, 1984), More

calculations are needed.

5) Compton-like processes: This is the compton scattering of

gluons from heavy sea quarks, illustrated in fig. 15

/ M

Figure 15 - Feynman diagram g +c --> ¢ + Ho.

The signal and background are estimated in (Barger and al.,
1982) and reproduced in fig. 17. The authors claim the final
state would produce a dramatic signature. The final state
- would be the same as the one described and calculated later in
this thesis. However, for the reaction 5) the rate 1is very
low, of order 1 picobarn or less, because of the very small
c-quark content of the proton and antiproton.

6) Vector-boson fusion: Cahn and Dawson (13984) have
proposed another mechanism as part of a study of very massive
Higgs boson production. It makes use of the large vector boson
coupling to the Higgs boson, according to the process

illustrated in Fig. 16
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f

Figure 16 - Feynman diaqrams for the process qg --> Hoqq

The total <cross section for my, =5 M, for this process,
together with processes 2) and 5) at SSC energies, are shown in
Fig. 18, extracted from (Cahn and Dawson, 1984). After having
examined the principal channels suggested up to now for Higgs

production, we are now in position to introduce the new

mechanism on which.this work is based.
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1 i LR '] 1 L] T 1 1T 7.7 TT
i pp or pp—HX ]
100 (from gc—Hc) -
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Figure 17 - Cross sections for compton-like process, for
m, = 10 GeV/c?.
The solid curve represents the signal, the dotted curve is the

background for the Higgs decaying into a tau pair.



10

Vs (TeV)

Figure 18 - Total cross section for processes 2), 5) and
6) for m_, = 410 GeV/c®.
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VII. CALCULATION OF ASSOCIATED PRODUCTION OF HIGGS BOSON AND

HEAVY FLAVOR IN PROTON-ANTIPROTON COLLIDERS

In the 1last chapter, we surveyed several mechanisms
through which the Higgs boson could-be produced in presént or
planned accelerators. It was suggested that H® bremsstrahlung
from Z° bosons in e*e” annihilation at the 2z° resonance will
provide the cleanest signal, if the H’ mass, m,, is less than
the 2° mass. In fact the luminosities of currently planned
machines such as LEP and SLC will restrict the detectability to
m, < 50 GeV/cz. It becomes important to know what are the
possibilities of producing and detecting the H® in
proton-antiproton colliders, such as the CERN SPS collider, the
FNAL Tevatron or evenbthe SSC (see appendix G for properties of
these colliders). These machines will bevcapable of taking the
search for the H' up to fhe mass range of m ~ 1 TeV/cz, far
beyond the range reached by e'e” colliders available in the
foreseeable future. This 1is why estimates of the production
cross-sections of the H- in hadron-hadron colliders are now
very important for the planning and the designing of colliders
experiments. All of the following will thus be concerned with
proton-antiproton or proton-proton collision only.

We saw in .the last chapter that the H° production
mechanism with the highest cross-section was the gluon-gluon
fusion. If m, < 2 m, one expects to observe two back-to-back
jets which are isotropic with respect to the beam direction,

each containing at 1least one heavy flavored particle.

Unfortunately, the process illustrated in Fig. 19 can also lead
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to two heavy quarks and it is estimated to be an overwhelming

background.

e

QO

Figure 19 - Feynman diagrams for the background to the
process hadron+hadron —> H® + anything.

One can attempt to suppress the background by considering H
production in conjunction with heavy quarks. If one has enough

incoming energy a possibility is

PP — F+ F+ H® + hadrons (VII.1)

where F(F) denotes a hadron which contains a heavy quark such
as the b- or t-quark. One expects that the remaining hadrons
(VII.1) do not contain heavy quarks, as indicated in SPS
collider data. Sequential weak decays will then lead to up to
twenty c-quarks or 4 b-quarks and 4 c-quarks, or 4 c-quarks
plus 8 charged 1leptons in the £final state for the case of
t-quarks. Table I gives the number of c¢-quarks and charged
leptons obtainable after F(F) and H° decays. Other

intermediate combinations of c-quarks and charged 1leptons are
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all possible. One ends the chain of sequential decays at the
c-quarks in anticipation that the tagging of charm or beauty
hadrons may become a possibility with rapidly developing vertex
detectors (Stone, 1983)

Within the framework of QCD parton model (see appendix A
for OCD rules) the production of H° that will result in
accompanying heavy quark final states can proceed via at least
three mechanisms:

+

1) gluon-heavy quark scattering (Barger et al., 1982)

o t JC((JZ) - JC;(J(;) +t Ho (VII.2)

2) Higgs bremsstrahlung from heavy quarks in light quarks (q;)

annihilation

?(’L?K_’ )C;' + f, Hé (VII.3)

3) Higgs bremsstrahlung from heavy quarks in gluon-gluon fusion

= ° (Vii.a)

ot > F;+ fi+ H

where the subscripts denote colour indices of the gluons and
quarks and £(f) is a heavy quark>(antiquark) such as the b- or

t-quark. The Feynman diagrams depicting processes 2) and 3)
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are given in Figs. 20 and 21, Mechanism 1) has been

introduced in the last chapter.

Figure 20 - Feynman diagrams for qg --> § + § + H .
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Figure 21 - Feynman diagrams for gg --> § + § +H .
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It makes essential use of the heavy quark (antiguark) content
in the sea component of the hadron wave function. The actual
size of this component 1is not very well known but can be
estimated from hadronic charm production data (Field and
Feynman, 1977). 1In general the probability of finding a heavy
quark in the proton (antiproton) is expected to be very small:
less than a per cent or so. However, it is a two-body final
state and hence less suppressed by phase space. Reaction
(VI1.2) gives a rate which is of order qsyz where % is the
colour fine-structure constant and y denotes the Yukawa
coupling of the Higgs boson to the quarks and is given by
3y "2 :

y = 2 m§GF .

On the other hand reactions (VII.3) and (VII.4) are  both
of the order (X:yz; hence are down by a factor O compared to
the previous mechanism. They also have three-body final state
phase space suppression., These are compensated by the large
probability of finding light quarks or antiquarks and gluons in
both the p and p. Hence, one would expect the mechanisms
(VII.2) to (VII.4) to give comparable rates of H® production in
pp annihilations.

In this thesis the results of a complete calchlatioﬁ of
the processes (VII.1) using both reactions (VII.3) and (VII.4)
as the fundamental subprocesses are given. The parton picture
has been assumed to convolute the initial quark and gluon
distributions over the fundamental subprocesses. The
calculations for both mechanisms are presented in this chapter.

In chapter VIII the results of the numerical calculations are
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given. Distributions 1in energy of the Higgs boson and the
behaviour of the production rate as a function of the
center-of-mass energy, and other essential kinematical
variables are also given. Chapter IX contains discussions of

the results and their experimental implications are given.

Calculation of the subreaction amplitude: As the subreactions

(viz.3) and (VII.5) result in the same final state, they are
indistinguishable at the macroscopic level. Since they have
different 1initial states at the parton level they add
incoherently. Together they give us a first-order QCD estimate
for the semi-inclusive process (VII.1). 1In the final state,
the meson F and its charge conjugate contain at least a heavy
quark of flavour c¢,b or t. We will concentrate on the
six-quarks model. The case where the ff forms a resonance such

as toponium (T) results in

Pt p_} H9+ T+ L:&Jrons (VII.5)

which has been estimated to be small' . This is due to the
smallness of the wave functions at the origin for this process.
We will now discuss the two mechanisms (VII.3) and (VII.4)

separately.

' Ng and Zakarauskas, unpublished



71

Quark-antiquark annihilation mechanism:~ The u- and d-type

quarks are mainly responsible for this process, since they are
the dominant gquark components of the proton wave function.
Also due to the small coupling that the H® has with u- and
d-quarks, H° bremsstrahlungs off the initial qguarks can be
neglected. To lowest order in O, one needs only to calculate
the diagrams depicted in Fig. 20.

Within the framework of perturbative QCD model, the cross
section for the reaction (VII,1) is given by first calculating
the elementary subprocesses (VII.3), then convoluting with the
quark and antiquark distributions in the proton and antiproton.

The amplitude for (VII.4) is (see fig. 20 for kinematics)

R R a —K _ { -
M,ﬁ_,ﬂ'Ho - (f}s) T i T;‘x ’lfK(?) YM(L (?)?(‘6—:3?)—3_
XlT(j(K) (1\,4( +/m§) )V'{j—- (—(’m sz 2%,) (VI1.5)
[(h+k)=m,] a

+/>ermu1‘eh‘ons (ke k)

where
i,j,k,1 = 1-3 (quark color indices)
a,b = 1-8 (gluon color indices)
o= 1-4 (Lorentz indices)
T‘==%Aaare the SU(3) matrices, introduced by Gell-Mann (see
appendix I).
A

The cross section CﬂfﬂigHo for this elementary process is

given by
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~ 1

o,

11’»;3n°(§) " 2% K° i

jJA S(Q k-K-4) M L:,-»m"

(VII.1)

_ diGemy jik_ SJ”? 5”‘ S'(Q-K-R- h)H [

T 3r s JAK 2he

where § z 0'f (q,+3,) .

For the value of d, we used the running coupling constant
(I1.14) with ng the number of quarks flavors equal to 6. The
value /1 = 0.2 GeV has been chosen for this QCD parameter. The

matrix element element squared is given by

pu 32 [ (‘/777;’777,1)0 ]
H w = (kK +m2 )(3h- Kfmf.){q @h* Ak K+ m(h- K+ m2)
, 28:h(gm-m)] (@° _ |
[Q +’Tn L/ (ZH ( ,:nz)]('{ 7"?‘ 2K9 k‘?) (V11.8)

2 2 i\ 28-h(imy- nl)] (Qz 2 .= - )
o - ——— L {=—m~- a2k k
) [(Q ) ey L\ !

A 2 2 —_— -\, 2 -
~ (@~ my - ‘/m)hk-g k-9 tAk3UE-9 ~ 0 k'k]}
The spin and color degrees of freedom have been summed over.
Also the Feynman gauge is used for the gluon propagator. The

contribution to the cross section of (VII.1) stemming from

ViI.3 is then:

(Vii.9)

o' (s,m,m,)= jc\XI 4%, C}(g,mh.m*)[a(x,)u () + J(K,)J(Xa)]

A
with s = X X, 8 and X and X, being, respectively, the fractions
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of momenta carried by the quark and antiquark in their parent
hadrons. For numerical calculations we have used two different
parametrizations of the quark distribution functions, to get an
estimate of the uncertainty introduced by the quark
distributions. They are written explicitly in equations (F.1a)
to (F.2b).

The differences in the results in using one or the other
parametrization were no more than a few per cent. The
contributions from the sea quarks in the proton or antiproton
have also been omitted, since ‘their importance is of the few
percent level. The 1integrations are performed using a
Monte-Carlo method described in Appendix C.

Gluon-gluon fusion mechanism: This mechanism takes advantage of

the large gluon component in both proton and antiproton wave
functions as well as the large coupling of Higgs boson to heavy
quarks in order to compensate for phase space and &
suppression discussed before. As a result it also carries with
it the not so well-measured gluon distribution functions, thus
leading to uncertainties in the estimates of the production
cross sections. We will further discuss these points later and
also exhibit quantitatively these uncertainties.

The calculation proéeeds by evaluating the Feynman

diagrams shown in fig. 21, The amplitudes are given by

Mg AT T ) K1) g, K527 4 i)

| (A hKk+mi) (~ag.k)

(9,9, & &) (VII.10)
(91659, &,  k=F)

(K—=k)

+ Perputations
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for the diagram of fig. 21a,

b T b-* ~J.1 )(Lk%jlﬁMB> ,
Mﬂ*ffHo ATix TK’ M}(K);Y; (é{i{;)f [-R.;I] 57, U:’(k) (VII.11)

+ Peemutations( 9, < da2, & ). (G623 §ebs ke g)

(K= K)
for the diagram of fig. 21b, and
M;;»H‘m: -cA :CQLCT"; Us(k) éi;—;l}
La'd +Cas Vg 29087 %f{———% k) (wia2)
;ﬁmﬁhhﬁs(kéf)
S

2
for the diagram of fig. 21c, with A = g, m,G 2 .

s
ct h ) )

Here, ; and £, are the polarization 4-vectors of the

incoming gluons. The SU(3) structure constants are given by

the f,;,c . To evaluate thevsquare of the amplitude given by

2

‘Ma + /Vlb +MC, - (VII.13)

99-55H°

the traces are obtained by using the symbol manipulation
program REDUCE. The REDUCE program written for this 1is given

in appendix D. The gauge invariance of the result has been
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checked by making the substitution &£ —> g, or & ~—> g,. The
initial gluon polarization and colour states are then averaged,
and the final state spins and colour factors are summed over.
The resulting output for the amplitude squared is given at
length in appendix E.
The total cross section awg,mh,nb) for the subprocess is
obtained by integrating over the phase space for the Ho, f and

f. Using the parton model assumptions one convolutes over

the gluon distributions via

. f
O’ (5)= jc/x. dty & Gmpm) GRICTR) oy )

to obtain the total production rate. The lower limits of the
x, and x, integrals are given by the kinematical requirements
of

2
X X8 2 (m, + 2m ) . (VII.15)

The condition of eq. (VII.15) requires that the events
generated in the Monte-Carlo calculations satisfy the
kinematics for heavy particle production. The production cross
section depends on the gluon distributions. From general CPT
arguments it is expected that GF(x) has the same form as GF(x);
thus any uncertainty in the gluon distributions will be doubled

in the cross section O'(s). We will study this below.
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To this end, two specific parametrizations representing
extreme cases (F.3 and F.4) are chosen. The differences in the
cross sections coming from the use of one or the other of the
gluon momentum distributions gives an estimate of the
approximate size of the uncertainty in the results due to an
incomplete knowledge of this distribution.

In addition to restricting the generated events to be
physical ones, one has to take 1into account that QCD
perturbative calculations have strict validity only in the high
energy deep 1inelastic region. One should therefore avoid the
region of phase space where the gluons or quarks become soft
and thereby invalidate the use of the parton model.

Hence the integrations have been restricted to take place‘
in the region of high momentum transfer. The event generating
routine requests that all scalar products between the 4-momenta
of the incoming and outgoing particles be larger than 3 GeVZ.
More stringent cuts may be imposed to reproduce experimental
configurations.

Several differential cross-sections have also been
generated by the Monte-Carlo integration routine. These may be
extremely useful in selecting experimental cutoffs and hence
reducing the background. The differential- cross sections
calculated are those relative to the Higgs boson and heavy

quark's kinetic energies and transverse momenta.
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VIII. RESULTS

In this chapter are presented the results of the Monte-Carlo
calculation of the two processes described last chapter. The
free parameters of the theory are m,, the mass of the top
quark, and m,. The variables on which the total cross-section
depends are the center-of-mass energy of the proton-antiproton
pair, and the lower cutoff on relative transverse momenta of
the produced particles.

Fig., 22 to 24 display the production cross section versus
the c.m. energy of the pp for m, = 10 GeV/cz for two values of
m,, corresponding to the b-quark with mg = 4.5 GeV/cZ and a
35 GeV/cl t-quark. The <cross sections from quark-antiquark
annihilation and gluon-gluon fusion are shown separately in
fig. 22 and 23, and they are added in figq. 24, The
quark-antiquark channel reaches a peak in the picobarn range
around ¥s = 2 TeV. However, it dominates over the gluon fusion
mechanism at lower energies in the range ¥s < 60 GeV. At these
relatively low energies one is required to use partons with
large x 1in order to produce the final state particles. The
gluon momentum distribution is steeply peaked toward small x as
opposed to the quark distributions. This can be uniderstood by
noticing that the gluons are rediated from the quarks, and
therefore must show a radiative spectrum. As a result there
are fewer gluonsbat large x. On the other hand, the gluon
fusion is totally dominating at high energies, where small x
still makes the incoming parton very energetic.

There are two types of curves in all of the figs. 22 to
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30. The dotted lines represent the results of the calculations
done wusing the scale-violating gluon momentum distribution
given by (F.3). The continuous lines are results using the
scaling distribution (F.4). The difference between the two is
indicative of the effects of scaling versus scale violating
gluon distributions. The interseétion points are reflections
of the particular values of x where the two parametrizations of
G(x) cross each other.

Explicitly, for the case of pp collider at the Tevatron,
the production of 10 GeV/c2 Higgs boson in conjunction with a
t-quark pair of mass 35 Gev/c® is well over 100 pb.
Interestingly, the production in conjunction with two b-quarks
has the same cross section, in spite of the fact that the
Yukawa coupling is proportional to the quark mass. This
suppression is here overcome by kinematics and quark dynamics.
The kinematic reason is that the subenergies of the two gluons
must be such that ¥s > 80 GeV for the t-quark case and and this
is hindered by the rapidly falling gluon distribution
functions. Then the dynamical enhancement occurs for the cross
section via the propagator effect which favours smaller quark
masses. This results in the crossing over of the production
cross section at Vs =2 TeV.

A detailed examination of O; as a function of m, is given
in Fig. 25 for my = 10'GeV/c2. The upper curves and points
correspond to the expected production rate at FNAL, the lower
ones to SPS «collider. Here, there 1is a rise in the cross

section which reaches a peak at me = my for Vg = 540 GeV and
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m, =20 GeV/cl for V; = 2 TeV.

f
In table II are given the total cross sections relevant
for lower energies (Ys = 45 GeV) for different values of m, and
my. This will be of relevance for a 1 TeV P scattering .on
fixed target where one can probe much smaller cross sections
than possible with colliders, due to the higher luminosity.

The production cross section 1is also a very sensitive
function of m, and this is depicted in fig.26. Here we have
chosen the reference value of m.= 4.5 GeV/cz. The behaviour
seen as m, varies is mainly due to the propagator effect of the
heavy qua?k. From equations (VII.7) and (VII.10) to (VII.12)
we see that four of six denominators in the amplitude have
their minimum values near m, when either h-k or h-k is small.
This corresponds to collinear H® bremsstrahlung from the heavy
quark (or antiquark).

We also calculated the cross-section for c.m. energies of
10, 20 and 40 TeV, for a wide range of m,, up to m,= 1 TeV/cz.
These energies are relevant to the planned SSC (Super
Supraconductor Collider), a pp or'pﬁ collider which would be
built in U.S. before 1995, The results are reproduced in
table 11I, for two values of the cutoff on 4-momenta scalar
products, 3 GeV2 and 100 GeVz. The former value is the QCD
cutoff, introduced last chapter, guaranteeing applicability of
perturbative QCD. The 100 GeVz value may be more relevant to
experimental cutoffs, especially at the SSC.

Coming back to present day energies, in figs. 27 to 30

are plotted several differential cross sections, four different
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values of“mH, m, and Ys. The distributions in energies of the
H° and the heavy quark are compared in figs. 27 and 28. 1In
general, the H° has an average energy higher than the heavy
guarks, the mean value being 40-50 GeV for the Ho, and 10-15
GeV for the fermions, in the case of a 10 Gev/c’ Higgs produced
with a pair of b-quarks at the Fermilab collider.

The transverse momentum of H° is shown in fig. 29. It is
seen that these distributions are peaked at h; = 15 GeV at
Fermilab and hj = 5 GeV at CERN, and the peak increases for
heavier H'.

Similarly, the transverse momenta of the heavy quarks
produced are given in fig. 30. They have the same features as
hy with the peak located at k; = 5 GeV for CERN and k; = 15 GeV
for Fermilab, which is still a high value.

The numerical calculations needed to produce these curves
have been performed on a VAX-780, and necessitated

approximatively 60 hours of CPU time.
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Table 1 -~ Number of charm quarks, n., and number of
charged leptons, ng, in the final state particles of reaction
(ViI.1) after weak decays of the hadronsF, F and the
Higgs boson.

The first column denotes the heavy quark flavour contained in
F. The second, third and fourth column entries give the values
of nc if the heavy quark decays non-leptonically and the values
of (n.,ny) if they decay semileptonically. The headings of

. o
columns give mass ranges of H .

F | 2mc <m, < 2m6 2mb < m, < th m, > th
c 4 6 12
(4,2) : (4,4)

b 6 8 14
(4,2) (4,4) (4,6)

t 12 14 20

(4,4) (4,6) (4,8)




82

Table 2 - Fixed target cross section for reaction
(VII.1).

Cross section, in picobarns, for the production of a Higgs
boson of mass m, and a pair of charm quarks (m, = 1.5 GeV/cz),
or bottom  quarks (m, =5 GeV/cz), in proton-antiproton
collision, with centre-of-mass energy V; = 45 GeV,
corresponding to a fixed target experiment wusing a 1 TeV'

antiproton beam.

m N\ my(GeVe?) 10 5 2 1 0.5

-4 -3

1.5 1.3 X 10 9.0 X 10 0.4 3.5 20.0
-3 -2

5 - 2.0 X 10 1.0 X 10 0.18 0.65 1.5
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Table 3 - Very high energy cross sections
Total cross section, in Picobarns, for the process pp or pp—>

(-4

H + F + E, with m, = 35 GeV/cz, for different values of {E and
m,, and two values of the scalar product cutoff. The gluon

distribution used is the scale violating one (F.4).

cutoff| s m (GeV/c )

(GeV ) | (TeV)

10 50 100 250 500 1000
2 159 1.1 7.2%10°  1.3%10° 2%10°
3 10 10° BX10 800 13 0.18 3%10°
20 ax10° ax10 10’ 1000 8.5 0.2
40 5%10° 7 100 2%10° 2107 410 5.4
-2 -3 -5
2 18 0.6  7X10 107 2%10
100 | 10 1000 380 100 8.4 0.17  3x10
20 3000 1000 600 140 4.5  0.18
40 5500 3700 2500 1000 350 1.7




o (p5—=HC+F + F+ X)pb

v@ GeV

Figure 22 - Total cross section for the process (VII.3) as
a function of /s, for pp collision.
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Figure 23 - Total cross section for the process (VII.4) as
a function of ¥s, with m,, = 10 GeV/c®. :
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Figure 24 - Total cross section in pp from the sum of
subreaction (VIII.3)and (VIII.4), as a function of {s, with
m, = 10 GeV/c?.
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Figure 25 - Total cross section for the process (VII.1) as
a function of the mass of the heavy quark produced with the
Higgs boson, for m = 10 Gev/c . Discrete points refer to
the value of the cross section at the masses of the c- and
b-guarks. The continuum portion, starting at m, = 20 GeV/c'
corresponds to the t-quark contribution. The dotted line
has been added to guide the eye.
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My, (GeV/c?)

Figure 26 - Total cross section for the process (VII.1) as
a function of the mass of the Higgs boson.
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IX, DISCUSSION AND CONCLUSION

This thesis presents the QCD-parton model calculation of
the production cross section of a Higgs boson plus a heavy
gquark pair in proton-antiproton or proton-proton collisions.
We employed QCD and the Weinberg-Salam model of electroweak
interactions, where the SU(2) ® U(1) group is broken by a
doublet of scalar fields. After the spontaneous symmetry
breaking occurs, one 1is 1left with one real scalar particle,
called the Higgs boson. Now that the w' and 2° bosons have
been found at CERN, the Higgs boson 1is the only particle
predicted by the Weinberg-Salam model yet to be discovered.
Thus, it is the whole concept of spontaneous symmetry breaking
which would be confirmed in the event of a | positive
identification of a Higgs particle. This mechanism gives
masses to particles in the popular gauge theories, hence the
great importance of getting some experimental evidence
supporting or invalidating it.

The total production rate for the reaction (VII.1) has
been calculated for center-of-mass energies ranging from 45 GeV
to 40 TeV, as well as for a wide range of the Higgs mass, from
1 GeV/c2 to 1 TeV/cz. The dependence of the cross section on
m,, h, ki, E, and Ey has been calculated, and should be useful
to place experimental cuts or discriminate against the
background.

At this point we compare the‘results of our calculations
of reaction (VII.1) with that of the estimate using the

bremsstrahlung technique of Ellis et al (1976). There the
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production cross section is given by

C]OJH: V2 G /m;dﬁ‘} W] dho (IX.1)
y r? he

in the rest system of the heavy quark. The differential cross
section dO; is that of pair production of heavy quarks without
the Higgs boson, i.e.,

(1X.2)

Pt P F+ F + X

» . R -2
If we take this cross section to scale like m} , then we see

that O, will be governed by the charm-quark pair production.
~138 2 ~-3Y 2

Using CZ::1O cm , one obtains O 210 cm for m, = 10 Gev/q2
and 4s = 540 GeV.This is about two orders of magnitude larger
than our calculation. The phenomenological estimate given
above includes all possible mechanisms for the physical process.
to occur,including (VvII.2), (VII.3) as well as (VII.4). Our
calculations are only good to first order in QCD. Furthermo:e,
eq. (IX.1) gives an overestimate since it does not take into
account the transverse momentum of the heavy quark and other
kinematic-suppression factors. One can expect the real value
of the croos section to 1lie somewhere in between the two
calculations.

The rates for high c.m. energy and high mH,Aeven with the

2 . . .
100 GeV cutoff, remain quite impressive compared to the three

other production rates, calculated by Cahn and Dawson(1984),
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and reproduced in Fig. 17. A comparison is difficult, because
it 1is not clear what cutoff(s), if any, has been used by Cahn
and Dawson. A analysis of these processes and their background
is under way' . Any production rate larger than 1 pb. is
large enough for the corresponding process to be observable in
present or planed collider rings (see appendix G). Then one
must deduce from it all the cuts needed to detect the signal
and discriminate it against the background; certain cuts may
depend on the detectors used, like minimum transverse momenta
or energies. The background rates must also be calculated and
compared to the signal rate. If the former is larger than the
total signal rate, there is still a chance that the signal and
background have markedly different angular distributions,
energy spectrum or some other kinematic variable dependence. A
careful analysis of the signal and- its background 1in the
different decay channels of the Higgs boson is needed.

This .work could also be extended in assuming a different
Higgs sector in the symmetry breaking mechanism, 1leading to
several Higgs bosons, of both charged and neutral types. The
coupling constants in these alternate models are very nearly
free however, in constrast to the minimal scalar field case of
the Weinberg-Salam model. This would introduce one or more new
free parameters to the calculations.‘

The main sources of wuncertainty on the calculations

presented in this thesis are brought by the gluon distribution

' Ng, Bates and Zakarauskas
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and the behavior of the amplitude squared in the low momentum
transfer region. The wuncertainties relative to the gluon
distribution have been explicitely calculated in most cases.
Only the SSC region calculations (Table I111) have been covered
using only one gluon distribution (F.4), because the scaling
one, (F.3), is no longer appropriate at these energies.

The low momentum transfer region has been completely
avoided - by wusing the 3 GeV3 cutoff on scalar products. All
events within this region, which correspond often to larger
sub-cross-sections, have been discarded by the Monte-Carlo
phase space generator. But because these events have generally
low p; or a small opening angle between two of the final state
components, they would also be discarded in real experiments.

_ what has been done 1in this thesis 1is the complete
first-order calculation of the process (VII.1). It points out
the .importance of this process in the search for the Higgs
boson. Second order QCD corrections are expected to be of
order O times the calculéted rate, or less. The strong
coupling constant o is approximatively 0.2 in the kinematic
region considered.

Of course, a more specific calculation of the signal and
bakcground rates, including all kinematic cuts, geometry of
detectors, decay and hadronization of reaction products, would
have to be done before an experiment 1looking for the H°
proceeds on a particular set of accelerator and detector.

It must be pointed out that other models of electroweak

interactions and grand unified theories all include at least
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one scalar boson which corresponds to the Higgs boson in~ the
Weinberg-Salam model. Thus, the calculation exposed in this

thesis is relevant to &d11 these theories.
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APPENDIX A - FEYNMAN DIAGRAMS AND QCD RULES

In this appendix are collected the set of rules and conventions
used throughout this work, as "well as an introduction to
Feynman diagrams and cross-section calculations. Appendix C.
gives more details about cross-section integration.

The conventions used in the calculations relative to Dirac
matrices and cross-section calculations have been adopted from
Bjorken and Drell (1964). The scalar product of two 4-vectors,

p and g, is defined as:

-

Pi - ﬁ%M N ﬁ(%u?w: ﬁio‘fj? (A.1)

MY, .
where g is the metric

;1 o 0 O
My
- - o 1 o o© (A.2)
} }HV O o -1 O
0O o 0 -l

The gamma matrices must be introduced when solving the problem
of describing the motion of spin 1/2 particles (fermions). The
equation one must solve 1is the Dirac equation (for the

non-interacting case)

z'XM% — Voo (3.3)

The Y are spinors, which are usually represented as 4-component
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f&
vectors. The [/ are the so-called gamma matrices, obeying the

following anticommutation relations
[ )Y - [ 4 vV oM v :
Y=yt ae a4

I being the 4 X 4 unit matrix.

According to quantum field theory, interactions between
particles described by a Lagrangian give rise to scattering
amplitudes which may be represented by an expansion in terms of
Feynman diagrams, éxamples of which are given in figs. (VII.1)
to (VII.5). To each Lagrangian corresponds a unique set of
Feynman diagrams at each order of the expansion parameters
g 's, the g 's being constants measuring the strength of an
interaction. If the interaction is very weak, the first order
expansion will yield a good approximation. If not, one has to
calculate the next'order, etc.

The Feynman diagrams are constructed in the féllowing way.
From each Lagrangian may be derived a set of vertices and
propagators. The vertices are nodes 1in a diagram; the
propagators are lines in between the nodes. To each vertex is
associated a strength g,. An expanéion at the ngé order in g,
is the set of all possible diagrams in which the product of the
g, is g? or less. One looks for all the ways to combine
available propagators and vertices from a given Lagrangian,
with the same initial state A and final state B. The sum of

th .
these constitutes the A —> B process n order expansion.
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The Feynman diagrams really are elegant mnemonic devices,
allowing one to represent visually any given process, and find
all the allowable ways to combine vértices_and prdpagators into
a calculable expression.

To each vertex or propagator corresponds either a scalar,
a g"v or a gamma matrix times a scalar. To external lines are
assigned either spinbrs, for fermions, or polarization
4-vectors for spin-1 bosons. All the terms are then combined
to form the transition amplitude of the process. The matrix
element squared expresses the probability for the transition to
happen. One then sums over allowed configurations in phase
space, multiplies by the appropriate kinematic factors to get
the total cross-section O/, or some differential cross section
relative to any desired variables x,;, dO /dx, dx,...dx,. The
integration over phase space using the Monte-Carlo integration
method is explained in appendix C.

The term "on-mass shell" refers to real particles, as
opposed to virtual ones; for the former, total energy, momentum

and mass obey the relativistic relation

(aA.5)
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The rules associated with vertices and propagators in QCD are

(Politzer, 1974);

Propagators
a, m by - ab

gluon AA&Qﬁ%VfTY??' =~ 8\ [;pb-hify //KZ (A.6)
K -

fermion ¢ 5 } 2 élj/}( (A.7)
K Kl

vertices

a, A

P -;faLc[(F‘Z)y ?aﬁ(Z‘f)a ?uu‘*("-f’)k?ﬂ]

(A.8)
L)H C)V

- {? yldiff;' (A.9)
( 7

T., as defined below i,j,k,1 = 1-3 (quark color)

a,b = 1-8 (gluon color)

Polarization sum

Z (S'l‘(kt>n> 51; (KZ-AZ)': -;W + (K'KZK-:K’ KZ) (A.10)
A
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Color sum

The gqV vertex involves the factor Ta=-§Aa where the

are the SU(3) matrices. The Ta's obey the commutation rules

[Ta,Th]:iJ(aLc Tc. (Aa.11)

[T T3 Sut o+ Y duse T (r.12)

where f,,, are antisymmetric and the dg. are symmmetric under
interchange of any two indices. I¢;) is the 3 X 3 unit matrix.
Some identities that will be used in_appendix B involving the

matrices T, and symbols f,, . are:

T (T.T) = 1 du (x.13)
Tr (T; TLT<>: :;'(6abc *1 J(aLc) (A.14)

Tr(TaTdeTc) . ’7’5 S ke (A.15)

](acJ C]Lcc’ = 0 t (A.16)
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)CacJ )(ch =3 5ab (A.17)
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APPENDIX B - COLOR SUMMATION CALCULATION

Having introduced the QCD rules in appendix A, we are now in a
position to calculate the color factors for different terms of
the amplitudes. For the amplitude (VI.6), using the relations
(A.13) to (A.17), the color factor of the matrix element

squared is

a b b
T?t .T;x -Tik ];l

Vi

T (T THT(TT)
(38%)(26") B1)
= 7

Because we are averaging over initial color, we must also

divide by a factor 9 for quarks. This is the total number of
different color states for two incoming quarks. Hence, the
factor 2/9 is obtained after averaging over quark colors.

In the process (VII.4), there are two gluons in the
initial state. Therefore, to average over color, we must
divide by an overall factor of 64, which_is the number of
different color combinations for two incoming gluons.

For the calculation of the color factors, the different
terms arising from the équaring of the amplitude (VII.10) to
(VII.12) are divided into five classes. For the squares of M,
to M., and the cross terms in between M, to M3, or M, tp M,

the color factor is:

T:’qk T:ﬁ Tko'l/ Tfu' - Tr (TaTbTbTa) (B.2)
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use eqg. (A.12) . b
_ ar+bra . a
ST (T T T T ) =i (TTT)
use egs. (A.14) and(A.15)
= 'Tf"-'a (Su. = Fabe i‘ (éabc 1 fﬂf)

use eqg. (A.16)

.. z fabc fcbt
b 12 t Y
we get with eqg. (A.17)

= 16/3

For the cross terms between one of M, M; or M; on one

hand, and Mg, Mg or M; on the other, the color factor is:

(T T T T : 26 =% (B.3)

For M, and My squared:

b bd d
{“c ](a T¢C7 T{i'

abe AN

£ TTT)

](abc —j:abf__ .2'35“ = |7

(B.4)

"

For cross terms between one of My, M;, or M, on one hand, and
M? or M; on the other, the color factor is:

~{ :fabc Tix T»; T;z = -z'fab( Tr (TGTL TC)

(B.5)

 abe
(_,7,_35' (dacb * ! .)Cal:c)

And finaly, for cross terms in between My, Mg or M, on one

hand, and M, or Mg on the other:
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-1 &abc T(bx To e = -i§™ Tr(TaTch)
: %5_"‘ ‘<Jab( +7 J(MQ = %.NCSM : -6

These color factors are substituted when summing the

(B.6)

different terms of the amplitude squared. They are essential

to get the correct gauge invariance.



110

APPENDIX C - THE MONTE-CARLO INTEGRATION ROUTINE

In this appendix 1is given a brief outline of the Monte-Carlo
method, followed by a listing of the program used in this work
to integrate over phase space and parton momenta. For a
complete description of the Monte-Carlo method in particle
physics, see (Byckling and Kajantie, 1973). What wé want to do
is to integrate the amplitude squared over phase space to get
the sub cross section 6’, and then over x, and x, to get the
total <cross section. The Monte-Carlo method consists of
generating (simulating) events, and then calculate the
probability of it to happen, through the amplitude squared.
The average of these for a large number of events converges
toward the total cross section faster than standard integration
method when the dimensionality D of the integral is large. 1In
our case D = 7. To get differential cross sections is as easy.
Suppose you want to calculate the derivative of the «cross
section relative to some angle . You create a vector V of
dimension 100 or so, define @ from the 4-vectors generated by
the simulation, and calculate for each event in which position
in V the event falls. That is, if for one event the angle fis
in between 0 and 1.8 , you add the probability corresponding to
it into the first element of V. The probability acts here as a
weight to the event.

The cross section of a process Q +Q --> k + k + h where k,
k and h are the heavy quark, antiquark and Higgs boson

4-momenta respectively is:
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where F = 2s is the flux and |M|2 is the amplitude squared.

The delta function 1insures that the conservation of energy
momentum is respected. What the Monte-Carlo process does 1is
generate 4-momenta of real particles in the center of mass of
decaying or virtual particles, and then boost them back into
the laboratory c.m. The simulation happens as if the reaction

was taking place as in the diagram of figure 31.

Z 4K K

0|

Figure 31 - Order of particle generation in the
Monte-Carlo method in particle physics.

Therefore, in our case, it is as if the 1incoming quark and
antiquark were producing a fictitious particle G, which would
decay into a real heavy quark k and a fictitious particle X.

The 4-momentum of k in the G center of mass is stored, as well
as a boost matrix to pass from the G c.m to the laboratory c.m,
We then go in the X c.m. and let it decay into a heavy
antiquark and a real Higgs boson. Their 4-momenta in the X

c.m, are calculated, then boosted back to the G c.m. All



three particles' 4-momenta are finally boosted back to the
laboratory c.m, where they are used to calculate the cross
section. To this end, all possible scalar products between the
4-momenta are formed and substituted into the amplitude
squared. The result 1is then stored and the whole process is
repeated N times.

To cast the integral (C.1) into a form compatible with the
Monte-Carlo technigue , one integrates it over the S function
and introduces a fictitious mass M, = (k + h)z, corresponding
to a virtual particle with 4-momentum X = k +h. One must also
make another change of variables to spherical coordinates of
the k in the G c.m. and the h in the X c.m. What is 1left is
an integral over this M, variable and the angular coordinates

of the two real particles, as in

8) = __1_ M _]_ c‘Mx Cl_n.xm AHS(M __E _K_ (C.2)
F 2/ @V 7 2

-

where |k| is the k momentum in the X center of mass, and |E| is
the k momentum in the G c.m. To produce only physical events,
the X particle 1is restricted to have a mass of at least
m, *+ m., but at most s - m, - The  Monte-Carlo  program
generates X's masses and real particles angular distributions
randomly, using a random number generator called GGUBFS out of
the IMSL library. GGUBFS acts on an argument SEED, which is

changed every time it is used. The Jacobian for the wvariable

change from M,y and the f)'s to the random numbers generated
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. 2
between 0 and 1 is (4w [E - m, - 2mK]. The Monte-Carlo

. ra
routine has been tested on the phase space (|M] 1), where

1l

any mistake in the program would show up as a suspect momentum
distribution, or an asymmetry between particles. The total
phase space integration has been compared to analytical

calculation and found to agree within 1 %.



0031

0055
00956
00357

REAL#B P, XI. Vi, THETALl., PHI1,SEED,V2, X1, X2, 61,02, C1P
REAL#8 Q1iM, G2P, 2M, CUTOFF, CUT2, VOLUME, 8T

REAL#8 DCADRE., F, A, B, AERR, RERR, ERRDOR. SC

REAL#B B1(4.4), E2, MH, MK, MH2, MK2, MX, MX2, S, PI

REAL®8 K(4), AK(4), EX2. PX2.B2(4,4), X122, THETA2, PHI2,H(4)
REAL#B K2(4), AK2(4),H2(4), AK3(4), H3(4), SUPX .
REAL#8 COSTHETAL1, COSTHETAZ2, Wi, FLUX. C. CONSTANTE

REAL#8 D1.D2. D3, D4, D5, D6, BUMW

REAL#8 HSP1,HSP2, C1SH, Q2SH, C1SP1. C1SP2, C2SP1, G2SP2,P15P2
REAL#8 HG. LAMBDA1l, LAMBDA2, W, SUMW2. INTEGRALE

REAL#8 EH(100),EK(100), EAK(100), ETH(100), ETK(100). ETAK(100)
REAL#8 XFE(100).RAP(100), VY, XF

REAL #B ENERGY, TRANSEH, TRANSK, TRANSAK, BINR

REAL#8 R1(4),R2(4),RT1,RT2, UPS1, UPS2, PHITI,PHIT2, PG

REAL#8 DISTRIBUTION, DENSITY,STOT

REAL#8 MAl, MA2, MAJ, MA4, MAD,
C M11A, M12A, M13A, M14A, M13A, M16A, M17A, M1BA, M22A, M23A. M24A, M25A,
C M26A, M27A, M2BA, M33A, M34A, MISA, M36A, MI7A, M3BA, MA4A, MASA, MasA,
C M47A, MABA, MIBA, MSSA, MS7A, MBBA, MELA, M6T7A, MEBA, M77A, M78A, MBBA
INTEGER START, DATA, IER

EXTERNAL F

COMMON C, 8TOT. ST

COMMON EH. EK, EAK, ETH. ETK, ETAK
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RECEIVE PARAMETERS

CIVE THE CHOICE OF THE FORM OF ENTRY

== OO0

o0

18

WRITE (6, 19)

FORMAT('’ DO YOU WANT TO START A NEW CALCULATION (TYPE O) OR
C CONTINUE A PREVIOUS ONE (TYPE 1))

READ(5, 18) DATA

FORMAT (11)

IF (DATA .NE. O .AND. DATA .NE. 1) WRITE(4,17), STOP
FORMAT(’ YOU MUST ENTER O OR 1)

(2 Mol o]

READ ENTRIES THROUGH TERMINAL

20

30

WRITE (6, 20)

FORMAT (‘ ENTER SEPERATELY CUTOFF.P, MH AND MK’)
READ(S, 10) CUTOFF.P, MH. MK

WRITE(6, 29)

FORMAT(’ ENTER STEEPNESS OF OLUON DISTRIBUTION')
READ(S, 1087

WRITE (6,30)

FORMAT (* ENTER NUMBER OF EYENTE DESIRED ')

READ (9, 12)N

IF (DATA .EG. O0) THEN

START = 1

BUMK = 0.

6EED = 123435.0

END IF

READ ENTRIES THROUGH FILES 20 AND 21

(o NeNel

IF (DATA _EQ. 1) THEN
WRITE (6.11)



0108
0109
0110
0111
0112
0113
0114

11
12

10
15

FORMAT(‘ ENTER 1J, SEED AND SUMW ')

READ(S: 12) BTART

FORMAT (17)

READ (S, 9)SEED, S8UMW

FORMAT(D18. 10)

FORMAT(F13. 8)

DO 15 I=1,100

READ (27, 96)EH(1), EK(I), ETH(I),ETK(I),RAP(I), XFE(I)
END IF
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INITIALIZE VARIABLES

98
99

7

WRITE(20, 98)

FORMAT( P MK MH CUTOFF sT
WRITE (20, 99) P. MK, MH, CUTOFF, ST

FORMAT (4D12. 5, D8. 3)

WRITE(20,97)

FORMAT (* IJ SEED

c sUMW X=8ECTION )

MH2 = MH # MH
MR = MK # MK
C=MH + 2. & MK
STOT = 4. & P#P
RT1=0.

RT2=0.

)

(2N e Ny

ESTABLISH 4-VECTOR OF QUARKS IN LAB SYSTEM

100
130

DO 1000 IJ=START,N
X1 = OQUBFS (SEED)

Cim=1.

C1P=EXP (-§T)

X1 = -LOG(QIM+X1#(C1P-G1M))/ST
C1 = ST# EXP(-ST#X1)

X2 = GOUBFS(SEED)

CUT2 = C#C/(STOT#X1)

C2M=EXP (~ST#CUT2)

2P = C1P

X2= -LOGC(C2M+X2#(C2P-G2M) ) /ST

€2 = BT#EXP(-ST#X2)

UPS1 = X1 - (RT2#%2.)/(X2 # 2. #P)
UPS2 = X2 - (RT1##2. )/(X1 # 2. #P)
IF(UPS1 .LE. 0.) €0 TO 150
IF(UPS2 .LE. 0.) ©0 TO 130

PICK-UP ANOLE FODR TRANS. MOMENTUM OF PARTONS

noon

Pl = 3. 141392654
PHIT1 = 2 & PI # QQUBFS(SEED)
PHIT2 = 2. # PI # QQUBFS(SEED)

CALCULATE PARTONS 4-MOMENTA IN LAB SYSTEM

(2N eXel

R1(1) = UPS1#P + RT1##2 /(& sUPS1eP)
R1(2) = RT1 @« COS(PHIT1)
R1(3) = RT1 # SIN(PHIT1)
R1(4) = UPS1I#P — RT1i##2. /(4 #UPS1#P)



0119
0116
0117
o118
o119
0120
o121
0122
0123
0124
0125
0126
0127
o1e8
0129
0130
0131

o000 [z Ne Nyl

onn ann o000 000N 000 000

an0n

R2(1) = UPS2#P + RT2##2. /(&4 #UPSR2aP)
R2(2) = RT2 # COS(PHIT2)
R2(3) = RT2 # SIN(PHIT2)’
R2(4) = —UPS2#P + RT2##2. /(4 &UPE2#P)
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CALCULATE VELOCITY V1 AND RAPIDITY XI OF CM IN LAB FRAME

PG = SART((R1(2)+R2(2))#u2. +(R2(3)+R1(3))##2. +(R2(4)+R1(4))%#2. )

Vi = PQ /7 (R1(1) + R2(1))
X1 = LOG((1. + V1)/(1. - V1))/2.

E2 I8 ENERGY IN CM

€ = X1#X2#STOT
E2 = SGRT(S)

CHECK IF ENOUGH ENERGY IS5 AVAILABLE FOR REACTION TO OCCUR

IF(S .LE. (MH + 2#MK)##2 )00 TD 150

PICK-UP ANGLES OF ROTATION

Pl = 3.14139245%4

COSTHETAL = 2 « QGUBFS(SEED) -1i.
THETALl = ACOS(COSTHETAL)

PHI1 = 2 # PI # QQUBFS(SEED)

COMPOSE ROTATION MATRIX

CALL BOOST(B1, XI, THETAL, PHI1)

PICK UP INVARIANT MASS OF THE DFF MASS-SHELL QUARK

SUPX= E2 - MK
MX = SUPX ~ QQUBFS(SEED)# (BUPX — (MH+MK))
MX2=MX #MX

CALCULATE 4-MOMENTA OF X AND K QUARKS IN QUARKS CM

K2(1) = (8 + MK2 - MX2)/ (2. #E2)
K2(2) = 0.

K2(3) = 0.

K2(4) = BERT(K2(1) #K2(1) - MKQ)
EX2 = E2 - K2(1)

PX2 = ~-K2(4)

COMPOSE BOOST MATRIX BETWEEN GQUARKS CM AND X CM

v2 = PXQ/EX2

X12= LDG((1. + V2)/(1. - V2))/2a.
COSTHETA2 = 2 # GQUBFS(SEED)-1.
THETAR = ACOS(COSTHETA2)

PHI2 = 2. @« Pl# GGUBFS(SEED)

CALL BOOST(B2, X112, THETAZ2, PHI2)

CALCULATE 4-MDMENTA OF HIGGE AND ANTI-GUARK IN X CM




o000 (e NaKel (2NN g

o000

ann

H3(1) = (MX2+ MH2 - MK2)/(2. #MX)
H3(2) =0.

H3(3) = 0.

H3(4) = SART(H3(1) # H3(1) - MH2)
AKI(1) = MX - H3(1)

AK3(2) = 0.

AK3(3) = 0.

AK3(4) = —H3I(4)

TRANSFORM THE 4-MOMENTA BACK INTD FRAME 2

CALL
CALL

MULT (B2, H3, H2)
MULT (B2, AKI, AK2)

TRANSFORM THE 4-MOMENTA BACK INTO LAB FRAME

CALL
CALL
CALL

MULT(B1, H2, H)
MULT(B1, AK2, AK)
MULT(B1, K2. K)

CALCULATE THE BCALAR PRODUCTS

CALL
CALL
CALL
CALL
CALL
CaLL
CALL
CALL
CALL

SCALP(AK, R1l, 6G2SP2)
SCALP(AK, R2, 61S8P2)
8CALP (K. R1., G2SP1)
SCALP(K, R2. @1SP1)
BCALP(R1, H, G2SH)
SCALP (R2, H, 18H)
8CALP (K., AK, PISP2)
SCALP(K, H, HSP1)
8CALP (AK, H, HSPR)

PUT CONDITIONS ON VALIDITY OF CALCULATION

IN PERTURBATIVE GCD

(G1SP1 .LT. CUTOFF) €0 TO 190
(G1SP2 .LE. CUTOFF) @O0 TO 150
(G2SP1 .LE. CUTOFF) €0 TD 150
(G26P2 .LE. CUTOFF) €0 TD 150
(P18P2 .LE. CUTOFF) 60 TO 150
(G1SH .LE. CUTOFF) 6D TO 150
(GRSH . LE. CUTOFF) 00 TO 150
(HSP2 .LE. CUTOFF) QO TO 150
(HSPi . LE. CUTOFF) 60 TO 150

CALCULATE THE DENOCMINATORE OF AMPLITUDE

D1
D2
D3
D4
DS
D&

CAaLL
C MK2, MH2, HSP}1, HSP2, 016H. G25H, 018P1.

C Q16P2,625P1. 626P2, P15P2, HG, MA1, MA2, MAZ, MA4, MAS, M11A, M12A, M13A,
C M14A, M15A, M16A, M17A, M1BA, M22A, M23A, M24A, M23A, M26A, M27A, M2BA,

MH2 + 2. #HSP2

MH2 + 2. #HEPL

-2. #018P1

—-2. «Q26P2

-2. #015P2

-2. #025P1

AMPL (S, D1, D2, D3. D4, D5, D&,


http://M14A.M15A.M16A.M17A.niBA.M22A.M23A.M24A.M25A.M26A.M27A.M28A

0229
0230
0231
0232

0264
0265

o268
oR69
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
o282
o283
0284
0285
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C M33A, M34A, MI5A, M36A, M37A, M3BA, MA4A, M4ASA, MaLA, MA7A, MABA, M55A,
C M36A, M57A, MOBA, MbLA, M6E7A, MEBA, M77A, M7BA, MBBA)

CALCULATE THE SCALE VIOLATING OLUDN DISTRIBUTIDN 1

o000

6C = LOGC(2S. #8)

6C = 8C /7 LOG(125.0)

8C = LOG(SC)

CALL DIST(X1, X2, SC, DISTRIBUTION)

OO0

CALCULATE PHASE BPACE DENSITY AND ELEMENT DF INTEGRALE 1

LAMBDAL = SGRT((S ~ MK2 ~ MX2)%#2-4 #MX24MK2)

LAMBDA2 = SART((MX2 ~ MH2 — MK2)##2 - 4 sMK2#MH2)

VOLUME = (Q1P-G1M)#(QRP-C2M)

DENSITY = VOLUME/(C1#Q2)

CONSTANTE = 4. 488BD+04 # MK2/(LDO(23. #5))es2

FLUX = 2 «85

Wi = ((4 #P])#u2a(E2 ~ 2#MK - MH)/(32. #S#MX)) & LAMBDA1 »LAMBDAZ2
W= Wi #HG # DISTRIBUTION # CONSTANTE # DENSITY /((2. #PI)##5#FLUX)
SUMKW = SUMW + W

FORMAT(’ 1J=', 110D

WRITE OUT designed EVENTS 1

oo0Om

a9

91
90

92

93

94

8%

IF (IJ .LE. 10) THEN
WRITE(17.89) .
FORMAT(’ 1V H(ID) AK(T) K(IY )
DO S0 1 = 1,4
WRITE(17,.91) 1J, H{I), AK(I), K(I)
FORMAT (19, 3D20.8)
CONTINUE
WRITE(17,92)
FORMAT( / .
WRITE(17,93)
FORMAT(‘ IV HG Wi
E2 DISTRIBUTION W X1
X2’)
WRITE(17,94) 1J, HG. W1, E2, DISTRIBUTION. W, Xi, X2
FORMAT(17,7D15. %) '
WRITE(17, 92)
END IF .

IF (X1 .LE. -.01) THEN

WRITE(17,89)

DO 83 I = 1.4

WRITE(17,91) IJ, H(1), AK(I), W(I)

CONTINVE

WRITE(17,92)

WRITE(17,93)

WRITE(17.94) 1J, HG, W1, E2, DISTRIBUTION. W, Xi. X2
WRITE(17,92)

END IF

IF (W .LE. O0.) THEN
WRITE(17,93)
WRITE(17,94) 1J,HG, W1, ER, DISTRIBUTION, W X1, X2



0286
oz87
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
o298
0299
0300
0301
0302
0303
0304
0303
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
o318
0319
0320
0321
0322

END IF

IF (W .LE. 0) THEN
WRITE(6, 8)
WRITE(17,7)IJ, HC

19

WRITE(17, 9)MAL, MA2, MAQ, MA4, MAS, M11A, M12A, M13A, M14A, M15A, M16A, M17A,
C M1BA, M22A, M23A, M24A, M25A, M26A, M27A, M2BA, M33A, M34A, M35A, M36A. M37A,
C M3B8A, Ma3A, MASA, MAGA, MATA, MABA, MS5A, M56A. MS7A. M38A, M&LA, ME7A, M6BA,

C M77A.M78A, MBBA

8 FORMAT(’ THERE 18 A NECATIVE CROSS-SECTION')
7 FORMAT (110.D20. 8)

END IF
c
C BIN THE ENERGY AND TRANSVERSE ENERGY OF H. MK, AK 1
C d

ENERCY =( 2#P - MH - 2#MK)/3.

TRANSH = SGRT(H(2)#H(2) + H(3)#H(3))

TRANSK = SGRT(K(2)#K(2) + K(3)#K(3))

CALL BIN(H(1), EH. O.. ENERGY, W)

CALL BIN(K(1), EK, O., ENERGY, W)

CALL BIN(TRANSH. ETH, 0., ENERGY, W)

CALL BIN(TRANSK, ETK, O.. ENERGY, W)
C
c BIN THE RAPIDITY Y AND FEYNMAN SCALING VARIABLE XF OF HIGGS 1
Cc

Y = ABS(O. S#LOG((H(1)+H(4))/(H(1)-H(4))))

XF = ABS(H(4)/P)

CALL BIN(Y.RAP,0..,4..,W)

CALL BIN(XF.XFE,O.,1.,W)
C
c WRITE DOWN ANSWER EVERY 1000 EVENTS. IN CASE SYSTEM 1
C BREAKS DOWN 1
c

RAT = MOD(IJ, 1000)

IF (RAT .EG. O) THEN
WRITE(20, 95)IJ, BEED, B8UMW, SUMW/1J
OPEN (UNIT = 27)

%FORT-I-DEFSTAUNK, Default STATUS= ‘UNKNOWN’ used in OPEN statement

0323
0324
0325
032é
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339

CPEN (UNIT = 27)) in module OLUONSMAIN at line 322
DO 112 I=1,100
WRITE(27, 96)EH(1), EK(1), ETH(I), ETK(I), RAP (1), XFE(I)
9s FORMAT (17, D25. 10, D20. 10. D15. &) :
96 FORMAT (6D15. 8)
112  CONTINUE
CLOSE (UNIT = 27)
END IF
1000 CONTINUE
c
c CALCULATE THE INTEGRALE 1
c
INTEGRALE= SUMW/N
WRITE(17, 43)N
43  FORMAT(’ N = *,17)
WRITE (17, 42)CUTOFF
42 FORMAT( * CTOFF=‘D15. &)

WRITE(17, 44)P



0340
0341
0342
0343
0344
0343
0346
0347
0348
0349
0350
0351
03592
0333
0354
0355
0356
0337

0001
0002
0003
0004
000S
0006
0007

0008
anne

e

0010
0011
0012
0013
0014
0015

0001
0002
0003
0004
0005
0006
0007

0009
0010
0011
0012
0013
0014
0015
0016

0018
0019
0020
0021
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44 FORMAT(’ P = 7,D15.6)
WRITE(17,49)MH
45 FORMAT(’ MH = /,D13.6)
WRITE(17, 46)MK
46 FORMAT(’ MK = /,D19. &)
WRITE(17, 95) INTEGRALE
L 1] FORMAT(* X-8ECTION = ‘,D15.4, ° PICOBARN')
BINR = 0.
DO 111 I= 1,100
WRITE(18. 36) BINR®#ENERGY/100.., EH(I)/N, EKR(I)/N
WRITE(19, 36) BINR#ENERQY/100., ETH(I)/N,ETK(I)/N
WRITE(22.57) BINR#4. /100. ,RAP(I)/N
WRITE(23, 57) BINR/100., XFE(I)/N
87 FORMAT(2D19. &)
BINR = BINR + 1
56 FORMAT(3D1S. 4)
111 CONTINVE
END
SUBROUTINE DIST(X1, X2, SC, DISTRIBUTION)
c
c CALCULATES THE SCALE VIOLATING GLUON DISTRIBUTION FROM 1
c PARAMETERS X1, X2 AND THE SCALE PARAMETER &C 1
c

REAL#8 X1, X2, SC, DISTRIBUTION, E1, ER
El = =0 93#5C + 0, 346#SC#x2

E2 = 2.9 + 1.83s5C

DISTRIBUTION = Xi##E1l & XQu#xEl

DISTRIBUTION = DISTRIBUTION # (1-X1)##E2 # (1-X2)#sE2
DISTRIBUTION = DISTRIBUTION # (2. 01 — 2 734#5C + 1. 294#5C##2)#%2
DISTRIBUTION = DISTRIBUTION / (X1#X2)

RETURN

END

SUBROUTINE BOOST(B, X1, THETA, PHI)
REAL #8 B(4,4), XI, THETA, PHI
B(1l,1)= COSH(XI)

B(1,2)= ~BINH(XI) # BINI(THETA)
B(1,3)= O

B(1,4)= SINH(XI)#COS(THETA)
B(2,1)= 0.

B(2, 2)= COS(PHI)#COS(THETA)
B(2,3)= =SIN(PHI)

B(2,4)= SIN(THETA)#®#COS(PHI)
B(3,.1)= 0.

B(3,2)= SIN(PHI)#COS(THETA)
B(3,3)= COS(PHI)

B(3, 4)= SIN(THETA)#SIN(PHI)
B(4, 1)= SINH(XI)

B(4,2)= —COSH(XI)&#SIN(THETA)
B(4,3)= 0.

B(4,4)= COSH(XI)#COS(THETA)
RETURN

END

-



0001
0002
0003
0004
0005
0006
0007
0008

0010
0011
0012
0013

0001

0003
0004
0003
0004
0007
0008

0010

0001

0003
0004
0005
0004
0007
0008
0009
0010
0011
0012
0013
0014
0019

BUBROUTINE BIN(F, AR, INF, 8UP, W)

0000

CLASSES F INTO ONE OF 100 BINS BETWEEN INF AND SUP AND PUT
IT INTO ARRAY AR

REAL#8 F, AR(100), INF, BUP, POS

COMMON EH, EK, EAK, ETH, ETK, ETAK

POS = INT(100. # (F — INF)/(BUP - INF)) + 1,
IF (POS .QT. 100.) POS = 100.

AR(POS) = AR(POS) + W

RETURN

END ’

SUBROUTINE 8CALP(Vi, V2, B)

o000

TAKE THE SCALAR PRODUCT OF THE TWO 4~VECTORS Vi
AND V2 AND PUT THE RESULT INTD 8

-

REAL#B V1(4),V2(4),8

S = VI(1)#V2(1) = V1(2)#V2(2) = V1(3)#V2(3J) - VI(4)eV2(4)
RETURN

END

BUBROUTINE MULT(B, V1, Va2)

CALCULATES THE PRODUCT BETWEEN THE MATRIX B AND
VECTOR M1 AND PUTS RESULT INTO V2

[ X1

aO0nO0n

300

REAL#®8 B(4.4), Vi(4), V2(4), PH
DO 300 I=1.4

PH=0.

DO 301 JU=1. 4

PH = B(I,J) & Vi(J) + PH

v2(I) = PH

CONTINUE

RETURN

END
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APPENDIX D - CALCULATION OF THE TRACE

Trace calculations come in evaluating Feynman diagrams
involving fermions. Standard -methods for calculating the
traces are given in Bjorken and Drell (1964).

When the number or length of traces to evaluate become too
large to manage, one may now use one of a few number of
programs designed to this end. One of them is REDUCE (see UBC
REDUCE), which was wused 1in a program for evaluating the
amplitude squared of the process (VII.4). In this appendix is
given a listing of this REDUCE program. The input is included
in the program, and consists of the numerators of the amplitude
(VIT.10) to (VII.12). The output is a FORTRAN code, in term of

the scalar products of the outgoing particles 4-momenta.



VONCTOLWN -

$SIGNON OUCH

T=3M PAGCES=80 PROUTE=PHYS
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1 21 1)

$SOURCE #REDUCE

OFF ECHO;

%

1 b
1 THIS PROGRAM CALCULATES THE AMPLITUDE 1
1 SQUARED FOR THE PROCESS 1
b CLUDN+GQLUDON —-- QUARK + ANTI-QUARK + HIGGS 1
1 1
1 1
1 1
1 DEFINE VECTORS AND MASSES OF COMPONENTS 1
1 i
MASS ¢1=0, Q2=0. Pi=MK, P2=MK, H=MH;

MSHELL €1,.62.P1.P2, H;

VECTOR E1.E2:

LET G1.E1=0, G2 E2=0;

LET 61. 6G2=5/2;

OPERATOR V2. U2, M. CMH;

% .

b GIVE THE RULES FOR SUMMATION 1
1 OVER POLARIZATION OF GLUONS 1
1 ;
LET E1.El = =2;

FOR ALL P LET E1.P # E1.P = -P.P + 2 #( P.G1#G. C2+P. C2#Q. 61)/S;

FOR ALL R,G LET E1.R # E1. QG = -R. Q@ + 2 # (R.C1#Q.62 + R. G2+G.G1)/S;
LET E2.E2 = -2;

FOR ALL P LET E2.P # E2. P = =P.P + 2 #{ P.G1%Q C2+P. C2%3. G1)/S;

FOR ALL P,Q LET E2 P # E2. G = —P.Q + 2 # (P.C1#G. G2 + P. 02+Q.61)/S;

%XOFF MCD;

FACTOR S, P1.G1, P1.62, P2 G1, P2. 02, P1.P2, H. G1, H G2, H P1, H P2;

%

1 . DEFINE NEW OPERATORS TO SIMPLIFY THE 1
1 TYPING OF THE AMPLITUDE 1
1 i
FOR ALL T.U LET OM(T+U) = G(L.T)+C(L,U) + MK,

FOR ALL H LET GMH(H) = Q(L.H) + 2#MK;

LET V2 = Q(L.P1) ~ MK; -

LET U2 = G(L,P2) + MK;

LET P1C1 = QGM(G1 -~ P1);

LET P2C1 = OM(P2 -~ ©1);

LET P2G2 = OM(P2 ~ QR2):

LET P1G2 = CM(G2 ~ P1);

LET GE2 = G(L,E2):

LET GE1 = G(L.E1);

LET VERTEX = 2#&1. E2#QE1l + E1. E2#(C(L,C2)-C(L.C1))

-2#02. E1#CE2;
LET MH##2 = MH2;
LET MK#a2 = MK2;

OFF NAT;

%

1 WRITE THE AMPLITUDE COMPONENTS 1
1 AND THE 8UM OVER U AND V SPINURS 1

1

LET M1 = U2 & OMH(H) & OE2 # P1G1 & OE1 # V2
LET M2 = U2 # GE2 # P202 * P1G1 ® QE1 # V2i

LET M3 = U2 & QE2 & P02 # CE1 « GMH(-H)

« Va;
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LET M4 = U2 # GE1 # P2G1 # GE2 # GMH(-H) # V2;
LET MS = U2 # GE1 # P2C1 # PIG2 # CE2 # V2,
LET M6 = U2 & GMH(H) & GE1 # P1G2 # GE2 #V2;
LET M7 = U2 # VERTEX # CMH(-H) « V2;

LET MB = U2 # GMH(H) # VERTEX # V2,

%

b WRITE THE COMPLEX CONJUGATE OF THE AMPLITUDE
1

LET MIR = GE1 # P1G1 # CE2 # CMH(H);

LET M2R = QE1l # P1C1 # P2G2 # GERZ;

LET M3R = OMH(-H) &« QGE1 # P02 # QE2;

LET M4R = GMH(-H) # GE2 # P2C1 # QEl;

LET MSR = QE2 # P1G2 # P2G! « OE!;

LET M&6R = QE2 # P162 # QEL # GMH(H);

LET M7R = GMH(-H) # VERTEX:

LET MBR = VERTEX # GMH(H);

X

1 WRI1TE THE SQUARE OF THE AMPLITUDE
1 (WITHOUT THE DENOMINATORS)
1

OFF NAT:

OFF ECHO:;

LWRITE "M23H = ", M2#M3R;

YWRITE “M33H = ", M3I#M3R.

ZWRITE "M34H = ", M3#MAR;

LWRITE “M3S5H = ", M3#M5R;

LWRITE "M36H = ", M3#MLR;

KWRITE “M37H = ", M3#M7R;

AWRITE "M3BH = ", M3«MBR;

LWRITE “M44H = ", MA#M4R,

ZWRITE "M4SH = ", MA&MOR;

AWRITE “MA6LH = ", M4#MER:

UWRITE "M47H = ", M4#M7R;

LWRITE “M4BH = ", M4#MBR;

YWRITE "MS5H = ", MS5#M5R;

AWRITE “MSOH = “, M5#MER;

ZWRITE "MS7H = ", MS#M7R;

ZWRITE “MS8H = “, M5#MBR;

AWRITE "Mb6OH = ", ML&#MER;

AWRITE “M67H = ', MO#M7R;

AWRITE "M6BH = ", M&#MBR;

YWRITE "M77H = ", M7#M7R;

AWRITE "MBBH = ", MB#MBR:

XSHUT ZGLUONRES23;

%ON NAT;

% ;

1 REWRITE THE AMPLITUDE IN FILE QLUONRESZ2
1 IN A FORM READABLE BY FORTRAN
1

%ON FORT:

%XO0UT CGLUONRES2;

4LWRITE "LET M4LH =", MALH;

LWRITE "LET MA7H =", M47H;

AWRITE “LET M4ABH =", M4BH;

LWRITE "LET MS5H =*, M55H;

XWRITE “LET MS6H =", MS6H:

AWRITE "LET M57H =", MS57H;:

XWRITE “LET MS8H =", MS8H;

124
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AWRITE “LET M&6OH =Y, MEEH:

ZWRITE "LET MOL7H =", M&7Hi

AWRITE “LET M&BH =, M&BH:

YWRITE "LET M77H =", M77H;

YWRITE “LET M78H =", M78H:;

LZWRITE "LET MBBH =", MB8H;:

%SHUT GLUONRESZ:

%0ON ECHO:;

%

1 DEF INE DENDMINATORS 1
1 AND DENOMINATORS SQUARED 1
1 H
LET D1 = S - 2#P1. (G1+G2).

LET D2 = § = 2#P2. (§1+G2);

LET D3 = -2#0Q1.P1;

LET D4 = =-2#P2. G2;

LET DS = -2#P2. Gi.

LET D6 = -2#P1. C2;

LET D12 = Di#Di1;

LET D22 = D2#D2;

LET D32 = D3#D3:

LET D42 = D4#D4;

LET D52 = DS#DS;

LET Dé2 = Db&#D6b;

%IN GLUONRESULTRZ;

LET H=061 +«+ 62 - P1 - P2;

LET P1. P2 = (G1 + Q2). (P1 + P2) = (5 + 2#MK##2 - MH##2)/2;

LET MH##2 = MH2;

LET MK##2 = MK2;

“0UT GLUONRESULTZ2;

ZWRITE "M1t = ";

MY 1H;

'/.__ -

1 PUT ALL COMPONENTS OF AMPLITUDE SGUARED 1
1 DVER SAME DENOMINATOR 1
1 i
LET M11A = M11 # D22 # D42 # DS2 # Dé&2 # S2;

LET M12A = M12 #» D1 # D22 » D4 # DS2 # D&2 » S2;

LET M13A = MI3 » D1 # D2 » D3 » D4 # DS2 # D62 # S2;

LET M14A = M14 # D1 » D2 » D3 # D42 » D3 » D&2 = S2;

LET Mi15A = M15 # D1 # D22 » D3 # D42 # D5 #» D6 & S2;

LET M16A = M16 % D22 = D3 # D42 # DS2 « D& » S2;

LET M17A = M17 # D1 # D2 # D3 # D42 #» D32 # D62 # S;

LET MiB8A = M18 # D22 # D3 » D42 # DSR2 # D&2 # S;

LET M22A = M22 # D12 » D22 # DS2 # D62 & 82

LET M23A = M23 » D12 # D2 » D3 # D52 # D62 # S52;

LET M24A = M24 = D12 # D2 » D3 # D4 # DS # D&2 # S2;

LET M25A = M25 # DI2 # D22 # D3 # D4 # D5 # D& # S2;

LET M26A = M256 # D1 # D22 # D3 # D4 # DS2 #» D& & S2;

LET M27A = M27 # D12 # D2 # D3 # D4 » D32 # D62 +S;

LET M28A = M28 # D1 #» D22 # D3 & D4 # D52 » D62 +S;

LET M33A = M33 # D12 # D32 # D52 % Dé2 » S2;

LET M34A = M34 # D12 #»# D32 # D4 # DS # D62 « 52;

LET M35A = M35 # Di2 # D2 = D32 # D4 » DS # D6 # S2;

LET M346A = M36 # DI « D2 » D32 # D4 #» D52 # D6 # S2;

LET M37A = M37 % Di2 #» D32 # D4 & D52 » D&2 #S;

LET M3BA = M38 # D1 & D2 » D32 « D4 » D52 # D62 #§;

LET M44A = M44 = D12 » D32 » D42 = D62 » S2;
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LET MASA = M4S # D12 # D2 » D32 # D42 » D6 » S2;
LET MA6A = MAS # D1 # D2 » D32 = D42 #» D5 » D& » S2;
LET M47A = MA7 » D12 #D32 » D42 # DS # D62 #S;

LET MABA = M4B8 » D1 # D2 » D32 # D42 # DS & D&2 #5;
LET MSS5A = MSS # DI2 # D22 # D32 # D42 # S2;

LET MS6A = MS6 # D1 & D22 » D32 & D42 # DS # S2;
LET M57A = M37 % D12 # D2 » D32 # D42 # DS & D6 #S;
LET MSBA = M358 # DI #» D22 # D32 # D42 # DS # Dé& #5;
LET Mb6bA = MLS # D22 # D32 » D42 » D52 » S2;

LET MG7A = M67 # D1 # D2 # D32 # D42 # D52 # D6 #S;
LET M&BA = M&B # D22 # D32 # DA # D52 # D6 #S;

LET M77A = M77 % DI2 #» D32 » D42 » DS2 # D&2:

LET M78A = M78 # D1 # D2 » D32 # D42 & D52 # D&2;
LET MBBA = MBS # D22 # D32 # D42 # DS2 » D&2;

LET MBBA = M88 # D22 # D32 » DA2 # DS2 # D&2;

%

REGROUP THE TERMS ACCORDING TO
COLOR FACTOR

LET MA1 = MIlA +
2% (M12A + M13A + MR3A + MA5A + MALA + MSLA);

LET MA2 = 2#(M14A + MISA + M16A + M24A + M2SA + M26A
+ M34A + M35A + M36A);

LET MA3 = M77A + MBBA + 2a#M78A;

LET MA4 = 2#(M17A + M1BA + M27A + M28A + M37A + M3BA);
LET MAS5 = 2#(M47A + MABA + MS7A + MSBA + M67A + M&BA)
Z0UT GLUDONRESULTS:

=", MAL;

=", MA2;

=", MA3;

=", MA4;

=", MAS;

ZWRITE "M77A =", M77A;

AWRITE “Mit =", M1i;

%WRITE "D12 =",Di12;

Z16#MAL/3 -2#MA2/3 + 12#MA3 + 6&#MA4 - 6#MADS;

%SHUT GLUONRESULTS:

“WRITE "MA1l
ZWRITE “"MA2
AUWRITE “MA3
ZWRITE "MA4
AWRITE "“MAS

MTS;
SIG

MR2A + M33A + MA4A + MSSA + MbbLA +
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APPENDIX E - PRINTOUT OF THE AMPLITUDE SQUARED OF THE PROCESS

Here is given the amplitude squared of the process (VII.4),
called by the subroutine AMPL of the routine GLUON, whose
listing appears in appendix D. The denominators inserted in
lines 852 to 887 come from the propagators in the amplitude
(Vv .10) to (VII.12). The color factors in line 896 have been

calculated 1in appendix C. The variables in the numerator are

defined as follow:

S =7%

MK2 = my

MH2 = m,
G1SP1 = ;,'Fl
HSP1 = h-p
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SUBROUTINE AMPL(S, D1, D2, D3, D4, DS, D&,

C
C

MK2, MH2, HEP 1, HEP2, C16H, G25H. G1SP1,
G18P2, G25P1, C2SP2, P1SP2, HE)

CALCULATES THE AMPLITUDE OF THE PRDCESS

REAL#B S, MK2, MH2, HSP1, HSP2, C18H, G2SH. C1SP1, 01SP2, C2SP1, C25P2, P1SP2
REAL#8 M11, M12, M13, M14, M15, M16, M17, M18, M22, M23, M24, M25, M26, M27, M28
REAL #8 M33. M34, M35, M36, M37, M3B, M44, M43, M4A&, MAT7, MAB, M55, M536, M57, M58
REAL#8 M&6, M&7, M&8, M77, M78, MBE. D1, D2, D3, D4, DS. D&, HC

REAL#8 M11A, M12A: M13A, M14A, M13A, M146A, M17A, M18A

(e N e N e N e N N e N N o Ne N o Ne No N e BN s N e No No N e e Ne Ne Ne Ns BN s Ko K2 N2 Na Ne s N2 Ns N K2l

REAL#8 M22A, M23A, M24A, M25A, M26A, M27A. M2BA
REAL#8 M33A, M34A, M35A. M36A, M37A, M3BA

REAL #8 M44A, M4A5A, M4bA, MA7A, MABA

REAL#8 M355A, MB6A, M57A, MSBA

REAL#8 M66A, M&7A, M6BA

REAL*8 M77A, M78A, MBBA

REAL#8 MA1. MA2, MA3, MASG, MAS

M1l =(=32 #S#aQuMK2&##3
=8. #SHA2uMKI# 2 4MHZ+32. #SHS28MK24#2% (~HSP2+C1SH+
G15P2)—8. #S#HaRuMA2#MHI#C1EP2+16, #S##28MU2%# (HSPR24015H+2. #G15H#
GI1SP1+2 #Q1SP1#Q15P2)~B. #S##24MH2RQISPI#C1SP2+16. #S##2#HSP2#G1SH
#01SP 1464, #SHMK2e%2# (~C1SH#C2SP1-C25H#C18P1+2. #G1SP14#02SP1-G1SP1
#02SP2-C1SP2#GRSP1)+146. #SHMU¥MHI# (2. #01SP1#GRSP1+C1SP 1#025P2+
C1lSP2#C2SP1)+32. #S#MK2# (~HSP24#01SH#CSP 1 ~HSP2#028H#S15P 1+4. #HSP2
#G1SP1i#028P1-4. #G1SH#GISP1#G2SP1-4. #01EP1#015P24026P1)+32. #S#MH2
#C1SP1#G1SP2#0R25P 1-64. #S#HSPR#C1SH#C1EP 14025P 1 +256. #MK24C1SP1#
G2SP1# (G1SH*G2SP 1+02SHNGISP1+Q1SP1#C28P2+0165P24028P 1 )~ (464, #MH2»
ClEP1#Q25P 1 )% (Q1SP1#C2SP2+C1SP24C25P 1 )+128. #HSP2#C1SP 18G2SP 1 #(
C1SH#CRSP1+C2SH#G1SP 1)) /Sen2

M12 =B. #S##JAMU2#%2+4, #SHI#MU2% (HSP2+2. #G1SP1)
+4. #S#u3nHSPR#C1SP1+
16. #S#uQ2uP 1SPRAEMU2##2+ 16, #SHa24P 1SPRaMK2# (HSPR+01SP1)+16. #Sea2s
P1SP2#HEP2#CISP1-14. #S8#8#28MK24#3+8. #S#2aMK2442% ( -HSP2-HSP1+015H
~Q28H-2. #Q2SP1-2. #02SP2) +8. #S##QuMK2# (~HSP2#01SP2-HSP2#G2SP1 -
HSP1#C1SP1+C1SH#C ISP 1+C1SH#02SP2-02SH#C15P2-4 #01E5P18#C25P1)+8. #S5
##2#C1SP1#(~HSP2#C1SP2-2. #HSP2#Q2SP {1 +01SH#Q2SP2~-C2SH#Q18P2)+16. &
SHP 1SP2aMK2# (-G 1SH#G2SP2-C2SH#C18P2-4. #Q18P 1#025P1)+146. #S#P15P2+
C1SP1# (-4, #HSPR#02SP 1 -Q1SH#Q2SP2-C2EH#Q1EP2)+146. #S4MK2#u24#(G1EH
QRSP2+028H#C1SPR+4. #Q1SP1#Q25P1-2. #C1SP1#Q02SP2~2. #C1SPR4G25P 1+4.
*C1SP2#C2SP2)

M12eM12+16. #SaMKRH (2. #HSP2#C ISP 1#028P 1 ~HEP28C1SP 1 #C2SP2~ -
HSP2#G1SP2#02SP 1+2. #HSP1#C1SP1#028P 1+2. #HSP 1#01SP2#028P2-C1SH»
G1SP1#02SP1-018H#C1SP2#02SP2-018H#C2SP 1 402SP2+02SH#C ISP 1 #4242,
G2SH#CISP 1 #02SP 1 +C2SH#C1SP2##2+C025H#C1SP24025P 1-2. #018P 1 # 42+
G2SP2-2. #C1SP14C15P2#C2SP1+4. #Q18P1#4C2SP1442+4 #C1SP1#QRSP1Ls
Q2SP2)+146. #S#R1SP1#(-2. #HSP2#G1SP 1#025P2+2. #HSP2#G2SP 14#2+2. #
HSP 1#C1SP2402SP2-C1SH#Q1SP2#08P-2. #Q18H#E2SP 1#Q28P2+C2SH#E1SP2
#82+2 #Q2SH#CISPR#02SP1)+64. #P1SP2#018P1#02SP 1 # (Q18H#Q25P2+G25H*
C18P2)+64. *MK2+C1SP14C25P 1 #(-C1EHa02SP2-02SH#Q15P2+2. #Q1SP1»
CRSPR+2. #C1SPR4G25P1-4. #Q1SPR#028P2)+32. #01SP1#(2. *HEP2#C1ESP1 s
RSP 1#02SP2+2. #HSP2#C1EP#C02SP1au2-4. #HSP1#018P2#C2SP 1 #025P2+
GLSH=C ISP 1#C2SP2##2+C1SHCISP2#C25P 1 #025P2+2. #015H#C2SP 1 #4524
CRSPR-C2SH#C ISP 1 #C1EP2#C2SPR2~CSH#C 1SP2##24028P 1 ~2. #Q2SHAC1SP24+
Q25P1#22)



0038
0039
0060
0061
0062
0063
0064
0065
00646
00467
0068
0069
0070
0071
0072
0073
0074
00735
0076
0077
0078
0079
0080
0081
0082
0083
0084
008S
0084
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
o108
0109
0110
0111
0112
0113
0114
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M12=M12/S#%2

M13 =-2 #S#43ap1SP2eMH2
+8. #5#uJuMU2822+4, #SHRIJHMA2# (HSP2+HSP 1 ) +4. #S8s
I#HSPRHHSP1+16. #S#824P 1SP24MKL##2+4. #S8428P 1SP2#MA2#MH2+16. #5882
#P1SP2#MU2% (HEPQ+HSP 1) +4. #S#424P 1SP2aMH2# (C1SP2+028P1)+8. #Sa#2s
P1SP2# (2. #HSP2#HSP 1+018H#C2SH) =16, #Saa2aMK2##3+4. #S+22eMK20 828
MHR-(16. #E#828MR2482)# (HSP2+HSP1+015P 1 +025P2) +4. 4SS E28MA2# (-2, #
HSP2##2-2. #HSPQU#HBP1~-HSP2#C1SH+HSP2#402CH-2. sHEP2#01SP1-2. #HSP2»
C1SP2-2. #HSP 1 ##2+HSP 1 #C1SH~-HSP 1 #G25H-2. #HSP 1 #C25P1-2. #HSP 1#C25P2
~2. #C1SH#Q2SP 1+2. #C1SH#CRSP2+2. #02SH#C1SP1-2. #C2SH#018P2)+4. #Sas
2#MH2# (C1SP1#402SP2+018P2#02S8P 1)~ (8. #5#42) #(HSP2#HEP 1 #015P2+HSP2+
HSP 1 #02SP 1 +HSP24C1SH#02SP 1 +HEP 1 #Q2SH#G1SP2) +32. #S#P 1SP2aMK24 (
CISP1#C2SP2+01SP2#CR5P1)~(8. #S#P 1SP24MH2)# (C1SP 1 #02SP2+C18SP 24
G25P1)

M13=M13-(16. #*SaP 1SP2)# (HSP2#C1SH#*C2SP 1 +HSP2#C2SH*C1SP 1 +HSP 1 #G 1 SH#
CREP2+HEP 1 #C2SH#C 1 EPR+0 1 SHHCRSH#C15P2+0 1 SH#02SH#C2EP 1 ) +32. #S#MK2
##2# (C1SH#C2SP 1+01SHeO2EP2+G25H#C1EP 1 +Q28H#C 1 SP2+2. #G1SP14025P 1~
C1SP1#C25P2-01SP2#C2SP1+2. #C1SP24CR5P2)+8. #S#MKI2#MH2# (-2 #Ci1SP1+
O2SP1-Q1SP1#02SP2-01SP2#025P 1-2. #01SP2402SP2)+8. #S#MK2# (2. #*HSP2+
CISH#QRSP1+2. #HSPR2#C1SHHCR5P2+2. #HSPR2#C2SH#G1SP1+2. #HSP2#C28H+
G1SP2+8. sHSP2#01SP1#02SP 1-4. #HSP2#C1SP 1#C28P2-4. #HSP24016P2s
C2SP1+2 #HSP1#Q18H#CRSP1+42. #*HSP1#01SH#GR28PR2+2. #HSP 1#02SH#018P 1+
2. *HSP 1 #Q2SH#C18P2-4. #HESP18G1SP1#402SP2-4. #HSP 1#C15P22C2SP1+8. »
HSP1#C1SP2#C2SP2-C1SH#*#2#C2SP 1 +Q 1 SH##2#Q02SP2+C 1 SHRG28H#G 1SP 1 +
GlSHRCRSH*C1SP2+01SH#C2SH#C2SP 1+01SH#G2SH#Q28P2+2. #018H#Q18P 14
GRSP2+2. #C1SH#CI1SPR2#C28P2+2. #C1SH#C2SP 1 ##2+2. #C1SH#C2SP 1 #C2SP2+
CSH*#28#G1SP1-CRSH##2#C1SP2+2. #G2SH#Q ISP 1#C1SP2+2. #02SH#G1SP 14
GR2SP1+2. #02SH#C1SP 1 #Q2SP2+2. #C2SH#*C18P2#42+8. #QC1SP 1 #C18P2#G2SP2+
8. #C1SP1#Q2SP 1 #C2SP2)

M13=M13-(B. #SaMH2)# (C1SP1#G1SP2#C28P2+C18SP1402SP 1
CRSP2+C1SP2#424C025P 1 +CISPR4CSP 1 #8#2) +16. #S#(2. #HSPRe#2401SP 1+
G2SP 1-HSP2#HSP 1 #C1SP 1 #0QSP2-HSP2#HSP 1 #C 1 SP2#C2SP 1 +HSP24#G 1 SH»
Q1SP2#C2SP1+HEPR2#C1SHEGR2SP 144242, #HSP 1 #82#015P24C28P2+HSP 1 #C2SH*
ClSP2#u2+HSP 1 #Q2SH#C1SP2#C2SP1)+32. #P1E6P2# (C1SH®#2#C25P 1 #Q2SP2+
C1SH#CSH#C ISP 1 #02SP2+01 SH#QRSH#C 1 SP2#C25P 1 +C2SH#a24C1SP 1 #C15P2)
+32. #MK2# (~C1SH##2#025P 1 #02SP2~-C18H#C2CH#C ISP 1 #C2SP2-C1 SHRC2SH»
C1SP2#CR2SP1-4. #Q1SH#CISP1#C25P 1#C2SP2~4. #C1SH*C1SPR4C25P 1 #C25P2-
C2SH##2#018P 18C1SP2-4. #CR2SH*G1SP1#G1SP2#G25P 1 -4 #C2SHaGISPI»
C1SP2802SP2-2. #C1SP1##2402CP2442~12. #01SP1#C1SP24025P 1 #026P2~2. #
GClEP2##2402SP 1#02)+16. #MH2# (C1SP1#824026P2#2#2+6. #C1SP1#015P 2+
CRSP1#C2SP2+C1SP2##24C2SP 1##2)~64. # (HSPR4C1SH#C 18P 1#C2SP 1 #C2SP2+
HEP2#C2SH#C1SP 1 #C15P2#02SP 1 +HSP 1 #0 1 SHAG1SP24C2SP 1 #Q2SP2+HSP 14
CRBH#Q1SP1401SP24C2SP2)

M13=M13/S#82

M14 =8 aSsa28p 1 SP2##28MH2

+32. #SHaQuP ISP2#MA2##2+146. #SHA28P | SP24MK2# (
HSP2+HSP1-2. #018H-01SP1-C1SP2)+8. #S##2uP 1SP22C1SH##2+4. aSas2eMK2
#MH2%# (C1SP1+C15P2) +8. #S##2aMK2# (—HEP2#C1SH+HSP2#L18P 1-HEP2#C1SPR2
~HESP 1 #01EH-HSP1#C1SP1+HEP1#G15P2)+B8. #S#a2+MH2#C18P1#Q1S5P2-(B. %S
##2#C1SH)# (HSPR#GISP1+HSP1#61SP2)~32. #S#P 1SP2##2#C1SH#C2SH+32. #5
#P1SP24MK2# (Q1SHRO2SH+01SH#C28P 1401 SH#Q25P2+02SH*C 18P 1+025H#*
C18P2+2. #QISP1#402SP2+2. #C1SP2#02SP 1)~ (32. #S*P 1SP#MH2)#($15P1#
C2SP2+Q01SP2#GRSP1)+16. #S#P 1SP2# (HSP24G1SH#GRSP 1 +HEBP2#C2SH*G1SP 1+
HSP1#0 1 SH#C2SP2+HEP 1 #C2SH#C 1 SP2-01SH##2#C02SP 1 -C 1 SH*#2#025P2) = (
64, 2SHMK2##2)# (01SP1#02SP2+C18SP2#028P 1)

M14=M14+16. #SHMK2e (-2 #HSP2#01SP1

C #Q2SP2-2. #HSP2#C1SP2#025P1-2. #*HEP1#Q01SP 1#025P2-2. #HSP1#G15P2+

OO0 _000000A00O00O000_ 0000000000

(s NeNeNoeNeReNeNeNeNel
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0115 C G2SP1+Q1SH##2x2C28P 1+01SH##22C02SP2+C1SH#015P 1 #028P 1+3. #018H*#01SP1
o116 C #C2SP2+3. #C1SH®C1SP2#C28P 1 +C1SH#C1SP2#CR5P2+C2SHR#CISP 1 #42-2. #
0117 C C2SH#G1SP1#G1SP2+G2SH#C1SP2#42+2 #C1SP 1 #22#025P2+2. #01SP1#G15P2
0118 C Q2SP1+2. #C1SP1#C18SP2#C6P2+42. #C1SPR#42402SP1) - (16, #5#MHR#C1SP1#
o119 C GISP2)a(CRESP1+02SP2)+16. #S#G1SH# (HSP2#01SP 1 #02SP 1+HSP2#01SP 1 #
0120 C O2SP2+HSP1#01SPR#C2SP I +HSP 1 #C15P24C2SP2) +64. #P 1SP2401SH#Q25H# (
o121 C C1SP1#C2SPR+C15P2#0R5SP1)+64. #MK2# (~01SH#C2CH#G1SP 1 #025P2~01SH»
0122 C C2SH#C1SP2#CR2SP1-C1SH#C15P1#G2SP1#02SP2-015SH#Q1SP 1 #Q2SP2442-Q1SH
o123 C #01SP2402SP1##2-C1SH#C1SP2#CRSP 1 #C25P2-C28H#C1SP 1 ##24C25P2-025H*
0124 C C1SP1#C1SPR#QRSP 1-C2SH#C1EP 1 #C1E6P2#C2SP2-C25H#C18P2#424C25P1-2. #
0125 C GISP1##24G2SP2##2-4 #C1SP1#C1SPRe02SP 1#025P2-2. #01SP2##25CRCP 1 4%
0126 C 2)+¢32 #MH2#(C1SP1##24C2CP24#2+2. #C15P1#C15P24025P 1 #625P2+G1SP2#
0127 C 2#C2SP1##2)-32. #(HSP2#C18H#C15P 1#02EP 1 #Q25P2+HSP2401SH#C1SP2#
0128 C G25P1##2+HEPR#CRSH#Q1EP 1 ##2#GRSPR+HEP2#4025H#C1SP 1#015P240R2SP 1+
0129 C HSP1#C1SH#CISP1#02SP2##2+HSP1#C1SH#01SP2#4025P 1 #0R25P2+HSP 1 #02SH*
0130 C C1SP1#Q1SPR#C25P2+HEP 1 #025H#C1SP248a24025P1)

0131 Mi4=M14/5un2

0132 M13 =-B. #S##34P 1 SPR#MU2

0133 C +4. 2S#23#P1SP2#01SH-4. #S*#3I*MU#HEP1-4. #S*23+

0134 C HSP1#C1SPR2~16. #S##24P |SPR#424MK24+8. #S#a24P 1SP#42#C1SH+16. #Sna2s
013S C PISP2aMK##2+60. #S##24P 1SPRaMK2# (HSP2-HSP 1~-01SH+G28H+CISP1-G15P2+
0136 C 2. #025P1+42. #025P2)+B. #54#24P 1S5P2# (HBP2#028P 1 ~HSP 1 #015P2-0165H#*
0137 C GISP1-~CISH®QR2SP1-C1SHR#GCR2SPR) - (8. #54424MK2##2) #(C1BH+GISP1+615P2)
0138 C +4 #5#424MK2# (-HESP2#C15P 1+HSP2#4C1SPR+HSP1#C15P 1+HSP1#G15P2+2.
0139 C C1SH#GRSP1+2. #Q2SH#C18P1+4. #CISP1#02SP2+4. #C1SP2#02SP1)+8. #S#s2s
0140 C (HSP1#C1SP1#C18PR2+HBP 1 #C1SP2#CR2SP 1+HSP 14C1SP2#028P2-01SH®G18P 1+
0141 C CRSP2+CSHH#CISPI#CISPR)-(16. #54P1E5P2#442)4(C1SH#Q25P1+025H*C1EP1)
0142 C +16 #S#P1SPReMU2# (CI1SH#C2SP 1+C2SH#C1SP1-4. #C1SP1#C2SP1+4. #Q1SFP1+
0143 C Q2SP2+4. #C1SP2#025P1)+14. #S#P1SPR# (~2. #HSPReG1SP 1 #C2SP1+HEP1»
0144 C CISP1#G25PR2+HSP1#G15P2#C28P1+C15H*C1SP1#C2SP1~Q018H#Q1SP 1 ¢G25P2~
0145 C G1SH*G1SPR#CRSP1+C1SH#GRSP 1#C2SP2+C2SH*C18P 1#G1SP2-0R2SH#G1SP2»
0144 C QasP1l)

0147 M13=M13-(32. #SeMK##2)#(C1SP1#C25P2+C1SP24628P1 ) +8. #SsMKe (-2 «
0148 C HSP2#C1SP1#023P2-2. #HSP4Q1SP2#C2SP1+2. #HSP 1 #C1SP 1 #028P2+2. #HSP1
0149 C #Q1SP2#C2SP1+3. #C1SH#C1SP1#02SP1+3. #C15H#C1SP1#C8P2+C1SH#G1SPR2*
0150 C C2SPI+C1SH#C1SP24CRSPR-CG2SH#C1SP 1 ##2-2 #C2SH#C1SP1#G1SP2~2. #G2SH
01351 C #Q1SP1#C2BP2-C2SH#Q1SP2#42-2. #C2EH#C15P24C25P 144, #01SP1#u42#C2SP 1
0152 C —2. #C1SP1##24G2SP2+2. #G1SP1#G1SP2#G25P 1+2. #G1SP18G1SP2#C2SP2-4. »
0153 C C1ISP1#C2SP1#C25P2-4. #015P 1 #025P2#42+2. #C1SP442#C28P 1 -4, #C15P2+
0154 C GaSP1#42-4. #Q1SP2#025P14025P2)+146. #5# (HEP2#C15P 1 #e2#025P 1 -HSP2+
01355 C C1SP1#C15P2#02SP1~-HSP2#C 1SP 1 #02SP 1 #02SP2-HSP24C15P2#C2SP ( #ng~
0136 C HSPI#G1SP1#01SP24CRSP1+HEP 14G1SP28#2402SP1+C15H#C1SP1##20028P2+
0157 C GCISH#C1EP1#02SP1#02SPR+C1SH#C15P 1 #02SP2#42-C2SH#C15P L #4206 18P 2~
0158 C C2SH#G1SP1#01SP2#CRSP1-02SH#G1SP1#015P2#C2SP2)+32. #P15P2# (C1SH#
0159 C C1SP1#C25P1402SP2+G1SHHC1SP2#02SP 1 #42+02SH*C 18P 1 ##24Q25PQ+028H*
0160 C Q1SP1#C1SPR#Q28P1)

0161 M15aM15+32. #MK2# (~C1SHYG1EP1#4G26P 14025P2-C1SHAC1SP2»

0162 C G2SP1##2-028H#C1SP1#424C2SP2-025H#01SP1401SP2#02SP1+4. #G1SP 1 ##2#
0163 C C2SP1#C2SP2-2. #01SP14#24028P2##2+4. #01SP1#015P2#028P 18424 . #
0164 C CISP1#C1SP2#C2SP1#C2SP2-2. #C1SP2#a24C25P 1442)432. #(2. #HSP2#C15P1
0165 C #8#28G2SP1#02SP2+2. #HSP2#01SP14G1SP2#025P 1 ##2-HSP 1#01SP 1 ##2#025P2
0166 C #82-2. #HSP1#G1SP1#018P2#028P 1 #028P2~-HEP 1#01SPR##2#028P 1#42-2. «
0167 C QG1SH#Q1SP1##24028P 1 #05P2-01SH#C1SP1#025P 14025P20#2-01SH#C18P2#
0168 C C2SP1#82#028P2+2. #C2SH#C1SP 1 ##2#C1SP2+028P 1 +0R28H#C1SP14015P2w
0169 C G2SPI#G2SP+C2SH#C18P2##2#025P 1#42)

0170 M15=M15/5#a2
0171 M16 =-B. #S#s34P 1SP2#MK2



+2. #S#R3P1SP24MH2-B. #S#A34MU2#HSP 1 -4, #S#n3s

HESP2#HEP 1 +16. #S#824P 1 SP2#MK2##2-4, #S##2#P 1SPI#MU2#MH2+16. 058828
P1SPeMK2# (C1SP1+026P1 )~ (4. #S#x2#P1SP2#MH2) # (C18SP1+028P1)~16. #S
##2AMU2# 2T =4 #SHHQQAMUAHREMHR+1 6, #S#R24MRI 4228 ( —~HEP2+HSP1)+8. #S
#228MK2% (HSPR#HEP 1+2. #HSP1#G1SP1+2. #HSP1#Q2SP1+2. #C18SH#CSP1+2. #
C2SH#C15P1+2. #C16P1#C2SP2+2. #C1SP2#C2SP1)~(4. #S#a2#MH2)#(G1SP1#
C2SP2+Q1SP2#C2SP1)+8. #S##2#HSPR2# (HSP 1#C1SP 1+HSP 1#C25P 1+01SH»
C2SP1+C2SH#C1SP1)~564. #S#P1SP2#MK24C ISP 14Q2SP1+16. #S#P 1SPRoMH2#
GlSP1#QRSP1+64. #SHMU2#%2% (-G1SH*GSP 1-C2SH#C1SP1+G1SP1#025P 1~
G1SP1#QREP2-C15P2#025P1)+16. #SaMK#MH2+* (Q15P1#025P 1+618P14028P2+
C1SP2#C2SP1)

M16=M16+32. #S#MK2# (~HSP2#C1SH#C2SP 1 -HSP2#CSH#Q 18P 1+2. #HSP2
#C1SP1#CR8P1-2. #HSP14C1SP14C25P1~C1SH#C1EP 1#C2SP 1 ~C1EH#C2SP 1 #a2~
C2SH#C1SP18#2-CRSH#G1SP 1 #GRSP 1 -G1SP 1 ##2#G25P2~-015P1#01SPRuGC28P 1~
C1SP1#C25P 1 #025P2-C15P2#4C2SP 1 ##2)+B. #S#MH2# (C1SP 1 ##2#C26P2+G15P1
#G1SP2#G2SP1+C1SP1#02SP 1#025P2+C1SP2#C2SP 1a2)+16. #5#HSP2u (-2, #
HEP14G 18P 1#C2SP1-C1SH*C18SP14C258P 1-01SH#C2SP 1 ##2-G2SH#C1SP 1 # 42—
C2SH#G1SP1#GRSP 1) +256. #MK2#C1SP1#C2SP 1# (C1SH#GRSP 1+C2SH#CISP 1+
C1SPi#CRSPR+01SPR#C2SP 1)~ (64, #MHR2+C1SP14G25P1)#(C1SP1#025P2+
Q1SP2#GRSP1)+128. #HSP2#Q15P 1#025P 1 # (C1SH#Q2SP 1+028H#C18P1)

M16=M16/SHn2 '

M17 =4 #S#a2#P | SP2#MK2
~SH#28P 1 SPR#MH2+4. #S#a2#MU2##2+SHu24MK2#MH2+4. #

S##2#MK2# (HSPR+HSP 1) +2. #S##24HSP2#HSP 1+8. #S#P 1SP2#MK2# (81 SH-G2SH
+C1SP1-02SP1)+2. #B#P1SP2#MH2#(-C1SP1+025P1)+4 #S#P18SPR4015H# (-
C1SH+GCRSH) +8. #S#MK2##2# (C1SP2-C2SP2) +2. #S#MA#MH2# (-G1SPR2+62SP2)
+4 #S#MUQ# (HSP 1 #C1 SH-HSP 1#025H+2. #HSP1#C1SP1-2 #HSP 14#025P1+C15H
#u2-C1SHACASH+2. #CI1SH#C1EP1+42. #C1SHSQ1SP2~2. #01SH#C28P1-2. #G25H»
C1SP2+4. #C1SP1#Q1SP2-2. #Q1SP1#G2SP2-2. #C15P2#C2SP1)+2. #SaMHR# (-
2. *G1SP1#Q1SP2+G1SP1#C2SP2+01SP2#G2SP1 ) +4. #5% (HSP2#HSP 1 #G1SP 1~
HSPR4#HSP 1 #C28P 1 +HSP2#G1SH#*C1SP 1 ~HSP24C 1SH#C2SP 1 +HSP 1 #0 1 SHeQ 1 SP2~
HSP 1 #GSH*C1SP2)+8. #P1SP2# (G1SH##24Q25P 1+C1SH#C2SHRC1SP 1-G1SH#
G2E5H#C2SP 1 -C2SH##2#C15P1)

M17=M17+8. #MU2# (-C1SH##2#CR28P 1 -C1SH#B2SH#C15P1
+C1SH#GRSH#C2EP 1-2. #01SHAC1SP1#G2SP1-2. #C1SH#C1SP1#G2SP2~-2. #G1SH
#C1SP24#02SP1+2. #C1SH#CRSP 1 ##2+C25H##2#01SP1-2. #CR5H#QISP1u#2+2.
CSH#G1SP1#C2SP 142 #C25HAC1SP1#G2SPR+2. #QSH#C1SP2#02SP1-2. »
CISP1##2402SP2-6. #C1SP1#Q01SP2#C2SP1+6. #C1SP 1 #CRSP1#02SP2+2. #
C1SP2#C2SP1#42)+4. #MH2# (Q1SP1##22025P2+3. #G1SP1#C1SP2#026P1-3. #
Ci1SP1#C2SP1#Q25P2~C1SP2#C2SP 1#42)+8. #(-HSPRQ#C1SH*C1SP1#G28P1+
HSP2#C1SH*Q2SP 1 ##2-HSP24C2SH#G1SP 1 #842+HSP2#G2SH#C16P 1 #026P 1 ~HSP 1
#G1SH#C15P 1 #02SP2-HSP 1#G16H#C1SPR#Q25P 1 +HSP 1 #CQSH#C 18P 1 #025P 2+
HSP 1 #C2SH#C18P2#C2SP1)

M17=M17/8

M1B =(4. #S##24P1SP2aMU2
—~SH#24P 1SPUMHI+4. #SHH24MK2##2+SHAZeMA20MH2+4. »

SEa2#MK2# (HSP2+HEP 1) +2. #S##2¢HSP#HEP 1+6. #5#P 1SP+MK24(018P 1 -
G2SP1)+2. #S#P1SP2#MH2#(-G1SP1+C25P1)+8. #SAMK2##24 (C18H-CISH+
G1ESP2-C2SP2)+2. #S#MK#MH2#(-01SPR+C28P2) +4. #SaMi2+ (HSP2#C15H~-
HSP2#G2SH+2. *HSP1#G1SP1-2. #HSP1#C2SP1+4. #C1SH#C1SP1-2. #C1SH#
O28P1-2. #02SH#C1SP1+4. #C1SP1#01SP2-2. #G165P1#C2SP2-2. #018P24C2SP1
1+2. #SEMH2% (-2, #C1SP1#C1SP2+01SP 1#028P2+C1SP2#02SP 1) +4, #S#HSP2# (
HSP1#C015P1-HSP1#025P1+2. #01SH#015P1-018H#025P 1-028H#015P1)+16. #
MK2# (-3, #01SHRC1SP 1 #G25P 1+01SH#C2SP 1 #42-C2SH#C1SP 188243, #025H»
C1SPI#C2SP1-01SP1##2402S5P2~3. #Q1SP1#018P2402SP1+3. #01SP1402SP1w
G2SP2+C1SP24C2SP1#42)+4, #aMHR# (QISP1##24028P2+3. #G1SP14G15P2#
CRSP1-3. #01SP1#G2SP 1#C2SP2-C1SP2#C2SP 1 ##2) +8. #HSP2#(-3. #C1SH»

AOOANTONOOD _ 0000000000
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0229 C C1SP1#CRSP1+Q1SH#CRSP 14#2-02CSH#0 18P 1 #a2+3. #Q28H#01EP 1#025P1))/8
0230 M22 =(8. #S*#a3aMR2#42

0231 C +68. #S#a3#MK22(C1SP1+02SP2)+8. #S##3#01SP1#025P2+16.

0232 C #S#uQuP 1SP24MU##2+16. #S#224P 1SP4MA2# (CISP1+02EP2) +16. #5##2#%
0233 C P1SP2#Q1SP1#02SP2-16. #S##28MK2##3~(16. #Sea24MK2442) # (G15P2+62SP1
0234 C J+16. #Suu2#MU2# (~Q1GP1#016P2-2. #015P 1#026P1-2. #C16P2#02SP2~-C2SP1
0235 C #Q2SP2)-(32. #S##24C1SP1#025P2)# (C1SP2+026P1)—(64. #S4P 1 SP2#MK2) # (
0236 C QISP1#QRSP1+015P2#025P2)-(64. #S#P 1SPRe4C1SP1#C25P2)#(Q1SP2+C25P1)
0237 C +64. #SaMK2%#%#24 (C1SP1#02SP1+01SP2#C25P2)+32. #S#MK2# (-C1SP 1 ##2#
0238 C C2SP2+C1SP1#C1SP4C2SP1+2. #C1SP1#02SP 1#42-C15P 1 #QRSPR#42+2. #
0239 C Q1SP2##2802SP2+015P2#Q2SP 1#025P2)+32. #S#C1SP1#025P2#(-Q16P1#
0240 C QCRSP2+2. #C1SPR##2+3. #C1SPRuCISP1+2. #C2SP1#42)+256. #P1SPR4C1SP1+
0241 C CISP2#C2SP1#02SP2-256. #MK2#C1SP1#01SP2#C2SP 1#02SP2+120. #C1SP 1+
0242 C C2SP2#(Q1SP1#015P2#025P2+015P 1 #028P 1 #028P2-~-C1SP24#2#025P 1 -C18SP2+
0243 C C2SP1##2))/8na

0244 M23 =8. #S##3#MK2#82

0243 C +4. 2S#a3#MK2# (HSP 1+2. #Q2SP2)+4. #5a#3#HSP 1 #G25P2+

0246 C 16 #S#424P 1SP2aMU##2+16. #S##24P 1SP2#MK# (HEP1+025P2) +16. #S##2%
0247 C PLISPR#HSP1#Q2SP2-16. #S#uR#MK2#4I+B. #SH#2#MK2##2# (~HEPR2-HSP1-G1SH
o248 C +028H-2. #01SP1-2. #Q1SP2)+8. #S##2#MK2+ (-HEP2#CR25P2-HSP 1 #615P2~
0249 C HSP1#Q2SP1-01SH#C2SP 1 +025H#G15P 1 +02SH#G2SPR2-4. #01SP2#G2SP2)+8. #5
0230 C ##24Q28P2# (-2 #HSP 1#015P2-HSP 1#C28P 1 ~-01SH#CRSP 1 +02SH#C1SP1)+16. #
0251 C S#P1SPR#MK2#(-C1SH#025P 1 -C2SH*C 18P 1-4. #Q18P2#G2SP2)+16. #5#P15P2»
o252 C QREPR2#(-4. #HSP1#Q1SP2-C1SH#G2SP1-02SH#C18P1)+14. #S#MK##24 (Q15H*
02383 C CRSP1+02SH#C1SP1+4. #01EP1#028P1-2 #01SP1#C26P2-2. #C1SP2#Q25P1+4.
0254 C #Q1SP2#C2SP2)+16. #SeMKR# (2. #HSPR2#G15P 1 #02SP 1+2. #HEPR2#C1SP2+62SP2
02595 C ~HSP1#C1SP1#028P2-HSP 1#C1SP24C2SP1+2. #HSP 1 #C1SP2#C2SP2+G15H*
0236 C Q1SPR#QRSP1+42. #C15H#C18PR#C2SP2+C1SH#C2SP 1##2+01 BH#CREP2##2-CG2SH
0257 C #GiSP1#G1E5P2-C2SH#C1SP 1#C2SP 1 -C25H#C1SP#02SP2+4. #Q1EP1#C15P2#
o258 C C2SP2-2. #C1SP14CR2BP4#2+4. #C1SPR#824025P2-2. #C15P2#C2SP 1#62SP2) +
02%9 C 16. #S#CSP2# (2. #HSP2#C1SP1#G2SP1-2. #HSP1#C1SP1#C25SP2+2. #HSP1#
0260 C C1SP#42+2 #C1SH#C1SP24C25P 1+C1SH#C25P 1 ##2-2. #Q2SH#C1SP1#C1SP2~
0261 C CRSH#Gi1SP1#G2SP1)

0262 M23=M23+64. #P1SP2401SP2#02SP2# (Q1SH#G2SP1+C2SH#C18P 1)+

0263 C 64 #MA24C1SP2#C25P 24 (-C1SH#CRSP1~C2SH#C18P1-4. #C1SP1#G2EP1+2. #
0264 C GISP1#G2SP2+2. #C1SP2#G2SP1)+32. #C25P2+# (-4, #HSP24C1SP1#C1SP2#
0263 C QRSP1+2. #HSP1#C1SP1#015P2402SP2+2. #HSP 1401SP2#42#C28P1~C1SH»
0266 C C1SP1#02SP1#02SP2-2. #01SH#C1SP2#4424C2SP1-C1SH#G1SPR#C2SP1a#2+
0267 C GRSH#CISP1%##24026P2+2. #C2SH#CISP18C1SP24#2+02SH#C1SP1#Q185P2+
0268 C GRSP1)

0269 M23=M23/8eu2

0270 M24 =-8. #G#a34P 1EP2#MK2

0271 C +4 #S#x38P1S5P2#01E8H~4. #5223 #MUQRHEPZ-4. #5443

0272 C HBP2#C1SP1-16. #S#u24P 1SP2e#24MK2+8. #S#u24P 1SPR4#24018H+14. #Ssu2«
0273 C P1SPeMKQ##2+8, #S##24P 1 SP24MK2# (~HSP2+HEP1~C1SH+C28H~-C18P1+Q15P2
0274 C +2. #Q2SP1+2. #02BP2)+68. #S##24P 1SP2#(-HSP2#C1SP 1+HSP 1 #C2SP2-C1SH«
0275 C Q1SP2-01SH#C2SP1-01SH®C25P2) - (8. #S#82uMU2#42) #(Q1EH+C15P1+C18P2)
0276 C +4. #S#a2uMR2# (HSP2#01SP 1+HSP2#C15P2+HEP1#015P1-HSP1#C818P2+2. #
0277 C CISH#C2SP2+2. #02SH#Q1SP2+4. #01SP1#02SP2+4. #01SPR#025P1)+8. #S#u2»
o278 C (HSP24G1SP1#018P2+HSP2#C 18P 1402SP 1 +HSP2#01SP 1 #028P2-C1SH#C1SP2+
0279 C C2SP1+02SH#01SP1#01SP2)-(16. #»S#P18P2#42)#(018H#02EP2+02SH#*G15P2)
0280 C +16. #54P1SP2aMK2#(Q1EHR#OREPR+025H#C1SPR+4. #01SP1#028P2+4. #G15P2+
0281 C O2SP1-4. #Q1SP2#QR2CP2)+16. #S#P15P2# (HEP2#018P 1 #»Q02SP2+HEP2#G1SP2+
0282 C 02SP1-2. #HSP1401SP2+C2SP2-0C1SH#015P1#028P2-C15H#018P2#62SP 1+G15H
0283 C #01SP2#02SP2+01SH#Q2SP 1#02SP2+02SH»C15P 1 #01 SP2-C28H#01SP 1 »G28P2)
0284 C —(32. #SaMKR##2)#(C1SP1#Q2SP2+01SPR2#G26P1)

0285 | MR4=M24+B. #5#MK2# (2. #HEP2#
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0286 C C1SP1#Q2SP2+2. #HSP2#4C1SP2#C2SP1-2. #HSF1#C1SP1#026P2-2. #HSP 14
0287 C GISPR%02SP1+C1SH#C1EP 1#02SP 1+C1SH#CICP 1#025P2+3. #01SH#C1SP2#%
0288 C G2SP1+3. #01SH#015P2#025P2-C2SH#C1SP1##2-2. #C2SH#0O1SP18C1SP2~-2. #
0289 C C2SH#Q1SP1#025P2-CSH#C18P442-2 #02SH#015P24C2SP142. #Q1SP1#42#
02%0 C G2SP2+2. #01SP1#C1SP24C2SP1+2. #Q1SP1401SP2#C25P2-4. #018P11#G2SP 1
0291 C C2SP2-4. #CISP14C2SP24#2~2. #C1SP44824C02SP1+4. #C1SP2#%24C25P2~4. #
0292 C QISP2#C2SP1##2-4. #01SP2#C2SP1#02SP2)+16. #S» (HSP2#C1SP1##2#025P2-
0293 C HEPR2#C1SP14C15P2402SP2-HSP1#C 18P 140 1SP2#02SP2-HSP14C1SP1802SP2++
0294 C 2+HSP18Q1SPR2##2#402SP2-HSP1#C15P2402SP 1 #02SP2+C 1 SH#C15P2#u24C25P 1
0295 C +C1SH#Q1SP24C2SP 1 #42+01SH#C1SP4C25P 1 #CRCP2-C25H#C 18P 1 #C1SPu#2~
0296 C C2SH#C1SP1#C1SP25C2SP1-C2SH#C1SP1#G1SP2#02SP2)+32. #P1EP214 (S1SH#»
0297 C CLISP14Q2SP244#2+C1SH#C1EP24025P 1 #02SP2+C25H#C15P 1 #Q1SP24825P2+
0298 C CRSH#C18P2##2#025P1)

0299 M24=MR4+32. #MK2# (—Q1SHEQ ISP 1 #02SP2##2-C1SH#G15P2s

0300 C C25P1#02SP2~-C2SH#C1SP1#C1SP2+020P2-C2SH#C1SP2+4#24025P1~2. #CG1SP!
0301 C #u22G2SPun2-4 #Q1SP1#01SPR#02SP1#02SP2+4. #31SP 1401SP2+4C025SP2#8#2—
0302 C 2. #GISPRuu2uCRSP 1442+4, #C1SP2#020025P 1 #GRSP2)+32. #(-HSP2

0303 € #C1SP1aw2 ,

0304 C #02SP2#a#2-2. »HSPR#01SP1#01SP2402SP 1402SP2-HSP24015P242824C2SP 1 452
0305 C 42 #HSP1#Q15P1#C1SPRaCRSP2##2+2. #HSP 1 #C1SP2#424028P 1 #G2SP2-01SH#*
0306 C CISPI#G2IP 1#02SP2##2-2. #C1SH#G1SP2##22C29P 1 #C028P2-C1SH#G1SP2+
0307 C C2SP1#a2#02SPR+02SH#C1SP 1#a2402SP2##2+2, #Q2SH#Q1SP 1#018P2##24
0308 C G2SP2+02SH®CISP1#01SPR#C2SP 1#025P2)

0309 M24=M24/S#%Q

0310 M2D =2. #Se4apP 1SPR+8. #S#434P 1SP2#u2

0311 C ~B. #S#a34P1SPR#MK2~- (4, #S#83#PI1SP2)

0312 C #(Q1I1SP1+G1SP2+G2SP 1+02SP2)-B. #Sua3aMK2#22— (4, #S#al)#(01SP1#025P2
0313 C +Q1SP2#Q2SP1)+16. #S#42aP 1SPR#4#3-14. #S#u24P 1SPR24##24MK2~ (8, #Sua2n
0314 C P1SP2#a2)#(01SP1+0I1SPR+C2SP 1+025P2)+8. #S»a2aP 1SP2eMK2# (C1SP1+
03195 C CISP2+C2SP1+CR2SPR)+8. #S##2aP 15P2#(2. #CISPL1#C1SPR+C1SP1#02SPL~-3. #
0316 C GISP1#G2SP2~-3. #C1SP2#C2SP1+G1SP24G25P2+2. #G2SP 1 #C25P2)+8. #S#a2#
0317 C MKR#(3. #C1SP1#CRSP1+2. #C1SP1#02SP2+2. #C15P2#C2SP1+3. #C15P2+C25P2
0318 C 148, . #S242%(C1SP1##2#025P2+C1SP 1 #C1SP2#CRSP1+C1SP 1#01SP2aG2SP2+
0319 C CISP14#C2SP1#CRSPR+C1SP1#CRSP2482+C15P2#824028P 1 +C1SP2#C25P 1 v a2+
0320 C QISPRuQRSP1#02SP2)~(&4. #SaP1SPR##2)# (G15P1802SP2+C1SP2#GaSP1)+
0321 C 64 2SHP1SPRaMU2# (C1GP1#C2SP2+C1SP2#C2SP1)+32. #S#P1SPR#(C1SP 1 ##2#
0322 C CSP2+C1SP1#02SPR##2+C1SP2##24C25P 1+C1SP2#C2SP1##2)~(14. #S#MK2)#
0323 C (QISP14u2aQ28P2+CISP1#C15P2#025P1+C15P1#01SP2#C025P2+C15P1#025P 14
0324 C GREPI+CISP1I#CRSPu##2+C1SP##2#C2SP 1 +C1SP2#G2SP1##2+015P24C2SP1»
0325 C GaspP2)

0326 M2I=MR2B+146. #5#(~2. #C1SP 1442401 SPR#CRSP2-C15P 1 #424825P 1 #C25P 2+
0327 C C1SP1##22C2SP24#2-2. #C1SP1#C1SP2##24C2SP1-C1SP1#C1SP24C2SP 1442~
0328 C 2. #C1SP1#C15SPR240RSP 14025P2-C18P14015P2a02SP4#2-2. #01SP14C25P 1 #
0329 C GRASPR#u2+C1SP2#428C2SP 1 ##2-C1SP2##2#C25P 1 #C2SP2-2. #C1SP2#C2SP1#»
0330 C 2#C2SP)+64. #P1SPR#(C1SP1#x2402SP2#a#2+2. #C1SP 1 #C1SPReCRSP1#C2SP2
0331 C +01SP24a2nC2SP 1 ##2)+464. #MK2# (~C1SP 1##24025P2442-2. #Q1SP18C15P2s
0332 C CSP1#02SP2-C1SPR##2#02SP1##2)+32. #(-C1SP14#3%#C2SP2#424+01SP1e#u24s
0333 C CISPR#C2SP2#4#2+C1SP1#a2%#C2SP 1#02SP2##2~-C1SP 1 #424025P2443+C1SP1#
0334 C C1SPRe42uCRSP1##2-C1SP2#434C2SP 1 ##2-C1SPR#4428CRSP 1 #8340 1SP2#82%
033% C GSP1#42402SP2)

0336 M23=MRS /8ee2

0337 M2é =-B. #5#434P | SPR#MU2

0338 C +4 #S#a38P 1SP2#02SH-4. #5423 #MK2#HSP1-4. #S#x3+

0339 C HSP1%#C2SP2-14. #Sa#2#P 1SP##2#MK2+68. #S#u2#P 1SP2#424C2SH+16. #S##2%
0340 C PISP2#MK2##2+8. #S5#424P 1 SPR#MK2# (HSP2-HSP1+C1SH-C28H+2. #01SP1+2. »
0341 C C1SPR+028P1-C2SP2)+8. #5##2aP 1SP2# (HSP2#C1SP 1-HSP 1 #G25P2-C25H+
0342 C GISP1-02SH*GISP2—028H0626P1)—(8.iS!G?fHK2**2)G(028H+°28P1*GZSP2)
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0343 C +&4 #S5222aMK2# (-HEP24026P 1 +HSP2#02SP2+HSP 1 #02SP 1 +HEP 14025P2+2. #
0344 C QG1SH#ORSP1+2. #Q2S5H#01SP1+4. #G1SP1402SP2+4. #01SP402SP1)+8. #5#42%
0345 C (HSP1#C1SP1#02SP2+HSP 1#Q1SP24G2SP2+HSP 1#025P 1#028P2+01SH#C2SP 14
0346 C Q2SPR-QRSH*C15P2#02E6P1)-(16. #SxP15P2+#2)#(Q1SH#Q2SP1+02SH#Q18P1)
0347 C +16. #SHP1SPRaMK2# (C1BH#CRSP1+C25HR#C01SP1~4. #01EP1#C2EP1+4. #Q1SP1»
0348 C C2SPR+4. #Q1SP2uC2SP1)+16. #S#P1SP2# (-2 #HSP2#01SP1402SP 1 +HSP1#
0349 C C1SP1#Q2SPR+HSP1#01SP2#C2SP 1-G1SH#G15P 1 #02SP2+C 1 SH#G28P 1#025P2+
0330 C ORSH#GISPI#CISPR+C2EH#C1SP 1 #025P 1 -Q2SH#C 1 SP 1 #025P2-C28H#Q 1 5P+
0351 € G2SP1)

03s2 M26=M26~ (32. #SaMU2##2)# (CISP14C02SPR2+C1SPR402SP1)+8. #SaMK24(~2. »
03353 C HSP2#C1SPI#Q25P2-2. #HSP4C1SP24C28P1+2. #HSP1#015P1#028P2+2. #HSP1
0354 C #C1SP2#G2SP1-2. #G1SH#C1SP1#G2SP2-2. #01SH#C1SP2#G2SP 1~-01SH#G2SP 1
03%5 C ##2-2 #Q1SH#QRSP 1#0R5P2-C1SH#C2SP2##2+3. #02SH#C15P 1 #G25P 1 +C25H*
0336 C QISPI#QRSP2+3. #C2SH#C1SP2#02SP 1+C2SH#C 1SP2#02SP2~4. #C1SP 1 ##2#
0357 C G25P2-4. #G1SP1#C1SPR2#C25P1-4. #Q1SP1#G1SP2#G25P2+4. #C15P1#02SP 1 ##
0358 C 2+2. #Q1ISP1#02SP1#02SP2+2. #01SP 1#02SP2#22—4. #01SPR2#42#025P1-2. #
03%9 C C1SPR#C2SP1#42+2 #C18P24C2SP 1 #C2SP2)+14. #54(-HSP2#515P 1##24025P2
0360 C —HEP2#G1SP1#Q1SPR2#02SP 1 +HSPR2#C1SP 1 #G2SP 1 #42—-HSP2#C1SP 1 #C25P 1 #
0361 C GREPR-HSP1#C15P14C2SP 1402SP2+HSP 1#01SP 1 #C25P2442-C1SH#Q1SP 1 #
0362 C QRSP 1#G2SP2-C1SH#C1SP2+025P 1402SP2-C1SH#C2SP 1 ##2#02SP2+025H*
0363 C G1SP1#Q1SP2#0R2SP 1+C2SH*Q1SP2##24025P 1 +C2SHHC1SP4025P 1 #42)+32. #
0344 C PISPR#(C18SH#O1BP1#025P 14025P2+01SH#C1SP#G2EP 1 ##2+026H*C1SP 1 #02%
0365 C GRSP+GRSHNCISP1#Q1SP2#C25P1)

0366 M26=M26+32. #MK2+# (-C1SH#C15P1#C2SP 1 #C2SP 2~

0347 C CISH#C1SPR#CRSP 1 842-CRSH#C1SP1#42#C02SP2~-C25H#C1SP 1 #01SP2#G2SP 1+
03468 C 4. #CISPLI#a2#CRSP14#C25P2-2. #C15P1#424G2SP2#42+4. #C1SP1#C1SP2

0369 C #Q2SP1

0370 C #22-4 #C1SP1#C1SP2#02SP14025P2-2. #C1SPR##2402SP1a42)+32. #(2. #
0371 C HSP2#Q1SP1##24C2SP 1#G25P2+2. #HSP24C15P1#G1SP24C2SP 1 ##2-HSP 1+
0372 C GISP1##24C2SPRa#2-2. #HSP1#G1SP1#C1SP2#G2SP 1#C2SP2-HSP1#C1SP2#u2s
0373 C G2SP1##2+C1SH#C1SP1##24C02SP2##2+C1SH#C1SP1#C1SPR4CR2SP1#028P2+2. +
0374 C C1SH#Q1SP1#G2SP 14#2402SP2-CRSH#C1SP 1 ##24015P2#4C28P2-C2SH#G1S5P 1+
0373 C C1SPRe##2a0R2SP1-2. #C2SH#C1SP1#C1SP24C2SPi##2)

0376 MRE=MR6/Sen2

0377 M27 =4, #S#a2uP | SPRe+MK2

0378 C -2 #S52322P1SP24C1SH+4. #S#A2AMU#22+2. #SH22#MK2#

0379 C (HSPR+HSP1+C18H+2. #01SP1+42. #C2SP2)+2. #S##2#4 (HSPR#G1SP1+HSP1#
0380 C G2SP2)+4. #S#P1SP##24 (—Q1SH+Q2SH) +4. #S#P 1SP2#MK2# (Q1SH-CR2SH+2. #
0381 C GI1SP1-2. #01SP2-2. #C2SP1+2 #C25P2)+4 #S#P1SP2# (HSP2#015P 1 -HSP2#
0382 C G2SP1-HSP1#G1SP2+HSP 1#025P2+01SH#C1SP2+01SH#GREP 1) +4. #S#MK2% (~
0383 C O1ISH*G2SP1-C15H#025P2-025H#C1SPR+02SH#G25P2-2. #01SP1#Q2SP1-2. »
0384 C GISP1#025P2-2. #C1SP24G25P1-2. #C1ESP2#G26P2)+4. #S# (—HSP2#C1SP 1
0385 C CISP2-HSP2401SP1#02SP 1~-HSP 140 15P24025SP2-HEP 1 #02SP 1 #C25P2+C1SH»
0386 C G1SP2#G2SP1-Q1SH*G2SP 1#C2SP2-C2SH#G1SP 1#G1SP2+G2SH#G 18P 1#G2SP2) +
0387 C B. #P1SP2# (01SH®#C15P 1 #Q25P2+C1SH#C1SP24C268P 1-025H#C 18P 1 #Q2SP2
0388 C -G25H

0389 C #0165P2#025P1)

0390 M27=M27+8. #MK2# (~C1SH*C1EP 1#025P2-G1SH#C18PR4C25P 1 +C2SH

0391 C CISP1#QR5P2+025H#C1S5P24025P 1-2. #CI1SP1#424025P2-2. #+C15P1#015P2%
0392 C G2SP1+2. #G1SP1#G1SP2#025P2+2. #G1SP1#G2SP 1#02SP2-2. #015P 1 #G2SP2#»
0393 C 2+2. #C18P2#42402SP 1+2. #C1SP24C2SP 1 #42-2. #015P2¢#02SP1#C25P2)+8. #(
0394 C —-HEP2#01SP1#42#02SP2-HSP2#C15P 1801 SP24G2SP 1 +HEP2#C1SP 1 #02SP1 s
0395 C CRSPR+HSP2#01SP2+02CP 1##2+HSP 1#01SP 1401 SP240R25P2-HEP1#Q15P 1 #
0396 C C2SP#22+HSP14C1SP2##24#C25P 1 ~HSP 1#G1SP2#6G25P 1 #02SP2-01SH*C1EP2e s
0397 C 2#025P1-C1SH#Q1SP24025P 1 ##2+C 1 SHAC1SP2#0R25P 1 #025P2+C1SHHGRSP 1 ##2
0398 C #Q02SP2+C2SH*Q1GP1#Q01EP24#2+02EH#C15P 14C16P2#625P 1 -C25H#C15P 1 #
0399 C C1SP2#025P2-C28H*C1SP 1#02SP 1 #CR5P2)
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M27=M27/86
M28 =4 #S##24P 18P2#MK2
—2. #S4824P 1SP2#Q2SH+4. #5#82aMK2%#82+2. #S#228MK2#
(HSPR+HSP 1+02SH+2. #01SP 142, #C2SP2)+2. #5452« (HSP2#01SP1+HSP1#
Q2SP2)+4. #S*PISP2#a2# (01SH-G2SH) +4. #S#P 1SP2eMK2% (-0 1SH+C2SH+2. #
C1EP1-2. #C15P2-2. #02SP1+2. #C02S5P2)+4. #S#P1S5P2# (HSP2#C18P 1 ~HSP2+
CREP1-HSP1#C185P2+HSP 1 #C02CP2+02SH#C 1SP2+C2SH#C2CP 1) +4. #E#MK2# (
C1SH#QISP1-C1SH#C28P 1 -02SH#C ISP 1-CSH#C1SP2-2. #C 18P 1 #025P1-2. #
C1SP1#02SP2-2. #Q01SP2#028P1-2. #*C1SP28C2SP2)+4. aS» (—HEP2#C1GP 1+
C18PR-HEP24C 18P 1#402E6P 1-HSP 1 #C1SP402SP2~-HSP 1 #C2SP 1 #025P2+6 1 SH#*
C18SP1#C2SP2-Q1SH#C25P 1 #02SP2-028H#Q1SP 1 #C15P2+C2SH#C18P246G25P1 ) +
8. #P1SPR#(-C1SH#Q15P 1#CR2SP2-C1SH#0 1SP2#02SP 1 +C2SH#C1SP 1 #G2SP 2+
C2SH#C1SP2+#C25P1)
M28=M28+8. #MK2# (C1SH#Q 18P 1#02SP2+C1SH#C1SP2#C25P 1-028H
#C1SP 1 #QREP2~-CSH#C1SPR2#02SP 1-2. #C1SP1#42#C28P2-2. #C1SP1#C1SPR2#
C2SP1+2. #Q1SP1#C1SP2e025P2+2. #01SP1#C2SP1#G25P2-2. #01SP 14G2SP2u#
242, #C1SPR##2eCRSP 1+2. #01SP2#C2SP 1##2~2. #C1SP2#025P 1#G25P2)+8. #(
—~HSP2#G1SP 1 ##2#G2SP2-HSPR#C1SP 1 #G1SP2#C2SP 1 +HSP2#01SP { #C25P 1 #
CRESP2+HSP24#015P24C2SP 1 ##2+HEP 1#C 18P 1 #C1S5P2#025SP2~HSP 1 #C1SP 1 #
CREP2##2+HSP 1#C1SP2##24C2SP 1 -HSP 1 #C1SP2#C25P 1 #G25P2-C 1 SHeG1SP L+
Q1SP2#Q2SP2-01SH#C1SP I #02SP 1 #025P2+C1SHHQ1SP2#02SP 1 #Q2SP2+C 1 SH»
CREP1#424C2SP2+025H#01EP 1#01SP24#2+02SHRC ISP 1#C1SP2#025SP 1 —~G2SH+
CiSP2#424#02SP 1 ~CR28H#C1EP2402SP 1#42)
M2B8=M28/8
M33 =(-32. #52228MK2443
=8, #SHN24MKInn2nMHR+32. #SH#2#MU2422# (~HEP 1 +Q2SH+
CR2SP1)~B. #S#x2aMU2#MHI#C2SP 1+16. #S#x24MK2% (HSP | #028H+2. #025H#*
CSP2+2. #C2SP 1 #0REP2)-8. #S##24MHR#C2SP 1#02SP2+1 6. #S##2#HSP 1 #G25H
#Q2EP2+44. #SAMU2##24 (—C1SH#CR2SPR-CR28H#C1SP2-C1SP1#02SP2-G15P2#+
CRSP 142, #G1SPRuGRSP2)+16. #SeMKI#MH* (CLISP1#C2SP2+C1SP2#CR2SP1+2. &
C1SP2#C25P2)+32. #S#MU2% ( —HSP 1 #C 1 SH#CR2SP2-HSP 1 #C25H#015P2+4. #HSP1
#G1SPRNE2SP2~-4. #C2SH#C1I1SP#C25P2-4. #Q1SP2#C2SP 1#G26P2)+32. #S#MH2
#C1SP24C2SP 1 #C2SP2-64. #S#HSP 1 #02SH#C1SP2#025P2+2%6. #MA24C 1 SP2+
C2SP2# (Q1SH#CQSP2+02SH#GISP2+018P 1#G2SP2+C1SP2#028P 1)~ (64, #MH2%
Cl1SP2#02SPR)#(01SP1#CREP2+015P24Q25SP1)+126. GHSPXOOISPR‘OESP?*(
C1SH#GRSPR+CRSH*C18P2) ) /S#ug
M34 =-8. #S#aIJuP 1 SP#MK2
+2. #S#a34P18P24MHR-8. #S##J#MAL#HSP2-4. #S#43%
HEPQ#HSP1+146. #S8424P 1SPR24MKQ##2—4. #S##24P ISP 4MU2#MH2+146. #SH42
PL1EP2eMK2# (C1SPR+CEP2) (4. #S#22aP1SP#MHR)# (C1SP+02SP2)~16. #S
#RQ2uMUD 2T 4, #SHRQEMU2##2EMHR+16. #BH#2XMU2 #8428 (HEPR-HSP 1 )+8. #5#%
2#MK2# (HSP2#HSP 1+2. #*HSP2#G1SP2+2. #HSP2#02GP2+2. #01SH#CSP2+2. #
C2SH#GISP2+2. #01SP1#C25P2+2. #C15P2#C25P1)
M34=M34~ (4. #Sea2#MH2)#(G1SPLi»
QRSP2+G1SP2#C28P 1) +8. #S##24HSP 18 (HSP24#C1SP2+HSP2#Q2SP2+C1SH»
CRSPR+C2SH#QI1SPR)~64. #BaP 1SPR2#MK24C1SP2#CR5SP2+16. #SaP 1SPReMHR+
G1SP2402SP2+64. #SHMK##2# (-0 18SH#C2EP2-C28H#C15P2-C1SP14C025SP2~
CiSP2#C2SP1+Q1SPR2#C28PR2) +16. #S#MU2uMH2# (C1SP 1 #Q2SPR+C1SPR#C2SP 1+
C1SP2#C2SP2) +32. #S#MK2# (-2, #HSP2#01SP2#4026P2-HEP 1861 SH#025P 2~
HSP 1 #C2SH#C1SP2+2. #HSP 1#C1SPR4C2SPR-C1SHRCISP2eCRSP2-C1SH#C2SP2
202-C2SH#C18P2##2-028H#C1SP24C28P2-C1SP 180 1SP24C28P2-C ISP 1#G2SP2
#e2-C1SP24#2802SP 1 ~01SP2#025P 1 #Q2SP2) +8. #SeMH2#+ (C18P14015P2+
Q2SP2+C1SP 1 #G2SP28#2+01SP2##2402SP 1+C1SP24C2SP14826P2) +16. #S#
HSP1#(-2 #HSP2#C15P2#028P2-C1SH#Q1EP2#02SP2-C1SH#*C2SP2##2-G25H+*
GCiSP2##2-C28HaC1SPReCRSP2)+256. #MK2#C1S5P2#028P 2% (C1SHeGRSP2+02SH
#01SP2+C1SP1#C28P2+018P24C25P 1)~ (64, #MH2+#C18P24025P2)#(C15P1»
G2SP2+C1SP2#02SP1)+126. #HSP1#01SP2802SP2+ (0 15H#C2SPR+02SH#C18P2)
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0457 M34=M34 /San2

0458 M35 =8, #SH#34P 1SP2#MK2

0459 C +4 #S»23#P1SPR4C2SH—-4. #S##34MU24HSP2~4. #E##3%

0460 . C HEP2#GSP1-16. #S#%24P 1SP##24MK2+8. #S#224P 1SP24##28026H+146. #S#824
0461 C P1SP2#MKR##2+B. #S##28P 1SP24MK2# (—HSP2+HSP 1 +01SH-C25H+2. #C15P1+2.
04462 C #01SP2-C2SP1+C2SP2)+08. #S#%#2#P 1SP2# (-HSP24G2SP 1 +HSP 1#C1SP2~G2SH#»
0443 C CISP1-CRSH#C1SP2-CRSH#C2SP2) - (8. #S##2uMK24#2) #(G2SH+C2SP 1+C2SP2)
0464 C +4. #S#u2#MK24 (HSP2#02SP 1 +HSP2#C2SP2+HSP 1 #C25SP 1 ~HEP 1 #C2SP2+2. #
0465 C CISH#Q2SPR+2 #C2SH#C1SP2+4. #Q01SP14025P2+4. #C1SF2#C2SP1)+8. #S##2#
0466 C (HSP2#G1SP1#02SP 1+HSP2#015P2#C2SP 1 +HSP2402SP 1 #C2SP2+01SH#G2SP 14
0447 C CRSPR-C2SH#GC1SP1#C2SP2)-(16. #S#P1SP2##2)#(C1SH#CRSP2+C2SH#C1SP2)
0468 C +146. #SaP1SP2#MK2# (Q1SHRC2SP2+C2SHRC1SP2+4. #C1SP1#C2SP2+4. #01SP2#
0469 C C25P1-4. #01S5P2#C02SP2)+16. #S#4P 1SPR2# (HSP2#C15P 1 #C2SP2+HSP2#615P2#
0470 C G2SP1-2. #HEP 1#C1SP2#C2SP2-C1SH#C1SP2#02SP 1 +C1SH#C2SP 1 #02SP2+G2SH
0471 C #C15P14C1SP2-025H#C1SP 1#C25P2-C25SH#Q 1SPR#C2SP 1 +02SH#*C15P24628P2)
0472 C —(32. #SaMKI#22)# (G1SP1#C28P2+G1SP2#G2SP1)

0473 M35=M3IT+0. #SHMU2# (2. #HSP2#

0474 C G1SP1#Q2EP2+2. #HSPR2#018P24C2SP1-2. #HSP1#C1SP1#025P2-2. #HEP1#
0478 C GC1SPR#Q2SP1-2. #01SH#C18P1#025P2-2. #CI1SH#C1SPR#025P1~015H#025P L ##
0476 C 2-2. #Q1SH*G2SP { #G2SP2-01SH#G2SP2##2+G2SH*#C1SP 1 #G2SP 1+3. #02SH#*
0477 C CISPI#CRSP2+C2SH#C1SP2#Q2SP 1+3. #C2SH#C1SPR4C2SP2~4. #C1SP 1 #4224
0478 C Q2SP2-4. #C1SP1#C1SP24G2SP1-4. #C1EP1#C1SP2#C2SP2+2. #C1SP1482S5P1»
0479 C GR25SP2-2. #C1SP14C02SP24#2-4. #01SPR#a2#C25P 1+2. #C1SP2#C2SP 1 ##2+2. #
0480 C G1SP2#02SP1#Q2SP2+4. #C1SP2aC2SP22#2)+14. #5% (HSP2#C1SP2#C2SP { ##2~
0481 C HSPR2#C1SP2402SP 1 #02SPR2-HSP1#C1SP1#C1SP24C2SP2-HSP 1 #01SPu#2%
0482 C GCRSP1-HSP1#CiSP2#G2SP1#02SPR2+HSP 1#G1SP2#C2SP2##2-C1SHACISP1#
0483 C CRISP1#C28P2-C1SH#C1SPR4C2SP 1 #C2SP 20 1SH#C25P 1 #G2SP2##2+025H*
0484 C GlSP1##2402SP2+C2SH#G1SP 1#C1SPR#C2SP2+C2SH#C1SP 1 #C25P2%22)+32. #
0485 C P1SP2#(C1SH#CISPI#G25P2##2+C1SH#CI1SP2eC2SP L #C2SP2+02SH#G1SP 1+
0486 C C1S5P2#CRSP2+C2SH#C1SPR2##2402SP 1)

0487 M3IS=M35+32. #MU22A# (~CI1SHHC1I1SP1#C2SP2##2~

0488 C CISH#C1SPR#CRSP 1802SP2-C2SH#Q18P 1 #C1SP24026P2-C25H*C1SP2e#2%
0489 C G2SP1-2. #C1ISP1#42#02SP2#42~4 #Q1SP1#G1SPR2#02SP 1 #C25P2+4. #01SP1»
0490 C C1SP2uC2SP2422-2 #C1SP4#2402SP1##2+4, #01SP2#424C2SP14Q2SP2)+32.
0491 C #(-HSPR#Q1SP1##2402SP24#2~-2 #HSP2#C1SP1#01SP2#02SP 1 #025P2-HSP2#
0492 C CISP2##2402SP 1 #4#2+2. #HSP1#C1SP 140 1SP2aC2SP2#42+2. #HSP 180 1SP2##2%
0493 C CRSP1#QSP2+Q1SH#C1SP1#C1SP2aC2SP 1 #02CP2+C1SHAG 1SP##24025P 1 #42+
0494 C 2. #*CiSH#G1SP2402SP 1 #G2SP2##2-C2SH#C1SP 1 #4240 1SP24625P2-02SH

0495 C #Q1SP1

0496 C #01SP2#a2#02SP1-2. #02SH®C1SP1#C1SP24028P2442)

0497 M3S3=MIT/SHn2

0498 M36 =8 #SHu2#P 1 SP24##28MHQ

0499 C +32. #S2u24P 1SP2uMUI2#aQ2+16. #SHaQuP 1SPeMK2%(

0500 C HEPQ+HSP1-2. #C2SH-GRSP 1-02SP2)+8. a#S##24P 1SP#C2SH##2+4 #SH##2#MK2
0501 C #MH2# (GRSP1+02SP2)+8. #S##2#MKR24 (~HSPR2#C25H+HEP2#C25P 1 —-HSP2#C25P2
0502 C —-HEP1#C2SH-HSP1#G2SP 1+HSP 1 #025P2)+8. #S##2aMH2#02SP 1 8028P2-(B. #S
0503 C #a2#C2SH) # (HSP2#02SP 1 +HSP 1 #02SP2)~32. #S#P 1SP2##24015H#C2SH+32. #5
0504 C #P1SP2#MK2# (C1SH#C2SH+C1SH#G2SP 1+C18H#C2SP2+C2SH#C1SP 1 +025H*
0505 C QISPR+2. #01SP1#025P2+2. #C1SP2#02SP1)~(32. #SxP15P2#MH)# (C1SP 1+
0506 C GRSP2+Q1SP2#G2SP1)+16. #S#P1SP2# (HSP2#C1SHRC2SP 1 +HEP2#C2SH®*C1SP 1+
0307 C HSP1#C1SH#C2SP2+H5P 1 #02SH®#C1SP2-C28H##24C1SP 1 -C28H##28Q18P2)~(
0508 C 64 #SaMK#2)# (Q018P1#02SP2+C1SP2#028P1)+16. #SaMK2# (-2, #HEP2

0509 C #G1SP1

0510 C #CR2SP2-2. #HSP24C15P24CR28P1-2. *HSP1#01SP1402SP2-2. #HSP1#Q1SP2#
0511 C G2SP1+QC1SH®C2SP 14422, #01SHCRSP 1 #02SP2+C1SHRC2SP24#2+025H##24%
0512 €C GCISP1+02SH*#2#015P2+C2SH#QG ISP 1#025P1+3. #02SH#C1SP 1 #025P2+3. #Q2SH
0513 C #C1SP2#C2SP1+02SH®G1SP2#025P2+2. #*G1SP1#025P 1 #02SP2+2. #C1SP 1+



03514
0913
0316
0517
0518
0519
0520
0521
0522
0523
0524
05253
0526
0527
0528
0529
0530
0531
0532
0333

0534

03535
03836
0537
0538
0339
0540
0541
0542
0543
0544
o545
05464
0547
0548
0549
05350
0551
0552
0553
0554
0555
0336
0557
05958
05359
0560
0561
0562
0563
0564
0565
0566
0567
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C CRSPR:uaR+2 #Q18PR402EP 144242, #C15P24C2SP 1 4028P2)

M36=M36~(16. #SeMH2~
C2SP1#C28P2)#(QISP1+015P2)1+146. #S#C25Hs (HSP28C15SP 1 #C25P 1 +HSP2%
C1SPR#GRSP 1 +HSP 14C1SP 1 #C25P2+HBP 1 #C1 SP2#02GP2) +64. #P1SP2401SH*
C2SH# (C1SP1#Q2SP2+01SP24G2SP1)+44. #MK2# (-C1SHEO2SH#018P 1 #02SP 2~

G1SH*#QRSH#C1SP2#C2SP1~C1SH*Q1SP14025P 1 #02SP2-C1SHHQ 18P 1 #025P 2442
~C1SHRC1SP2#02SP 1 ##2-C15H#C1SP24C2SP 1 4C25P2~C2SHA#C ISP 1 #424025P2~
CRSH#C 18P 1#C1SP2#02EP 1 —C25H#C ISP 1#01SP2402SP2-025H#C 1S9P20424

CASP1-2. #C1SP1#424025P2442~-4. #Q1SP1#C1SP24C2CP 1 #028P2~2. #C1SP2#x
2402EP 1 #02)+32. #*MHR2# (C1SP 1 ##2#025P2442+2. #01SP18C1SP2402SP 14
ORSP+C1SP2##2#G2SP 144#2)-32. # (HSP2#01SH#01SP 1 #02SP 1 #C2SP2+HSP2#
CISH#CI1SP2#C2SP 1 #4#2+HSP#02SH#C 18P 1 ##2402SP2+HSP2#02SH#C ISP 1 #
QISP2#C2SPiI+HSP1#C1SH#GC1SP 1#02SP24#2+HSP 120 1SH#E 1SP2#02SP 1 #62SP2
+HSP 1 #G2SH#C1SP1#C1SP2#4C2SP2+HEP 1 #C2SH#Q 1 SP2##24025P1 )

M3b=M3IL/Snu2

M37 =(4, #E#424P 1SPRAMU2-S#a2#P { SPReMH2
+4, 4SHR2RMU2##2+SH 2 #MU2MHR+4. »

SH#2uMU2% (HSP2+HSP 1) +2. #S#224HSP24HSP 1 +8. #S#P 1 SP2#MK2# (-01SP2+
Q2SP2)+2. #S%P 1SPR#MHR# (G18P2-G2SP2) +8. #SaMK2##2# (~G1SH+02S5H~
Q1SP14+02SP1)+42. #S#MK2#MH2# (Q1SP1-C2SP1)+4. #»S#MK2#(~-2. #HSP2#818P2
+2. #HSP2#02SP2~HSP 1 #01SH+HSP 1 #QR25H-2. #Q1SH#Q2SP2-2. #02SH#C15P2+
4. #Q2SH#GSPR-Q. #Q1SP1#028P2-2. #G1SP2#C2SP1+4 #Q28P 1 #Q2SP2)

+2. #S»

MH2# (C1EP1#02SP2+01SP2#02SP 1~-2. #02SP 1#Q2SP2)+4. #SHHSP1# (-HSP2#»
GC1SPR+HSP2402SP2-01SHROQSP2-GRSH#C1SP2+2. #Q2SH#G2SP2)+16. #MK2#(
3. #G1SH#Q1SP2#G29P2-01 SHHG2SPR#42+02SHRG1SP2442~3. #028SH#01S5P2%
GRSP2+3. #G1SP1#G1SP2#02SP2-C1SP 1#025P2##2+01SP2##24025P1~3. »
G1SPR#C2SP 1 #028P2) +4. #MH2#(~3. #Q1SP1#018P2#02SP2+01SP 14Q2SP2##2~
GLSP2##2uQ2SP 1+3. #Q1SP2#C2SP 1#02SP2)+5. #HEP 1 # (3. #01SHRQ1SP2#+
C2SP2-C1SH*CRSP2#22+C2CH#G1SP2##2-3, #Q2SH#Q 1SP24028P2)) /S

M3B8 =4, aS##24P 1SP2AMRK-S##24P 15P24MH2
+4. #S#RQ2AMU24#2+SHR2#MU2#MHI2 +4. #

S##24MK2% (HSP2+HSP 1 )+2. #S#4#2#HSP24HSP 1+8. *S*PXSPE*HKZQ(-OISH+
C2SH-C1EP2+CASPR)+2. #S4P 1SP#MHI# (C1SPR-C2SP2) +4. #SaP 1SPR#C25H®(
O1SH-C2EH)+8. #S#MK2##2#(-01SP1+Q25P1)+2. #SaM2aMH2#(018SP1-025P1)

+4. #SaMU2# (-HSP2#C 1 SH+HSP2#02SH~2. #HSP2#C1S5P2+2. #HSP2+02SP2-01SH
#GREH-2. #C1SH#CREP 1+028H##2-2. #CSHRC1S5P2+2. #Q2SH*C2SP 1+2. #C2SH+

C25P2-2. #C1SP1402SP2-2. #G1SPR#CRSP1+4. #C2SP1#C2SP2)+2. #SaMH2#(
C1SP1#G2SP2+01SP25G28P 1-2. #C2SP 1#02SP2) +4. #S» (~HEP2aHSP 1 #G1SP2+’
HSP2#HSP 1 #02SP2~HSP2#0 1 SHACR2EP 1 +HSP#02SH#C2SP 1 ~HSP 1 #C25H4Q1SP2+
HSP 1#C2SH#C28P2) +8. #PI1SPR2# (-0 1SH##2#025P2-C1SHRC2SH#C15P2+01SHe
CISH*C2SP2+CR2SH##28C15P2)

M3B=M3B+B. #MK2# (Q1SH##2#02SP2+01 SH#C2SH=C1SP2~
C1SH#G2SH#O2SP2+2. #01SH#C18P1#025P2+2. #C15H#CI1SP2#028P1+2. #C1SH»
Q15SPR2#QRSP2-2. #C1SH#QRSPRe#2-02SH# #2201 SP2-2. #02SH#C ISP 1 #025P2+
2. #C2SHRC15P2#22-2. #02SHRC1SP2#02SP1-2. #02SH*C18P2%C28P2
+6. #C1SP1

#C18PR2#CRSP2-2. #C1SP14G2SP2442+2. #018P24#24C2SP 1-6. #C15P2#C2S5P 1+
C2SP)+4, #MHR#(~3. #Q1SP1#C1SP2eC2SP2+C 18P 1#C2SP2#82-C1SPRua2#
C2SP1+3. #C1SP2#CR2SP 1402SP2)+6. # (HSP2#C1SH#C15P 1 #028P2+HSPR240 1 SH+
O1SP2#02SP 1 -HEP2#02EH*C1SP 1 #C2SP2-HEBP2#02SH#C 15P2#Q2SP 1 +HSP 1 #
C1SH#C1SP2#C2EP2-HSP 1 #01 SH#CREP2##2+HEP 1 #C2SH#C 1 SPR2442-HSP 1 #02SH
#Q1SP2+02SP2)

M3B8=M38/8

MA4 =(-32 #SHaQeMK2ua]

C —~B. #S#22#MK2# 2 #MH2+32. #S##2#MK2#4#2% (~HSP 1 +C1SH+

C Q1SP1)-8. #S#42eMK24MH#C ISP 1+16, #S##24MK2% (HEP14015H+2 a0 1GH»

s EsReNeNeNeNaNeNeNsNoNel

00000000 _ 0000000000 _ 0000000000



D0 ONO0O00 _ 000000000 [sNeNeNeNeNe R NeNel

(2o e N NsReRs N o Na ReRe NeNeNoNs]

00000
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O15P2+2. #C1SP1#Q1SP2)~8. #E#42#MH2501SP14#01SP2416. #54#24HSP 1 #C18H
#Q018P2+464. #SaMK2#824 (—Q1SH#G2SP2-02SH#C1SP2-01SP 1 #025P2-C15P2+
C2SP1+2. #CGI1SP2aCRSP2)+16. #SHMR#MHR# (C1BP 1 #02SP2+018P2#CRSP1+2. #
018P2%02SP2) +32. #S#MK2# (—HSP 1 #018H#CRSP2-HEP 1 #02SH#018P2+4. #HSP1
#Q1SP2#QRSP2-4. #C1SH#O18PR2#02SP2~4. #C1SP1#018P2#028P2) +32. #S#MH2
#C1SP1#01SP2#02SP2-64. #S#HSEP 1 #018H#C1SP2#02SP2+256. #MK24Q1SP2#
C2EP2# (G1SH*C2SP2+025H#C1BP2+015P 1 #02SP2+015P2#4028P 1) ~(64. #MH2+
C1SP2#Q2SP2)# (C1SP1#025P2+01SP24#02SP1)+128. #HEP 1#C18P2#02SP24 (
C1SH#CSP2+G2SHXC1GP2) ) /Sen2

M43 =8. #5433 #MK2# 42 ’
+4. #S#u38MK2% (HSP 142, #C18P2) +4, #Ba#3sHSP1#015P2+
16. 0S5 22aP 1EP24MK2%#2+16. #E# 24P 1SP24MK24 (HEP1+G18P2)+16. #S#a24
P1SP2#HSPI1#015P2-16. #S##2uMK2##3+8. #S#22#MU2%# 224 (-~HSP2-HSP 1 +Q15SH
—02SH-2. #G2EP1-2. #02SP2)+6. #S##2#MK2# (~HSP2#C1SP2-HSP1#G1SP 1~
HSP1#C2SP2+C1SH#C15P2+01SH*C25P 1 ~025H#G15P1-4. #018P2#02SP2)+8. #S
#%Q#Q1SP2# (~HSP1#01SP1-2. #HSP 1 #025P2+C1SH#C25P 1 -028H#C1SP1)+16. &
S#P 18P2#MK2# (-0 1BH#025P 1 —-C2SH*C 18P 1-4. #01SP2#C2SP2)+16. #S#P1SP2+«
G1SP2# (-4 #HSP1#G2SP2-C1SH#025P 1 -02SH#C1SP1)+146. #S#MU2#424 (CL1SH*
C2SP 1 +Q2SH#C18P1+4. #C15P14028P1-2. #015P 1#028P2-2. #018P2#02SP 1+4.
*#Q15P2#C25P2)

MAJ=MAS+16. #SaMK2# (2. #HSP2#01SP 14028P 1+2. #HEP2#C15P2#025P2
-~HEP 1#C1SP 1 #02SP2-HSP 140 1SP24C25P 1 +2. #HSP 1 #C1SP2#02SP2-Q 1 SH¥*
Ci1SP1#02SP1-C1SH#Q1SP#028P2~-C15H#C2SP 1 #02SP2+02SH#C1SP 1 ##2+G2SH
#Q1SP1#CREPR2+QREHHCISPRe#2+2. #Q2SH#C 1SP2#025P2-2. #C18P 1#01SP2#
C2SP2-2. #Q1SP##2402S5P1+4. #C1SP2#C25P 1 #02SP2+4. #G1SP24C2SP2##2) +
16. #85#Q1SP2# (2. *HEPQ#CISP1#C2SP1-2. #HSP1#C18SPR#Q2EP 1+2. #HSP1#

C2SP2##2-C1EH#C1SP1402SP 1-2. #01SH#C2SP 1 #0RSP2+CISHECISP 188242, #
CRSBH*C ISP 1#0RSP2)+64. #P1EP24C1SPR#CRSP24 (C18H#C2SP 1+025H#C1SP 1)+
64. #MK2#C1SPR#CRSP24 (~C1SH#GRSP 1-C2SH#C16P1-4. #C1SP1#Q25P1+2. &
C1SP1#CQRSP2+2. #C1SPR#CRSP1)+32. #C1SP2% (-4 #HSP24C1SP1#CSP1#
C2SP2+2. #HSP1#G1SP 1 #CSP2#%#2+2 #HSP1#C1SP2402SP1#C2SP2+G1SH»
Q1SP1#Q2SP 1 #C2SPR+0 1 SHACISPR4CREP 1 ##2+2. #Q15H#C2SP 1 #Q02SP 2842~
CRSH*C1SP 1 ##24C25P2-C25H#C1SP 1#C1SP24C2SP 1~2. #02SH#015P 1 #025P2##

2)

MAS=MAT/Sua2

Mab =-2 %S#a3aP1SPR#MH2
+8. #5#23#MK24#2+4, #S#a3J4MK% (HSPR+HSP1)+4. #8as

SHHSPR#HEP 1416, #S#424P 1SP#MU##2+4 #S#424P 1SP#MK2#MHI+16. #5822
#P1SPR#MK2# (HSP2+HSP1)+4. #8#424P 1SP24MH2# (01SP1+025P2)+8. #S*#2s
P1SP2# (2. #HSP2#HSP1+01SH#Q2SH) ~16. #S5#a24MA2#43+4. #S#a2#MK2802w
MH2- (16, #SH#2uMK2#22) # (HSPR+HSP1+C1SP2+Q25P 1) +4. #S*e2eMK2# (-2, »
HSP2##2-2. #HSP2#HSP 1 +HSP2#51SH-HSP2#L28H-2. #HSP2#CQSP1-~2. #HSP2+
C2SP2-2. #HSP 1 ##2~-HEP1#C1SH+HSP1#02SH~2. #HEP 1#015P 1-2. #HSP1#C1SP2
+2. #C1SH#CRSP1-2. #Q1SHACRSP2-2. #C2SH#C1SP1+2. #028H#C1SP2)+4. aSas
2#MH2# (O1SP1#G2SP2+C1SP24025P 1) (8. #S5#82)# (HSPR#HSP 1%C18P 1 +HSP2#
HEP 1 #02BP2+HSP2402SH#C1SP 1 +HSP 1 #018SH#C2SP2) +32. #S#P 18P2eMU2w (
C1SP1#02SPR2+C1SP2#025P1)—(8. #S#P 1SP2+MH2)# (O15P1#C28P2+01SP2#
C2BP1)-(16. #5#P15P2) # (HSP2#G1SH#C2SP 1 +HSPR4C25H#C1SP 1 +HEP 1 #C 1 SH»
C2SP2+HSP 1 #C28H#C1SP2+01 SHR#ORSHEG 18P 1 +C1SHRC2SHACBP2) +32. #S#MK2
#2224 (C1SH#CRSP 1 +C 1 SH#025P2+025H#C15P 1+026H#018P2+2. #C1SP1#025P 1~
Q18P 1#02SP2-01SP2#025P1+2. #018P2#025P2)

MAE=MA6+8. #SRMK2#MHR* (-2. #01SP 1+
C2SP1-01SP1402SP2-018P24C2SP 1-2. #01SP2402SP2)+0. #E#MK22 (2. #HSP2+
C1SH#C2SP 142, #HSP2#C15H#GSP2+2. #HESP2#026H#C1SP 1+2. #HESP24025H®
C15P2+8. #HSP2#C1SP1#02SP 1~4. #HSP2#01SP 1 #02SP2-4. #HSP2#518P2+
C2SP1+2. #HSP1#01SH#G2SP 142, #HSP 1#018H#Q2SP2+2. #HEP 1 #02SH#C1SP 1+
2. #HSP 1 #C2SH#C1SP2~4. #HEP 140 15P 1#4C2SP2-4. #HEP 1 #C1SP2#C2SP1+8. &
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0628 C HSP1#C1SPR#C28P2+0 1SH# #2402SP 1 -C1SH##24025P2+C 1 SHAC2SH#G1SP 1+
0629 C Ci1SH*CRSH#C1SP2+C1SH#CR2SH#C2SP 1 +C1SH#02SH#C2SP2+2. #01SH#C1SP 1+
0630 C C28P1+2 #QC1SH#01SP2402SP 1+2. #015H#GC2SP 1 #C2SP2+2. #01SH#C2SP24#2~
0631 C C2SH##24C1SP1+02SH##24C1SP2+2. #02SHRC1SP 1#42+2. #C2SH#C15P1#G1S5P2
0632 C +2. #C2SH*Q1SP2#02SP1+2. #C2SH*C1SP24025P2+8. #C1SP1#C1SP2#G25P 1+48.
0633 C #01SP2#02SP1#C02SP2)-(8. #S#MH)# (C1E5P 1 ##2#02SP2+01S5P 1#01EP28C2SP 1
04634 C +018P1#02SPR##2+01SP2#02SP 1 #Q2SP2)+16. #S# (2. #HEP2##2#C 18P 1#025P1
0635 C -HSPR#HSP1#C1SPI1#028P2-HSP2+HSP 1#01SP2#62SP 1 +HEPZ2#GC2SH#G 1 SP 1 ##2+
0636 C HEPR#QOREH#Q1SP1#Q2SP2+2. #HEP 1 ##24Q01SP2#4C026P2+HSP 1 #01SH#Q1SP1#
0637 C C2SP2+HSP14C1SH#C25P2##2)

0638 MALE=M4LE+32. #P1SP2# (Q1SHR#2#02SP 1 #G2EP 2+C 1 BHa

0639 C C2SH#C15P 1#G2SP2+C 1 BH#*CRSH#CI1SPR#C2SP 1 +C2SH##2401SP1#01SPR2)+32. #
0640 C MK# (-Q1SH*#2#025P | #Q28P2-01SH#C2SH#GC ISP 1 4G2SP2-C 1 SH#C2SH*C1SP 2%
0441 C G2SP1-4 #Q1SH*C1SP1#02SP 1#Q28P2-4. #C1SH#C1SP2#025P 1 #025P2~025H#+
0642 C 2%01SP1#01SP2-4. #Q2SH#Q1SP1#4C1SP2#C2SP1~4. #Q2SH#G1SP1#G1SP2%
0643 C QO2SPR-2. #01SP1#428025P24#2-12. #Q1SP1401SP2#02SP 1 #025P2-2. #G1SP2
0644 C #a2#02SP1#82)+16. #MH2# (C1EP1#828025P2#4#2+6. #Q1SP1#015P2402SP 1+
0649 C CRSP2+C1SP##2#02SP1##2)—-564. #{HSP2#C1SH#01SP 1 #025P 1 #QC2S5P2+HSP2#
0646 C QC2SH#C1SP1I#01SP2#02SP1+HEP1#01SHRC1SP2#025P 1 #G2SP2+HSP 1 #G25H»
0647 C G1SP1#Q1SP2#02SP2)

0648 MALE=MEL/SenQ

0649 M4A7 =(—-4 #S#82aP 1SP2eMAR+S#u24P 1 SPR2eMH2

0650 C —4. 2S#aQuMU2#%2-S##2¢MK#MH2~-(

0651 C 4 2SHR2uMU2) % (HSP2+HEP 1) =2, #S##2#HSP2#HSP 1+8. #S#P 15P2#MK24% (

0652 C -0iSP2

0653 C +02SPR)+2. #SaP1SP2eMH2#(01SP2-C25P2) +8. #SaMKen2# (-G 1 SH+C25H~
0654 C Q1ISP1+Q26P1)+42. #S#MK2#MH2# (C1SP1-G2SP1)+4. #SxMK28 (-2 #HEP2#C1SP2
0659 C +2. #HEPR#C2SP2~-HEP 1 #C1SH+HSP 1 #G2SH~4. #C1SH#C1S5P2+2. #G1SH#L2SP2+
0656 C 2. #Q2SH#Q1SP2-4. #Q015P14C15P2+2. #C1SP 1#G025P2+2. #Q1SP24025P1)

0637 C +2. a5+

0638 C MH2#(2 #Q1SP1#018P2-01SP1#02SP2-01SP24C28P1)+4. #S#HSP | #(-HSP2+
0659 C QI1SPR+HSP2#02SP2-2. #C1SH#C1SP2+01SH#C2SP2+02SH#CISPR)+16. #MK2% (
0660 C 3. #CiISH#CISPR#C2SPR-C1SH#CRSPR##2+C2CH#CISPR24#2-3. #02SH#C15P2+
0661 C G2SP2+3. #C1SP1#018P2#02SP2-C1SP1#C2SP24#2+01SP24#2402SP1-3. #
06462 C CISPR#Q2SP1#02SP2)+4, #MH2# (-3, #QISPI#CISP2402SP2+01SP1#G2SP24##2~
0663 C Ci1SP#x2402SP1+3. #Q1SP2402SP 14028P2)+8. #HSP1# (3. #C1SH#C1SP2%
0664 C C2SP2-C1SH#CRSPR442+CRSH#Q1SP2482-3. #C2SH*C1SP2#CRSP2))/S

0665 MABS w—4 #S#u24P1SPR2#MKR

0666 C +E#52#P 1SPR2#MHR~4. #S#AQ#MAQR#2-S&8ZHMK2#MH2-~ (

0667 C 4 #SanuaMU) # (HSPR+HSP1)-2. #84424HSP2#HGP 1+8. #S«P 1SP#MK2# (

0668 C -QiSH+

0669 C GRSH-GCISP2+02SP2)+2. #SaP 1SP2#MH2# (C1SP2-G25P2)+4. #S#P 1SP28G1SH* (
0670 C QISH-02SH)+B8. #S*MK##2#(-C18P {+025P 1) +2. #S#MK2#MH2# (Q15P1~-C25P1)
0671 C +4. #SHMK2# (-HSP2#C 1 SH+HEP2#02SH=-2. #HSP2#G1SP2+2. #HSP2#C2SP2-G1SH
0672 C ##2+G1SH#CRSH-2. #C1SH®C18P1~2. #C1SH#C1SPR2+2. #C15H#Q26P2+2. #C25H#*
0673 C G1SP1-4 3CiSP1#C1EP2+2. *Q1SP1#C2SP2+2. #CiSP2#C2SP1)+2. #S#MH2# (2.
04674 C #C1SP1#018SPR2-01SP1402SP2-C18P2#02SP1)+4. #S#{~HEP#HEP1#015P2+
0675 C HSP2#HSP1#02SP2-HESPR2#01SH#C 18P 1 +HSP2#02SH#C1SP 1-HSP 1 #C1SH#G1SP2+
0676 C HEP1#01SH®#CR2SP2)

0677 M4AB=M4B+8. #P 15P2#(-C18H##2#025P2~015H#C2SHA#C1SPR2+C18H»

0678 C OSHHC2SP+C2SH##2401SP2)+8. #MK2# (C1SHI#2#G2SPR2+C1SHRGRSH#C1SPR2-
0679 C CI1SH#*C2SH#C2SP2+2. #C1SH#C1SP1#025P2+2. #C1S5H#C 1 BP2#02SP1+2. #C165H+
0680 C C1SP2#02SP2-2. #01SH#025P2##2-C2SH##24C15P2-2. #02SH#G1SP 1+625P2+
0681 C 2. #C2SH#C1E5P2442-2 #C25H#C15P2#C025P1-2. #C2SH#C15P2#825P2

0682 C+b4. #G18P1

0683 C #Q01SP2#02SP2-2. #Q1SP1#02SP2##2+2. #C1SP2##2#G25P1~6. #Q1SPR4G2SP 1%

0684 C G2SP2)+4. #MH2# (-3, #015P1#01SP2#025P2+61SP 1#02SP2#%#2-G1SP2##2%
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0709
0710
0711
0712
0713
0714
0715
0716
0717
0718
0719
0720
0721
0722
0723
0724
0723
0726
0727
0728
0729
0730
07314
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C Q2SBP1+43. #01SP2+#02SP 1#02SP2)+8. # (HSP2#C1SH#G1SP 1#02SP2+HSP24C 1SH»

C C18P2#CQ2SP 1 -HSPR#CRSH#C1SP 1 #C2SP2-HSP24C2SH*C 1SP2#C2SP 1 +HSP 1 #

C CISH#G1SP2#C2SP2-HSP14#C1SHAC2SPR#a2+HSP 1 #C25H#GC1SP2##2~-HSP 1 #G2SH

C #Q1SP2#025P2)

M48=M48/S

M3 =(8. *S##3IaMK2e82
+8. #5%#2a30MK2% (CI1SPR2+C25P1)+8. #S#a34C15P2#028P1+16.

SRR NP 1SPAMK2##2+16. #SHA20P | SP2RMK2# (C18P2+G25P1)+16. #S##2s
P1EP2#C1SP2#C25P1~16. #S#e2uMU2#u3~(146. #S#a2#MK24#2)#(01SP1+C2SP2
1416, #S#a28MK2# (-QC1SP1#C1SP2-2. #C1SP1#02SP1-2. #Q1SP2402SP2-C2SP 1
#Q2SP2)—(32. #S##24Q1SPR#C2E6P1)#(C15P1+C25P2)—(64. #S#P 1SPR2¥MKR) #(
C1SP1#02SP1+01SP2402SP2) - (64. *SaP1SP2#C15P2#G2SP1 ) # (C1SP1+6G25FP2)
+64. RSHMUH 2R (Q1SP1#C2SP1+C1SPR2#CRSPR)+32. #SHMU2# (2. #C ISP 14424
GRSP1+C1SP1#01SP2402SP2+Q1SP1#C2SP1402SP2-015P2##24028P 1-01SP2»
C2SP1#u242. #G1SP2#C25P2482)+32. #S#C1SP#CR2SP1#(2. #01SP1##2+3. #
GISP1#02SP2-C1SPR#CRSP1+2. #C25P2822)+256. #P 1SP2#018P 1#01SP2#
C2BP1#QR2EP2-2%96. #MK2#01SP1#C 1 SPR2#025P 1 4025P2+128. #G16P2#G2SP i #(~
GI1SP1%#22402SP2+015P 1#C15P2402SP1-015P 14025P24##2+01SP2#02SP 1+
QRASP2) ) /5#82

M3S =8 RSHATJEMK2#%2

+4. #S#aJaMK24 (HSP2+2. #0R2SP 1) +4. #S##34HSP24025P 1+

16. #S#a24P 1SP2aMK2#82+16. #S#024P 1SP2aMU2% (HEBP2+028P1)+14. #Sas2u
PISP2#HEP2#C2SP1—16. #S##2uMU2#8T+8, #S#uIeMK2442% (-HSP2-HSP1-C1SH
+Q2SH-2. #C1EP1-2. #Q1SP2) +8. #S2a28MK2# (-HEP2#C1SP 1 ~HESPR#G2SP2~
HEP 1 #C28P 1 -C 1 SH#C2SPR+02SH#C 1SPR+CRSH#C2EP 1-4. #Q 18P 1 #G25P1)+8. #5
#u2#C2SP 14 (-2 #HSP2#01SP1-HSP2#025F2~-C1SH#GASP2+02SH#C1SP2)+146. #
S#P 1SP2#MU24 (-0 1SH#Q25P2-025H#01SP2-4. #Q1SP1#G2SP1)+16. #S#P1SP24%
CQSP1# (-4 #HSP2#Q15P1-Q1SH#C2SP2-02SH#C1SP2)+16. #S#MK2##2# (GC1SH#»
CRSP2+C25H#C18P2+4. #Q1EP1#02SP1-2. #Q1SP 1 #026P2-2. #C18PR#Q2SP 1+4.
#G1SP2#C2SP2) ’

M3E&=MSE+146. #SHMK2# (2. #HSP2#C1SP1#02SP 1-HEP2#C1SP 1 #C25P 2~
HSP2#C1SP2#C2S5P 1+2. #HSP1#Q ISP 1#02SP 1+2. #HSP 1#01SP24028P2+2. #C1SH
#C1SPInGRASP1+C1SH#GC ISP 14C2SP2+C1SH#C2SP 1 ##2+C 1 SHA#GC2SP2a#2-G2SH»
C15P1#C1ISPR2-C25H#C 18P 1 #C2SP 1 -C28H#C1SPR#C2SP2+4. #C1SP1##24#Q2SP 1+
4 #CISP1#Q1SP2402SP1-2. #G1SP14026P 1#G2CSP2-2. #G1SP2#G2SP 1##2)
+16. #

S#C2SP1#(2. #HSP2#C1EP 1 #42-2 #HSPR#C1SPR#C2SP1+2. #HSP1#Q15P2+
GRSPI+2. #P1SH#CISP 1 #G2SP2+CISHRGRASP2##2-2. #C2SH*C1SP1#41SP2-02SH
#Q1SP2#CRSP2)+64. #P1SPR2#Q15P1#025P 1 # (Q18H#C2SPR2+C2SH#GISP2) +44. #
MU2#GISP1#C2SP1I#(~C1SHRC2SP2-C2SHRCISP2+2. #G1SP 1 #C2SP2+2. #G1SP2#
CRASP1-4. #C1SPR#CRSPR2)+32. #Q2SP14#(2. #HSP#O1SP1##2#02SP2+2. #HSP2*
G1SP1i#G1SP2#C2SP1-4. #HSP 1#C1SP 14301SP2#C25P2-2. #G1SH#CISP1##2»
CRSP2~C1SH#C ISP 1#C2SP2##2-C1SH#C1SPR4CR2SP 1 #02SP2+2. #CRSH#C1SP 14+
248G 1SP2+02SH#C1SP 1 #Q1SP2#025SP2+0C28H#G1SP2##24028P1)

MSE&E=MSELE/SHeg

MS7 m=—4 2S*a24P1SP2#MK2
+2. #S#22aP 1SP2#C29H—4. #S#a24MU2#22+2. #SH2eMU2
#(-HSP2-HSP1-C2SH-2. #01SP2-2. #028P1)—-(2. #S#4Z)# (HSP2&02SP 1 +HSP 1 #
C1SPR2)+4. #SaP 1SP2##24 (~C1SH+C2SH) +4. aS#P 1SP24MU2# (C1SH-QRSH+2. #

Q1SP1-2. #01SP2-2. #02SP1+2. #G2SP2)+4. #5#P 15P2# (HSP2#C1SP 1 —HSP2+
C2SP1-HSP1#C15P2+HSP 1 #02SP2-C2SH#C1SP 1 -02SH#C2SP2) +4. #SaMK2% (-
CiSH#C1SP2+C1SH#C2BP2+02SH#C1SP 1 +C28H#G185P2+2. #01SP1#C28P1+2. #
CI1SP1#0RSP2+2. #C15P2#028P1+2. #C18P2#C2SP2)

MS7=M57+4. #S# (HSP2#015P1%

C GIZSP1+HSP2#C2SP 14C2SP2+HSP1#C15P1#401SP2+HEP 1#01EP24C28P2-C15H#*

C CISP2#C2SP1+01SH#C25P 1#G2CP2+CSH#C15P 1 #C1SP2-025H*C18P 1 #C2SP2)+

C B. #P1SP2% (C1SH#C1SP1#02SP2+01SH#C1SP24025P 1-C2SH#*S1E6P 1 #325P2

OO0 _ 000000000 _ 0000000000000

OO0
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0742 c -02sH
0743 C #Q1SP2#G2SP1)+8. #MK2# (~Q15H#G15P 1#025P2-01SH#01SP2#02SP 1 +G2SH*
0744 C G1SP1#02SP2+02EH#C1SP24025P1-2. #C15P | #42#025P2~2. #01SP1#C15P2#
0745 C O2SP1+2. #C1SP1401SP2#02SP2+2. #015P 14025P 1 #G25P2-2. #01SP 14025P2##
0746 C 2+2. #G1SP##2#025P 1+2. #01SP2#C25P 1 #42-2. #015P2#02SP 1 #028P2) +8. #(
0747 C -HSP2#Q1SP1##2#025P2-HEP2#C15P 1 #C15P24C25P 1 +HSP2#015P 1#025P 1 #
0748 C C25P2+HSP2#C15P2#C25P 1 ##2+HSP 1 G 15P 1 #01SP24025P2~HEP 1#015P 1 #
0749 C G2SP2##2+HSP 1#01SP2##2402SP 1-HSP 140 1SP2#02SP 1#625P2+C15H#C1SP 1 #
0750 C C1SP2#C28P1-C1SH*C1EP 1 #G2SP 1 #025P2+C 1 SH#0 15P2#02SP 1 #C25P2-015H#
0751 C G2SP1#C2SP24#2-025H#C15P 1 #8220 18P2+02SHC 1 5P 1 ##28026P2-025H#
0732 C C1SP1#C1SP2#02SP2+02SH*G0 18P 1 #625P2042)

0733 MS7=M57/S

0754 M58 =-4. #Ses2a4P15P28MK2

0755 C +2. #S#a24P15P2#01GH-4. #S##24MK2022+2. #Sne2eMK2

0756 C #(-HSP2-HSP1-015H-2. #01EP2-2. #026P1)-(2. #5##2)#(HEP2#C2SP 1+HSP 1%
0757 C QISP2)+4. #S#P1SP2##2% (Q1SH-025H) +4. #S#P 1SP2#MK2# (~G1SH+G2SH+2. *
07%8 C C1SP1-2. #G15P2-2. #C2SP1+2. #025P2)+4. #S#P 15P2# (HSP2#C15P1-HSP2#
0759 C G25P1-HSP1#01SP2+HSP 1 #025P2-015H#015P 1-015H#C2SP2) +4. #5#MK2# (
0760 C O1SH#028P 1+015H*025P2+025H*015P 1-025H*C2SP 1+2. #G15P 1#028P 1+2. #
0761 C C1SP1#025P2+2. #G1SP2#025P1+2. #015P2#G2SP2)+4. #S# (HSP2#Q1SP1#
0762 C C2SP1+HEP2#02SP 1 #02SP2+HSP 140 15P 1401 SP2+HSP 1 461 SP2#G2SP2-6 1 SH*
0763 C C1EP1#G26P2+01ESH#C2EP 1 #02SP2+G2GH#C16P 1 #C15P2-026H#016P2#025P 1) +
0764 C B. #P1SP2# (~015H#*G1SP1462SP2-01SH#G1SP2#625F 1+02SH#G15P 1 #62SP2+
0765 C 02SH#G1SPR#62SP1)

0766 MS5=MI8+0. #MK2# (G1SH#G1EP 1 #G25P2+015H#G15P2#G2SP 1 -G2SH

07467 C #01SP1#02SP2-02SH#C1SP2#C2SP 1-2. #C1SP 1##24025P2-2. #C1SP1#G15P2#
0768 C C25P1+2 #G1SP1+4015P2#0265P2+2. #015P1#G25P 1#G2SP2-2. #G1SP14625P2n
0769 C 2+2. #Q1SP2##2#025P 1+2. #G1SP2#G2SP1##2-2. #G1SP2#025P 1 #02SP2) +8. *(
0770 C ~HSP2#G1SP 1 ##20025P2-HESP2#015P 1 #G1SP2#G25P 1 +HSP2#G1SP 1#G25P 1 #
0771 C O2SP2+HSP2#G15P2#02SP 1 ##2+HSP 14015P 1 4C1SP2#02SP2~HSP1#Q1SP 1+
0772 C O2SP24#2+HSP1#01SP2##24C25P 1-HEP 1461 SP24C25P 1 #025P2+C1SHSG1EP 1 #s
0773 C 2#02SP2-01SH#G1SP14G2SP 1 #G2SP2+01SH#G1SP 1 #G25P 24 #2~C1SH#G25P 14
0774 C C2SP2##2-02SH#C1SP 1 ##24C1SP2+G25H#G1SP1#01SP2#028P 1 -C2SH#C1SP 1+
077% C O1SP2#C28P2+C25H#018P2#025P 1 #025P2)

0776 M58=M58/S

0777 Mos =(~32. #SHx2eMARE43

0778 C ~B. #SHa2aMK2##24MH2+32. #E##2#MK24 228 ( ~HEP2+G2SH+

0779 C C2EP2)~8. #5#42eMK24MH2#02EP2+16. #S##28MK2+ (HSP2#025H+2. #025H*
0780 C G2SP1+2. #G2SP1#G2SP2) -6, #S##2#MH24C2CP 1#G2SP2+16. #5#82#HSP2#G25H
0781. C #02SP1+64. #SEMA2##2% (-015H#C25P 1 -02CH*G1EP1+2. #018P14#Q25P 1-G15P1
0782 C #C2SP2-C1SP2#C2SP1)+16. #SH#MK2#MH2# (2. #G16P14C25P 1+018P 1#025P2+
0783 C GISP2#G25SP1)+32. #S#MK2# (~HSP2#6 15H#O2EP 1 -HSP24C2SHQ1SP 1 +4. #HSP2
0784 C #C1SP1#C25P1-4. #02GH*G1SP1402SP1-4. #015P 1 #C25P 1402SP2) +32. #S#MH2
0785 C #01SP14C2SP 14025P2-64. #5#HSP2#02CH#G 15P 1 #025P 14256, #MK2#015P 1+
0786 C G2SP1#(GC1SH*G2SP 1+G2SH#G1SP 1+018P 1#G25P2+C15P2#026P 1)~ (64, #MH2#
0787 C GI1SP1#G2SP1)#(015P 1#G25P2+C1SP2#G25P 1) +126. #*HSP2#015P 1 #02SP 1% (
o7es C C1SH#G28P1+025H#CISP1) ) /Sne2

0789 ME7 =—4, ASHE20P 1SP2AMKR+S##2#P 1SP#MH2

0790 C —4. #SHa2uMK2e82-5#R20MK20MH2~ (

0791 C 4. SSH#24MK2) # (HSP2+HSP1)-2. #S##2eHEP2#HSP1+6. #SeP 18P24MK24 (G1SH-
0792 C G2SH+C1SP1-025P1)+2. ¥S#P 15P2#MH2# (~016P 1+C26P 1) +4. #SeP 1EP2#02SH
0793 € (~C1SH+G2SH)+8. *S#MK24#2# (C18P2-C25P2) +2. #S*MK2#MH2#(-G1SP2+
0794 C 02SP2)+4. #S#MK2# (HSP1#01SH-HSP 1 #025H+2. #HEP 1#01SP1-2. #HSP 1#026P 1
0795 C +01SH#02SH+2. #015H#C2SP2-025H*#2+2. #G2SH#C15P 1-2. #C28H#CRSP1-2. #
0796 C O2BH#GC2SP2+2. #G15P 1 #025P2+2. #Q1SP2#026P 14, #02SP14026P2) +2. #5#
0797 C MH2#(-C1SP1#028P2-C15P2#025P 1 +2. #025P 1#025P2)

0798 M&7=ME7+4, #5% (HEP24HEP 1%
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0799 C C1SP1-HSP2#HSP 1#02SP 1 +HSP4C2SH#C15P 1 -HSP2#0R2SH#C25P 1 +HSP 1 #C1SH#
0800 C C2SPR-HSP1#02SH#C2SP2)+8. #P1SP2# (G1EH##2#G2SP 1+C1SH#C2SH#C1SP 1~
0801 C C1SH#GREH#C2SP1-02SH##2#Q15P 1) +B. #MK2# (~C1SH##2#025P | ~C1SH#C2SH*
0802 C G1SP1+Q1SH#O2SH#C2SP1-2. #G1SH#C1SP1#026P1-2. #C1EH#C1SP 1 #025P2-2.
0803 C #Q1ISH#QISPR#C2SP1+42. #Q1SH#C2SP 1 #42+02SH##2#C1SP1~2. #02SH#QO1SP 1 ##
0804 C 2+2 #C2SHR*CISP1#CSP 142, #C2SH#C1SP 1 #02SP2+2. #G2SH#C1SP2#C2SP1-2.
0805 C #C1SP14##2#Q2SPR-6. #Q1SP1#C1SP2#C2SP1+4. #C1SP1#Q2SP 1 #C28P2+2. #
0806 C CISP2#CR2SP1#42)+4 #MH2# (CISP1##2402SP2+3. #015P 1#0165P2#025P1-3. #
0807 C C1SP1#C2SP1#CRSPR2~-C1SPR4CSP1##2)+8. #(~HSP2#C1SH*C1SP1#025P 1+
0808 C HEPR#G1SH®CSP 1##2-HSPR2402SH#G1SP 1 ##2+HSP2#C2SH#0 18P 1 #G2SP 1 ~HSP1
0809 C #GiSH#Q1SP1#Q2SP2-HSP1#C1SH#C1SP2402SP 1 +HSP 1 #Q2SH#C1SP 1 #C25P 2+
0810 C HSP1#G2SH#C1SP2#C25P1)

0811 M67=M67/S

o812 MEB =(—4. #S#u24P1SP2#MK2

0813 C +S#n2aP 1SPR24MH2-4. #S#42#MU2##2-S#a2#MK2#MH2-(

0814 C 4. #S5#82aMK2)# (HSPR+HSP1)

0815 C -2 #S#22#HSP24HSP 1+8. #S#P 1SP2#MK2+ (G1SP1~

0816 C C2SP1)+2. #S#PISPR#MH2#(-C1SP1+C2SP1)+B. #S#MA2##2#(G15H-C25H+
0817 C C1SP2-02SP2)+2. #S#MK#MH2# (-Q1SP2+C2SP2) +4. #S#MK2# (HSP2#C1SH~
0818 C HSP2#02SH+2. #HSP1#01SP1-2. #HSP1#G2SP1+2. #Q01SH#E2SP1+2. #025H+
0819 C QISP1-4. #02SH*G25P1+2. #C1SP1#G2SP2+2. #Q1SP2#C2SP 1-4. #C2SP 1#G25P2
0820 C 142 #SuMHR#(-QC1SP 1 #0R2SP2-C1SPR#G25P 1+2. #Q28P 1 #02SP2)+4. #S#HSP2# (
oga1 C HEP1#G1SP1-HSP1#G2SP 1+C1SH#G2SP 1+025H#C15P 1-2. #G2SH#G25P1)+16. #
osaz C MR2#(-3. #C1SH#C1SP1#Q2SP1+C1SH#C2SP 1 #42—-C2SH#G1SP1#%#2+3. #G2SH#*
0823 C GiSP1I#CRSP1-C1SP1##2#G2SP2-3. #C1SP1#C1SPR#GRSP1+3. #C15P 1#C2SP1»
o824 C G2SPR+G1SPR#C2SP 1##2)+4. #MHR#(G1SP1##24C2S5P2+3. #C1SP1#C1SP2#
0825 C G2SP1-3. #C1SP1802SP1#C2SP2-C1SPR#GREP1##2)+8. #HSP2# (~3. #C1SH+
0824 C O1SP1#CRSP1+C1ISH*CRSP1##2-C2SH#C18P 1 #42+3. #Q2SH*G1SP 1#G25P1)) /S
o827 M77 =8. #S#P 1SPReMK2

0828 C =2 #S#P1SP2eMH2+8. #SaMK2##2+2. #S#MK2#MH2+8. #S#MK2% (

0829 C HSPR+HSP1)+4. #S#HSPR#HEP1+16. #MKR2#(C1SH#C18P2-C1SH#C25P2-C2SH+
0830 C G1SP2+C2SH*Q2SP2+C1SP1#C1SP2-C1SP1#02SP2-C1SP2#C25P 1+C2SP 1 #Q28P2
0831 C )+4 #MH2#(-CI1SP1#G1SPR+C1SP1#C2SPR+C1SPR4C2SP1-C2SP 1#62SP2)+8. »
0832 C HSP1#(Q1SH*Q1SP2-C1SH#CRSP2-C2SH#C1EP2+C28H#G25P2)

0833 M768 =8. #S%P1SP2eMK2 '

0834 C —2. #S#P 1SPR2#MH2+8. #SH#MU2#22+2. #SHMK2#MH2+8. #S#MK24# (

0835 C HSPR2+HSP1)+4. #S#HSPR#HSP1+4. #P1SPR#(-C1SH##2+2. #C1SH#C2SH-C2SH*+
0836 C 2)+4. #MKL* (Q1SH##2-2. #C1SH®CRSH+2. #C1SH#C1ISP1+2. #*GISH®#Q15P2-2. #
0837 C CLISH#Q2EP1-2. #C15H#Q2SPR+025H##2-2. #025H#C1SP1~-2. #G25H#C1SP2+2. #
0838 C C25H#C2EP 1+42. #C2SH#C2SP2+4. #G1SP1#C15P2-4. #015P1#C2SP2-4. #C15P2#
0839 C C2SP1+4. #02SP1#C25P2)+4. #MH2#(-Q1SP1#015P2+C1SP 1#C25P2+C18P2#
0840 C G2SP1-G2SP1#Q2SP2)+4. # (HSP2#G15H#G15P 1 -HSP2#C1SH#C2SP 1 -HSP2#G2SH
0841 C #C1SP1+HSP2#02SH#C2SP1+HEP 1 #C1SH#C1SP2-HSP 1 #C 1 EH#C25P2~HSP 1 #G2SH
0842 C #QC1SP2+HSP1#Q2SH#C2SP2)

0843 MEB =8. #S#P1SP2#MK2

0844 C —2. #S#P1SP2#MH2+8. #S#MA2##2+2. #SHMUQMHI+8. #E5#MK2# (

0845 C HSP2+HSP1)+4 #S#HSP#HSP1+146. #MK2# (G1SH#C1SP1~01SH#C2SP1-G2SH»
0846 C QISP1+Q2SH#QRSP1+01SP1#C1SP2-G1SP14C028P2-015P24C2SP 1+025P 1 #625P2
0847 C )+4 #MH2#(-Q1SP1#C18P2+C15P14025P2+C15SP2#025P1~C2SP 14025P2)+8. #
0848 C HSP2#(Q1SH#C1SP1-C1SH*QRSP 1 -C2SH*Q1SP 1+02SH#025P1)

0849 c

0850 C DO THE DIVISION BY THE PROPAGATORS

0851 c

08352 Mi1A = M11/(D1#D3+D1#DJ)

08353 Mi2A = M12/(D1#D3*D3#D4)

0854 M13A = M13/(D1#D3%D2#D4)

0835 Mi4A = M34/(D1#D3#D2#D3)



0856
0857
0858
0859
0860
0861
0862
0863
0864
0865
0866
08&7
0868
0869
0870
0871
0872
0873
0874
0a7s
0876
o877
0878
0879
0880
ogg1
oga2
0883
0884
0885
0886
0887
oeBs
0889
0890
0891
og9z
0893
0894

0895,

0896
0897
0898

M1DA
M1b6A
M17A
M18A
M22A
M23A
M24A
M25A
M26A
M27A
M2BA
M33A
M34A
M3%A
M36A
M37a
M3B8A
Maga
M4 SA
M4sA
Ma7A
MagA
M335A
MS56A
MS7A
M38A
M&obA
M&7A
M&BA
M77A
M7BA
Mesa

M13/(D1#DInDS#DE)
M146/(D1#D3#D14D6)
M17/(D1aD3#D245)
M18/(D1#D3%D1#8)
M22/ (D3#D4#D34D4)
M23/(D3xD4%D24D4)
M4/ (D3xD4%D2#DS)
M25/ (D3sDASDSHD6)
M2546/(D34D4xD1i#D6)
M27/ (D3#D4#D24S)
M28/7(D3#D4xD1#8)
M33/ (D2#D4#D2#D4)
M34/(D2#D4AnD24#D3)
M3I3/ (DR2uD4#D3#D4)
M3&6/ (D2uDA4nD1#Ds6)
M37/ (D2#D4#D248S)
M3B8/(D2#D4uD1#S)
M44/ (DZ2#D3%D2+#DS5)
M45/(DR2#DS#DS#D&)
MA&L/ (D2#DS5#D1#D6)
M47/(D2#DS5*D2#S)
M4B/ (D2u#DS#D1#S)
MSS/ (DS#DEADIHDS)
MS5&/ (DS#DL&#D14D6)
M57/(DS#DL&#D24S)
M38/ (DS#D&#D1#S)
MbbL/ (D1wDERDI#DE)
ME7/(D1#DLuD2#S)
M&LB/ (D1#D6&4D1#S)
M77/(D2eSsD24S)
M78/ (D2#S#D14%5)
MB88/(D1#S#D1aS)

MAL = MI1A + M22A + MI3ZA + MAGA + MUTA + MLLA +

C 2 #(MI12A + MI3A + MR3A + MASA + MALA + MDLA)

MAR = 2 #(M14A + M1DA + M16A + M24A + M2DA + MR6A
C + M34A + MITA + MIGA)

MA3 = M77A + MBBA + 2. #M7BA

MA4 = 2 #(MI7A + MIBA + M27A + M2BA + MI7A + M3BA)
MAS = 2 #(M47A + MABA + MI7A + MOBA + M&7A + M&BA)

HG = 16 #MAL1/3.

RETURN
END

~-2. #MA2/3.

+ 12. #MA3 + 6. #MA4 -6 #MAS
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APPENDIX F - QUARK AND GLUON DISTRIBUTION PARAMETRIZATIONS

One of the sources of uncertainty of rate predictions in pp or
pp interactions is the shape of the parton distribution
employed to convolve over parton momenta. The quark
distribution can be directly measured from lepton-proton
interactions (Field and Feynman, 1977), because they can
interact through the electromagnetic force. The discrepancy
between the possible quark distributions arises from
experimental wuncertainty, and the different parametrizations
used to fit data. Gluons distributions on the other hand, are
only 1indirectly probed 1in hadron-hadron interactions. The
uncertainty on them is much larger, as 1is reflected 1in the
differences in cross sections they give rise to (Fig. 22 and
23).

For quarks, we used the following distributions (Peierls

et al., 1977)

Yx ux) = 2.19 (1- x)’ ’ (F.1a)

b
Vx dwo = 11y (- %) (F.1b)

and (Barger and Phillips, 1974)

23 . N (F.2a) .
VX uxy= 05940-x) + ().Vé/(l-x)5+0.CZI (-x") F.2e

/ 23> 5 T
Vx dix= 0.012 (- x) + 0.206 (1-X) +0.¢1 (- X%) (F.2b)
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For gluons, we used the simple ansatz (Brodsky and Farrar,

1973)

A Gx) = 5(1-7()5 (F.3)

“and the scale-violating distribution (Baier et al., 1980)

L93p +036/o 1. 7*/~33/o

X G =(2.01- 2?3P+123/>3x (1-%) (F.4)
. In S/NA

with P = Inm {MQ //\g

and Q = 5 GeV .

The choices for the gluon distributions are motivated by
the fact that they represent two extreme expectations on the

actual gluon distributions.
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APPENDIX G - HADRON-HADRON COLLIDERS

Here 1is a table of the three planned or existing hadron-hadron
colliders, and the estimated wvalues of their c.m. energy,
luminosity and correspoﬁding event rates for a reference cross
sectin of 1 Picobarn. Also listed is their starting year of
operation. There are two values of luminosity listed for the
SSC, as it is not decided as yet if it will be a proton-proton

or proton-antiproton collider.

Collider year c.m. energy Luminosity rate/1 Pb.
i 2
(TeV) cm s
29
SPS 1980 0.54 10 1 event/115 day
3o
FERMILAB 1986 2 10 1 event/11.5day
SsC 1995? 10 to 40
3l
PD eeveeonanns e ar e Ce e 10 .....1 event/11.5day

PP ¢cceveeesesssonsososcssassssoscaaans 1033 esee.1 event/17 min




